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convert volatile fattycggm7 016
coming from fermented food
waste into bio-based
solvents

L. di Bitonto, C. Pastore
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Green Biobased-Chemicals

le esters of VFAqR =

RCOOEt

R= -CH,, -CH,CH,, -CH,CH,CH,

\
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Linking the urban biowaste biorefinery with '_'RZ%)
existing waste/wastewater treatment facilities and URBKX;)
p with plastic industry N

Wastewater treatment - water line

’H Primary . Activated |, Secondary Clean

Sett“ng Sludge Sett“ng - ”water to
A u

discharge
: : >
P eeeesesseeeees / ........ :secondar N\
~=Jprimary : 'y sludge :
¢ Vsludae —~77- S : H Biogas
S Tacid e nRR e | Anaerobic
I - | ~ “| digestion
-\ Fexmentatl ! xw\ f | ,| Digestate
oo on i BHE . | (nutrients)
~~‘~~_ i 0 I I — - | =
N 'garde | Productio K \‘ i Sludge line -
i M, P
GE) E : -+ Pretreatmen E o PHA i r — N
1 t : \\~ i f " : . .
Q! : J ~=-L Extr:ct| J processing Bioplastics
Sea n ’ . .
Q mi : Concentratio i ==’ T Biocomposit
n e n/__I" " Biosolven Fibers Plastic
@ Mompos - ﬁherrl]ﬁcatlo Is < processin industry
3 Ei/ g
D> Water stream s Sludge or solid Gas
streem  eeeeeeemeaa- e —
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F/(OM URBAN BIO-WASTE M>C®

the organic fraction from separate coIIectan QB‘( \')
of municipal solid waste (55 g TS/d from OFM sy,
 excess sludge from treatment of urban wastewater
(39 g TS /d from WWS), with possible further integration
with wastewater treatment (water line)
e garden and parks waste
possibly, some waste from food-processing facilities (to be
selected, based on similar composition) )

70 BIO-BASED PRODUCT
 polyhydroxyalkanoate (PHA),

a biodegradable natural
biopolymer

 related PHA-based Dbioplastics
(e.g through blends)

» fibers (to be also used for PHA-
based biocomposites)

F
\- bio-based solvents (to be also [=2==" :
use T'“’I}\I A? EIS: WHERENCE ON SUSTAINABLE SOLID WASTE MANAGEMENT

26-29 June 2019, Heraklion, Crete Island, Greece




Green Biobased-Solvents

7

N

Acetic Acid
Propionic Acid
Butyric Acid
Lactic Acid

AR

N

|

¥+ +Food Waste

|

hyl-Esters
of VFAs

Etha noIJ

Alcohols

To be used

Q:ermented Fvy

in Extraction of P
(Task 2.4)

CONCEPTUAL scmyﬁ
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cat
RCOOH + EtOH == RCOOEt + H0

R= CH3, CH3CH2, CH3CH2CH2

Nature of Catalysts

In the case of Acetic Acid

Molar ratio RCOOH:EtOH of 1:1,
T in the range (310-350 K),

NO co-solvents

1. Mineral Acids (homogeneous and heterogenised) Final equilibrium yields does not exceed

2. Cationic Resins 70%mol in Ethyl Acetate

3. Zeolites : . |

4. Metal Oxides Technical solutions adopted to improve EE
5. Metal phosphates and or sulphate yields:

6. Enzymes (free and supported) - Use of molar excess of reactants (EtOH)
7. lonic Liquids - Physical removal of Water (Special

reactors, Distillative column, reactive
column, etc.)
- Chemical Removal of water (chemical

e oA~ libac At~ )

LIUPJ’ eCViTee J, L)
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cat
RCOOH + EtOH == RCOOEt + HO

R= CH3, CH3CH2, CH3CH2CH2

- Unfavourable Thermodynamics (low final yields and Acids Conversion)
The use of classic homogeneous mineral acids as catalysts (H,SO,, HCI, p-toluen
sulphonic acid, etc.) has the following relevant drawbacks:

- Highly Corrosive;

- Not-easily recoverable from final mixture

- Production of a final waste (salt)

- High-Energy demanding procedure (azeotropic distillation) for the Recovery
of Ethyl-Esters from the resulting mixture

di Bitonto, L., Pastore, C. (2019) Renewable Energy, 143,

= . pp. 1193-1200
Res UI"bIS approaCh- di Bitonto et al. (2016) Renewable Energy, 90, pp. 55-61

A|C|3.6H20 was tested as a cgt-?e'?ts‘at(mw) Applied Catalysis A: General, 501, pp

