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Over 650 kg/capita

33% of Food Wastes
consisted of Expired food
Products

Used disposable nappies
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Food waste

53% Food processing 5%

Households 20% Retail & Wholesale
stores

Used disposable nappies

1 child uses
Complex

2-15 % of SMW 147 kg nappies during structure

the first 2.5 years
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Fruit and Vegetables Disposable nappies
* High carbohydrates concentration Material %
« High moisture content %ID %»
« AcidicpH | « o« oy SAP 30.7
| N%]”\/ L Nonwoven 16
- Elastics & adhesive tape 10.5
, B [ k]
p—CwmaElalcor\ol Cuni'ebr;Ialcohol Sina;yl'lalcohol PE 6.2

Hemicellulose]

YR Top-sheet layer next to the skin

Acquisition and distribution layer (ADL)
Absorbent core layer
Backsheet

Bread

PowbdPE

 High carbohydrates concentration
Adhesives, hydrophobic fibers, elastics, Velcro.

Meat

 High concentration of proteins and
lipids




LINEAR ECONOMY CIRCULAR ECONOMY

Materials in a Linear Economy Materials in a Circular Economy are
create waste after use. collected and reused after each use.
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EU and waste management
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Recycling

Energy recovery
Least ;
Favoured Disposal
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Proposed process

Nursery Used disposable Expired food products  Supermarket
nappies

NI Sy "' Recycled plastics
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Studied processes and
substrates

Disposable
adult diapers

Expired food
Mixture (meat,
bread,

fruits/vegetables)

Disposable
baby nappies

Fruits/
Vegetables
WERES

Q00060S

Deswelling optimization of SAP

AD optimization

Continuous AD lab scale reactors

Pilot scale two stage AD

Compost process and maturation

Materials recovery and valorization



Determination of qualitative,
guantitative and physicochemical
characteristics

Substrate pretreatment
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Determination of qualitative, quantitative and
physicochemical characteristics

Substrate pretreatment

Separated layers

Sample Country Size Type
N1 Greece 4+ Baby e
N2 Greece 4+ Baby g &
N3 Greece 5+ Baby
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. — - — L
D1 Spain S Adult F ‘ ==
D2 Spain S Adult )
T 100 T
90 - N2
Blasti N2 = N3
m N4 = ‘|r I N5
= N5 S 70 * I " N6
) | N7
| m N6 o> 60 D1
Cellolosic N7 £ 5 | D2
fibers D1 S
D2 © 40 ~
[}
O 30
SAP 291 T I
10 H I
T T T T T 0 A
0 20 40 60 80 100 Cellulose Hemicellulose Lignin Others 7

Percentage (%)



Determination of qualitative, guantitative and
physicochemical characteristics

Substrate pretreatment
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Determination of qualitative, quantitative and
physicochemical characteristics

Substrate pretreatment

Adsorption effect

SAP

100 250 100
gi!!!!..ll ii==|ll
200 } , ﬁ “}i e 200 ff: .
% ? % . o (= § (% i L] . @ g S %
0190 %é ﬁm - +E’150 ; éﬁﬁm Feo 2
ag 1004 é L 8 2100 i . i k]
o o Ca-SAP1 Lao 2 g o Mg-SAP1 40 ©
" FREVA = V-SAP1 L
B N .
T M % s 10 o 0 20 40 60 8 100 120
Ceacp oW, ) CMgCIZ (% wiw)
280 = supernatant [l SAP = Volume Reduction 100 280 Supernatant [l SAP  —=— Volume Reduction 100 cacl Mgcl Residual concentration 1Average
TestNo (% /2 (% /2 V reduction Ca*? Mg*2 cost (€]
~ w/w w/w
g . AP) . AP) (6)£SD  (me/gSAP)  (me/gSAP)
s £5D £5D PRy
8 Salts mixture 1 20 20 58.3+1.7 3.56 +0.66 2.66 +0.10 0.045
£ 2 20 40 88.3+0.0 5.10 +0.53 5.98 +0.30 0.065
g tests ;3 20 60 92.8+1.0 10.18+0.98 22.46:+0.55  0.086
4 20 80 93.3+0.0 15.72+1.66 33.81+1.87 0.106
i . 5 40 20 91.1+1.0 21.21+5.68 4.85+0.18 0.069
5.0 55 6.0 6.5 7.0 7.5 8.0 8.5 5.0 55 6.0 6.5 7.0 75 8.0 8.5
pH pH 6 40 40 93.3+0.0 28.07£+3.55 11.09+£0.45 0.090
S v pr— P PRSP 7 40 60 93.3+0.0 42.17 £6.49 30.68 £1.26 0.110
200 reneen. B I 100 280 P e K1) 8 40 80 928+1.0 2922+7.10 3495+135  0.130
240 w0 240 e . o 9 60 20 91.1+1.0 40.31 +3.88 8.36 £+ 0.57 0.094
o 200 T m g 10 60 40 91.9+05 5814+341 2239+124  0.114
3 el 0 f 8 oo £ 11 60 60 917400 39.98+575 3335:3.24 0135
o 3 ) S
xg 120 E & 12 E 12 60 80 92.5+0.8 73.49+£458 42.26+2.30 0.155
g n § E» 7o g 13 60 50 93.1+0.5 40.00+1.30 27.32+3.03 0.125
. o ® . ¢ 14 40 50 932405 3574+6.48 2409+2.18  0.100
40 4 15 [ 20 50 92.8+1.0 9.61 £ 0.46 16.59 + 0.87 0.075
0 L 50 0 50 1 An average‘nappy is consisted of 10 g SAP, cost calculation for industrial chemicals.

