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Introduction

Co-digestion: WWTP digesters’ potential

BioZ2Energy

Dark fermentation as preliminary stage (H,)

Sewage sludge
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Comparison of 3 scenarios:
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- reference scenario: aerobic bio-stabilisation of SS-OFMSW and anaerobic

digestion of SS

-~ Scenario #1: co-digestion of SS-OFMSW and SS

- Scenario #2: preliminary co-dark-fermentation of SS-OFMSW and SS + AD

Functional unit;

189 000 t/y of SS
(0.7% TS, 70% TVS)
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15 500 tly
of SS-OFMSW

(37 % TS, 68% TVS)

SS-OFMSW
Organic food
Organic (non-food)
Paper
Cardboard
High density plastics
Plastics films
Textile materials
Glass
Ferrous metals

Non-ferrous metals

Hazardous
Inert
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) Compost

Reference Scenario
SS Anaerobic Digestion Aerobic stabilization
189 000 t/y Wet technologies Composting
Biogas CH,
. Emissions
Thermal energy Boiler W
Natural gas
SS-OFMSW Aerobic stabi.lization fd  Compost
15500 t/y Composting

Input
Electric Energy [MWh/y]
Natural Gas [MWh/y]
Water [t/y]
Polyelectrolyte [t/y] *

Dry Digestate/compost
SS-OFMSW Compost

Gardens (peat)
Mineral fertilisers

Reclamations
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50

N (as TKN) [g/kgTS]

P (as P,0;) [g/kgTS] K (as K,0) [g/kgTS]
40 4

Diesel [t/y]
NaOH [t/y] *
Output

18

30 18.5

Electric Energy [MWh/y]

Compost use
25%

68 %

7%

Thermal Energy [MWh/y]
Compost [t/y]
Supernatant [t/y]

Waste [t/y]

NO, [t/y]

€O [t/y]

Biogenic CO, [t/y]

PM [t/y]

SO, [t/y]

N
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Reference Scenario
1438

630

4100

14

17.03

0.5

5930

175929

5365

0.779

0.234

665

0.021

0.142
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OFMSW PRE-TREATMENT -
Scenario #1 4:1 OFMSWTVS:SSTVS
SSs
189 000 t/y Anaerobic Digestion Aerobic stabilization Ly Compost
SS-OFMSW Wet technologies Composting
15 500 ty
Biogas CH,
£ alternative route -i
__________ vy _
r nout Scenario #1-  Scenario #1-
. . n
Scenario #1-ICE : Scenario #1-Turb Py ICE Turb
, l... . Electric Energy [MWh/y] 196 196
Biogas CH, Internal combusti‘(m engine Emissions | Biogas CH, Turbine. Natural Gas [MWh/y] - -
Cogeneration ; | Cogeneration Water [t/y] 2100 2100
— | - ater V'
Electric energy Thermal energy Electric ene Thermal energy
— —'Eyq — Polyelectrolyte [t/y] 19 19
ﬁ I
|L Diesel [t/y] 16.91 16.91
|| EE efficiency: 0.42 1 EE efficiency: 0.33 [———— AD13 [t/y] 35 35
TE efficiency: 0.43 TE efficiency: 0.55 NaOH [t/y] 1 1
Output
Parameters Values Electric Energy [MWh/y] 2523 1518
Volume 4500 m? Thermal Energy [MWh/y] 2348 3473
HRT 2069 d Compost [t/y] 2223 2223
OLR 1.95 kg TVS/m? d Supernatant [t/y] 181541 181541
SGP (SS) 0.289 Nm? biogas/kg TVS Waste [t/y] 5313 2313
SGP (SS-OFMSW) 0.678 Nm? biogas/kg TVS Nox[ [;/ ‘]’] 0.458 0.033
. CO [t/y 1.519 0.183
Biogas produced 5540 Nm3/d
65% CH, 0.5% H.S Biogenic CO, [t/y] 2526 2526
Volumetric composition of biogas '
p |4 32%C0, 2.5%H,0 PM [t/y] 0.035 0.138
LHV biogas 22 750 ki/Nm? SO, [t/Y] 0.982 0.982
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OFMSW PRE-TREATMENT