Pastore et al. (2014) Biores Technol, 155, pp. 91-98

7™ INTERNATIONAL CONFERENCE ON SUSTAINABLE SOLID WASTE MANAGEMENT
26-29 June 2019, Heraklion, Crete Island, Greece




IRSA
(‘I‘ I ==
on of Ethyl-Esters of VFA: preliminary investigation on pure organic |
RCOOH + EtOH — RCOOEt + B
R= CH3, CH3CH2, CH3CH20H2
70 o = ° 70 70
o 60 0 60 o o 60
i . ot * s s
50 50 [ X 50 ] e
c o o L
g 40 40 : 40 . o
GL) 30 . 30 ®70°C 30 0°C
N oo 2 o . S0
(@) 20 50 °C 40 °C ° 50 :c
@) 10 40 °C 10 No catalyst 70 °C 10 ° 40°C
oe® oe oe
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
Acetic Acid Propionic Acid Butyric Acid >
Time / min
2-5 0'9-2 D'
Effect of T and R on kinetics and final equilibrium composition
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on of Ethyl-Esters of VFA: preliminary investigation on pure organic |

RCOOH + EtOH =——= RCOOEt + B

R= CH3, CH3CH2, CH3CH2CH2

Homogeneous second order model is applicable

d|RCOOH RCOOEt||H,0
o I_ k,([RCOOH][EtOH] — [ J1H20]
In the case of a molar ratio RCOOH:ROH=1:1%*
1 Xeq_ (ZXeq_l)Xt
Y - =
ln Xeq _ Xt klt

1
2 (X_eq - 1) [RCOOH]KO

In which X, X,, [RCOOH],, and k; represent respectively the Acid conversion at the
equilibrium, at the ttime, starting molar concentration of the organic acid and the kinetic

constant for the forward reaction. *Altiokka & Citak, Applied Catalysis A: General 239 (2003) 141
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e

(>

40°C - 40°C
0,3 0,3 ® 50°C 0,3+ 50°C
® 60°C ® 60°C
@ 7o°C @ 7oC
0,2
0,21 02 :
>
()
0,1- 0,11 0,14
0,0 ; : . oo . . . oo / :
0 50 100 150 200:0 O 50 100 150 200 0 50 100 150 200
>
Time / min
-6’5_
Afrkveriis Egatation K) mol
%E, 7,0 -1
e 1 i @ Acetate .
In(k,) = In(4) — =% = @ Propionate Acetic 22.3
n1 751 @ Butyrate
Propioni 22.8
0,0629 O,OIOSO 0,0I031 0,0632 C

T

Butyric 35.8
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Intensification of the process: optimization of operative conditions in order to
improve the production and the simultaneous separation of products
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IRSA
CNR 0
RCOOH + EtOH -~ RCOOEt + B
R= CH3, CH3CH2, CH3CH2CH2
70 . o = ° 70 70
°? 60 60
e o2t : " s
™ 50 50 oo ? 50 g o s
g ° ° o? H
i ]
& 40 40 =3 40 .
GL) 30 30 ®70°C 30 75°C
S ©60°C ®60°C
g 20 20 ¢ s0°¢ 20 o 50 °C
@) 10 10 No catalyst 70 °C 10 40°C
oe oe oe
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
Acetic Acid Propionic Acid Butyric Acid >
Time / min
2-5 0'9-2 D’
Effect of T and R on kinetics and final equilibrium composition
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Intensification of the process: Effect of the amount of catalyst on the

1. Synthetic solution with EtOH, AcOH, AcOEt and H,0O

in their equilibrium composition is perfectly
homogeneous

2. Addition to this solution of conventional mineral
Acids did not produce any change
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Intensification of the process: Effect of the amount of catalyst on the
dhase be i

:

>

1%
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Intensification of the p

rocess: Effect of the amount of catalyst on |

¢ Upper phase

100 O Lower phase
01 o ¢
801 7777 2,874 4 gq9 . .
701 A 5760
60
§= 50
40
30+ 4;20.6 5240
0| oz 3,168 . 0
10_ s /e . O
O T T T T T T T T T
0 1 2 3 4 5
AIC1,6H,0 (%mol)

O ]
2
5] |48

With the
catalyst,
became
bottom
increased.

