
1

combining scientific excellence with commercial relevance

Water & Energie

De uitdaging van de toekomst

Cees J.N. Buisman

Franeker, 18 september 2009

2File 43

Watercyclus 40.000 km3/jaar
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World regional differences 
in availability and use 
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Total available: ± 40.000 km3/year
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Oplossingen

A. waterhergebruik

B. water uit de lucht
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Decentral water vision
separation, saving & reuse
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In 1% volume 90% nutriënten

Black water: 97% N, 82% P

Afvalwater in (l pp/dag)
Grijs water

• water hergebruik

Zwart water (urine en fecaliën)

• nutriënten and energie winning

Spoelwater
• 90% reductie

34.8
1.5

91.3
grijs water
toilet spoelen
urine/fecaliën
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Scheiden aan de bron

Vacuümtoilet: inzameling zwart waterUrinescheiding
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32 woningen in Sneek met 
vacuümtoiletten 

en zwart water pilot plant
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Process scheme
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Results pilot plant 
decentral sanitation

95PO4-P
95P total
97NH4-N
96N total
96COD (tot)
90Fatty acids

Removal 
efficiency (%)

Parameter
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Vacuum grinder

water

water
organic waste
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Bio-electricity

COD in 
Wastewater

(e.g. fatty acids) 
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Bioanode MFC
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Microbial Fuel Cell

Acetic Acid/CO2 (-0.27 Volt)

Energie Opbrengst Bacteriën

O2/H2O 

(0.82 Volt)

Bio-electricity
(+1.02 Volt)

Energy Consumption Bacteria

I -0.5I -0.4I -0.3I -0.2I -0.1I 0.0I 0.1I 0.2I 0.3I 0.4I 0.5I 0.6I 0.7I 0.8I 0.9I 1.0 Bio-Anode   Cathode

Biological Anode Potential
(~ -0.2 Volt)

Energy Consumption Bacteria
(= Potential loss)
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Electricity from plants
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Water use NL (litre/day)

127.5Total (l/d)
8.8faucets

0leaks
24cloth/dish water

37.1toilet
57.6bath/shower

NL
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Besparing op drinkwater
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Verbruik in liter per persoon per dag
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Shower direct loop

Source:
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Water uit de lucht met 
windmolens

Drinkwater

Speciaal compressor

Warmtewisselaar

Drinkwater

Lucht

Filter

Bron:
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Water content air
depends on relative humidity and 

temperature

Temperature °C
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New development water 
selective membrane

water vapor 
selective layer

porous support 
layer

water vapor

air

water vapor
22File 43

Kosten water NL-gezin per jaar

€150Drinkwater 

€125
Rioolrecht

€425/jaarTotaal

€150Verontreinigingsheffing
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Besparing

• Energie EUR 170/jaar
• Afvalwater 60 m3 gas/jaar
• Douche recycle 180 m3 gas/jaar
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Grote blue energy centrales
(MW)

141

785

1335

95
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Herstel brak water zones
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Principle of RED
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Reversed electrodialysis
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Global potential Blue Energy
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Up-scaling

(mW) (20 W)
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Wetsalt Harlingen

• Blue Energy en
ontzilting

• Eigen subsidieregeling

• www.wetsalt.nl
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Wetsus academy
Int. Master Watertechnologie

• WUR, RuG en UT
• Track in Biotechnology/Chemical engineering

www.wetsusacademy.nl


