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Coal content in oDM 50 %)
Coal in Coal out
DM 27.0% 2 250 ton/a 41 % 1699 ton/a
AddOn carbon Methane 53 in volume 8.45 6.34
oo 47 in volume 20.77 5.66 o/ mol
Biogas density 1.30 ka/ m? 2922 12.00 o/ mol
Carbon 41.07 % in weight
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Bench-scale hybrid biological and thermal PCFW-to-energy conversion system
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GASIFICATION COMBUSTION

CASE 1: SMALL SCALE POWER PRODUCTION

A Biomass or residueA gas productionA gas A Biomass or residued combustion A steam

cleaning A gas use in a gas enginé, heat generation in a boilerA steam turbine + flue
recovery gas cleaning

A Efficiencies: A Efficiencies:
A Power up to 35 % A Power up to 25 %
A Heat up to 55 % A Heat up to 65 %

A Investment for 1 MW : A Investment for 1 MW :
A Drum gasifier 3 MW A WNMMLE K A Grate combustor 4 MW S LLIP MMLUE |
Alcéet WHIGWe URUNALWNMM LWt A 7YROUI AWdMMLL K
Alcect WWUNRUWAWP MMt K A EqUcalgel ARUIIAWY MM
A 7YRGUI AWOMMUL K A 1c¢twraNecURUNAWOMMILL
A N8N xalINWOMMLIt K A NgN xall=zWPMMUWL K

CASE 2: MEDIUM SCALE WTE

A Waste A gas productiond gas cleaningA A Waste A combustion A steam generation

gas use in a gas engingd, heat recovery in a boiler A steam turbine A flue gas
cleaning

A Efficiencies: A Efficiencies:
A Power up to 40 % A Power up to 20 %
A Heat up to 45 % A Heat up to 65 %

A Investment for 10 MW.: A Investment for 10 MW.:
A 6 * Drum gasifier 5 MWeS LWIZ LW~ K A Grate combustor 50 MW, LN = L~ K
Alcet WGV URUNAW=AP W- A 7YROIUI AWNMUW-~ K
APWAW=W~] wNnéet WIUNRUL A EqUcalWgel ARUWAWS W~
A 7YRGII ALWMOP W~ K A 1cet wraNceURUNAWNY LW~ |
A N8N xall=ZNLW-~k A N&§N xalllNz W~k

NO LIMIT IN POWER PLANT SIZE: AMOUNT OF MODULES CAN BE INCREASED!
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/" Resource rocm'er_\'\‘\ Reforming reaction:
and rvczcling { \' CO, +H, —» CO+H,0 CH,+CO,—CO + 2H, \

|~ 'Y Aldehydes Alcohols \
M : : i —OH
’ . 3 Ring opening /L 1,0,
Fragmentati Cydlopentanones )
o Fe,0;4

ce.l)l.Ellose ALO, :
Fe,0, Monomeric sugars

4‘““;;9"“ & . "' HO. -
o S nf S Glycosidic Bond Cleavage Q}U \@
Hemicellulose _ Dehydratio AGF ™ oo

% g ‘):.:} . Alkylphenols phenol
aiine s o OH

o Depolymerization

Pyrolytic reaction: C;H;,0,—CO, + H,0 + CH, + CO + H, + (C, = Cy)
‘Cmﬂ'i'll('arboxylic acid’s ketonisation reaction:

\ , - 2R- COOH + Ca0 — (RCOO0),Ca + H,0

c-containing | \ — (RCOO),Ca — CaCO; + R-COR /

\ ADFW o “ Improve product quality and reduce energy consumption

N,
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Table 1.Origin and composition of anaerobic effluents(Bauer et al., 2021)

