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ABSTRACT

The need for energy is continuously increasing nowadays, if we take into account the
rapid population growth and industrial development. Currently, this demand is
satisfied partially by conventional energy resources and fuels such as coal, by
41,3%, natural gas, by 21,9%, nuclear, by 11,7%, oil, by 4,8% etc., which are also
regarded responsible for a great deal of environmental problems, such as global
warming or greenhouse emissions. As a result there has been the need of people to
find ways to protect their natural environment and subsequently come up with more
environmentally friendly solutions regarding energy development and exploitation.
This is exactly where the issue of bioenergy emerges. Bioenergy is a renewable
energy made available from materials derived from biological sources. One of the
renewable resources that has gradually started to gain more and more interest is

biomass.

In this project, experimental study and research has been carried out in order to
create fuels out of natural products such as vegetable oils and animal fats. In the
latest years, pyrolysis of biomass has become quite popular as a source for energy
production and fuels. Through the process of pyrolysis, there is production of bio
liquids and biofuels, which can be considered alternative and efficient materials in
terms of fuels. With further treatment, their products can be adapted and added to
refined petroleum products. More specifically, the pyrolysis of oils and fats allows the
thermochemical conversion of triglycerides to substances with similar properties to

those of gasoline.

As a result, the aim of this paper was to study and monitor the effect of some control

parameters in the pyrolysis processes of vegetable and aviary oils, taken into
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account their acidity, profiles, age so as to compare the conversion yields of the

products produced with those of the biofuels.

NEPIAHWYH

1. Eicaywyn

H avdykn yia evépyela auéaveTal CUVEXWGS OTIG NEPES MAG, av AdBoupue uttown
TNV Taxeia augnon Tou TTANBUoPoU Kal TNG Plounxavikig avarmtuéng. Emmi Tou
TTaPOVTOG, N {NTNON AUTH IKAVOTTOIEITAI JEPIKWGS ATTO CUMPBATIKEG TTNYEG EVEPYEIAG KOl
Kauolpa, 6TTwg o dvBpakag, katd 41,3%, 10 QUOIKO aéplo, Katd 21,9%, Ta TTUpnVIKA,
kKatd 11,7%, 1o mreTpéAaio, Katd 4,8%, KA, TToU £TTioNg BewpouvTal UTTEUBUVEG yia
éva PJEYAAO PEPOG TwV TTEPIBAANOVTIKWY TTPOBANUATWY, OTTWG N UTTEPBEPUAVON TOU
TAQvATN 1 TO @aivépevo Tou Bepuokntriou. Q¢ ammOoTEAEOPA UTTAPEE N AVAYKN TwWV
avlpwTTwyV va Bpouv TPATTOUG yIa va TTPOCTATEUCOUV TO QUOIKS TTEPIBAAAOV TOUG Kal
OTn OUVEXEIQ va KATaANEEl O€ TTI0 PIAIKEG TTPOG TO TTEPIBAAAOV AUCEIG, GOOV agopd
OTNV EVEPYEIAKN avATITUEN Kal EKMETAANEUOT. Kal ekei akpIBwg ival To onueio étTou
avadueTal To B€ua TG Ploevépyelag. H Biogvépyeia gival Pia avavewaoidn EVEPYEIQ KOl
olaTifeTal ammd UAIKA TTou TTpoépyovTal atmd PIoAoyikEG TTNyES. Mia amd TG
QVOVEWOIUEG TINYEG EVEPYEIOG TTOU €XEl AKTIVIKA APXIOE VA OTTOKTG OAO  Kal

TTEPICTOTEPO EVOIAPEPOV gival N Biopada.

2€ AQUTAV TNV €pyacia, n TTEIPAUATIKI) UEAETN Kal €peuva €xel dlECaxOei yia Tn
dnMIoupYia KAUGIYWY aTTO QUOIKA TTPOIOVTA, OTTWG QUTIKG éAaia Kal (wika Aitn. Ta

TeAeuTaia xpovia, n TupdAucn TnG Bloudlag £xel yivel apkeTd dNUOPIANG WS PEBODOG
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yla TNV TTapaywyr evEPyEIag Kal Kauoipwyv. Méow Tng dladikaoiag TG TTupoAuong,
TTPAYUOTOTIOIEITAI TTAPAYywYr PBloKauoipwy Kal PiogAdiwy, Ta OTToia PTTOpoUV Vva
BewpnBolv evAANOKTIKA Kal aTTOdOTIKA aTTd AtTown Kaucoipwyv. Me tnv TTepaimrépw
ETTECEPYOTIA, TA TTPOIOVTA TOUG UTTOPOUV VO TTPOCAPUOCTOUV KAl va TTPooTEBOUV O€
TETPEAAIKA TTPOIOVTA. M0 CUYKEKPIYEVA, N TTUPOAUCH TwV €Adiwv Kal TwV AITTWV
ETMTPETTEI TNV BEPUOXNUIKA PETATPOTIN TWV TPIYAUKEPIBIWYV OE OUCIEG PE TTAPOUOIEG

I010TNTEG PE EKEIVES TNG BevEivng.