increase of the
the reaction
fast and the
agqueous phase
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Distribution of components between the two phases |

ol ol ol ol

Upper phase

Acetic acid 95.6

(%wt) 98.8 96.7 95.0 92.3

Sl VA 954 92,8 88.8 87.4 86.7

Ethyl acetate 99.3

(%wt) 99.7 99.5 99.1 98.9

Water (%wt) 62.0 399 259 11.5 1.4

AICI;-6H,0

(%wt) 16.5 5.6 3.3 2.2 1.2
Lower phase

Acetic acid

(%wt) 1.2 3.3 4.4 5.0 7.7

Ethanol (%wt) 4.6 7.2 11.2 12.6 13.3

Ethyl acetate

(%wt) 0.3 0.5 0.7 0.9 1.1

Water (%wt) 38.0 60.1 74.1 88.5 98.6

AICI;-6H,0

(Yowt) 835 944 96.7 978 = 98.8

O bt
Ak
~UE>

@

=

1. More than 99% of
Ethyl Acetate were
always dissolved and
recovered into the
organic layer

2. 95-97% of
AlCI;-6H,0 was

dissolved in the
agueous phase

3. Higher was the
amount of of the
catalyst, less was the
amount of water into

the or%anlc layer
OLID WASTE MANAGEMENT

Jahd, Greece
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Advantages

Simulation of an industrial production of Ethyl Acetate through AICI;-6H,0
catalysis and comparison with the present industrial process based on H,SO,

catalysis: evaluation of productivity, recovery, profitability, Sheldon Factor and
Energy Intensity.
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Simulation of an industrial production of Ethyl Acetate through H,SO, catalysis

ET | 73
H.O :
15305 Kok AR | 34
Ea | 7en [
HO | 120
Kzh | 3547
T
[
ET | 33
ET | g2z ac | o
HOo [ 73 Ea | 57
Ezk | 10018 Ho| 44
| E=h | 34151
| T 0
ac | s il B
EA | mss
HOo| L3
Egh | 10479 T | Egh | 11122
ET | oo
— AC | s34 L ET | 02
ac | 4 = | o

EA | oS = : e f
HO | o iz Ea| W Ea | ses
o | mo -
Esh | 1305 Kzh | 19900 B Kah | 1063
Kgh | 1512

M.A. Santaella et al. / Chemical Engineering and Processing
96 (2015) 1-13
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Simulation of an industrial production of Ethyl Acetate under AICI; 6H,0O catalysis

v,

=50

ET 4.0 Ez'h | 14152

87T s

Fresk Feed
P -

cat | 260
Eza | 8517
Az

AC Reeypele

ET

EA

H.O

CAT
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Comparison of processes: evaluation of productivity, recovery, profitability,
Sheldon Factor and Energy Intensity

. moles of HAC Converted . Total mass fed (kg) — Water (kg)

Conversion(X) = —oles of HAC Fed mass Intesity(MI) = thass of product (kg)
~ moles of EtAc in product Stream Mass productivity(MP) = —— x 100

Recovery(Rc) = moles of HAC Converted il

o moles of EtAc in product Stream ' ' _ _ Energy used(W)
Productivity(P) = X x Rc = moles of HAC Fed Energy intensity(ED) mass of product (kg)

Total waste streams (kg) E Total waste streams (kg) — Water in waste streams|kg)
" =

mass of product (kg) mass of product (kg)

7™ INTERNATIONAL CONFERENCE ON SUSTAINABLE SOLID WASTE MANAGEMENT
26-29 June 2019, Heraklion, Crete Island, Greece




Sustainability Indicators

H,SO,
AICL;6H,0

AICL,6H,0 ovile
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Conclusions

1. Thermodynamic (K,) and kinetic parameters (k; and E,) for direct

esterification of VFAs and Ethanol mediated by aluminum hydrated salts
(study on pure reagents)

2. Intensification of the process: operative conditions in order to promote
the production and the simultaneous separation of products

3. The effect of different concentration of catalyst (AICI,-6H,0) was

evaluated on kinetics and on final separability of phases

4. Different EtOH:VFAs molar ratio was studied for acetic, propionic and
butyric acids

5. The effect of the use of azeotropic-ethanol was evaluated on the
equilibrium

6. Simulation of an industrial production of Ethyl Acetate through
AICI;-6H,0 catalysis and comparison with the present industrial process

based on H,SO, catalysis: evaluation of productivity, recovery,
profitability, Sheldon Factor and Energy Intensity.

LU T JUIIT £V LT, TITIARNIIUII;, WLITLTC I15I1dliU; Ul CTCCLCT



MRSC® ac

URBIc®

Acknowledgements

Financial support by EU Horizon 2020
Programme under Grant Agreement 730349 ju

Please visit our internet site:

http://www.resurbis.eu/

7™ INTERNATIONAL CONFERENCE ON SUSTAINABLE SOLID WASTE MANAGEMENT
26-29 June 2019, Heraklion, Crete Island, Greece



http://www.resurbis.eu/

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