Origin Raw Material pH | TS® | VS® | NH4s | TKN® pe References
(1 | [%] | [%] | N°¢ (¢ 9
[9 kgel | kg°}
kg® ¥
Agricultural n.d.f 7.5T1 | 6.411 | 4.421 | 0.03T 0.091 0.461 (Barampouti et
residues/ 8.4 24 185 4.1 5.04 5.76 al., 2020)*
renewable Co-digestion 5.6T1 | 157 | 0.93r | 0.01t 0.02r | 0.002r (Barampouti et
materials manure + crops 8.3 24 18.5 1.63 12.1 2.4 al., 2020)*
and/or industrial
waste
Corn silage, 771 | 6.11 | 447 491 7.6196 | nd.f (Drosg et al.,
manure, 8.1 8.3 6.3 6.1 2015)
agricultural
residues
Crop digestion 771 | 657 | 4.87 2.3t 4.316.1 n.d.’ (Drosg et al.,
with manure 8.0 8.6 6.4 4.2 2015)
Crop digestion 741 | 6.21 | 4.8T 1.51 3.615.2 nd.f (Drosg et al.,
7.9 8.6 6.2 2.5 2015)
Crop digestion 7.2t | 781 | 571 1.3t 4.676.3 n.d.’ (Drosg et al.,
7.9 9.0 6.7 3.6 2015)
Corn and grass 7.6T | 6.6T | 4.8T 131 3.614.9 nd.f (Drosg et al.,
silage 8.0 9.3 6.9 24 2015)
Manure 7.3t | 2.2t | 1.491 | 0.06T 0.01t 0.007t (Barampoulti et
8.6 9.2 6.9 0.93 0.57 0.2 al., 2020)*
Industrial 71 35131t kW 731 | 531 | 477 1.91 2.313.1 n.d.’ (Drosg et al.,
residues grains 7.5 5.8 5.3 2.3 2015)
Slaughterhouse 79t | 221 | 16T 5.3t 6.418.1 nd.f (Drosg et al.,
waste 8.3 4.9 3.9 7.7 2015)
Thin stillagey 7.7t | 1.7t | 091 2.2t 3.014.3 n.d.’ (Drosg et al.,
bioethanol by- 8.1 2.8 1.6 2.8 2015)
product
Food n.d.f 791 | 141 | 0.56T | 0.01T 0.01t 0.002r (Barampouti et
waste/residues 8.3 7.88 | 5.78 0.67 098 0.1 al., 2020)*
Bio waste 7.6T | 257 | 141 157 3.016.8 nd.f (Drosg et al.,
8.1 4.7 2.7 5.6 2015)
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Bio and food 8.0T | 391 | 2471 5.1t 6.418.1 nd.f (Drosg et al.,

waste, blood 8.3 4.1 2.8 7.2 2015)
Bio and food 7.3t | 161 | 1.0T 0.67 1.412.3 nd.f (Drosg et al.,
waste 7.9 3.3 1.7 15 2015)
Bio and food 781 | 5.61 | 3.0T 3.1T 4.216.7 nd.f (Drosg et al.,
waste, blood, food | 8.2 8.1 4.5 4.1 2015)
industry residues

Manure, 8.0T 5.71 417 6.8T 8.41 n.d.’ (Drosg et al.,
slaughterhouse, 8.3 7.2 5.6 8.6 10.8 2015)

bio, food, and
kitchen waste
Kitchen food 8.0 5.9 nd.f 4.02 nd.f 0.67 (Fernandes et al.,
waste 2020)

a TSy total solids, *VSy volatile solids, e NH.-Ny ammonia nitrogen,¢ TKNy total Kjeldahl nitrogen,: Py
phosphorous, 'n.d.y not defined/determined, * values converted into fresh matter.
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Table 1. Distribution of mass and nutrients after solidlliquid separation (Al Seadi et al., 2013;
Bauer et al., 2021; Drosg et al., 2018)