60 120 180 240
Volume (ml)

0

60 120 180 240 300 360

Volume (ml)




Determination of qualitative, quantitative and
physicochemical characteristics

Substrate P retreatment Physicochemical characterization of the final mixtures
i r 5 | “"v“ . FVW: Nappies EFP: Nappies EFP: Diapers
) Mixture
Hydrolyzate Hydrolyzate Hydrolyzate
. Ratio 2:3 (v/v) 1:9.5 (w/w) 1:9.7 (w/w)
Used baby nappies— 1:3 tap water o——— Value (/L) £ SD*

Used adult diapers — 1:10 tap water pH 5.01£0.30 532001 5.40 £ 0.01

t-CHOs 32.30£0.32 2436 £1.55 28.85 £2.20

d-CHOS 23 59 + 2 75 12 85 + 0 35 737 + 01

t-CoD 50.27 £2.45 46.85 +3.34 43.42 +3.32

d-coD 33.53+2.43 19.55+1.46 14.49 £ 1.96

N T N T Di Fats/oils 0.00 £0.00 4.06 £0.28 3.81+0.24

FVW EFP apples appies fapers TKN 0.43 £0.02 0.57 + 0.06 0.62 +0.12

Parameter hydrolysate 1 hydrolysate 2 hydrolyzate NH.-N 0.16 +0.03 0.22 +0.03 0.25 + 0.02

Value (g/kg) + SD* _ Value (g/kg) + SD* Value (g/L) + SD* Value (g/L) + SD* Value (g/L) + SD* t P3 0'19 ; 0'02 0‘18 ; 0'01 0'20 _'__ 0'02

pH 4.34+0.22 4.9+0.26 7.77 £0.04 7.33+£0.07 7.37 £0.03 d-P 0:12 ; 0:01 0:10 ; 0:01 0:13 ; 0:01

VSS 13.17 £2.00 20.21 £1.12 16.73 £0.30

t-COD [ 124.55 +2.89 663.27 £ 86.59 5.87+1.26 4.48 +0.95 7.27 £0.04 TS 26.70 + 1.90 5256 + 0.67 4201+ 0.85

d-coD 72.75+1.33 - 151£0.22 0.55+0.05 0.42%0.07 Vs 5390 £ 2.01 48.05 4 0.74 3753 £ 0.95

Fats/oils 0.00 + 0.00 47.00£1.38 ] 0.06 £ 0.01 0.02 +0.00 0.02 +0.00 * Not applicable for pH

TKN 1.29+0.09 3.92+0.42 0.26 £0.02 0.15+0.03 0.07+£0.01
NH;-N 0.04 £0.00 2.65+0.06 0.26 £ 0.02 0.15+0.02 0.05+0.02
t-P 0.28 £0.02 1.24 £0.25 0.10+£0.02 0.02 £0.00 0.09+0.01
d-P 0.23 £0.00 - 0.04 £0.01 0.01£0.00 0.05 £0.00
TSS 3250+ 4.44 - 4.45+0.18 4,76 +£0.81 6.22 £ 0.65
VSS 30.33+3.01 - 4.30+0.32 4.45+0.35 6.00+£0.61
TS 92.51+1.96 554.51 +58.60 8.07 £0.97 5.53+0.15 8.15+0.11
VS 85.92+1.17 509.20 +7.13 4.99 +0.98 4.82 +0.40 7.29+0.11

* Not applicable for pH
Where, CHO: Carbohydrates, TKN: Total Kjeldahl Nitrogen, NH;-N: Ammonia Nitrogen, P: Phosphorus, TSS/VSS:
Total/Volatile Suspended Solids, TS/VS: Total/Volatile Solids




Determination of qualitative,
guantitative and physicochemical
characteristics

Substrate pretreatment
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Valorization of
FVW & Hydrolyzate mixture
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Before the process implementation in full scale...

