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Food wastes i

Composition of municipal solid wastes
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I Fruit & wegetables waste
I Fruit & wegetables whole

[ ]Bread & bakery

[ Meat & fish

I Bones

] Tea bags and coffe granules

[ Others
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Food wastes

Paramter Unit Typical value
TS % fresh matter 20
VS % fresh matter 18
TKN g-kg* fresh matter 7.4
HHV MJ-kg TS 22
stng;J:))hydrates (starch and a-kgl VS 480
Lipids g-kgtVs 150
Crude proteins g-kglVs 210
Hemicelluose g-kgtVs 70
Lignin g-kg1Vs 30
e R

TS — total solid

VS - volatile solid

TKN — total Kjeldahl nitrogen
HHV — higher heating value

http://www.valorgas.soton.ac.uk/deliverables.htm,



Food supply chain

®

Primary Primary Processing Wholesale, retail || Food preparation
production and production and and and marketing and consumption
pre-harvest post-harvest manufacture - Transport - Household
. ) - . - Wholesale - Catering/hospitality
Plant production Drying, milling - Processing S K
Animal production Slaughtering - Packing ) upermarkets, sector
. ) markets, shops
Fisheries Storage
Waste management
. : . : Anaerobic . .
Incineration Composting Animal feed : . Biorefinery
digestion

http://publications.jrc.ec.europa.eu/repository/bitstream/JRC109202/jrc_technical_report__food_waste_rev_2_online_final.pdf,
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Biorefinery concept :
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Sugar Feedstocks *
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Anaerobic digestion . .
Flue gas
CH, &“COZ Digestated
Organic waste Hydrolysis sludge .
] and » Methanogenesis
acidogenesis

- J

Methane fermentation

Digestated sludge:
- TS<4%
- conversion of carbon c.a. 50%
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., Dark fermentation -

Flue gas Flue gas
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Organic CH, & CO,
waste Hydrolysis Volatile
> and > fatty > Methanogenesis Digestated
acidogenesis acids sludge
Slurry g
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Dark fermentation Methane fermentation
(0.5-2 d HRT) (5-30 HRT)

7 HRT — hydraulic retention time InOCUIum-' mixe -CU ture
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Dark fermentation ¢ .

Volatile fatty acids (VFA):
- acetic acid,

- propionic acid,

- n-butyric acid,

- iso-butyric acid

- n-valeric acid,

- iso-valeric acid,

- n-caproic acid.

Polyhydroxy-
alkanoates
(PHA)

H 0o
| 1 Biological
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H —
IT| IT| fp Lipids for
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KR O
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8 HHH O-H
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Dark fermentation — metabolic pathways

Carbohydrate substrate

(cellulose, starch, sugars etc.)

‘o | O
e 00 Enzyme hydrolysis

Ethanol

Biomass

co = —+—'| Acetyl-CoA 12 Acetate
2 TP e T St Al s €€
Butyrate
Propionate Lactate
9 Ren, Yi, et al. "Promoting dark fermentation for biohydrogen production: potential roles of iron-based additives." International Journal of Hydrogen Energy

47.3 (2022): 1499-1515.
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Experimental set-up for .

dark fermentation investigation
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Batch reactor.
Volume: 1L

Parameters of the process: Semi continuous reactor.

- PH _ o Volume: 10 L
- HRT (hydraulic retention time)

10 - OLR (organic loading rate)
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Hydrothermal carbonization (HTC) -.

Thermochemical procces

Pyrolysis | | Gasification || Combustion | | Hydrothermal
procceses

Hydrotermal || Hydrothermal Hydrothermal Hydrothermal

hydrolysis carbonization liquefaction gasification
(HTH) (HTC) (HTL) (HTG)
100°C 180°C 250°C 370°C
Subercritical water Supercritical
_ 5 water
Main Pretreate Hydrochar Biocrude-oil Syngas

14l product biomass
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Hydrothermal carbonization (HTC) -.

