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dea Introduction and motivation

Gardening pruning & SIS GAS (1030 Wt.%) .o
food waste -
b R'/' RS
N soor HEP CHAR (10-35 wt.%)
CXH O ascfar:lsi:gserzt;::::nrystar ‘ BIO'O". (10'75 Wt.%)
y-z
Cellulose i o
Hemicellulose Reaction Conditions: —
Lignin v Temperature (= 500 °C)
S “« _ > 2
v’ Heating rate (103-10% K/s) Fast-Pyrolysis
v’ Vapors residence time (x1-2s) |
Bio-oil properties: -~ >\
» High water content (= 25 wt.%) [ Catalytic fast-pyrolysis ]
» High oxygen content (= 50 wt.%) ded biowol
) Upgraded bio-oi
» Low HHV (= 17 MJ/kg) mm) Upgrading EEp DO
> High acidity (pH = 2.5) \_ -
BlOB » Low stability l

High value-added bioproducts and bio-fuels
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I dea Feedstock and catalyst characterization P

Feedstock characterization

Gardening Pruning Food waste (OFMSW)

&
\1\, o ~
P ’ -

Dried, milled and sieved up to 0,5-1mm

e

Proximate analysis (db, wt.%) Elemental analysis (db, wt.%)

Moisture Volatile matter Ash Fixed Carbon C H N S (0)
Garden 1,2 82,5 3,3 14,2 485 59 1,4 0 40,8
Pruning
B | O 5 OFMSW 1,1 70,5 5,6 24,0 48,6 6,0 1,3 0 38,6

db: dry basis
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Catalyst characterization

Physicochemical properties of the catalyst

sBET smicro smeso+ext 3 Vmicro Vmeso+ext . .
Sample Vr(cm Si/Al Ratio
Ple mg)  (mYe)  (mYe) VB (emig)  (emisg) SV
n-ZSM-5 395 335 60 0,372 0,151 0,221 42

Pelletized and sieved up to 0,25-0,18 mm

s
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Biomass tank
purge valve

Biomass tank [#

Biomass feeding

Experimental

Experimental fast pyrolysis lab-scale set up

N, 100 Nml/min MEC

valve
B I
Thermocouples = Q @
(non-catalytic and catalytic N
zones) ]
| ——~”CHAR

Furnace 1
Thermal pyrolysig

zone

Furnace 2
Catalytic pyrolysis

zone

CATALYST BED -
COKE

Reactor

BIO-OIL condensation system

|

|
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(Hz’ CO’ COz, cl'C4)

Reaction conditions:

Pyrolysis temperature: 500 °C

Catalyst bed temperature: 450 °C

Pressure: 1 atm

N, flow rate: 100 Nml/min

Feedstock:5 g

Garden pruning/OFMSW ratios: 1:0; 0,8:0,2; 0,6:0,4; 0:1
Catalyst bed: 2 g n-ZSM-5 (40 wt% catalyst/Feedstock ratio)



dea Effect on the garden pruning/OFMSW ratio Results

Product distribution in non-catalytic pyrolysis

60 Higher OFMSW contents lead to:

Il \on-catalytic ratio 1:0
B Non-catalytic ratio 0,8:0,2 « More char and less bio-oil produced with the increment
50 | [l Non-catalytic ratio 0,6:0,4 o . .
| [ Non-catalytic ratio 0:1 \ of the food waste ratio, in accordance with the volatile
SN / matter and fixed carbon data.
Bl
©
< 30
2 -
o s Gaseous products mass yield
& 20 : 0,250
= l - [l Non-catalytic 1:0 I :
I 16 -l Non-catalytic 0,8:0,2 ' > 1022
10 I - Il Non-catalytic 0,6:0,4 : 1 0200
I ___ I Non-catalytic 0:1 \ DR
0 I S ol ! 10175 8
Ch G o] io-oil* = T ' =
Ratio 1:0 - 100 wt.% garden pruning - 10F : / | ©
Ratio 0,8:0,2 -> 80 wt.% garden pruning, 20 wt.% OFMSW o . 1912 @
Ratio 0,6:0,4 - 60 wt.% garden pruning, 40 wt.% OFMSW i i ! 0,100 3
Ratio 0:1 - 100 wt.% OFMSW 0 6 : - %)
CEU _ | 0,075 ‘25
Higher OFMSW contents lead to: A ! ] 0,050
* Similar gas yield, but with more CO, and light paraffins. 2 | | 0.025
| . .
BIO3 o

CO CO CH GO GP H



dea Effect on the garden pruning/food waste ratio: TG/MS analysis  Results

MS products
- analysis
= |
.(%”
n L ‘r
. . = [coo01
OFMSW & Garden pruning structural composition s
'[CO1:0
P 'CO, 0:1
Structural Composition (wt.%) s
components OFMSW Garden pruning Tlo0 20 a0 400 500 600

Tgmperature (°C)

Extractives 54,3 8,2 100 — 30

I § : : TG & DTG |
Ce”U|Ose 8,9 38,7 90__ TG 0:1 analySiS 15
Hemicellulose 6,4 14,0 %0 '
Lignin 15,3 29,1

70 -

60 -

50 -

Weight (wt.%)
DTG (wt.%/min)

40 +

30 DTGO:1

20 DTG 1:0

. 1 . 1 . = 9
B I O 3 100 200 300 400 500 600

Temperature (°C)
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dea Bio-oil molecular & elemental composition

Bio-0il* molecular composition by GC-MS

- Il Non-catalytic 1:0

- I Non-catalytic 0,8:0,2
[ I Non-catalytic 0,4:0,6
" [ Non-catalytic 0:1 OH

OH @ OH
)J\/OH HSCO\©/OCH3

OH

OCH3

Higher OFMSW contents lead to:

Results

* Decrease in Acids (AC) (17,8-12,8 wt.%), ketones and
ethers (KET & ETH) (14,6-9,8 wt.%) and in oxygenated

aromatics (OAR) (13,2-4,1 wt.%) .