Lab scale tests Pilot scale,

SFGCQ.BMD



according to
literature

Rate limiting step

Anaerobic Digestion (AD) process
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Anaerobic or Dark Fermentation (DF)
g
Protein  Lipid Polysacehaﬂdo\ *

. ‘Sugars, amino acids, fatty acids

5 (E) 0

acids
(FA.")“a‘e “&_‘, - R LTtato

,

il cleate Acetaldh /
(B)—/- roncre QL/ (F)
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C ‘_/ e -
Butyrate Butyrate = c.o'

Hydrogen

— Formate ’
/ H;, CO,
(D) ‘/ Ethanol

Acelale Acetate
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Main products of DF



Anaerobic inocula for the processes

A robust anaerobic inoculum is the key to a successful process
“abundant bacteria needed for converting substrate to biogas.

____________________________________________________________________________________________________________________________________________________________________________________

Production of extracellular enzymes from the cﬁ?bTﬁiﬁfa?e's"f“p'iie?ﬁif‘fiis
group of hydrolases (amylases, proteases and Hydrolysis
lipases) by the hydrolytic bacteria v
Soluble organic molecules
Sugars, amino acids, fatty acids
Acidogenic or acid-producing bacteria R
v
'\{?vlaii[ﬁ
atty acids
. : ——
Heat-shock Acetogenic bacteria Acs.iQ‘°°*"es‘*\
Acid-pretreatment A e -
\ 7
1 e a Methanogenesis Methanogenesis
Methanogenic archa S




Biochemical methane potential (BMP) assays

BMP is defined as the experimental procedure, developed to
estimate the CH, production of an organic substrate during its
anaerobic degradation

BMP ASSAYS

%%R / .’

Head Space

Head Space '

2

Head Space

Mixture In
Slurry-Phase
conditions

Mbmm m Solld-

1 Waste -

Inoculum

Phaso aondmom
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Results
Theoretical BMP calculation and anaerobic biodegradability
4a—b—2c+ 3d 4a+b—2c—3d 4a—b+ 2c+ 3d
C,H,O.Ng4 + Z H,0 — o CH, + 5 CO, + dNH,
600 —@ 100
- — 4a+b—2c—3d
- s EBMP s TBMP S mlL 3 v 1000
mw Expected BMP  —=#=—AB — . .
. i 0 YeHs | gyg 12a+b+ 16¢c+ 14d/ '™
§4oo S
> o
2300 g
E 200 E
100 20 i
Anaerobic biodegradability (%)= ef::;:;:z?l MP
0 0
foéﬁ

gféCH.BMD
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: : : Inoculum pretreatment:
Valorization of FVW & Hydrolyzate mixture 100°C 20

Dark fermentation optimization V:0.75L I ZOmnN

(Batch) Batch tests

Total H,, CO, at STP (mL)

Carbohydrates Removal (%) (eq Glucose)

4000 2.0 20000 — — ——
-Ace"? acid -PFOP'OHI(‘: acid ] Isobutyric acid 5000 ‘:' H 5 21000 I Acetic acid [ Propionic acid [l Isobutyric acid
[ A Tl Hevighury co Tl e 200 o ovalericacd T Valerc 2ok
e 18000 aproic aci thanol actic aci
- __ 16000 4000 47" L Lo w | .
3000 - {g F15 2 = -y
2 / E E B T Ea 15000
% _ o = £
g/é é% n e § 120004 tf_’ 30004 ,///’/é g é 3 é)) ‘3 12000
] % 7 i 5 B = %xﬁ - = 3 1
2000 % égé 1.0 ;ﬁ o o“‘ f/f/; é/; % _g
Z 7 Q 77 g =
. S B 8000 S ool [ — [, S B o0
- T8 T - /j % &6
7 / / £ = 7 ; 7
loooq 2 7 2, 7?; é 05 2 4000 g 7, // g/% o E 6000 -
4 o % 1 [ i 7 _
0 0.0 04 % . %
45 5.0 55 6.0 6.5 7.0 7.5 4,5 5,0 55 6,0 6,5 7,0 75 0 6.0 6.5 70 75 -0 0- 6.0 65 70 75
PH pH . H ’ ’ H Y ’
p p
—m— t-Carbohydrates —@— d-Carbohydrates —A— mol H2 / mol eq Glucose|
100 e e ———— 1,6
g .,,,,777777. .
L12 8 S 80+ ®
— / 1.2 § o 1,2 §
E g A 3
60 - 9 . = o .
g Max H,: pH 6.0 S 60 / d Max H,: pH 7.5
08 S = s
w0 £ Max VFAs: pH 6.5 : A (0% £ Max VFAs: pH 7.5
a T G 40 £
e T 0.55 mol H,/mol eq Glc : s 1.12 mol H,/mol eq Glc
20 A T 0,4
-g‘ 201 A\
S
8 A
0 + + T T T T T 0,0 S
4,5 5,0 55 6,0 6,5 7,0 75 © 0 T T T T 0,0
6,0 6,5 7,0 7,5
pH ’ ’ ’ ’
pH 14




