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BIO-BASED FUELS IN FOCUS ?

Increased energy demands — New government regulations
Residual biomass is largely available — potential feedstock for fuels

Two main thermo-chemical processed can be applied

HYDROTHERMAL
PYROLYSIS
LIQUEFACTION
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Thermochemical conversion of biomass into liquid fuels

Processing in hot, pressurized water environment for sufficient time

Break down solid biopolymeric structure to mainly liquid components

HTL benefits over classic pyrolysis:

* No need for drying step — No restrictions in feedstocks

« Solvents act as catalysts due to their properties at high temperatures

« HTL bio-crude olil is better in terms of yield and properties
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STUDY OBJECTIVES ?

2"d Generation biofuels production from agricultural wastes via HTL

Utilization of crude glycerol (biodiesel by-product) as co-feed in HTL

Study of HTL main parameters in quantitative and gualitative terms

Residence Biomass /
Temperature : :
time glycerol ratio
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MATERIALS

| BIOMASS MILLING |

| SIEVING - 180 — 1000 pm |
Silivee fiiee Wheat Straw
Branches

Moisture (wt.%) 9.2 8.6

Ash (wt.%) 4 |

Cellulose (wt.%) $$

Hemicellulose (wt.%) 4B | 23—

Lignin (wt.%) W \35'2'2'/

Total extractives (wt.%) 11.1 19.4

Carbon (wt.%) 48.75 44.78

Hydrogen (wt.%) 5.9 5.54

Nitrogen (wt.%) 1.35 0.88

ARISTOTLE Oxygen (wt.%) 44.0 48.8 : ﬂi H((ZENETHREI:E!{-I
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MATERIALS F

Rgs (——
£ Sustainable Solid Waste |/

CRUDE GLYCEROL |

Property Value
Density (15 °C) (kg/m?3) 1.14
Viscosity (40 °C) (mm?/s) 48.34
Soap content (wt.%) 21.00
Acid value (wt.%) G_CD
Moisture (wt.%) 0.17
Carbon (wt.%) @
Hydrogen (wt.%) 9.41
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VARIABLE FIXED
PARAMETERS PARAMETERS
1. Temperature (280° - 350 °C) 1. Solvent used (Deionized water)
2. Residence Time ( 10 — 60 min) 2. Solid to liquid ratio (1:10)
3. Biomass/ Glycerol Ratio (1.0 — 1:1) 3. Initial vessel compression (30 bar)
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METHODOLOGY

DEIONIZED
WATER

| PARR REACTOR |

GLYCEROL | Y

MNARISTOTLE
SIUNIVERSITY

OF THESSALONIKI Liakos D. et al. 2nd generation bio-crude oil via hydrothermal liquefaction of agricultural wastes

Batch autoclave reactor

Vessel volume 250 mL

Operation up to 500°C — 300 bar

Heating — Cooling regulation
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HTL PRODUCTS

Solid Residue

‘Hydrochar) | Aqueous Phase | [ Bio-crude oil
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TEMPERATURE EFFECT ON HTL

Reaction Temperature effect on biocrude oil
yield (30min residence time)

= 32
j%, 30
E 280°C: Partial biomass liquefaction (especially lignin)
% 24
g 22
11} . .
0 200 0 a0 300°C: OPTIMAL liquefaction temperature
1 Olive tree br;-r?ﬁzgrat:r\?vae?t straw
Reaction Temperature effect on char yield
(30min residence time) >300°C: Conversion of liquid = gas products
18
g 16
g ™ i i ‘ >300°C: Partial reduction of solids = gas products
g 12
10
280 300 320 350
Temperature (°C)

u Qlive tree branches ®\Wheat straw _
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RESIDENCE TIME EFFECT ON HTL

Residence time effect on biocrude oil yield
(300°C temperature)

ddis

Residence time (min)

u Olive tree branches ®Wheat straw Wh eat StraW 20 m | n ngnln 35.2 wt%

Residence time effect on char yield
(300°C temperature)

Residence time correlation with biomass structure

Optimal residence time:

Olive Tree Branches 10 min  Lignin 31.5 wt%

« High residence time -

1) Secondary cracking reactions
; i i 2) Free radicals reactions

Conversion of liquid to solid / gas products

Re5|dence time (mln)
u Qlive tree branches ®\Wheat straw
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— GLYCEROL EFFECT AS CO-FEED IN HTL i

Glycerol effect on biocrude oil yield

Glycerol quantity (wt%) 0% 25% 50% 50?
= 30 crude
gg; Olive aqueous phase (mL) 95 95 98 100
%“33 Straw aqueous phase (mL) 95 96 98 100
o 31
§ 29
g

0% 20% 50%  50% orude « Slight increase of bio-crude oil yield
Glycerol Concentration (wt%)

u Olive tree branches mWheat straw

Glycerol effect on char yield

- * Increasing glycerol ratio = no significant effect in yield
13
;§11
s 9 * Increase of glycerol addition - Decrease in solid yield
= 7
5 . i LIQUEFACTION OF LIGNIN IN AQUEOUS PHASE
1 0% 20% 50% 50% crude

Glycerol Concentration (wt%)
u Olive tree branches = Wheat straw
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COMPARATIVE HTL STUDY IN BIOMASS ?

