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1.1 billion people (17%, 2006) use 

unprotected water sources 

 

5.3 billion people (83%, 2006) may 

experience recontamination of water 
 (Data: WHO, HWTS Network, 2006) 

Solutions 
Decentralized water treatment proved to be effective in reducing 

the risk of water related diseases 
Montgomery, M.A., Elimelech, M. Environ. Sci. Technol.  41, 17-24 (2007). 

Effective, low-cost, robust and less chemical- and energy- intensive technologies are needed  
Shannon M.A. et al. Nature 452, 301-310 (2008).  

Can decentralized membrane systems be a solution? 

Global challenges 



Large-scale Ultrafiltration for drinking water 

Å Pre-treatment 

Å Filtration 

Å Backwashing (+ disinfection) 

Å Chemical cleaning 

Å Treatment of backwash water 

 

Decentralized systems built similar to conventional UF require: 

Å Pumps or tap pressure 

Å Control equipment  

Å Pre-treatment  

Å Qualified operation and maintenance  

Energy supply 



Gravity-driven UF (ñGDMò) 

(30-65 mbar) 

üDead-end, no cross-flow 

 

üNo backflush, no forward flush 

 

üNo chemical cleaning 

 

Feedwater 

Clean water 

Membrane 

ȹh 

ȹP 



Gravity-driven UF 

Filtration time (days)
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River water, TOC 2.5 mg L
-1

Lake water, TOC 3.7 mg L
-1

Diluted wastewater, TOC 12.5 mg L
-1

Diluted wastewater, TOC 4.8 mg L
-1

Feed water: 

River water TOC: 2-3 mg/L 

Lake water TOC: 3-4 mg/L  

Diluted wastewater  

  TOC: 4-25 mg/L 

 

M. Peter-Varbanets et al. Water Research, 44, 2010, 3607-3616 

(30-65 mbar)

Feedwater

Clean water

Membrane

ȹh

ȹP



Membrane systems 

Flow cell 

for in-situ 

observations  

Filter holder 

(lab tests) 

Flat-sheet, laminated  

Membranes (Microdyn) 

for pilot and field tests 



- All bacterial cells (SYBR® Gold) 

-Particles and the membrane  

 (Reflection) 

Fouling layer visualized  
 

CLSM (Confocal Laser Scanning Microscopy) 

Day 12 

25 ɛm 

Optical cross-section 

3-D reconstruction 

500 ɛm 

 

Porous and heterogeneous fouling layer 

Ą flux stabilization 

 

High presence of bacteria  

Ą importance of biological activity 

  

Optical Coherence  

Tomography  

(OCT) 



New membrane 

Membrane after 4 months of filtration of 

Chriesbach river water 



Biological activity is required 

Resistance of the fouling layer: 

M. Peter-Varbanets et al. Water Research, 44, 2010, 3607-3616 



Resistance of the fouling layer 

Thickness and hydraulic resistance vs. time 

M. Peter-Varbanets et al. Water Research, 44, 2010, 3607-3616 



Resistance of the fouling layer 

Influence of transmembrane pressure 

M. Peter-Varbanets et al. Water Research, 44, 2010, 3607-3616 



Resistance of the fouling layer 

Intermittent operation: 

Influence of standstill time 

M. Peter-Varbanets et al. Water Research, 46 (10), 2012, 3272-3282 