Valorization of FVW & Hydrolyzate mixture

One- and two-stage CSTR lab scale systems:

Acidogenic reactor

Run [ lla I1b lic 11 v
One stage - - - - + +
Two stage + + + + - -
pH of Acidogenic reactor 5.5 6.0 6.0 6.0 5.5 -
HRT (d) of acidogenic reactor 2 2 2 2 1.5 -
HRT (d) of methanogenic reactor 25 25 15 10 - 15
OLR (kg,s/m3 - d) of methanogenic reactor 0.92 0.92 1.54 2.3 - 1.54 = el
OLR (kgcop/m3 - d) of methanogenic reactor 1.75 1.75 3.36 4.60 - 3.36 T
& acetic acid <« propionic acid iso-butyric acid B Biogas ® H, > V Hzl V Feed :_ —
v butyric acid <« iso-valeric acid ® valeric acid 5 5 Sowk
20000 4 caproic acid A Total VFAs EtOH 1 | " " Tioma ) I‘ | %
[ I i 1 - = :
. 4- ; -4 || Ty I
< 160004 “ ~ 1 - <
g - 5 ] d ="
@ ‘ ap ® 34 L3 § e e
S 120004 R < »}_“"‘lﬁf.'f L
© A T E ~ TS
g_ A 'AA A fAA G 2 »b P»»P, L,
< 8000 A A AAA [ 1 = >»’> > > >
S . . PRI 2 mn . > > V cidogenic- 0-75 L
A i —
l-lé o* 4 o i Vv :: o, ‘ = oy, . t-' n \70 ogenic AL
T 400004 40 0 v LT e wieg®, o L Py : A wl> % S0 s® &, L methanogenic*
= v, et AACITNPR D St g L "ok e RadiO R CSTR
4 oe © A % .: MER AR a4 | .'.’. ro” o
MR ) L8P M 0 F g2 %o ¢ 0
O-P"‘*“#‘MM—LMM— e —— 1
0 20 40 60 20 100 120 14c 0 20 40 60 80 100 120 140
Time (d) Time (d)

HRT: a measure of the average length of time that a
compound remains in a constructed bioreactor

w7 PROMETHEUS
15



Valorization of FVW &
Hydrolyzate mixture

One- and two-stage CSTR lab scale systems:
Methanogenic reactor

pH of Acidogenic reactor

HRT (d) of acidogenic reactor

HRT (d) of methanogenic reactor

OLR (kgys/m3 - d) of methanogenic reactor
OLR (kgcop/m3 - d) of methanogenic reactor

25
0.92

1.75 3.36

Effluent s-COD

COD (g/L)
5

\

[%D A

Vv Feedt-CH B Feeds-CH

Tt T T T
120 140 160

Carbohydrates (equivalent Glucose) (g/L)

Parameter Run F-Value p-Value
| lla 119) lic v
pH 7.94+0.104 7.91+0.134 7.84 +0.084 7.84+0.27A 7.32+0.198 19.13 0.000
t-cCoD 78.03 £3.974 76.05+1.19A 79.95 + 0.964 62.36+4.72¢ 69.71+5.148 30.98 0.000
removal %
d-coD 96.62 + 1.014 93.47+1.018 93.45 + 1.408 86.67 + 2.28¢ 95.64 + 1.95A B 40.16 0.000
removal %
t-CHO 81.84+9.638 77.00+2.768 75.84+2.108 78.16 £ 0.568 93.85+1.154 17.77 0.000
removal %
CH, (%) 63.22+3.44¢ 65.63+2.32%C  £8.11+3.368 77.97 £ 1.914 55.27 +1.95° 103.46 0.000
L CH,/Loeq 14.74+0.674 14.05+0.694 10.89+0.798 6.92 +0.74° 9.89+0.29¢ 187.46 0.000
According to Tukey’s post hoc test, statistically insignificant differences are characterized by the same symbol
Comparison between one- and two-stage systems
1 % CH,
T % COD removal
18.4 % higher energy yield
Effluentt-CH [ Effluent s-CH 25 @ L CH,/L Reactor -d <4 VCH,/VFeed 20
lla Ic \Y ] la b llc \Y I
2.0 < < ] ] - 16
] 4 < <y < l L
- ‘ ‘
v Vv (Y « 444‘ L« :
2 ] <4f 4§ < 4 3
O 15- < < F12 3
Y ey § |t :4‘44«« ¢ >
m |
. ... ] _ < < «4 w Eq
= J lg I
6 1.0 _ ® 1. 8 5
YW - ) \..5 “ ® 3 >
v ] ) o & e % Qo I
A5 05| a0 " @e B WO o -4
S W W ° [
IIH\H'LH\IH\\;IH\I\L‘ O.o T T T T T T T T I‘ T T T T T 0
80 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Time (d) Time (d) 16



