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Why are nutrients important?
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Plants need 14 elements (besides C,H,O)

Animals/humans need 8 elements more



Estimates of increase in food demand
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2050 2100

Alexandratos & Bruinsma (2012) 55 %

Tilman et al (2011) 100 – 110 %

Bijl et al (2017) 55 – 80 % 40 – 175 %

OECD (2016) 25 – 85 % (cereals)
0 – 90 % (animal)



More food, more fertilizer needed

Case nitrogen
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Study Baseline 

year

Fertilizer use 

in baseline yr

Tg/y

2030 2050

Alexandratos and 

Bruinsma (2012)

2005/

2007
95 132 150

Tilman et al. (2011) 2000 87 100-225

FAO (2017) 

Fertilizer outlook 
2015 110 119

+15 to 158%



Scarcity of Phosphorous threatens food 

supply on human times scales

Cordell et al. 2009, 2011



Not only P nutrient reserves are limited

Element
R/P 

1)
Econ. 

2)

Supply 

Risk 3)

Use in 

Agric. 
(%)

Recyclin
g

(%)

B 49 5.0 0.6 12 0

Co 77 7.2 1.1 <1 24

Cu 43 5.7 0.2 <1 32

Mo 40 8.9 0.5 <1 30

Se   47 ? ? 10 0

Zn 20 9.4 0.4 <1 27

P 40-400 ? ? 90 10-50

1) R/P = Reserves (known) / Production (annual) 
2) Economic importance, with 10 most important
3) Supply risk is high if value >1 and low when value is <1 

Chardon & Oenema, 2013



P-fertilizer

P-food

P-sewage

P-sewage sludge

P-discharge 
surface water

Exit P

Wastewater now: “dead end” for nutrients

Exit P

P-sewage sludge



Nutrient losses from wastewater are large

chemical 

214 Mkg N

7 Mkg P

human excreta 

89 Mkg N

14 Mkg P

2011

CBS. http://statline.cbs.nl/StatWeb. (2017).
Smit, A., Van Middelkoop, J., Van Dijk, W. & Van Reuler, H. A substance flow analysis of phosphorus in
the food production, processing and consumption system of the Netherlands. Nutrient Cycling in
Agroecosystems 103, 1-13 (2015).



(Beusen et al 2016).

Global N and P delivery to surface waters 

Agriculture/aquaculture
Sewage

N

P



Nutrient losses 

from food systems

are too high 
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P
N



Sewage sludge contains up to 90% of P and 

up to 30% of N in sewage

(agriculture)



Source: Eurostat

No use of sewage sludge nutrients in Dutch agriculture

Year : 2015
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Sewage sludge is a sink for 



food

Breach the nutrient deadlock: short-term strategy

?



Breach the nutrient deadlock: short-term strategy

Nutrient extraction from sewage sludge through 

phase transitions

Digestion and stripping N

Digestion and precipitation P

Composting and horticulture N, P, etc

Worm cultivation C, N, P, etc

................... .........



Nutrient extraction through phase transitions 

separates nutrients from contaminants
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Sludge residue, chemical wasteSafe fertilizers, organic products

But: only a fraction of nutrients 

maximally recovered
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CITYINPUTS OUTPUTS

NUTRIËNTEN

WATER

(Wielemaker, 2015)

Breach the nutrient deadlock: long-term strategy

Source separation, no mutual contamination

Renewable 
sources



Nutrient extraction from source separated streams 

prevents contaminants of nutrient products

Safe fertilizers, organic products



Sneek, NL, 

250 houses, 2014

Hamburg (DE), 2000 houses, 2016

System change for the 21st century

Nutrient extraction from source separated streams

Gent (BE), 400 houses, 2020
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Water technology in the nutrient system

From presentation Ruud 

Tijssens, Agrifirm, 

Wageningen, nov 2017 



Now

Wastewater management with massive loss of nutrients

Circular nutrient and water management

To reconcile growing food demand with 
nutrient cycling and preventing nutrient 
emission, a system make over is needed, 
including waste “side”

Conclusion



Now

Wastewater management with massive loss of nutrients

Circular nutrient and water management

Mission

2030 “Reduce the nutrient losses from EU food system with 25%”
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