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Adapted from:

Transition towards Circular Economy in the Food System

(Jurgilevich et al., 2016) 
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PHA RICH SLUDGE
ENERGY RECOVERY
BIOPOLYMERS PRODUCTION

P RICH SLUDGE
BIOBASED FERTILIZERS

1. REAL DAIRY WASTEWATER - LAB SCALE SBR-

EBPR
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• Nutrient content 

02
Experimental Design

Raw material and identification of novel pathways 

Raw sludge 105ºC Dried sludge 850ºC Sludge ashes

2. DOMESTIC FULL SCALE EBPR 

(AEROBIC)

• BBFs

• Growing Medium

Microalgae

Purple Phototrophic Bacteria

• PHA Content



N (% Vs TS) 5,70%

P (% Vs TS)

K (% Vs TS)

PHA 
(% Vs TS)

HHV (MJ/Kg) 21 - 23

O2O2

7,68%2,51%

4% 42%8%

18 - 21 10 - 12
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Metals

Pathogens

EU 
2019/1009

PFC 1(A)(I): SOLID ORGANIC FERTILISER

PFC 3(A): ORGANIC SOIL IMPROVER

PFC 4: GROWING MEDIUM

PFC 6(B): NON MICROBIAL PLANT BIOESTIMULANT
PFC 7: FERTILIZING PRODUCT BLEND
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Value added products from waste sludge

4,72% 4,22%1,11%

0,25% 0,37%0,31%
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MA cultures (Chlorella 
sorokiniana)

PPB cultures (Rhodopseudomonas 
palustris)

N and carbon source addition (Ash treatment)
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Images courtesy of the Department of 

Biotechnology  University of Verona



N (% Vs TS) 25,1%15,4%
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P (% Vs TS) 0,5%8,1%

K (% Vs TS) 1,5%0,4%

g/100 g Protein
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Delamare et al. [28]
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Yield
(g L-1 d-1)

0,921,10

BBFs
BIOSTIMULANTS

ANIMAL 
FEED
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Biobased 
Fertilizers

Bioplastics

Biofuels

Single Cell 
Proteins

 Quality / Safety Assessment

 PFC EU 2019/1009  

 22 MJ/Kg total solids

 42% PHA (Vs TS)

 PPB Biomass production

 TN and aa profile
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Scale up 

Costs!
Need to dry sludge 

Costs!

Side stream facility

Agronomic tests 

(FEV)
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Strengths, gaps and ideas

Fishmeal 

replacement tests

INPUT 
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PROCESS FINAL 
PRODUCT

EU 

2019/1009
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LCA, LCC & 

Benchmarking
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