Q¢ amotéAeopa, 0 OKOTTOG QUTAG TNG €pyaciag ATav va PeEAETNOE Kal va
TTOPAKOAOUBEI TNV ETTIOPACN KATIOIWV TTOPAPETPWY  €AEyXOU OTIC OIadIiKaoieg
TTUPOAUONG TWV QUTIKWV €Aaiwv Kal Twv {wIKwv AITTwy, AapBdvovtag utrdyn tnv
o&uTNTa TOUG, T TTPOWIA, TNV NAIKia TOUG, £€TOI WOTE VA KATOOTEI €QIKTH n oUYKPION
TwV ATTOOO0CEWY METATPOTIAG TWV TIPOIOVIWY TIOU TTAPAYOVTAl, HE EKEIVEG TwV

Blokauaipwv.

2. NMNaipapartiké

To TreipapaTikd PEPOG TNG EPYACIAC ATTOTEAEITO ATTO DIEPYATIES OI OTTOIEG EiXaV
—0a@WG- OTOXO OTNV XPNOIJOTIOINON TTPWTWY UAWV (QUTIKWV eAaiwv Kal CWIKWV

NITTWV) TTPOG TNV TTapaywyr BIoKAuaidwy - BIOVTICEA.

Mo ouykekpipéva, Ta QUTIKG EAaia TTou Xpnoiyotroinénkav nrav: eAaiéAado

Kal TTupnvéAQio, eV wg CWIKO AITTOG TTPOTIMABONKE TO AiTTOC KOTOTTOUAOU.

Aképa, gival onuavtikd VavapepOei OTI TTPOKEINEVOU VA XOPAKTNPIOTOUV O€
éva Babud Ta éAaia TTou xpnoigotroindnkav katd TR digpyacia Tng TupdAucong,

TTIPAYHATOTTOINBNKE EAEYXOG TNG TTUKVOTATAS TOUG.
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2.1 E¢orAIonog

H 6An mreipaparikr diadikaoia Tpayuatomroindnke oto Universidade NOVA de
Lisboa, o010 TUAMO E€MOTAPNG KAl TEXVOAOYIAG, TIO OUYKEKPIUEVA OTO TPAWA
Bioudlag. MaAioTa, o €EOTTAIONOG TTOU XPNOIUOTTOINONKE KATA TNV OIAPKEID TWV
TEIPAUATWY yia Tn Oladikaoia Tng TTupoOAucng nTav £vag Qeoupvog-avTidpacoTrPag
TTUpodAuong, uwnAig Tieong ( brand Parr Instruments ®, UK) o oTtroiog utropei va

AeiIToupynoel o€ éva eUpog Beppokpaciwy, Ewg 500 ° C kal méoswyv €wg 300 bar.

O avmidpaoTipag autog, cival XwpenTmikoTnTag 5 L, KATOOKEUAOUEVOS aTTd
METOAAO Kal TTOAU avOekTIKOG o€ KABe €idoug OidBpwon, Trieon Kabwg Kai
Bepuokpacia. AKOUA, GTNV KOPUPH TOU gival TOTTOBETNUEVOGS £vas WnNPIOKOG EAEYKTAG
(Parr Instruments ® brand model 4848), o oToiog KATAYPAPEl TIUEG VIO TPEIG
METABANTEG: TNV BeppoKpaacia, TNV TaxUTNTA avAdeuong Kal TNV TTiECT OTO EOWTEPIKO

TOU avTIdPACTHPA.

TENOG, Kal 0 avTIdOPAOTAPAG AAAG Kal O WNPIOKOG EAEYKTAG €ival OUVOEDEUEVOI
ME évav NAEKTPOVIKO UTTOAOYIOTHA, JE TOV OTToiov gival duvatov va dnuioupynBouv ol
KATAAANAEG OUVOAKEG, va TPEEEI TO TTEipapa aAAG Kal va KpaTouvTtal Ta OeQOUEvVa TOU

TTEIPAPATOC YVIa KABE XPOVIKN OTIYUA.

