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HTL lupaavin kehittyneista biooljyn
menetelmista

ABiomassa nesteytetaan paineistetussa
ja kuumassa vedessa

AYksinkertainen prosessi, soveltuu
markien syotteiden kasittelyyn (el
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AKorkea saanto, suhteellisen
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Pelkistetty prosessikaavio

Syottotankki Tuotesailio

Lammitys Reaktori Jaahdytys

250 - 400 C,
200 - 300 bar
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Hydroterminen nesteytys

Biomassasta valmistetaan biodljya kovassa paineessa ja lampdtilassa

“
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Hydrotermisen nesteytyksen etuja

AEnergiansaasto, ei kuivausta

AHyvéa saanto, jopa 45 % kuiva-aineesta muuttuu biodljyksi
AKiintean jakeen ja kaasun muodostukset alhaisia (n. 10 ja 5 %)
ABiohiili hyvanlaatuinen, hyddynnettéavissa esim. aktiivihiilena
ACO, hyodynnettavissa (kaasussa n. 95% pitoisuus)

AOljyn ja vesijakeen erotus helppoa

AAlhainen happipitoisuus bioodljyssa (< 10 %)

ABiodljyn jatkojalostettavissa perinteisilla menetelmilla
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The BL2F Project

Black Liguor to Fuel (BL2F) is a H2020 project
that will transform Black Liguor into a new, clean
biofuel for aviation and shipping

O

12 partners 8 countries 42 months

- This project has received funding from the European Union Grant Number 884111
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G »
There is still a long way to go... “s
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This project has received funding from the European Union Grant Number 884111
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HTL kiertotaloudessa
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ILPO-vaikutusten tunnistaminen, arviointi

ja validointi
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HTL, mahdollisuudet Topinojalla

AHTL 6ljyn ja hiilen tuottaminen kiertotalouskeskuksen jakeista

ASyotteet (esikasittely selvitysvaiheessa)
AMuovi (ei kierratettava)
ABiojate
ATekstiili-rejekti kierratyksesta

AKoeajot EHTA-laitteella

AAnalyysit

ARaportointi
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Tutkimusalustan tunnuslukuja ja piirteita

ALaaja kirjo erilaisia syétteitd, esim. puujauhe, lietteet, mustalipea (pH > 13),
biojatteet

AKorkeat prosessiolosuhteet 400 C, 300 bar mahdollistavat nopean reaktion

ASyottomaara 13.2 I/h (max 20%-kuiva-ainetta), reaktorin tilavuus muutettavissa;
0.8, 1.6 ja 3.8 litraa mahdollistavat eri viiveajat

ATayttasa EU:n teolliset turvallisuusmaaraykset

AErilliset prosessi- ja toimistokontit, jotka kuljetettavissa teollisuuslaitoksille
tuoreiden raaka-ainelahteiden aarelle

AAutomaatiojarjestelma, etdohjaus toimistokontista, prosessitila miehittamaton
ASahkolammitys, tehokas vesijaahdytys, koelaite on purettavissa osiin
ASoveltuu myos muihin hydrotermisiin kasittelyinin, mm. HTC- ja painekéasittelyyn
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Tutkimusalusta

Syottosailio

Reaktori, 4 eri tilavuutta

Lammittimet 6 kpl sahkolla _ _
0.4,0.8,1.7 ja 3.4 litraa

Syottopumppu

Jaahdyttimet 6 kpl
vedella

Sydttovesisailio

Tuotesailio

Tuotepumppu

Sahkokeskus ja automaatio-

jarjestelméa ) L
Jatevesisailio
CONFIDENTIAL
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Toimisto - jJa mittauskontit

8.2.2022 | 19



HTL tuotteiden analysointi

Babak Arjmand and Tero Joronen
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Analysis of feedstock and HTL products

AN

Feedstoc k analysis Bio -crude analysis Aqueous phase analysis Hydro -char analysis

Ultimate analysis |V GC-MS v TOC L_T_-li - Ultimate analysis |V

TGA v Ultimate analysis |V TGA v

HHV H TGA v HHV H
HHV E
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Example of elemental analysis of Lignin, Hydrochar , and Biocrude

Sample \ C H S @) Ash HHV
53.64 29.556

Hydrochar 48.4 3.208 0.972 25.72 23.14

Biocrude 0.412 80.247 7.135 1.127

Higher heating values (HHV) were calculated accordingto B o i ®rnala:
HHV = 0.3516 C +1.16225H + 0.1109 O + 0.0628 N

Babak Arjmand, Tampere University, Faculty of Engineering and Natural Sciences 08/02/2022 | 22
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TGA analysis ( Biocrude & Hydrochar )

Temp. I°C
Flow /(ml/min)
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Babak Arjmand , Tampere University, Faculty of Engineering and Natural Sciences 08/02/2022 | 23
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GC-MS analysis

Retention Time Compound Percentage 27.07--- 3-Isopropyi-1,2-benzenediol

ot 1,1Biphenyl, 2,2'5,5tetramethyl- SRS SR 8-Methyl-4-isopropylphenol
i X 4H-1,3-Benzodioxin-4-one, hexahydro-4a,5-
6.217--- 1,3-Benzenediol, 2,5-dimethyl- 2 27.74--- dimethyl-, [4as-(4a.alpha.,5.beta.,8a.beta.)]-