PL

Dry carbonization
(Pyrolysis)

Biomass

Char yield = 55%,
ED=1.25

250°C, 1 h

v

Wet carbonization
(Hydrothermal
carbonization)

In HTC process feedstock doesn’t
12 need to be dried.

v

Char yield = 55%,
ED=1.4

E.D. - Energy densification
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Hydrothermal carbonization (HTC) -.

Biomass

CO,

Yield 50-80% 5-30% 2-5%

The char from HTC process is easily dewatered.

Libra, Judy A, et al. 2011. Hydrothermal carbonization of biomass residuals: a comparative review of the chemistry, processes and applications of wet and dry
13 pyrolysis. s.l. : Biofuels 2(1), 89-124, 2011. %
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Hydrothermal carbonization (HTC) ey

Use of char:

- Renewable energy carrier

- Soil amendment

- Carbon sequestration

- Activated carbon adsorbents

Char properties:

- carbon: 75-85%
-H/C:1.0-1.2
-0/C:0.2-0.3

- surface area: 1-40 m?/g

Activated carbon: 3000 m?/g



L Hydrothermal carbonization (HTC) -.

Pict

Use of liquid phase:
- Substrate for anaerobic process

Liquid phase properties:

pH 3.7-7.2
TOC (g/L 9.0-27.8
(8/L) TOC — total organic carbon
BOD (g/L) 10.0-42.0 BOD — biochemical oxygen demand
CoD (g/L) 14.4-69.7 COD — chemical oxygen demand

Others compouds:
Phenole, acids,...

Ramke, Hans-Glinter, et al. 2009. Hydrothermal Carbonization of Organic Waste. Sardinia :
15 Twelfth Interntional Waste Management and Landfill Symposium, 2009.
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Experimental set-up for HTC
Kinetic investigation

i

Cooling
water

_@ Rupture
disc
S

Bottle with
nitrogen

=B Cooling 0
=== | . ] water =

-

: Liquid
Volume: 0.6 L; P,,,, = 90 bar at 300°C  sam _

Heating jacket

Parameters of the process:
- temperature,
16 - residence time.
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Coupling Hydrothermal Carbonization -.
with Anaerobic Digestion for Sewage
Sludge Treatment

Influent <. - Purified
il wastewater » g wastewater

Wastewater
treatment plant

—»Ef"-»

— -

; B

: |

|

i I

I : Digestate — Digestate HTESlany oo : Hydrochar
l Anaerobic ~ =3%TS  Thickening =~ 10%TS Srng =~ 60% TS
| ) anit HTC system unit |

: digester i

; |

I |

| |

. e ___[MiCliquorsHydrochar _ _ _ _________ |

Ferrentino, Roberta, et al. "Coupling hydrothermal carbonization with anaerobic digestion for sewage sludge treatment: Influence of HTC liquor and
17 hydrochar on biomethane production." Energies 13.23 (2020): 6262.
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L Biorefinery - Concept 1 i
CO, CH,, CO,
Liquid 1\
wastho(cli:V\/) Hydrothermal & Dark Liquid Methane
carbonization EREEEEES fermentation > fermentation >
- (HTC) S (DF) (MF)
| E S| “
| = urry ;
! 1 S
| S A o RURR Hydrochar . ...
o b Digested sludge (DS) _ __ __ __ ___
%
Hydrochar

Closed—loop system for substrate pretreatment
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9 Biorefinery - Concept 2 *
H,, CO, CH,, CO,
Food
waste (FW) 1\
Dark o Meth
Inogul_um ferme?\;ation Liquid > ferrr?en?a?[?on —> -
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N

Slurry

Hydrothermal
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: (HTC)
| 5
......................... \.. .Y Hydochar
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\4
Hydrochar

Closed—loop system for substrate post-treatment
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* Proper sequence of the process steps,

* Knowledge of the kinetics of HTC integrated with DF,

* Proper selection of raw material composition

« Optimum residence time in the HTC reactor

* Optimal process temperature will optimize energy
recovery from wet biomass waste and maximize
bioH, production.

The results obtained will contribute to the basic knowledge
of the HTC and DF processes, which will enable scaling-
up of these biorefinery processes using wet food waste.

It is Important to be actively engaged in the green
hydrogen ecosystem — one of the pathways to
decarbonisation.
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