2.2 H pe@odoAoyia Tou TTeEIpApATOG

H TTpayuartoTToinon Tou TTEIpAPaTOog TTPOATTAITEN Jia OEIPpA TTPOETOINACIWY; TWV
TTPOETOINACIWY TOU TTEIPAPATOG, TOU idIoU TOU TTEIPAPATOG, TNG CUYKEVTPWONG TWV

TTPOIOVTWYV Kal TEAIKA TOV KaBapIouo Tou avTidpaoTApa.
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2.3 O UTTOAOYIONOG TNG ATTOB00NG TWV TTPOIOVTWYV TTUPOAUONG

lMNa tov 1Pocdiopioud TNG aTTOd00NG TWV AEPIWV, UYPWV KAl OTEPEWV
TTPOIOVTWY TNG TTUPOAUCNG XpPNnOoIhoTToINBNKav oTaBUIKEG PEBOdOI, apXIKA HE TO
Cuyloua TOU QvTIOPACTHPA KAl OTN OUVEXEID WJE ATTOPNOVWON TWV ETTINEPOUG

TTPoIOVTWYV. O1 dI0dIKACIEG TTAPATIOEVTAI TTIO CUYKEKPIPMEVA TTAPAKATW.

2.3.1 XapaKTnpIoHOGg TWV AEPIWV TTPOIOVTWYV

Ta aépia TPOIOVTA TOU TIEIPAPATOG XAPOAKTNPIOTNKAV HECW  QEPIAG
XPWHOTOYPAPIag YE avixVeuTr BepuIKAC aywyiuotnTag. Auth n HEBODOC €TTETPEWE
TNV OUYKPITIKN agIoAOynon TNG OXETIKAG OUYKEVIPWONG TwV KUPIWV OEPIWV TTOU

UTTAPXAV O€ KABE Ogiyua, Ye Ta GAAQ aEpia TTOU £XOUV £YXUBEI TTPONYOUUEVWG.

O XopakTnPIOWOG TWwV A€PIWV  TTPOIOVTWY  TTPAYUATOTTOINONKE OTTd  TO
Chemical Laboratory — REQUIMTE Ttou Universidade NOVA de Lisboa, TOU

TMAMATOG ETOTAPNG Kal TEXVOAoyiag

2.3.2 XapakTnpiouog Tou Bio-gAaiou

ETTPOKEITO yIa TOV TTIO ONUAVTIKO XOPOAKTNPIOWO TOU TTEIPAPATOS OAAG Kal TOV
AOYyO eKkTTOVNONG TNG Trapouoag epyaoiag. AIGQopeg TTAPAPETPOI ETTPETTE VA

avoAuBouv:

e H 1TukvéTnTa

e 2TOIXEIWONG avAAuon Kal BepuIBIKN agia
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2.3.2.1 AréoTaén TwWV UypwWYV TTPOIOVTWYV

Ta uypd TTPOIGVTA TWV TTEIPAPATWY UTTORAABNKavV ¢ attdéoTagn. O oTéxog TNG
dladikaoiag autig Atav va An@Bouv dUo KAGouaTa Tou uypou, €vOG TITNTIKOU, TO
oTT0i0 €ARPON Ot €Upog Beppokpaciag petagu 20 ° C - 150 ° C kal evdg AyoTEPO
TITNTIKOU KAGOWATOG, TO OTToio EAAPON O€ pia BepuoKpaaia TToU KUMAvVONKe PETAEU
150 ° C - 200 ° C. EmimrAéov, UTTAPXE €va PEPOG TOU UYPOU TTOoU OEV PTTOPOUCE Va
atrooTaxBei (1IAUG), &10TI TO onueio (E0EWG TOU ATAV TTPOPAVWG TTAVW ATTO TN PEYIOTN

Bepuokpaacia aréoTagnG.

H ouokeurp améoTtaéng Tou €xel xpnoigotroinbei o€ autd TO TrEipaua
QATTOTEAEITAI ATTO APKETA ETTIHEPOUG TUAUATA. APXIKA, UTTAPXEl £VAG CUPTTUKVWTHG, O
oTT0iog TTEPIBAAAETAI ATTO £va AouTpd WUENG, OTOXOG TOU OTTOIOU gival 0 EAEYXOG TNG
BepUOKPACiag CUUTTUKVWONG KABWG Kal TNV €6ac@AAion TNG TTIO ATTOTEAEOUATIKNG

OUUTTUKVWONG TWV TTIO TITATIKWY CUCTOTIKWV.

