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Background

PhD. Dewatering of excess sludge / 

model compounds

Membrane bioreactor / fouling control

Sludge handling

Phosphorus recovery /struvite, 

acidification, ash

Refining carbon from wastewater 
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Reed bed facility in Esbjerg

Dimensioning WWTP East WWTP West

Sludge Excess / digested Excess sludge Excess sludge

Load 400-500 m3/portion 375-400 m3/portion

Drainage time 20-25 hours 30-36 hours

Capacity 52 kg SS/m2/year 38-42 kg SS/m2/year 27-32 kg SS/m2/year



Sludge is a dynamic system
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Wastewater treatment plant

Pipeline

-Anoxic condition (calciumnitrate)

-Gentle pumping

Red bed

- Load

- Rest period

Storage tank

- Reestablish sludge flocs / aeration / calcium



Calcium flocs



Other cations

Unit Median Minimum Maximum

pH - 7.07 6.42 7.53

Conductivity µS/cm 750 407 4350



Anaerobic storage / digestion



Environmental factors



Carbon as a resource 

DN N Clarifier

Biological treatment
Treated water

Filtration

External C

Digester

Biogas

N2O

Sludge

Energy Water

N2O Nitrous oxide is a strong greenhouse gas, 
app. 300 as strong as carbon dioxide.

External C Extra cost 



Refining carbon

DN N Clarifier

Biological treatment
Treated water

Hydrolysis

Filtration

Centrifugation

C’ storage

Digester

Biogas

N2O

Sludge
WaterEnergy

Emission

Hydrolysis tank used for production of soluble COD / volatile fatty acids (VFA)

Storage tank with VFA either for the biological treatment (Water quality and low Emission) or 
the digester (Energy) 

file:///C:/Users/mlc/Downloads/Slutrapport_-_KLIVER.pdf



Hydrolysis

Hydrolysis

VFA production 1000-2000 mg/l

Yield: 30-35 g/kg

Soluble COD: 2000 – 3500 mg/L

High temperature + pH => best result



Denitrification rate

Separation and specific denitrification rate

Solid-liquid separation - App. 85% of dry matter 

removed

Specific denitrification rate: 0.02 – 0.04 mg/g min

Acetate: 0.031 mg/g min



Mass balance for 100,000 PE plant

Cost for ethanol 3,938 DKK/d
Methane production 1,320 DKK/d



Phosphorus reuse

Denmark goal: 80% phosphorus from wastewater recycled

5-10% P

90-95% P



Sludge handling

Øget tørstof

VÆSKE PLASTISK MATERIALE FAST STOF



Sludge handling



Alternative phosphorus recovery

Sludge liquor

Digested sludge extraction

Sludge ash

Unwanted compounds (heavy metals, pathogens, micropollutants, microplast …)



Acidification

Sludge type
Inlet flow 

[m3/d]
P Inlet [mg/L] P outlet [mg/L]

Randers Digested (pri/sec)
23,150 6.78 0.42

Aaby
Digested (pri/sec)

16,874 6.70 0.34

Skagen
Digested (pri/sec)

8,736 20 0.47

Kolding Digested (primary) 28,449 6.20 1.03

Haderslev
Non-digested 

(Pri/ sec)
10,953 7.75 0.45
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Phosphorus

recovery

Flow: 875 kg/h TP: 1400 

mg/kg

Ortho-P: 5.8% of TP

Ortho-P: 65% of TP

TP: 80% feed

Ortho-P: 60% feed

TP: 60% feed

Ortho-P: 54% feed



Phosphorus

recovery after

hydrolysis

1. Dissolved phosphorus relatively high (35-50 mg/L)

2. Remove dry material

3. Precipitation

Calcium salt

Cheaper than magnesium salt

Low ammonium content

4. Separation



Optimisation of bio-

P process

Increased concentration ortho-phosphate in 

hydrolysis

Forår 2020: Reduction of ironchloride (JKL)



Businesscase for 

recovery

Potential yield at Randers Centralrenseanlæg:

Proces cost estimate (incl salts) 47-144 kr./kgP depending

on orthoP concentration in hydrolysis tank and chemicals

(ca. 70 kr./kgP at 50 mgP/l og CaOH2)

Ortho-P in 

hydrolyse

tank

Yield Yield compared

inlet

concentration

40 mgP/l 20,0 tonP/år 34%

50 mgP/l 25,6 tonP/år 43%

80 mgP/l 40,9 tonP/år 69%



Conclusion

Sludge properties

Wastewater as a ressource

Carbon ressource: biogas, VFA, bioplastic, EPS, carbon capture (pyrolyse, HTC), biofuel (HTL)

Phosphorus ressource: Recovery from wastewater or ash
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