Reaction Temperature effect on biocrude oil

Residence time effect on biocrude oil yield
yield (30min residence time)

(300°C temperature)

32 £35
< 5
2 30 5 33
- QL
s 28 > 31
> S
= 26 o 29
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S 24 =
3 g 27
Q 22 —
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20 10 20 30 60

280 300 320 350 Residence time (min)
Temperature (°C) .
u Olive tree branches B \Wheat straw mOlive tree branches ®Wheat straw

Bio-crude oil main component - liquefied lignin

Cellulose- Hemicellulose - Liquefaction in agueous phase

Olive tree branches = High cellulose content > max oil yield in low residence time

Wheat Straw - Higher Lignin content - higher res. Time — higher maximum oil yield
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| AQUEOUS PHASE |

LIQUID PRODUCTS COMPQOSITION (FT-IR)

| BIO-CRUDE OIL |

cm-1

« Alkanes

« Aromatics

« Alcohols

 Phenols

e Carbonyl group compounds
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0.027

-0.005

Bio-crude oil spectrum

28602

cm-1

Alkenes - Alkynes
Esters

Ethers

Alcohols

Phenols
Carboxylic acids
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GC-MS ANALYSIS IN OIL AND GAS PRODUCTS ?

| GAS PRODUCTS | | BIO-CRUDE OIL |
Chemical Compound Concentration %v/v Functional groups division in bio-crude oil
ETHERS = ALDEHYDES
Hydrogen 0.7-1.8 o 3%
Ethane 0-0.08 CURANS ALCOHOLS
Propane 0-0.16 1% 4%
Hydrocarbons Cg* 0.2-0.35
Carbon Dioxide 97.8 - 99
« Mainly CO, + Light Hydrocarbons \PHENOLS CARBOXYLIC
ACIDS
4%
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2. Lignin is the main factor in hydrothermal liquefaction oil yield

3. Successful recycling of waste crude glycerol via HTL —yield increase

4. Maximum oil yield obtained from wheat straw HTL at 300°C — 10 min — 1:1 crude glycerol

S\ ARISTOTLE m“»CERTH

SIUNIVERSITY ' 33 = §CENTREFOR

OF THESSALONIKI Liakos D. et al. 2nd generation bio-crude oil via hydrothermal liquefaction of agricultural wastes 16/17 ‘\M E"“f"’ ﬁEEEﬂgCH&TECHNGLDGY



. 8=
_' CORFU2022

Dimitrios Liakos HYd

Chemical Engineer  Hydroprocessing Group

PhD Candidate — Chemistry Department AUTh
Elaboration of PhD in CPERI - CERTH
dliakos@certh.gr

This research has been co-financed by the European Union and Greek national funds through the
Operational Program Competitiveness, Entrepreneurship, and Innovation, under the call RESEARCH —
CREATE — INNOVATE (project code: T2EDK- 02729 “Innovative technology for the production of
advanced biofuels and high value added chemicals from the use of agricultural residues — AgroFUCHETr”).

£, € EPAREK2014-2020 =~ EX[IA
e o HELIMIEIE:ET:\E(F:)UFBLIC OPERATIONAL PROGRAMME s
* DEVELOPMENT AND INVESTMENTS Eﬁ?ggg&g&‘éﬁg@iﬁp =EH 2014'2020
R AK SPECIAL SECRETARIAT FOR
- ERDF & CF PROGRAMMES INNOVATION SYNITEIC CyadKd el
European l_lnlon MANAGING AUTHORITY OF EPAnEK Partnership Agreement
European Regional 2014 - 2020
Development Fund = ! s
ARISTOTLE Co-financed by Greece and the European Union f ;} .2_" 1 CE RTH
SUNIVERSITY 3= § CENTREFOR

T ]
OF THESSALONIKI Liakos D. et al. 2nd generation bio-crude oil via hydrothermal liquefaction of agricultural wastes 17/17 f}. 7 NELLAS " & TELHNOLOGY