21N O€CIA TTAEUPA TOU, O CUMPTTUKVWTAG €ival ouvOedePEVOG OE YUAAIVN QIGAN,
OTTOU €I0AYETAI TO TTPOG aTTOOTALN UYPO. H @IGAN BepuaiveTal atmd éva Bepuavtikd
Mavdua dU0 avTIoTACEWY. TNV KOPUPN TNG QIAANG, TOTTOBETEITAI £va BEPUOUETPO TO
OTTOIO ETTITPETTEI TOV EAEYXO KaAI TNV KATAYPAPH TWV BEPUOKPATIWV KATA Tn dIdpKEIa

TOU TTEIPAPATOG.

2TNV apIOTEPH TTAEUPA TOU, O OUMTIUKVWTAG €ival ouvOedeuévog HE €va
YUGAIVO owAfva Tpiwv ££6dwyv, OTToU TOoTTOBETOUVTAI dUO WIKPA yudAiva @iaAidia.
Autd Ta OUO @IaAIdIa E€TITPETTOUV T OUAAOYI TWV TIEPICCOTEPO Kal AlyOTEPO
TTNTIKWV  KAAOPATWY  (eAa@pUTEPO Kal PapuTepo). AQOU TIpayuatotroindei n
ammooTagn, Ta dUo kKAdouaTta cuAAéyovTail, Cuyifovtal Kal arroBnkevovtal o€ YudAiva

@I0AidIq.
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2.3.2.2 XapakTnpIiopoég Twv uypwyv mpoidoviwy yia to GC-FID

Ta Ouo armooTtaypéva KAGopoTa OTAAONKAV  OTn OUVEXEID  TTPOG
xpwuatoypagiky avahuon otov GC-FID (Gas Chromatography- Flame lonization
Detection), €101 WOTE va TTPOCIOPIOTOUV TO TTPOYIA TOU onueiou Bpacuou Kal Tou

apiBuou avepaka Tou uypou.

2.3.2.3 MNpocToipacia Tou deiyparog

Mpiv o116 TNV ATTOOTOAN TWV BEIYUATWY YIA XPWHUOTOYPAPIKA £yXUon, ETTPETTE
va UTTOOTOUV TNV KATdAANAN TrpocToipacia. Ta dciyuata O Ba TTPETTEI va TTEPIEXOUV
KaBoAou vepd waTe va eyxuBouv, kal £€TOI gival amapaiTnTo va ¢npaivovtal TTARPWG,
OIaQOPETIKA TO vePd Ba PTTOPOUCE va ETTNPEEACEI TA ATTOTEAEOUATA TNG OUOKEUNG.
‘ETOl, e pia TTOOTEPIWMEVN TITITTETA ANPONKaAv UEPIKEG OTAyOVEG TOU eAa@pou
KAGOPATOG Kal TOTTOBETHBNKAV OE £€vav TTAOTEPIWUEVO CWARVA, OTOV OTTOIO €iXE oN
TOTTOBeTNOE £va PIKPO PEPOG Tou Baupakiou kai Beikd vatpio (NaSO,). ‘ETol, 10 Blo-
¢Aaio atropovwbnke TTARPwWGS atod 1o vepd. ETTITTALoV, TTpoKEIuEVOU va SIaoc@aANIOTE n

aTTouOvVWOT, ATAV ATTapaiTNTO Va apalwBei To deiypa oe dixAwpouedavio (CHLCIy).

2.3.2.4 TuoKeun XpwpaToypagiag

KaBe  yxpwuatoypa@ikry  avaAucon  TTpaydoTOTTOINONKE  OTOV  A€PIO
xpwuatoypdpo Thermo Trace GC gas chromatograph200 system. O
XPWHATOYPAPOC NTaV OUVOEDEUEVOGS UE Evav UTTOAOYIOTH JEOW £VOG, KATAAANAOU yia
TNV avaAuon, AOyIOWIKOU €mITPETTOVTIOG €TAl TNV  AAAnAetTidpacn MeETagUu TOUu
XPwHaTOoypdeou Kal Tou TTPoyPAPUaTOG.
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2.3.2.5 Xpwpatoypa@ikn avaAuon

H Xxpwpuatoypagiky avdAuon Pacifetar oto onueio Bpacpol Tou KABE
udpoyovavBpaka. E@béoov Ta deiypara  eyxuBouv Kal  TTapatnenbouv  Ta
XPWHATOYPAPIKA TOUG TTPOQIA, JTTOPOUV va 0pIoTOUV 01 XPOVOI TTAPANOVAG Tou KABE
udpoyovavopaka Ki £€T01 JTTOPOUV VA OPICTOUV Kal Ta XPOVIKA SIQOTANOTA EVTOG TWV
OTTOIWV €KAUOVTAI Ol EVWOEIG OTO XPWHATOYPAPO. 2Tn OUVEXEI Ta OtiypaTa
€yXUvVoOVTal KAl TO XPWHATOYPA@AMATA CUYKPivovTal PE TA TTPOTUTIA QUTWV TTOU
uttdpxouv atnv BiIBAI0BNAKN. ‘EToI1, agou To Xpwuatoypdenua Tou deiyuatog diaipeital
oTa 0l XPOVIKA OIOCTAMATA, MUTTOPEI VO OPIOTEI TTOIEG EVWOEIG €XOUV TNV idla

TTOoOTNTA AVOPOKA (ME AQUTEG TWV TTPOTUTTWY)..

