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The world is facing serious problems related to :
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AD process

Complex organic matter ‘
(polysaccharides, protein, fats/oils)
l Fermentative

bacteria

Simpler monomers
(monosaccharides, amino acids, fatty acids)

l Fermentative

bacteria

Propionate, butyrate, .-
lactate, valerate,

butanol, etc. Fermentative
s bacteria
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Two strategies

Increase solubilization

bio-accessibility of the substrate to next microbial action

Several pretreatment methods

Thermal pretreatment is considered as cost effective and
environmental friendly

" Increase the biomass concentration
" Higher biological activity
= Several types of reactor design
* Biofilm based reactors has been attracting technology-
retention of biomass on solid carrier material
Increase efficiency of the process
Reduce the reactor size
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Biohythane production from food waste using
an integrated system of CSTR and AFBR

» High valued fuel
e More clean than methane

B|0hylthane * High fuel efficiency

|
H2 + Coz CH4 + COZ

ea. ("b
‘ Methanogenic stage

(Acetogenesis-Methanogenesis)

DF stage

Hydrolysis-Acidogenesis)

Higher bacterial growth
Less sensitive

CSTR

Biofilm based AD
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Two stage AD - biofilm coupled system

Food waste

Ho

1.6 L

Mixed culture

55°C

VFAs
—_—

Phase separation

T CH,

——

b 1.3L

Solid residue

________________________________________________

The CSTR

Phase

HRT (day)

6

37

OLR (gVS/L.day)

2.0

2.5

3.4

l 35°C

ﬂ;ﬁ/

Methanogenic

effluent

-
Methanogenic biofilm reactor

Phase | I LIl v | v | v | v

HRT (day) 20 E 10 8 | 5 | 3 | 15

OLR gCOD/L.day| 9. 04 | 101 [ 126 [ 18] 36| 60
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Results
Biohydrogen production rate (CSTR)
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Gas concentration (%)

Biogas composition (CSTR)
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Methanogenic biofilm reactor (AFBR)
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Near to theoretical methane yield
- Prolonged operation and HRT reached to 1.5 days

- Very stable process at each shortened HRT




Effluent characterstics (AFBR)
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| processi per la produzione di Idrogeno

PROCIESST PROCESSI PROCIESSI
TIERMOCHIMIICT ELETTROCEIIMICT BIOFOEIEI

| ® Steam Reforming

| ® Pirolisi " Foto-elettrolisi " Dark Fermentation

| .
' ® Gassificazione " Fotovoltaico ® Photo Fermentation
:
|
|

" Ossidazione parziale | e e e e e
non catalitica

= Perché i Processi Biologici?

= Costi contenuti

= Valorizzazione energetica

= Mitigazione impatto ambientale
= Non richiesti combustibili fossili
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| processi per |la produzione biologica di Idrogeno

Bilophotoliisiis

Dependent Photo-Eermentation

Dark-Fermentation

indipendent

Bioelectrochemical Systems
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Photo Fermentation

Photo-Fermentation ]

= Fermentazione operata da batteri Fototrofici

= 2CH,COOH +4H,0 > 4C0, + 8H,

Consente:
* Produzione di H,
* Produzione di Biomassa di pregio (PHB)
= Rimozione del COD

7% UniversiTApsc STupi o Napow
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Photofermentation Process

A
<|v d|> Light
£ Y A Energy

Periplasm@

Hydrogenase

Cytoplasm@
PHB ;
Synthesis ; 1 T
]E_ZOZ reductionto ...  —— / .............. H,B—> 2H* + 2¢?®
ixed carbon source
H
Substrate —» CO,+H*+€

TCA Cycle NH,*
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Poly-B-hydroxybutyrate

~ R
R 0
| |
CH C
NS N /7 N
0 CH,
- v

Poly(3-hydroxyalcanoate)

R alcaly or functional group
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Alcune attivita - Photo Fermentation
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Methodology - Photofermentation

= Pure Cultures
(Rhodobacter sphaeroides AV1Db)

= Mixed Cultures
(Native from digestate)

Operational Parameter Value Unit

Working Volume 400 mL
Light Intensity 4000 Ix
Temperature 25 °C

Stirring Condition 300 rpm

Initial pH 6 1

Photofermentative treatment for DFE

= Hydrogen production (GC)

= PHB accumulation (GC-MS - Oehmen et al., 2005)

» Biomass growth (TSS - OD660)

= VFAs consumption (HPLC)

= Soluble COD removal (Standard Methods, APHA, 2005)
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H, and PHB Productivity for 10 min flushed test

Mixed Culture

60 60 = Long lag-phase

50 ===~ Hydrogen 50 _ _
_ —e—PHB g = Low Hydrogen yields
<, 40 40 %
£ 30 30 % = Low PHB accumulation
=
=20 20 o

