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INTRODUCTION

AGROINDUSTRIAL SECTOR

Increase in agro-industrial activity

AGROINDUSTRIAL 
WASTE

Anaerobic digestion (AD)

Key technology for sustainable waste 
management.

CENTRAL CATALUÑA - SPAIN
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INTRODUCTION

Potential for increased biomethane 
production

By 2040, 82% of the biogas potential will be derived from agriculture (Guidehouse, EBA)

BIOGAS SECTOR

Sustainable agriculture as driver of biogas production
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INTRODUCTION

• Digestate: Fraction of anaerobic digestion with 
high nutrient content

• Carbon dioxide (CO2): From the upgrading of 
biogas (biomethane production)

! NEED FOR A VALORIZATION!
CHALLENGE

BIOGAS PRODUCTION PROBLEMS
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Parameter Unidad
Sample of LFD 

LFD1 LFD2 LFD3
pH - 7.58± 0.03 8.53 ±0,1 8.38 ± 0.1

Conductivity µS/cm 17360 ± 310 2293±105 27860 ± 156

Alkalinity mgCaCO3/L 7750 ± 20 7625 ±129 7718 ± 55

VFA mg VFA/L 2563 ± 88 2938 ±78 1312 ± 105
TS g/kg 28.1 ± 0.9 15.3 ± 0,5 7.5  ± 0.5
VS g/kg 19.9 ± 0.8 9.81 ± 0,6 4.6 ± 0.2
COD mg/l 34150 ± 570 18130 ± 42 7115 ± 11
SCOD mg/l 7280 ± 180 8735 ± 35 2704 ± 32
NKT g/l 2.8 ± 0.1 2.3 ± 0.1 4.1 ± 0.2
N-NH4 g/l 1.5 ± 0.1 1.47 ± 0.15 3.7 ± 0.2
P-PO4 mg/l 205 ± 2 31 ± 5 34 ± 4

Extreme variability, which depends on the 
nature of the substrate

• High concentration of K

• High concentration of N, about 80% is 
found as N-NH4

• High residual organic load (COD)

• High electrical conductivity

• Leaching risks to groundwater

DIGESTATE PROBLEMS: Characteristics of the liquid fraction of digestate (LFD)

INTRODUCTION
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AD Biogas

Liquid fraction of 
digestate (LFD)

Digestate

Centrifugation

(A) PRETREATMENT

Hydrolysis

Water

(B) PPB CULTIVATION

Biomass post-
treatment (dry 
at 60 ºC, grind)

Harvesting

Treated diluted 
digestate

Recirculation

Agro irrigation
(fertigation)

Bio-fertiliser
1

Harvested 
biomass

PPB powder

INTRODUCTION

Our Solution
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INTRODUCTION

Why choose PPB for LFD treatment?

Tolerance up to 
4.5 g/L

Efficient assimilation, 
accumulation of Poly-P

Biomass yield around 1 
g biomass/g SCOD 

consumed

Can operate with high 
turbidity

Versatility against Tº 
fluctuations and 

salinity

 Protein source

 Potential for biofertilizer, biostimulant, etc  Compounds of medical and industrial importance

 Biohydrogen production
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EXPERIMENTAL SET UP

HYDROLYSIS PRETREATMENT

V= 0.7 L

T= 25±2 ºC

300 rpm
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RESULTS

HYDROLYSIS PRETREATMENT
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Fig 1. Acid vs Alkaline Hydrolysis Efficiency

Fig 3. Hydrolysis Efficiency at different TS

Fig 2. Hydrolysis Efficiency at different dosage 
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RESULTS

HYDROLYSIS PRETREATMENT

2
Alkaline hydrolysis is 39 times higher than 

acid hydrolysis (15.4% vs. 0.4%)

1
Anaerobic hydrolysis (35%) was better 

than aerobic (28%)

3

Low 0-0.05 g NaOH·gTS-1 (4-18%) and 

high 0.1-0.2 gNaOH·gTS-1 doses (30- 

34%)

4 Higer solubilization was achieved  at ~20 

g L⁻¹ TS  (51%). 

Key results

Parameter Unit LFD LFDH
pH - 7.58 10.2

Conductivity µS·cm-1 17360 18320
Alkalinity mg CaCO3 ·L-1 7750 8187
Alkalinity VFA 2563 3875
VFA Ind. - 0.3 0.5

COD mg·L-1 20580 19460
COD s mg·L-1 12830 16350
NKT g·L-1 1.77 1.58

N-NH4 g·L-1 1.72 1.47
TP mg·L-1 673 659

P-PO4 mg·L-1 205 320
COD/N/P m/m/m 100:8.35:1 100:7.6:1.6

CODS/COD 0.62 0.84

LFD: Liquid fraction of digestate
LFDH: Liquid fraction digestate with hydrolysis
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RESULTS

HYDROLYSIS PRETREATMENT
Different characteristics of digestate

Parameter Unit LFD LFDH
pH - 8,49 9,6

Conductivity µS·cm-1 20720 19358
Alkalinity mg CaCO3 ·L-1 7718 7937,5
Alkalinity VFA 1312 1500
VFA Ind. - 0.15 0.17

COD mg·L-1 5356 5482
COD s mg·L-1 1968 2320

CODS/COD 0.36 0.42

Fig 4. Hydrolysis Efficiency at different dosages
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EXPERIMENTAL DESIGN

PPB CULTIVATION

Laboratory Scale Pilot Scale

Rhodobacter Sp.

