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What are VFAs building blocks?

Where and how are bio-based VFAs/bioplastics considered at EU level?

Configuration strategies for VFAs production within the AFTERLIFE project;

Conclusion
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VFAs applications:

* Pharamaceutics
Food/Feed additives
Chemicals
Petrolchemical industry
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VFAs as buidling blocks

Industrial applications
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JRC SCIENCE FOR POLICY REPORT

Insights into the European
market for bio-based chemicals

New databases of interesting and innovative

bio-based compounds for EU open new market
opportunities
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in the EU scenario

The European Green Deal would accelerate the industry transition to a
more sustainable model, supporting the circular design of all products by

prioritising the reduction and reutilisation of materials before recycling.
(European Green Deal 2019).

Mobilising research
and fostering innovation
Transforming the
EU's Yy fora A zero pollution ambition
sustainable future for a toxic-free environment
\

Supplying clean, affordable Preserving and restoring

and secure energy ecosystems and biodiversity

1

Mobilising industry From ‘Farm to Fork': a fair,
for a clean and circular economy healthy and environmentally

friendly food system

Increasing the EU’s Climate
ambition for 2030 and 2050

/
Building and renovatingin an Accelerating the shift to
energy and resource efficient way sustainable and smart mobility

: 7 N Leave no one behind
Financing the transition iy
(Just Transition)

TheEUasa
global leader |

A European
Climate Pact
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and polymers for plastics

Platform chemicals
Ethylene Acetic anhydride
Ethylene glycol Sebacic acid
Propylene glycol (1,2-propanediol) Lactic acid
1,3-Propanediol Epichlorohydrin

Acetic acid
/\
yd N

VFAs Chemical formula Market size Market pr Usage/application Production methods References
(kton/year) (€/ton)

Acetic acid O 14000-17000 400-800 inyl acetate monomer (polymers, Chemical synthesis (carboxylation of Bhatia and
hesives, dyes), methanol) and microbial fermentation Yang (2017))
,J-L od additive, Solvent, Vinegar, (oxidative and anaerobic)
H 30 OH fer production, Chemicals
Butyric acid O 90-105 1500-1650 imal and human food additive, Chemical synthesis (oxidation of Zigova and
Clemical intermediate, Solvent, butyraldehyde), Extraction from butter,  Sturdik
/\)I\ Fpvouring agent microbial fermentation (2000)
HaC H
Propionic acid 0 350-470 2000-2500 ters used food industry as aroma  Chemical Synthesis (ethylene hydro Cheryan
dditive, Food additive, flavoring, formylation, carboxylation of ethylene, (2009)
H C\)L Pharmaceuticals, Animal feed direct oxidation of hydrocarbons), by
3 O supplement, Fishing bait additive product of acetic acid manufacturing,
microbial fermentation
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Share of bio-based chemicals

in the EU scenario
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Product category EU bio- Total EU | EU bio-based | EU bio-based
based | production production | consumption
production (kt/a) share (kt/a)
(kt/a)
Platform chemicals 181 60,791 0.3 197
Solvents /5 5,000 1.5 107
Polymers for plastics 268 &0,000 0.4 247
Paints, coatings, inks and 1,002 10,340 12.5 1,293
dyes (*)
Surfactants 1,500 3,000 50.0 1,800
Cosmetics and personal care 558 1,263 44.0 558
products (%)
Adhesives (%) 237 2,680 9.0 320
Lubricants (%) 237 6,764 3.5 220
Plasticisers (%) 67 1,300 9.0 117
Man-made fibres 600 4,500 13.0 630
Total 4,725 155,639 3.0 5,489

(*) Mo total EU production data were found; it has been assumed that total EU production (fossil- and bio-
based) equals the total EU market (fossil- and bio-based consumption).
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THE ENVIRONMENT
in the EU scenario

AFTERLIFE

Product category Price Turnover
(EUR/kg) | (EUR million/a)
Platform chemicals 1.48 268
— E—
Solvents 1.01 76
Polymers for plastics 2.98 799
Paints, coatings, inks and dyes 1.62 1,623
Surfactants 1.65 2,475
Cosmetics and personal care products 2.07 1,155 Product category CAPEX Replacement Expansion Total private
Adhesives 1.65 391 investments investments investment
Lubricants 2.33 552
Million Million Million | Million Million Million Million
Plasticisers 3.60 241 EUR/kt EUR/a EUR | EUR/a EUR EUR/a EUR
- 2018- 2018- 2018-
Man-made fibres 2.65 1,590 2025 2025 5025
Total 1.94 9,167 Platform chemicals 3 54 380 74 515 128 896
Solvents 1.9 14 100 1 10 16 110
Polymers for 3.7 99 694 45 313 144 1,007
plastics
Paints, coatings, 3.6 361 2,525 77 536 437 3,061
inks and dyes
Surfactants 3.7 555 3,885 250 1,753 | 805 5,638
Cosmetics and 4.7 262 1,837 86 603 349 2,440
personal care
products
Adhesives 3.5 83 581 112 787 195 1,368
Lubricants 2.4 57 398 6 41 63 439
Plasticisers 5.8 39 273 13 S0 52 363
Man-made fibres 6.2 372 2,604 122 855 | 494 3,459
Total 1,897 | 13,277 786 5,505 2,683 | 18,782
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From waste raw materials to VFAs nountionr R OO