Pilot scale-
Pretreatment stage

7 PROMETHEUS

Nappies crushing/cutting

Weight [kg] Capacity [kg/h]

BB-230, BLIK 280 250

Food waste crushing

m Weight [kg] | Capacity [kg/h]

PG400, MEGALAB 520 300
SA

Food waste milling

Weight [kg] | Capacity [kg/h]

JMS 130, 330 400
MEGALAB SA
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Pilot scale-
Separation of nappies constituents' stage

. e

« Conventional washing machine

Separation of SAP and cellulosic
fibers

Pasteurization



Pilot scale-
AD stage (Acidogenic reactor)

________________________________________

* Feeding tanks (2 X 200 L)
 Acidogenic reactor (200 L)
* Monitoring of produced biogas

« Composition analysis of produced
biogas

w» PROMETHEUS
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Pilot scale-
AD stage (Methanogenic reactor)

« Methanogenic reactor (2000 L)

 Filterbags
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Pilot scale- Storage and combustion unit of biogas
- ..\’ \¥ - e - 'E
=N 1

J

L)
L e
)
® Bt

» Biogas storage tanks (temporary
storage)

Biogas compression tank

Boiler 10 KW

» Fire safety system



Main End-products (g/L)

Valorization of FVW & Hydrolyzate mixture

Two-stage pilot scale CSTR system

16
@ acetic acid < propionic acid 1.2 ® Pilot scale CH4
14 a A iso-butyric acid v butyric acid © Pilot scale H2
N iso-vqlericlacid @ valeric acid 1.04 — Mean Lab scale CH4
A ; gmgr:‘)lc acid A Total VFAs ' & - Mean Lab scale H2
12 °
10 4 0.8 4 N ®
A . A _qs ] o - °
8 3 0.6 1 o™e ° ° "5
. A A A A A A § R [ o ©® .. .. [e) . ® ’od o
] * ¥ A - b I i
° v * oA xA % J 04 ‘f ,,,,, ° o . < o., ,;Q,,,o 94;9}0 ,,,,,, ° % @ QQQ,(,)‘? ,C,)
A ® &)
4] A o©°
Y 2 %(A **,A’,}g{ v*s f’i * 02—.. Ooo Oo ¢ ©
2 1 *
X R v§ " vel MRS & R4 "':co
O_QLM_#M'_&_M 0.0 -prompmmpe T T T T T
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Time (d) Time (d)
Acidogenic reactor
Parameter Lab scale Pilot scale
t-COD removal (%) 40+19 3.1+£20
d-COD removal (%) -14.3 £5.1** -10.6 £ 8.4**
t-Carbohydrates removal (%) 77.3+8.7 76.4+9.6
Biogas composition in H, (%) 21.5+55 30.3+2.3
TSS (g/L) 14.2+2.2 143+£1.9
VSS/TSS (%) 95.5.0+4.2 93.8+3.6
t-VFAs (g/L) 6.1+1.8 70x1.3
EtOH (g/L) 59+2.1 35+1.2
Lyo/Lreactor-d [ 0.36+0.14 0.37£0.09
LHZ/Lfeed 0.72 £0.30 0.74+0.17
Na* (g/L) 24+0.9 1.17 £0.30
K* (g/L) 3.1+£0.8 1.62 £0.26

