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19-דצמבר, והשפעתם על הסביבהבדלקיםיום עיון חדשנות 

במקצועות הטכנולוגיים בישראלהאדריכלים והאקדמאים,לשכת המהנדסים



Hydrogen as an energy carrier

Hydrogen is the most abundant element in the universe 
and is principle element in the universe and is the 
principle element in  the solar atmosphere .
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Advantage vs. disadvantage 
of hydrogen energy

✓Not Explosive In Open Air

✓Not Decomposing

✓Not Oxidizing

✓Not Toxic

✓Not Corrosive

✓Not Cancer Causing

× Currently more expensive 

× Hydrogen is more difficult to store and distribute.
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Hydrogen supply and demand
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World hydrogen production 

5 Source: CMB nv, Belgium/ hydroville



Other production methods…
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Source: P. Nikolaidis, A. Poullikkas / Renewable and Sustainable Energy 
Reviews 67 (2017) 597–611



Microbial Electrolysis Cells (MEC’s)
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Source: Biofuels
(2010)
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US Department of Energy Fuel Cell Technology Office (FCTO) identified MEC 
as a key technology to be developed in order to meet the cost goals of                  
$2-4/gge (gaso- line gallon equivalent) H2 from renewable biomass (2013)
gasoline equivalent (gge) = ~121 MJ = ~115,000 Btu = ~1 kg H2



MEC’s configuration & design

I. Use of a membrane in two-chamber MEC systems can
reduce the amount of impurities in the hydrogen gas but
increase the internal resistance

II. Removal of the membrane in single-chamber MEC simplifies
the reactor design and decrease the internal resistance but
increases the possibility for hydrogen consumption by
methanogenic (CH4) bacteria
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Call & Logan (2008). Mehanna et al. (2011), Kim & Logan (2011).



Small (5mL) vs. large (1000L) scale       
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Call and Logan (2011b). Cusick et al. (2011).



How bacteria form a biofilm?

12
Source: Andrew Dopheide, 2011



Carbon sources
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Kadier et al. Renewable and Sustainable Energy Reviews, 2016



MEC’s final construction-1

Gas samplng bag

CathodeAnode

Cathode half cell
Anode half cell

Circulation bath

Stirrer

Nafion membrane 
in joint clamp
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❖ Electrode materials
– Carbon cloth (1)
– Stainless steel mesh (2)
– Comb. Electrodes (3)

❖ Surface treatments
– Flame treatment (4)
– Nitrogen cold plasma treatment (5)

❖ Catalysts
– Nano MoS2 catalyst (6)
– Oxidative catalysts (for anode)

❖ Separators

– Nitrocellulose membrane (7)

– Polyamide textile (8)

– Polymeric mesh (9)
15

Development of a low cost MEC reactor for high efficiency
bio-hydrogen fuel production

(9)(8)(7)
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Research Aims
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Cold nitrogen plasma treatment
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Carbon Cloth pristine Carbon Cloth after N2 Plasma

MicroNano Tools



Nano MoS2 synthesis

17 Rozenfeld S. et al. Bioelectrochemistry, 2018



MoS2 catalyst diffraction by XRD analysis 
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Rozenfeld S. et al. Bioelectrochemistry, 2018



Nano synthesized catalyst at Atomic Force Microscopy 
(AFM)
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2D AFMZ-Profile of particle 3D AFM

Rozenfeld S. et al. Bioelectrochemistry, 2018



Electrochemical activity of MEC’s based on cathodic 
reduction by LSV polarization technique
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Rozenfeld S. et al. Bioelectrochemistry, 2018



Electrochemical analysis of MEC’s based on cathodes
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Current  density  
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(mA)

Applied 

voltage

(V)

Cathode

0.0390.0780.3501.40.3
Pt

0.0530.1060.4751.90.6
0.0330.0670.3001.20.3Pristine 

MoS2 0.0420.0830.3751.50.6

0.0390.0780.3501.40.3
MoS2-EF

0.0670.1330.6002.40.6



H2 
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Gas chromatography analysis

Rozenfeld S. et al. Bioelectrochemistry, 2018



Hydrogen fuel production
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