N
—— '

Composite waste material

Carbohydrates (34%) Proteins (33%) Lipids (33%) - The feeding affects the
metabolic pathway
1 l Hydrolysis
Y
Low carbon 1

Monosaccharides (34%) Amino acids (33%)

fatty acids (33%)

Fermentation Max theoretical yield of Acetic

(Acidogenesis)  Acid production: 72%
Intermediata

VFAs* . ]
- - 1o~ Acidogenesis and
EEt o= Acetogenesis Acetogenesis
should be balanced to optimze
Acetic acid (72%) Hydrogen (28%) — the production and
composition of the VFAs
72 28

Methanogenesis

Methane (100%)

* Propionate, butyrate, valerate
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VFAs recovery
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Solid/liquid separation mowons:. 000

VFAs recovery

UF membrane
X10 15-20 kWh/m3

Decanter

X10 1,5-2,0 kWh/m3
Screw-press

0,12-0,2 kWh/m3

R
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Solid/liquid separation mowons:. 000

VFAs recovery

Consumption of conditioner (e.g. polyelectrolite)

UF membrane

; 3
Decanter 15-20 kWh/m

1,5-2,0 kWh/m3

Screw-press
P >20g a.p./gTS

0,12-0,2 kWh/m3
> 20 g a.p. /gTS o
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Energy consumption
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VFAs production from 3 food industrial wastewaters

Volatile fatty acids (VFA) production, concentration and Anaerobic digestion of the solid residues from
purification the process

Sampling and collection
of wastewater

AFTERLIFE process

food processing
industry

Purification of
compounds of
interest

Biopolymer
production

Plastic
k4 products

- 1
PHA recovery 1
= o I (5T
: " processing [ A
purification '
() /
1
Polymer i
recycling

Pretreatment
and filtration

(1) Biopolymer
Anaerobic [ | recovery and J
digestion processing
Resources

optimisation
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Food Industry Feedstocks
Jake wastewater

GUMS & JELLIES DRAGEES
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63 preparation
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Washing
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Food Industry Feedstocks
Heritage wastewater

Carom

(%

\A s

2 |
\ : -
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Afterlife substrates for VFAs production 000

Food Industry Feedstocks
Citromil wastewater

JUICES, CONCENTRATES and LEMON CELLS ESSENTIAL OIL
WASTE WATER WASTEWATER
A (5m3day) B (15 m¥day) C (85 m¥day) WASTE WA LIN
Water 1 push the (10 m3day)
l"_ lm lmumg water !
> Sold
T {Decarter)
Waste water

Balance tanks

5 SAMPLE
SAMPLE ﬁ"ﬂ’im

l 100 m3day BALANCE TANK OF LIQUID VEGETABLE RESNESI

| WASTE WATER TREATMENT |
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Food Industry Feedstocks
Substrates characterization for anaerobic fermentation

Parameter Unit Jake ww  Heritage Citromil Citromil
ww JL EOL

TS % 7,9 4,4 18,5 4,1
TVS/TS % 96 89 88 31
tCOD gCOD/L 97,4 61,6 36,8 2,5
sCOD gCOD/L 88,2 52,6 23,1 2,1

TKN mgN/gTS 23,2 31,3 7,3 4,4
NH4-N mgN/L 0,9 0,9 0,4 3,5

TP mgP/gTS 2,9 10,8 1,7 0,7
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VFAs production
P Recovery ofVFAs-rich liquid fraction
VF1As \_
Jake ww e el Liquid fraction B
27,9 ton/d . . 23,7 ton/d
m—' Audogen.lc Centrifuge Ultrafiltration PHAS.
fermentation production

Solid fraction

4,2 ton/d (15%) Solid fraction

Anaerobic

digestion

Biogas

Valorization of the solid fraction
for biogas production at pilot
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Bioreactors used for the VFAs production

under semi-continuous conditions

Acidogenic fermentation units
5 and 10 L auto-feeding
Automatic mixing

Heating jacket

Automatic digestate outflow remov
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VFA concentration (gCOD/L)

b)

VFAs productivity

AFTERLIFE

VFAs production

VFAs amount and yields for Jake and Heritage ww

Jake ww fermentation
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VFAs yields (%)

VFAs concentration (gCOD/L)
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Heritage ww fermentation
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Conclusions

* VFAs are bio-based molecules suitable for different industrial applications
* VFAs can be produced from different raw materials, allowing industrial waste valorization

* VFAs production, in the Afterlife scenario, was succesfully performed using anaerobic fermentation:
* Jake ww: 27% COD converted to VFAs (20gCOD/L)
* Heritage ww: 20-40% COD converted to VFAs (10gCOD/L)
* Citromil ww: 40% COD converted to VFAs (7-20 gCOD/L)

* Solid/liquid separation of the fermentation effluent was succesfully performed:
* The VFAs-rich liquid fraction was used for PHAs production
* The solid fraction was employed for biogas and fertilizers production
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