10 10 &

0[ 0 1,5

0 10 20 30 40
time (d) 1,2

0,9 et}

TSS (g L)

wv 0,6

——a— 10 min flushed

= Comparable biomass accumulation

==8==20min flushed

0 10 20 30 40
time (d)

* Flushing time of 20 min
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Hydrogen Productivity - PHB and Biomass accumulation

Rhodobacter sphaeroides AV1b

364 mLH, L
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Organic Acids consumption & soluble COD removal

Rhodobacter sphaeroides AV1b Mixed Culture
wg C 56 mgHBU L1 e o 21 mgHBuU L1 e
<00 —8— Acetate s00 l —&— Acetate
B )y, S7mgHLaLr  TTE R 16 mgHLa Lt
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Il Progetto RE-MIDA

REattore fotobiologico Modulare per la produzione di bioiDrogeno:
Applicazione alla filiera lattiero-casearia
| “ i TOE

Photo Fermentation

Energia

VFAs

Dark
Fermentation

T

Siero del Latte
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Il concetto di Bioraffineria

= Bioraffineria

= Processo industriale in cui, attraverso ['opportuna combinazione di una pluralita di
processi biologici, una biomassa (possibilmente di scarto) viene convertita in bio-
combustibili,

idrogeno come vettore energetico,
sottoprodotti chimici a valore aggiunto

calore, energia e altri
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Esempi di Bioraffineria

H, Cleaning = Application of H,

H, Production i

A

Agricultural and
Industrial Waste

Photofermentation

L

= H, Production

Physical-chemical
pretreatment of —> Dark

Microbial
Electrolysis Cell

(Mainly Organic Acids)

Products of Dark Fermentation

feedstock Fermentation
Reactor Y eecccccccccead
— Anaerobic Digestion ~ » broduction
| Stage: Conversion of Organic Il Stage: Treatment of end Application of CH,
Biomass into Volatile Organic Acids products from Dark Fermentation after cleaning

Centralita della DF per le sue capacita idrolitiche e fermentative

§ & UniversiTapecu STupi o NapoLl
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Ingegnerizzazione — Mathematical Modelling

Modelling framework

e Biomass growth and transport:

e X; —|—@z(UX;) = ,o,-rM,;(X,S) + p;r;(w,S), 0<z < L(t), O<t<T,i=1.....n,
O,u= G(X.S,v), 0 <z <L(t), u(0,t) =0,

L(t) = u(L(t). t) + 0a(sp*)—0a(L(t)). 0 <t < T, L(0) = 0.

W

net exchange flux

8 j i=1 i=1

2 0s— 04 >0 — L(t) > u(L.t)

oL Detachment regime (o - o, < 0) |
. j free boundary is a space-like line
g1s- V4 7 -
= Va,iW; (t) ;

- - 1 Xi(L(t).t) = — L i=1, ...,

0.;_ Attachment regime (= _- o, >0) | ,( ( ) ) Z:}:]_ Va:;"lrf,’?c(t)pi. f ) : 4

g % e e o 72— 7a < 0= L(t) < u(L,1)

space [um]

free boundary is a time-like line

, UniversiTApecu STupi on Napol
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Ingegnerizzazione — Mathematical Modelling

® Characteristic coordinates

L(t) = u(L(t),t) + 0a, t >0, L(0) =0,
Characteristics lines: z(t) = c(t,, t),

ce(ty, t)=u(c(ty, t), t), c(ty. to)=L(to), t > 0,

Hyperbolic equations — ODEs.

® Integral equations

X(tg, t) = X(c(tg, ), 1), X(X1,.... Xn),
s(to, t) = S(c(to, t), t), s(s1,...,5m),
W(ty, t) = P(c(to. t), t), W(Wq,...,V,),

' cltg,t)

1
Lty space [m]

r
X,’(fg, t) = X;_.C.(tg) -+ / F,'(X(IO,T):S(tO,T),w{tOTT))dT, 0 S f(] < T é T, i = 1, ey 11

si(to, t) = S (r)+f dB/ Fei(x(7.1),s(7. ), c(0, 1), c(. r)

O<tp<t<T, _,'—1

('r t))dr,

i(to, t) :w;"(t)+/ d@f Fy.i(W(7, t),s(7., 1), c(0,1), c(T, 1), —(9 t} (T t))dr

Ip
0<r0 f<T|'—1

c(to. t) _E(r0}+/ d9/ Fer(x(7.0),s(7,0), W(r.0), c(6.0). c(r.0), —(T 0))dr

/rdﬂ'/ﬂ Fea(x(,0 ,(T,Q},W(T,Q),C{I’o,e),C(T,Q),E(T,Q)}d‘r,

O0<tp<t<T.

Lit)
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Ingegnerizzazione — Mathematical Modelling

To be continued.....
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Bioenergy SERRE e Bioenergy ALBANELLA
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ALBANELLA

Bioenergy
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Bioenergy SERRE
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