Rhodospirillaceae (RCVB) medium 
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EXPERIMENTAL SET UP

PPB CULTIVATION

SAMPLES SETUP

NB Negative control: LFDH X% 

PB Positive control: RCVB medium + PPB 10%

LFDH_10%A LFDH 10% v/v + inoculum of adapted PPB

LFDH_10% LFDH 10% v/v + inoculum PPB

LFDH_5% LFDH 5% v/v + inoculum of adapted PPB

LFDH_20% LFDH 20% v/v + inoculum of adapted PPB

LFDH_30% LFDH 30% v/v + inoculum of adapted PPB

LFDH_50% LFDH 50% v/v + inoculum of adapted PPB

LFDH_75% LFDH 75% v/v + inoculum of adapted PPB
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RESULTS

PPB CULTIVATION: Serie I Culture adaptation

A B C D E

A (BN), B (BN_LFDH), C (LFDH_10_A), D (LFDH_10_S1) y E (BP)

TEST
DQO 

inicial

µ

(d-1)

HRT  (máx. 

prod.)

BP_S1 2154 3.4 0.58

LFDH_10_A 2550 1.7 1.2

LFDH_10_S1 2275 4.1 0.5

Fig 5. Growth curves at 805 nm for Serie I PPB cultures
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RESULTS

PPB CULTIVATION: Serie II Effect of dilution
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Fig 6. Growth curves at 805 nm for Serie II PPB cultures
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RESULTS

PPB CULTIVATION: Serie III Optimization
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Fig 8. Growth curves at 805 nm for Serie III PPB cultures

Fig 7. Growth curves at 805 nm for Serie III PPB cultures
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EXPERIMENTAL SET UP

PPB CULTIVATION

TEST 
MEDIA

Initial 
COD 

(mg·L-1)

Initial
SCOD  

(mg·L-1)

∆SCOD 
(mg·L-1)

SCOD
(mg·L-1.d-

1)

∆PCOD 
(mg·L-1) Y µ (d-1) HRT  (máx. 

prod.)

VSS 
g/L.d

∆N-
NH4 

(mg·L-1)

N-NH4 
RATE  

(mg·L-1.d-

1)

N-NH4 % 
REMOVA

L

∆P-PO4 
(mg·L-1)

P-PO4 
RATE  

(mg·L-1.d-

1)

%P-PO4  
REMOVA

L

PB 1680 1524 1354 317 990 0,90 1,37 1,5 0,23 87 25 52 36 18 18

LFDH_5% 1727 867 364 364 311 0,84 1,60 1,2 0,10 29 15,3 43 1 0,5 100

LFDH_10% 2092 1190 539 478 505 0,95 1,94 1,1 0,25 43 41,82 22 3 1,1 90

LFDH_20% 3700 2005 526 263 243 0,73 1,33 1,5 0,62 50 16,31 18 5 4,3 79

LFDH_30% 6190 3432 1132 566 787 0,70 0,81 2,5 0,69 94 11,4 21 7 2,6 64

LFDH_50% 10438 4963 1299 96 1001 0,66 0,24 8,4 0,61 57 9,66 8 6 0,4 60

~50 W/m²
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BIOMASS POTENTIAL

PPB PROTEIN AND BIOFERTILIZER POTENTIAL

Soybean  40-50 % dw

Sunflower Seed  20-30 % dw

% Protein* C/N
% 
N 

% 
P2O5 

% 
K2O

N + P₂O₅ 
+ K₂O

% 
C org

CFU/ml
E.Coli

PB (High lR) 40 ± 2 5.7 6.4 1.0 2.8 10.2 33 ~0

PB (Low IR ) 62 ± 4 4.8 9.9 - - - 43 -

10% (High lR) 36 ± 3 7.6 5.7 1.0 2.7 9.4 39 ~0

50% (High lR) 30 ± 2 6.2 4.8 0.9 5.7 10.4 27 ~0

5% (High lR) 50 ± 1 5.9 8.0 - - - 42 -

10% (Low IR ) 58 ± 2 5.2 9.4 - - - 44 -

20% (High lR) 52 ± 2 5.7 8.4 - - - 43 -

30% (High lR) 51 ± 2 5.9 8.1 - - - 43 -

50% (Low IR ) 51 ± 2 4.8 8.3 - - - 44 -
Regulation (EU) 
2019/1009 >1 >1 >1 >4% >15% 0-200

1,00E-03 dilution
Microalgae  biomass 40-50 % dw

*6.25 · %N Factor
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Next steps
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CONCLUSIONS

• The limited performance of alkaline hydrolysis 
limits its potential as a sole pretreatment.

• PPB is an efficient technology for the valorization 
of digestate, surpassing other biotechnologies.

• A concentration of 20% digestate presents a 
balance between growth rate 1.33 d⁻¹, biomass 
production 0.62 g/L.d  and nutrient elimination.

• The generated PPB biomass produced through this 
process has potential to be used as a biofertilizer 
and as an alternative protein source for livestock 
feeding. 
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