Negative d-COD values indicate solubilization of organic compounds

Parameter

Methanogenic reactor

Lab scale Pilot scale
t-COD removal (%) 77.8+1.6 7451 4.5
d-COD removal (%) 93.3+1.2 96.4+1.8
t-COD system removal (%) 78.7 75.3
t-COD (g/L) 11.0x1.3 12.7+1.9
t-Carbohydrates removal (%) 78.7+2.3 78.6+6.3
TSS (g/L) 7.11+1.02 835+1.2
Na* (g/L) 2.7+0.6 1.5+0.2
K* (g/L) 3.2+04 2.3+0.2
Biogas composition in CH, (%) 65.6£2.3 62.8+2.1
Lena/ (Lpeactor * 9) 0.65 + 0.05 0.63 +0.06
Lena/Lreg 12.630.95 12.58+1.17
Lewa/ . 0.35 0.35
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Determination of qualitative,
guantitative and physicochemical

characteristics L
Valorization of

Substrate pretreatment EFP & Hydrolyzate mixture

O O

Valorization of
FVW & Hydrolyzate mixture

- M@Z

W
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w» PROMETHEUS

Pretreatment of substrates l

|
|
Physicochemical : {

* Mechanical extrusion * Dilute acid * Steam explosion * Fungi

Lignin
/ / Cellulose

! " 4 / * Milling * Mild alkali * Liquid hot water « Brown-rot fungi
g ) * Microwave « Ozonolysis * SPORL « White-rot fungi
Pretreatment e . SUrasound
« * * Organosolv * Ammonia based « Soft-rot fungi
/5\ " Byrolyshs * lonic liquids * CO, explosion * Bacterial
* Pulsed electric field )
\ * Deep eutectic solvents * Oxidative pretreatment * Archaeal
\ Hemicellulose * Natural deep eutectic * Wet oxidation
solvents
[ f \
Cellulose Hemicellulose Lignin
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Main-end Products (g/L)

COD Removal (%) in Methanogenic rector

Valorization of EFP & Hydrolyzate mixture

Two-stage CSTR lab scale systems:

Pretreatment effect

12

Il Acetate [l Fropionate
[ Isobutyrate [”]Butyrate
[ 'sovalerate Valerate
104 Il Hexanoate [ Ethanol
8 4
6 -
4
24
0
Acid Thermal Without
Hydrolysis Pretreatment Pretreatment
100 total [ ]dissolved
—*— Na+ —o— K+ +
80
L
60
— |
40 4
20
0 T T T
Acid Thermal Without
Hydrolysis Pretreatment Pretreatment

Na', K" (g/L)

100

Total Carbohydrates Removal (%)

Biogas (NL/L Feed)

80

60

40

20+

12

[ Acidogenic Reactor
[ITT] Methanogenic Reactor

T
Acid

T
Without

500

104

Thermal
Hydrolysis Pretreatment Pretreatment
-,
I cH,

—&— Total Energy

Acid
Hydrolysis

Thermal
Pretreatment

Without
Pretreatment

- 400

- 300

- 200

T
=
o
S

Total Energy (kJ/LFeed)

EU Regulation No 142/2011: Animal by-products
pasteurization at 70 °C for 60 min is mandatory

Feedstock Pretreatment

&

Double H, production during the AHP.
Significant different VFAs profile between the
tests

The highest yield was achieved for the case
of MP, taking into consideration the overall
efficiency of the system

Maximum vyield (MP) at 427 kJ/L;.4. During
the testes of TP and AHP, the recover
energy was reduced by 49.4 and 25.5 %.
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Meat pasteurization (70 °C)

Valorization of EFP & Hydrolyzate mixture
Two-stage (CSTR) lab scale system - HRT reduction

Main End-products (g/L)

Main End-products (g/L)

16 - *
] ® Y % *
] I ¥ %
1 * % * *
12 4 o
e % g *ﬁf * ¥ e
¥
4 Tﬁ{ ¥ *
8 | & Acetate < Propionate
7] A Iso butyrate v Butyrate
1 < Isovalerate @ Valerate
1 4 * * o o & Caproate A Ethanol
4l %o 4 ¢, |%x tmicoD
] 'S L 2 \ 'Q *
1 A e %o T " 3 ‘
ﬁi%m g’zgiggugj M Qé
0
0 20 40 60 80 100 120 140
Time (d)
18 -
E A B C D
16 *
14 ¢ Acetate < Isovalerate
1 < Propionate ® Valerate
12 4 A |sobutyrate ¢ Caproate
] v Butyrate % total COD
10 : ‘
] i e
8 1 3
6
] | N
44 :
] 71?‘*’ Yo <
21 % * g “
] ‘ <%
0 20 40 60 80 100 120 140
Time (d)

