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Introduction

Background

Climate change and resource depletion - need for the transition to a circular economy

model (EU Green Deal)-> waste recovery and conversion into high-added value
compounds (volatile fatty acids, VFAs) and energy (biogas, H,).

» Main waste streams of the urban metabolism: sewage sludge (SS) and food waste (FW)

» In the EU: 13 miIn tonn of SS (dry matter)
78 min tonn of FW
Third generation biorefinery:
» Substrate pretreatment (hydrodynamic cavitation)
» Fermentation process—> VFAs and H,

» Anaerobic digestion process—> biogas

- grows on arable and marginal land

- high contribution to mitigation of CO,

- no competition with food resources

- recalcitrant structures of the feedstock

||u TA—
1" goneration biorefinery

Conventional refinery 1" generation biorefinery

- fossil reserves - edible crops

- high land usage - grows on arable land

- high contribution to CO, emission - low contribution to the mitigation of CO,

- well-established technologies - relatively simple conversion process

- finite reserves - food vs. fuel debate

2" generation biorefinery 3 generation biorefinery

- non-edible crops - waste biomass

- independently produced (no land usage)

- high contribution to mitigation of CO,

- high amount of feedstock and wide
spectrum of products

- difficulties in integration

Evolution of the biorefinery (Strazzera, 2020).
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VFAS production

Acetic acid O
. . HgCJ\OH
» Aliphatic monocarboxylate compounds C,-C,  Propionic acid O
» Global market: 13 min tonn/year, 8 mid $/year HSC\)LOH
(market value) Butyric acid /\/(l)l\
> Various applications in the food, cosmetics, HaC OH I

Volatile fatty acids (Atasoy et al., 2018). PHA granules. Retrieved from:

textile, bioenergy, chemical and plastix.it

pharmaceutical industry

» At present, 90% is produced from petrochemical

compounds

Chlorella vulgaris. Retrieved from: micropia.nl



Introduction

Aim of the research

Valorisation of the two main waste streams of the urban metabolism, sewage

sludge and food waste, by transforming them into high-added value

compounds (VFAs) and energy (biogas) through a combined process of

fermentation and anaerobic digestion.
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Introduzione

Specific targets

» Assessment of the disgregation of the substrate (visually and
through chemical-physical characterization)

» Comparison of VFAs yields in batch tests and semi-continuous
operation mode (gCOD\x/gVS, and VFAs profile)

» Assessment of the biochemical methane potential (BMP)
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m . & 3 ' ; Interventi finalizzati alla produzione di energia
N Y ﬂ ' da fonti rinnovabili e progetti pilota
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Materials and methods

Cavitation tests

Mixture composition:

70% sewage sludge, 30% food waste (v/v)

First cavitation test

> -23% TS, - 22% TVS

» + 39% sCOD

» 1,71 £ 0,21 gCOD,,/L = 6,80 £ 0,07 gCOD,;,/L

Hydrodynamic cavitator, GP Lab

NOT CAVITATED

oy

Second cavitation test

» -39% TS, -43% TVS

> +43% sCOD

» 1,78 £ 0,03 gCOD,, /L 2 4,8 £ 0,04 gCOD,e5. /L



Materials and methods

Experimental design- fermentation process

Batch test
Working COnditiOnS' Parameter Unit First batch Second batch
cavitated not cavitated | not cavitated
cavitated
_— Organic loading | Kgicopn/m? 21,4 224 33,4 34,8
> Mesophilic temperature o
°C (OL) tCOD
(37 ) Organic loading | Kgrvs/m? 11,9 14,9 18,8 24,5
> CSTR reactors with ©nvs
mechanical stirring (14 rpm) Food/microrganisms | kQicon/KGrvs 2,86 2,95 9,51 9,92
(F/M) tCOD
> V=4L Food/microrganisms = kgrvs/Kgrvs 1,59 1,96 5,35 6,98
g g g
(F/IM) VS
> Uncontrolled pH Inoculum volume % on 60 60 34 34
the total
Semi-continuous process
Parameter Unit Cavitated Not cavitated
OLR kgrvs/mid 8 8
OLR kgicon/m3d 14,2 11,4