Scenario #2

SS e

— EE efficiency: 0.45

EE efficiency: 0.42

Parameters
Volume
HRT
OLR

SGP (both SS and SS-OFMSW)
Hydrogen-rich gas produced
Volumetric composition of

hydrogen-rich gas
LHV hydrogen-rich gas

< NAX0S2018

e

189 000 . Anaerobic Digestion Aerobic stabilization N
o Lo Tenoain. Wet techrml%) ies Compostin, ‘ Compost
SS-OFMSW _, g posting
-
15 500 tly -
Hj-rich gas Biogas CH, alternative route i
____________ I I I e
: L
- r——r————— |
Scenario #2-ICE : Scenario #2-Turb :
) ) | Biogas CH, |
Hy-rich gas > Molten carbonate Biogas CH, Internal combustion engine Emissions I > Turbine Emissions |
fuel cell Cogeneration : ’ Cogeneration v :
Electric energy Electric enerey ~ Thermal energy | H,-rich gas Electric energy ~ Thermal energy |
v v v I I
I I

TE efficiency: 0.43

Values
818 m3

3.8d

10.73 kg TVS/m3d

0.06 m3 biogas/kg TVS

526.5 Nm3/d

45%H, 65% CO,

5735 ki/Nm?3

vvaiei [yy]
Polyelectrolyte [t/y]
Diesel [t/y]

AD13 [t/y]

NaOH [t/y]

Output

Electric Energy [MWh/y]
Thermal Energy [MWh/y]
Compost [t/y]

Supernatant [t/y]
Waste [t/y]

NO, [t/y]

CO [t/y]

Biogenic CO, [t/y]
PM [t/y]

SO, [t/y]

6th International Conference on Sustainable Solid Waste Management
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EE efficiency: 0.33
TE efficiency: 0.55

Scenario #2- Scenario #2-
MCFC+ICE Turb
185 185
4100 4100
18 18
16.91 16.91
1 1
2183 1215
1279 2811
2099 2099
181 767 181 767
5313 5313
0.422 0.030
1.399 0.169
2330 2330
0.032 0.127
0.904 0.904
7




Impact assessment e

CML-IA baseline V3.02 / EU25 method

100%

— _ o Abioti _
Co-digestion Co-fermentation+DA Abiotic Depletion

50% M Abiotic Depletion (Fuel)

B Global Warming

0 g ] A
I I I I I I I I I I l I Ozone Layer Deplation
-50% M Human Toxicity
-100% M Fresh Water Acquatic Ecotox

B Marine Acquatic Ecotixicity
-150% . L
M Terrestrial Ecotoxicity

-200% W Photochemical Oxidation

B Acidification
-250%

#1-ICE #1-Turb #2-MCFC+ICE #2-Turb m Eutrophication

Percentage change

PC= %ﬁ 100 (n = 1;2)
TE
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Impact assessment s

3,00E+06&

2,50E+06
&
";'; 2,00E+06
Q
il
:7s]
=
+Tu]
E 1,50E+06
g
g
8 1,00E+06
W

B I I

0,00E+00 .

Reference Scenario scenario #1-1CE scenario #1-Turb scenario #2- scenario #2-Turb
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< NAX0S2018

\ I!v1!l:n-m|l
s ‘i ‘z 6th International Conference on Sustainable Solid Waste Management 9



Impact assessment e
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O Ref #1-ICE #1-Turb #2-MCFC+ICE #2-Turb

M Pre-treatments (SS+OFMSW) B Dark fermentation B Dewatering
M Anaerobic digestion B Avoided energy B Avoided NPK mineral fertilizers
Waste to landfill B Transport ® Other
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Sensitivity analysis

Decrease -10% Reference value

Anaerobic digestion SGP [Nm?3 biogas/kgTVS]
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Increase +10%

Dark fermentation SGP [Nm3 biogas/kgTVS]

3.00E+0&

2,50E406

2,00F +06

1,50E406

1,00E406

5,00E+05 A v
i1l

0,00E+00
Reference Scenaris Scenaro H1-1CE Scenario #1-Turb Scenario #2- Scenario #2-Turb
MCFC+ICE

Global Warming [kg C0, eq.]

-5,00E405
Wsps .07 [ Reference Bgpg 109
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Sensitivity analysis e

0%
-10%

-20%

-30%

-40% -37%
505 -43%

-60%

-58%

-70% -66% -64%
-71%
-80% T7%
-90%
-88%
-100%
#1-ICE #1-Turb  #2-MCFC+ICE #2-Turb
B No thermal energy recovery Thermal energy recovery
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Co-digestion improves the performances with respect to the conventional
situation

Also co-dark-fermentation+AD improves the performances with respect to the
conventional situation

Co-digestion > co-dark-fermentation
ICE > Turbine

SPG is key parameter
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Thank you!
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