Ac: pH 5.5, HRT 2d
Met: HRT 20, 15, 10.6, 8 d

Parameter Methanogenic reactor runs F- P-
A(20d) B(15d) C(10.6d) Value Value
pH 7.76 £ 0.16" 7.94 £0.11' 7.95 + 0.05' 6.54 0.006
Alkalinity (g CaCO,/L) 8.23 £1.03" 10.34 £ 0.32! 8.93+0.28" 22.52 0.000
t-COD removal (%) 64.79 + 5.84" 72.27 £ 1.60' 68.68 + 3.56" 6.79 0.005
d-COD removal (%) 92.94 + 2.60 91.36 + 2.82! 83.63 £ 4.94" 15.21 0.000
t-Carbohydrates removal (%) 87.07+7.79" 73.09+11.68" 40.03+9.16" 49.81 0.000
[ L CHA/Lo.q 11.35+1.11'  11.09 +0.94' 10.03+0.63' | 3.51 0.056
CH, (%) 65.38 + 2.37' 68.15 + 2,13 65.72 + 1.81' 2.54 0.120
According to Tukey’s post hoc test, statistically insignificant differences are characterized by the same symbol
60 /18/ ; ; N\ 600
] A B c D 1 A 7 B c D —~
50 ] o> 2
a8 : : | | ] br]
me= " m , i " 14+ > e > | 450 ©
o] Ba" B, R I ST B 0 5
1T = B B e - @ 7 DD“ > > phg .>§> 2
~ I Y B Feedt-COD Feed d-COD © O—- SR e o0 fo L 1] D. oo S
@ 30—. E 'l?/lcett-t?gODD ¢ :\-\llcetd;j(-:CoODD 2 \& he ‘J‘ >b L 300 <
1 ‘ S : . e c
Q | e N o 8 g S =
3 20_'0?0@9 000%0 0%5%0000 000 o f S 61 | ® cha . é
1 - & g 3 S &0 > | > Energy Production
jg[} 8DDE1‘ 50 g o~ D %ED]D Dg ESDO 4 1 : _1SODE.>
10 IR DA Ll - ‘ e 5
; | ; i ‘ * : ; =
] | ; ? . L .' '. ot .o ee ** :'j":.". ‘e '0'."§ 2
0 T T - T T T T " T T T O T T T ‘ T T T " T T ‘ T O Lu
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Time (d) Time (d) 25



UNIVERSITY OF L.
PATRAS \’ Feedstock composition
Parameter Lab scale Pilot scale
Valorization of EFP & Hydrolyzate mixture TS (g/ke) 554.51 £ 58.6 512.96 24,11
VS (g/kg) 509.20 + 7.13 497.59 + 24.6
Two-stage (CSTR) p||0t scale system t-CHO (g/kg) 183.8+37.20 182.19+10.18
Proteins (g/kg) [ 24,50+ 2.63 6.31+£0.63
Fats/oils (g/kg) 47.00+ 1.38 124.65 + 13.31
Acidogenic reactor
40
354 : gf:;?(;(:ate * i‘(ﬁ’
A |sobutyrate
j 30 Z] :Ssit\ilerl?éfate ﬁf" * . . .
E o Valerate % Parameter Acidogenic reactor Parameter Methanogenic reactor
2 257 i g"?’k;o ¥ Lab scale Pilot scale Lab scale Pilot scale
é 20 LXK t-CHO removal (%) 79.3+8.3 82.7+5.7 t-COD removal (%) 8331238 67.9+5.7
5] » VFAs-EtOH (g COD/L) 9.9+1.9 32.4+2.9 J t-CHO removal (%) 85.1+7.9 69.2+4.1
[ *
wo A L H,/Lteeg 0.84 +0.19 0.28 +0.11 Total VFAs (g/L) 0.2+0.1 Upto 6.7
g Bk ko @ v * Na* (g/L) 1.9+0.2 3.1+0.3 CH, % in Biogas 67.2+2.6 60.7 £ 6.0
i R I S A K* (g/L) 1.7+0.2 3.4+0.4 L oL reey 11.06 + 0.99 5.72 + 0.80
04 ?_v- “II hl
0 20 40 60 80 100 120
Time (d)
Ac: pH 5.5, HRT 2d
Met: HRT 20d
Methanogenic reactor 60 08
8000 W Feed t-COD ' ® Pilot scale CH4
: /l;\cetgte . o iiefcdc;CDOD i ° 'Ii’/lilot scLals H2I cha
70004 | ¢ Isot?utyrate . - @ podcoD Mean Lab scale H2
6000 + I Esl;telz:?;fate n “um m = MeLEeoD 067 }'
< Valerate 40 - - :. ., ...l . o] : '- | r ).
~ 50004 | » Caproate o 5 .-I' r . 5_0 - :> -0'5 :..‘o:‘ .: %‘EA -
%4000_ \2 . ® <><>. §0.4-(. T,." %0 .J'\...
< . o) m = ] I o °
% 3000 u O o0d @ oMm 4 © — .?~..
2000 AN MR 0.2 . .
n 4 >
| | o .
1000 - - 5 off "
™ ® . s [m} =
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«” PROMETHEUS