HRT d 5 6,6




Materials and methods

Experimental design-BMP tests

Batch tests

Parameter Unit Sewage @ Vegetable Cavitated Not cavitated Fermentation Fermentation Solid-rich Solid-rich
sludge scraps mixture mixture effluent (cavitated) effluent (not fraction fraction (not
cavitated) (cavitated) cavitated)
TQ L 0,50 0,50 0,50 0,50
inoculum
0,50 0,50 0,50 0,50
TVS g 6,20 6,20 5,20 5,20
inoculum 6,99 6,99 6,99 6,99
TVS g/kgra 2444+ 8238+522  2838+0,02 3546+ 1,11 |
substrate 0,15 12,55 + 1,00 19,64 + 1,26 120,49+138 106,16 0,30
TQ g 92,55 27,51 88,26 66,23
substrate 199.19 127,29 2074 23.64
TVS g 2,26 227 2.50 2,35
substrate 2.50 250 2,50 251
EIM_ VS/VS 0,36 0,37 0.48 0,45 0,36 0,36 0,36 0,36
FIM kgicoo/kgVS 0,85 0,76 0,85 0,74
oL kgrvs/m® 452 453 5.00 4,70 5,00 5,00 5.00 5.02
OL kgtco[)fma 8,88 7,87 11 :8‘4 1 0:2?

Working conditions:

» Mesophilic temperature (42°C) » Working volume=0,5L » Glass bottles mixed manually
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Results

Semi-continuous fermentation process- Yields

> [VFAS]max VFAs productivity
Cavitated: 12,94 £ 0,63 gCOD,;,/L, pH= 5,508 0 oot O 000 °
H . _ Elﬁ ... §
Not cavitated: 18,23 + 0,51 gCOD,,,//L, pH= 5,354 éii ot s z':.t U B
. o °
> Yields 3 e LI
=
> 6 ®
Cavitated: 0,53 + 0,07 gCOD\a/gVS g s *
Not cavitated: 0,52 + 0,06 gCOD,;5/gVS, Y s 1 15 m s w3 40
Days
® Cavitated ® Notcavitated  ———Semi-continuous  =———Semi-continuous
» Steady state
Cavitated: 3,8 HRT VFAs productivity-cavitated VFAs productivity- not cavitated
. . 16 §. - 10 ;E . 10
Not cavitated: 2,6 HRT 14 . o tae .- . s 18 Y eed %0, i
12 s - 16 %
T 10 » 8 T — °l o* 8
e o= g 7
E‘E' ® m . 6 E 8 e u 6
>, " agnl | Uy mmlgy W Uy . - > j . amgs mmEEE " S, z "Eg mEEEgy U=
ce ! z0 5 10 15 20 25 30 35 40 454
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Results

Semi-continuous fermentation process- Activity

» Activity
Cavitated: 1,01 £ 0,01 gCOD,;5/gVS*d >+20%
Not cavitated: 0,84 £ 0,01 gCOD\;,/gVS*d

Activity
1,200
1,000 ® e ® ®
0,800 ¢ ® @
0,600

0,400

Activity
(gCODvfa/gVvS(0)d)

0,200

0,000
14 19 24 29 34 39 44

Days
Not cavitated @ Cavitated



Results

Semi-continuous fermentation process- VFAs profile

> [Cof (Cs+C2)]vens
Cavitated: 0,53 + 0,04
Not cavitated: 0,48 + 0,04

=,

VFAs profile- cavitated VFAs pl’OfI le- not cavitated
100% 100% I
16,4
80% 80%
60% 60%
40% 40% —
B - -
0% 0%
W Acetic acid ® Propionic acid 1 Butyric and isobutyric acid @ lsovaleric acid 1 Heptanoic acid W Acetic acid B Propionic acid Butyric and isobutyric acid
Valeric acid | Isovaleric acid Heptanoic acid
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® Fermentation effluent (not cavitated)

® Solid-rich fraction (not cavitated)

® Fermentation effluent (cavitated)

® Solid-rich fraction (cavitated)

—&— Fermentation effluent (not cavitated)

—@— Solid-rich fraction (not cavitated)

Unit Fermentation = Fermentation Solid-rich Solid-rich
effluent effluent (not fraction fraction (not
(cavitated) cavitated) (cavitated) cavitated)
SGP mebiogas/kgrvs 0,445 0,825 0,418 0,343
SMP m3CHa4/Kgrvs 0,267 0,495 0,251 0,206
Confidence 0,001 0,012 0,001 0,014
Test days 36 40 36 40
duration
0,250
R
. 0" ae § 0,200
2
o 0,150
5
asgs 880 e 888 8 ¢ éqm
T ees ees ¥ve o E =
* 2 0,050
2
0,000
0 10 20 30
10,000 20,000 30,000 40,000 50,000 0050
Days ' Days

P and activity of the fermentation effluent
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Conclusions

Hydrodynamic cavitation processes
» Increase of the sCOD, reduction of TS and TVS
» 20% increase of the activity in the semi-continuous fermentation process
» Stable VFAs production, even with low HRT (3,3 d)
Fermentation processes
» Good yields respect to comparable studies in literature
» Stable and robust process
BMP tests

» Confirm the process feasibility from an energetic point of view
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