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Biogas plant effluents or digestates are a source of nutrients for agriculture [1]. These digestates can undergo solid-liquid 

separation by using separation technologies [2]. Currently, direct spreading of liquid fractions from digestates is being 

used as a fertilizer in agriculture. However, many attached problems such as unbalanced nutrient supply in crops may 

occur [1]. For this reason, membrane technology is a promising candidate for producing nutrient-rich fractions from bio-

gas plant digestates by separation-concentration of the liquid fraction [3,4], and also for reducing transportation costs. 

The main drawback of this technology is the need of an intensive pretreatment to improve membrane life and its perfor-

mance time [5]. 

Introduction 

Suggested treatment pathways

Economical analysis 

Conclusion

Based on this study, the treatment expenses in terms of energy and chemicals govern the choice 

of the process.  

A screw press pretreatment followed by a postreatment using membrane technologies (Treatment 

B) shows the best economical potential with a total potential of 4.9€/t feed, which proves that

membrane technologies could be a good postreatment alternative for digestate liquid fractions.

Further studies need to be done in this regard.

This research was performed with the support of Renew Energy A/S.

This PhD project is part of  the ReUseWaste training network,  

financed by the FP7-People Programme Marie Curie ITN Actions 

from the European Commission.  

Data treatments A & B: 

 MF: 80% permeate recovery.

 Acidification (31.3% H2SO4): permeate pH is reduced from 8 
(pH of digestate) to 6-7 to avoid ammonia vaporization.

 NF: 70% permeate recovery

 RO: 80% permeate recovery 

Figure 1: Treatment A — with decanter
centrifuge pretreatment 

Anaerobic 
digester Buffer 

tank

Polymer 
solution

Decanter 
tank

31,5%
H2SO4

sol.

Rotary MF

Reverse osmosis

TS = 10%
TKN=3.9 kg/ton fraction 
TP=0.4 kg/ton fraction 
TK =2 kg/ton fraction

TS = 6.3%
TKN=2.7 kg/ton fraction 
TP=0.4 kg/ton fraction 
TK =1.9 kg/ton fraction

Nanofiltration

TS = 8.3%
TKN=5.4 kg/ton fraction 
TP=1.1 kg/ton fraction 
TK =2.6 kg/ton fraction

TS = 4.4%
TKN=5.4 kg/ton fraction 
TP=0.1 kg/ton fraction 
TK =8 kg/ton fraction

Screw press

TS = 22%
TKN=3.1 kg/ton fraction 
TP=0.5 kg/ton fraction 
TK =1.9 kg/ton fraction

pH adjustment 
(acidification)

Feed

Biogas Water Polymer

Compost MF concentrate NF concentrate RO concentrate

Permeate

Figure 2: Treatment B - with screw  
press pretreatment 
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Figure 3: Treatment C - with decanter 
centrifuge pretreatment 

Anaerobic 
digester Buffer 

tank

Polymer 
solution

Decanter 
tank

Basic 
solution

Precipitation and 
pH adjustment
(basification)

Rotary MF
Screw press

50% 
NaOH 

sol.

Flash unit

Stripping

31,5% 
H2SO4 

sol.

Absorption

AirAir

AirAir

Reverse osmosis

TS = 22%
TKN = 3.1 kg/ton fraction 
TP = 0.5 kg/ton fraction 
TK = 1.9 kg/ton fraction

TS = 10%
TKN = 3.9 kg/ton fraction 
TP = 0.4 kg/ton fraction 
TK = 2 kg/ton fraction

TS = 100%
TKN = 25 kg/ton fraction
TP = 55 kg/ton fraction
TK = 696 kg/ton fraction

TS = 9.3%
TKN = 1.3 kg/ton fraction 
TP = 1 kg/ton fraction TK 
= 3.7 kg/ton fraction

TS = 6.3%
TKN = 2.7 kg/ton fraction 
TP = 0.4 kg/ton fraction 
TK = 1.9 kg/ton fraction

Feed

PolymerWater

Compost MF concentrate Struvite
RO concentrate

GasBiogas

38% ammonium 
sulphate solution 

(NH4)2SO4 

38% ammonium 
sulphate solution   TS = 38%

TKN=80.6 kg/ton fraction(NH4)2SO4 

Permeate

Water MgO

Figure 4: Treatment D - with screw  
press pretreatment 

Data treatments C & D: 

 MF: 80% permeate recovery.

 Struvite precipitation: 65% of TP is recovered

 Flash unit: pH changes from 7 to 8

 Basification (50% NaOH addition): pH is increased to 10

 Absorption: ammonia absorbed into a 31.5% H2SO4 solution

 RO: 75% permeate recovery

 The chemical consumption in the treatments C and D is about 10 times more expensive than in A and B, due to the stru-

vite precipitation and the use of NaOH and H2SO4 for ammonia stripping and absorption, respectively.

 The decanter centrifuge pretreatment is more energy consuming than  the screw press one. However, energy costs are

relatively similar in the processes using the same pretreatments.

Treatment B appears to be the process with the most economical potential due to energy and chemical savings. 

PRICE INFORMATION 

Fertiliser prices (Danish Agricultural Advisory 

Board, August 2010): 

0.67€/kg TKN 

1.18€/kg P 

0.79€/kg K  

Tap water price (Denmark, February 2012) :  

5.4€/m3  

Chemical prices: 

 76€/t H2SO4 (96%) solution

 132€/t NaOH (30%) solution

 274€/t MgO

Energy costs (Denmark January 2013):

 0.302€/KWh

Discussion

NOTE: The calculation tool employed for the design of the four treat-

ment processes is designed and owned by Renew Energy A/S. Addi-

tional operation units were designed for research purposes 

This work compares the techno-economical perspective of two main treatments for processing liquid 

fractions from digestates: 

 Membrane technologies: microfiltration (MF), nanofiltration (NF) and reverse osmosis (RO)

(Treatments A and B)

 Physico-chemical techniques: struvite precipitation and ammonia stripping (Treatments C and D)

The only difference between the suggested treatments are the employed pretreatments, being either 

decanter centrifuge or screw press.  
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NOTE: The flash unit was simulated by Aspen Plus v7.3 

Objective

Which is the economical potential of each of the suggested treatments? 

Treatment type

Income  
(€/ton pretreatment feed)

Costs
(€/ton pretreatment feed) Economical potential

(€/ton pretreatment feed)
Nutrient fraction RO permeate TOTAL Energy costs Chemical costs TOTAL

A: Decanter centrifuge pretreatment 3.8 2.1 5.8 1.4 0.1 1.5 4.3
B: Screw press  pretreatment 3.8 2.2 5.9 0.9 0.1 1.0 4.9
C: Decanter centrifuge pretreatment 3.5 2.7 6.2 1.4 1.1 2.5 3.7
D: Screw press pretreatment 3.5 2.8 6.3 1.1 1.2 2.3 4.0

How do nutrients distribute? 
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