Determination of qualitative,
guantitative and physicochemical

characteristics L
Valorization of

Substrate pretreatment EFP & Hydrolyzate mixture
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) ()
Valorization of Valorization of the recovered
FVW & Hydrolyzate mixture materials & energy
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Valorization of the recovered
energy

Biogas

Decrease of

NH;, H,S (use of adsorbents)
H,O (cooling)

# PROMETHEUS

Hot water supply for the thermal needs
of the unit or other installations close to

the unit.
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w» PROMETHEUS

Valorization of the recovered
materials

Digestate
Liquid part

Solid part

Dewatered




Composting process & maturation of the product

 Aerobic conditions

« Compost bacteria combine C with O, to produce CO, and energy. Some of the energy is ,
used by the microorganisms for reproduction and growth, the rest is given off as heat.

« The four phases include:

1) Mesophilic phase

Mesophilic .

Reproduction of microorganisms by breaking down C & N. The metabolic activity 1 =
temperature to 40-45 °C between 2-8 days and | the pH due to the production of VFAS

Cooling | Stabilization ~————

A A

v
Decomposition

2) Thermophilic phase (45-70 °C)

Thermophiles break down more complex carbon sources, the nitrogen is transformed into
NH; and the pH of the mixture becomes alkaline.

3) Cooling phase

After the consumption of C&N the temperature decreases and fungi as well as bacteria
grown, which further decrease the still untreated compounds.

4) Curing phase

Production of humic and fulvic acids, both of them are important parameter for the quality

g
Maturation

of compost. \IPRUMETHEUS



Composting process & maturation of the product

' lmportant Parameters : Onsite Composting
' » Feedstock and nutrient balance | ko

'+ Particle size |

. * Moisture content : N

'+ Oxygen flow | Q=) Vermicomposting
. » Temperature : ey

B o o e e e e e e e e e M e e M M e e M M e e e M e e

'] _ =) Aerated windrow composting

), < < ) Aerated static pile composting
J— -—

¥ In vessel composting

WA




Dewatered

Valorization of the recovered

materials
Digestate <—, Liquid part €

Solid part 2

R AT

Humidity & C/N correction
Run FVW (% w/w)  DAS1 (% w/w) DAS2 (% w/w) Pellet (% w/w) Urea (% w/w)

1 100 - - -
2 - 68.50 - 30.49 0.91
3 - - 68.57 30.48 0.95

Temperature [°C]

—— 1 T T - T T T
70 80 90 100 110 120 130 140 150

Time [d]

3\‘“'

)
>
o
=
<
@)
2
o
]

3.0 T T T T T T T T T T T
. —a— FVW compost | -
o5 —®— DAS1 compost |
' —A— DAS2 compost
2.0 - -
' LESS STABLE
1.5
1.0 - STABLE -~
0.5
| E i\ERY STABLE_
><§ ‘/i\
0.0 T T T T T T T T | T T
1 2 3 4 5 6

Maturation Time [Week]
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Valorization of the recovered

1 1 ]
materials 6 @ @

Plastics mixture & SAP

Mixture plastics e ™\
Mix PP PE PET SB
Parameter . . . .
(average value £ SD)| (min-max) (min-max) (min-max)  (min-max) ]
Mix for 30’
Tensile strength at break (MPa) 16.41 £ 0.68 18-22 30.5-33 2.1-90 12-21
100-120°
Elongation at break (%) 2431041 50-145 600-1800 4-600 475 00 0°C
Modulus of elasticity (GPa) 1.65+0.15 1.95 0.57-1.5 0.11-5.2 High range
Recovery =&
SAP ,
. Max adsorbent capacity of organic

Adsorbent materials Test (mg/e) solvents

Caoline 72.57

Carbon nanofibers 72.46

Methyl Bl
MgAI-LDH/Biochar material etylene Blue 406.4
_Treated SAP _ e 153.75) _____.

Polyvinyl alcohol fbers with functional phosphonic acid 75 95 Tensile
group , testers
Activated sludge-graphene oxide composites Uranium (VI) 202.4 creation
Polyacrylic acid hydrogels 445.11
Treated SAP [ 217.4] Dried materia



2500 MJ
6.7 kg adsorbent material

20 kg plastics
210 kg compost
4.7 m3 digestate
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Concluding remarks

« An efficient process for the valorization of food waste and used disposable nappies was
presented

« The “non-complex” mixture of FVW & nappies was successfully treated in lab and pilot
scale

« The results about the mixture of EFP & nappies were not reproduced at pilot scale due to
the complexity of the mixture ingredients

« Valuable materials and energy are produced due to the valorization of the MSW in the
context of the circular economy model

—
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