6.423--- 1,3-Benzenediol, 4,5-dimethyl- . 29.083--- 4-Methoxy-2,6-dimethylphenol

29.52--- 5-Ethylcyclopent-1-enecarboxaldehyde
7.89--- 1,3-Benzenediol, 4-propyl- . 31.867--- Benzene, 1-(2-butenyl)-2,3-dimethyl-
8.96 --- 1,3-Cyclohexanedione, 5,5-dimethyl-

10.347--- 1,3-Cyclopentadiene, 1,2,3,4,5-pentamethyl- . — 1 Benzene, 1,2,3,4-tetramethyl-4-(1-methylethenyl)- : B I0CIru d e Ol | N D C M ( 1 . 25) 0

. 32.437 --- Benzene, 1-ethenyl-4-ethyl-
10.6--- 1,3-Cyclopentadiene, 1,2,5,5-tetramethyl-

11.007 11.1971,4-Benzenediol, 2,3,5-trimethyl- . 32.737--- Benzene, 1-methoxy-4-(1-methyl-2-propenyl)- b I nJ e Cte d Wlth a S p I It ratl 0
11.567 --- 1H-Ind . 1,1,3-trimethyl- . 33.737--- Benzene, hexamethyl- b . ] ] ] ]
neene rmery 38.33--- Benzofuran, 2,3-dihydro-2,2,4,6-tetramethyl- . 1 O . 1 I nto a.n I nJ e Ctl O n p O rt

12.333--- 1H-Indene, 2,3-dihydro-1,3-dimethyl- o Cyclohexanone, 3,5-dimethyl-

13.71 - 1H-Indene, 2,3-dimethyl- - 39.87--- Cyclopentane, (1-methylethylidene)- L at 310 OC
14.067 --- 1-Isopropylcyclohex-1-ene ] 40.757 --- Cyclopentane, 2-ethyl-1,1-dimethyl-

15.35 15.24 1-Methyl-2-naphthol . 42.427 --- Cyclopentanone, 2,5-dimethyl-

15.41--- 1-Naphthalenol, 1,2,3,4-tetrahydro-2,5,8-trimethyl- T Gyelopeiianonen2=meis
43.283--- Dimethyl trisulfide

16.197--- 1-Naphthol, 5,7-dimethyl- . 43.72--- Disulfide, dimethyl T h e te m p e ratu re p ro g ram :
19.343--- 1-Naphthol, 6,7-dimethyl- : 44.217--- Ethane, 1,1-bis(methylthio)- c o

19.62  19.5223,3,4,7-Pentamethyl-2,3-dihydro-benzofuran : 45.077--- Ethanone, 1-(1-cyclohexen-1-yl)- . 4 min at 50 °C
19.963-- 2,3,4,5,6-Pentamethylphenol : 450 = Eyiipzhytiioxybenzoate

. ’ o o -
20.83  20.952,3-Dimethyl-cyclohexa-1,3-diene : 4591 Ethyltetramethylcyclopentadiene : tO 110 C at 2 C min 01

Naphthalene, 1,2,3,4-tetrahydro-5,6,7,8-

21.247 --- 2,4-Dimethylcyclohex-3-ene-1-carbaldehyde ] 47.543--- tetramethyl- ! 3 m | n at 110 OC
22.083--- 2-Cyclohexen-1-one, 3,4-dimethyl- . 48.367 --- p-Cresol !

— 2-Cyclopenten-1-one, 2,34 S-tetramethy- ' 50.273--- Phenol, 2-(1,1-dimethyl-2-propenyl)-3,6-dimethyl- . to 300 OC at 2 OC min 61

24.17-- 2-Cyclopenten-1-one, 2-methy- 50.473--- Phenol, 2-(2-penten-4-yl)-4-methyl-

24.277 - 2-Cyclopenten-1-one, 3,4,4-trimethyl- ; 50.65--- Phenol, 2,3,5,6-tetramethyl- 3 mln at 300 OC

24.797 --- 2-Cyclopenten-1-one, 3,4-dimethyl- . 56.613--- Phenol, 2,3,5-trimethyl-
58.057 --- Phenol, 2,3-dimethyl-
62.623--- Phenol, 2,4-dimethyl-
61.59--- Phenol, 2-ethyl-4,5-dimethyl-
26.15-- 2-Methyl-oct-2-enedial : 62.617-- Phenol, 2-ethyl-4-methyl-

26.46--- 3,4,5,6,7,8-Hexahydro-2H-chromene . 79.997 --- Phenol, 3,4-dimethyl-

25.667 --- 2-Cyclopenten-1-one, 3-methyl-
25.93--- 2-Hydroxy-4,4,6-trimethylcyclohexa-2,5-dienone

Babak Arjmand and Tero Joronen, Tampere University, Faculty of Engineering and Natural Sciences 08/02/2022 | 24
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TOC analysis (Agueous phase)

TOC TC LC

Aqueous phase

For TOC analysis,1 mL of filtered sample (aqueous phase) was diluted
with18 mL of MQ water, and 1 mL of 0.5M NaOH.

Babak Arjmand, Tampere University, Faculty of Engineering and Natural Sciences 08/02/2022 | 25



ILPO syotteet

Esikasittely
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Muovin jauhaminen ei onnistu, ?

8.2.2022 | 28
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CD Tampereen yliopisto 250 C, 1 hour, 5 wt-%

Tekstilin HTC

200 C,and 1 hour

230 C,1 hour, 20 wt-%, |
0.5M NaOH,
pumpable