Unit Liquid Solids

Mass [%] 80190 107120
TSe [%)] 407150 50160
VSe [%] 35145 55165
Ash [%0] 50160 407150
TN¢ [%] 65175 25135
NH4-N ¢ [%0] 70180 20130
pe [%0] 35145 55165
K? [%0] 70180 20130
Cso [%0] 30740 60170

aTSy total solids, ?VSy volatile solids, ¢ TNy total nitrogen,  NH.-Ny total ammonia nitrogen, © Py
phosphorous, f Ky potassium, 9Cy carbon.
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Water 403749 kg/day
Recycled 403749 kg/day
Nitrogen 3.7 g/kg

Nitrogen 1479 kg/day

120 kg_solids/ton

Need Biogas 224388 kg/day
403749 Nitrogen 0.0 g/kg
Available Diff  |Nitrogen 0.0 kg/day
529320 125571 Water 374910 | kg/day Need
OK Additional |Digestate WWTP  kg/day 374910
Recycled 125571 177300 kg/day Available Diff
Nitrogen 238 0.5 g/kg 302871 -72039
Nitrogen 351 96 kg/day
" 80 kg solids/ton

Need more

Feed 115357 kg/day Feed 403749 kg/day eed 778659 kg/day Feed 756171 kg/day 177300 kg/day
Nitrogen 21.0 g/kg Nitrogen 7.0 g/kg Nitrogen 2.7 g/kg Nitrogen 2.8 g/kg 0.7 g/kg
Nitrogen 2422 kg/day Nitrogen 3901 kg/day Nitrogen 2113 kg/day Nitrogen 2113 kg/day 127 kg/day
X 249171|kg/day slurry Output 226851 kg/day dig. 30 % solids L
5.6|g/kg Nitrogen 2.8 g/kg 40 % of N in solids
1395|kg/day Nitrogen 634 kg/day
30 % solids
NIn 2422 kg/day 40 % of N in solidp In
N out 2417 kg/day 39641 kg/day solid 177300 |kg/day water
5 Error 0.2 % 118923 kg/day water Nitrogen 0.7 g/kg
Out Nitrogen 127 kg/day
Water 154578 kg/day Water 154578 | kg/day 39641 kg/day solid |Nitrogen 2.2 gkg
Nitrogen 7.0 g/kg Nitrogen 1.8|g/kg 9910 kg/day water |Nitrogen 507 kg/day
Nitrogen 2506 kg/day Nitrogen 271 kg/day Solids have nitrogen at 80 % 21 %
ASL 25571 kg/day |Efficiency
Nitrogen 73.5 g/kg 75 % Theoretical
Nitrogen 1879 77 78 % Needed
Ductor decanters Digestate dewatering
From 62293 kg/day solids To 62293 kg/day solids From 39641 kg/day solids To 39641 kg/day solids
12% 341456 kg/day water 25% 186878 kg/day water 6.6% 559257 kg/day water 25% 118923 kg/day water
d.s. d.s. 249171 kg/day sludge d.s. d.s. 158564 kg/day sludge
Thermal drying
From 39641 kg/day solids To 39641 kg/day solids
25% 118923 kg/day water 70 % 16989 kg/day water
d.s. d.s. 56630 kg/day sludge
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Impianti essiccazione a tappeti mobili 2T - AS LQ
Drying plants with movable conveyors 2T - AS LQ
Installations de sechage a tapis mouvants 2T - AS LQ

Entrata prodc de Entrée du produit humide
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Impianti essiccazione a tappeti mobili 2T - AS
Drying plants with movable conveyors 2T - AS
Installations de sechage a tapis mouvants 2T - AS

® entrata id Entrée du produit humide

© Batteria scambio termico Echangeur de chaleur Heat exchanger Aria depurata Clean air Air purifié

@ Scrubber aria Air scrubber Air scrubber Fumi caldi Hot smoke Chaude fume

® sofatodi A ium Sulfat Sulfate d'ammonium Aria ambiente Room air Air ambiante
Avia satura Saturated air Air saturée

Aria essiccazione

Drying air

Air de séchage
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