* Decrease in quantifiable part of bio-oil* by GC-MS

(From 50,8 to 30,0 wt.%).

* Lower oxygen content in bio-oil*.

Bio-0il* elemental composition

Elemental composition
Experiment (Wt.%0p0.gi1, db)

C H N S

@)

Non-catalytic 1:0 - r55,4‘ 7,1 0,9 0,0
Non-catalytic 0,8:0,2 60,1y 7,0 1,4 0,0
Non-catalytic 0,6:0,4 59,6 7,1 1,5 0,0

Non-catalytic 0:1 + 7,7 3,2 0,0

67,9

36,7 +
315
318

21,2 -

db: dry basis
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Effect of the addition of catalyst (n-ZSM-5)

Product distribution in catalytic pyrolysis

w S
o o

Mass yield (wt.%)
N
o

10

Char

I
Higher production of CO, and CO, because
and decarboxylation reactions

BIO3

Il \on-catalytic 1:0
| [ Non-catalytic 0,8:0,2
Il \on-catalytic 0,6:0,4
50 | [l Non-catalytic 0:1
I Catalytic 1:0
L[] Catalytic 0,8:0,2
[ catalytic 0,6:0,4
- Il Catalytic 0:1

Gases H.O Bio-oil* Coke

onilation

Higher content in light olefins and paraffins as a
consequence of cracking reactions

Mass yield (wt.%)

Results

Gaseous products mass yield

18 [l Non-catalytic 1:0 | 2,0
- Il Non-catalytic 0,8:0,2 | -
16 HIE Non-catalytic 0,6:0,4 41,8
I Non-catalytic 0:1 I ]
" I Catalytic 1:0 I i
14H ] catalytic 0,8:0,2 | 1,6
| I Catalytic 0,6:0,4 : ]
Il Catalytic 0:1 414
12 [ |
I
10} I —41,2
I -
[ | 41,0
8+ : ]
i I —40,8
6F I 1
i I -4 0,6
I i
* ' 40,4
i | -
T : 40,2
I
0,0

* Increment in gas and water production and decrement in bio-
oil* yield due to cracking and deoxygenation reactions

Mass yield (wt.%)



dea Effect of the catalyst in the bio-oil composition Results

Bio-oil* molecular composition OAR subgroups composition

OH

10 —

28 —= mgz-zgz:ﬁ:g égo 2 Il Non-catalytic 1:0
I ‘60, Il \on-catalytic 0,8:0,2
[l Non-catalytic 0,6:0,4
Il Non-catalytic 0:1
[ catalytic 1:0

OH
OCH [ ] catalytic 0,8:0,2
3 [ catalytic 0,6:0,4
Il Catalytic 0:1
OH

6 Il Non-catalytic 0,6:0,4
- Il Non-catalytic 0:1 _——

I Catalytic 1:0

2 L[ ]catalytic 0,8:0,2
- I Catalytic 0,6:0,4
Il Catalytic 0:1

N NN
S

N
o

12 [
10

Concentration (wt. %,. ..
N
Concentration (wt. %, _..)

O N A O

 AC, KET&ETH decrease - Deoxygenation reactions
e SUG (Sugars) disappear and AR (Aromatic hydrocarbons) appear in high concentrations

* |ncrement in OAR concentration
BIO3 e Specially PHE (Phenols)

db: dry basis



Effect of the catalyst in the bio-oil composition

Bio-oil* molecular composition

N NN
S

N
o

12 [
10 F

Concentration (wt. %, _..)
=

O N A O
T

BIO3

" Il Non-catalytic 1:0
[l Non-catalytic 0,8:0,2
6 Il Non-catalytic 0,6:0,4
- Il Non-catalytic 0:1
I Catalytic 1:0
2 L[ ]catalytic 0,8:0,2
- I Catalytic 0,6:0,4
Il Catalytic 0:1

Results

OAR subgroups composition

OH
10 —
F Il Non-catalytic 1:0
9| Il Non-catalytic 0,8:0,2
| [ Non-catalytic 0,6:0,4
sl [ Non-catalytic 0:1
OH [ catalytic 1:0
OCHj [ catalytic 0,8:0,2
7 [ catalytic 0,6:0,4
Il Catalytic 0:1
OH

Concentration (wt. %, _..)

0Q~ <= - <) PHE GUA SYR CAT METH
SL I LT 9 gioeoil* elemental compositigu/
Experiment rElerlwental composition (Wt.%bio_ori,, db)
C H N S 0)
Non-catalytic 1:0 - 554 7,1 0,9 0,0 +
Non-catalytic 0,8:0,2 60,1 7,0 1,4 0,0
Non-catalytic 0,6:0,4 59,6 7,1 1,5 0,0
... _Non-catalytic0:1___H || 679| 77 .32 00
Catalytic 1:0 69,4f 8,3 1,7 0,0
Catalytic 0,8:0,2 69,4f 8,8 2,4 0,0
Catalytic 0,6:0,4 748 89 2,0 0,0
Catalytic 0:1 745 9,8 3,0 0,0 -

db: dry basis



| dea Conclusions

« Effect of the garden pruning/food waste ratio
CHAR T

/ BIO-OIL* |

. CO, production T
proportion GAS { CO production |

\ Less oxygenated bio-oil*

» Effect of the addition of catalyst (n-ZSM-5):

/ CO,, CO and light olefins production T

-~
n-ZSM-5 =)  Aromatic hydrocarbon production is enhanced

\ -~ Characteristics
upgrade
Lower oxygen content bio-oil*

BIOS _
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