2.3.3 XapaKTNPICHOG TWV OTEPEWYV TTPOIOVTWYV

Kard 1n OI1dpkeia Twv TTEIPAPATWY TNG TTUPOAUONG, TrapatnprRénke o
OXNMOTIONOG OTEPEWV TTPOIOVTWY PEoa oTa Blo-EAaia. Eixav tn pop@r Blo-avBpdkwv
Kal TTAcioyn@ia Toug OCUAAEXBnke atrd TO UOIUO TOou avTIOPOOTAPA, META TN

dleCaywyrn Tou TTEIPAPATOC.

3. AtroteAéouara

3.1 MupbéAuon gAaiwv Kal AITTWV C€ ATHOO@PAIPA KEVOU

H tupoAuon Tou eAaidAadou, Tou TTupnvéAaiou Kal OUO0 CWIKWV NITTWV HE

OIAQOPETIKA €TTITTEDQ EAEUBEPWYV NITTAPWY OLEWV TTPAYHATOTTOINONKE O¢ aTudéoPalpa
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KEVOU, OTIG OUVOAKEG TTou avagépovtal otov livaka 1. Ta Bio-éAdia TTou TTpoEkuyav
ATTOOTAXONKAV PE OKOTTO va ATTOMOVWOEI TO TTI0 TITNTIKO KABWG Kal Ta KAdopata
XOUNAOU poplakoU BAPOUG TTOU QVTIOTOIXOUV OTIG ETTAPKEIG EVWOEIG YIA XPron wg

BIOKAUOIPO O€ PNXAVEG ECWTEPIKNG KAUONG.

Atrédoon Amrédoon
t
MpwTeg UAeg MupdéAuong (% wiw) AtréoTagng (% wiw)
(min)
Aépla | Yypd | Zrepea | F1 F2 | F1+F2
20 15.0 84.5 0.5 25.7 | 39.6 | 65.3
EAaioAado
30 16.1 82.0 1.9 33.7 | 344 | 68.1
20 17.4 82.3 0.2 48.1 | 324 | 80.5
lMupnvéAaio
30 44.0 55.2 0.8 17.7 | 48.4 | 66.1
ZWIKO AitTo¢
30 15.6 81.9 0.8 439 | 19.3 | 63.2
(17%)

MNivakag 1. MupoéAuon Twv eAgiwv Kai ATy, o€ aruéopaipa kevou, os 420 °C kar améoTaén
TwV avrioToixwv Bio-eAqiwv: 0 xpovog avridpaons Kai n arrédoon Twv mEOoidVIwY

Aképa, oTa TTAPAKATW OXAMOTA TTAPOUCIAOVTAl AVTIOTOIXA Ol ATTOOOTEIS OTIG

dlepyaoieg TTupOAuUoNG Kal aTTOOTAENG, KABE eAaiou Kal AiTTOUG.
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Zxnua 1. NMupdAuan og ouvBnkeg kevou Twv (WIKWV AITTWV Kal QUTIKWV EAdiwv atoug 420 T

100 ~

F
30 4 \

HI m ]

Olive Oil Olive Husk Oil Animal Fat (17%)

Distillation Yield (% w/w)
(@)
o

[Fraction1 MM Fraction?2 =@=Total Distillate

Zxnua 2. Amoéaraén tou mapayduevou Lio-eAaiou atoug 420 T
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3.2 MupbéAuon eAaiwyv Kal Aitwyv o€ atpéo@aipa alwrtou (N)

Atrod60¢Ig
AT0d60¢1g atréoTagng
ApXIKAQ mmupdAuong
MpwTeg UAeg (% wiw)
mrieon (bar) (% wiw)
Aépia | Yypd | Etepea | F1 F2 F1+F2
EAaiéAaso 3 19.7 | 80.3 0.0 39.3 | 48.2 87.4
MupnvéAaio 3 18.1 | 81.9 0.0 12.7 | 73.1 85.9
Zwika Aitrn
2.4 26.0 | 74.0 0.0 18.3 | 58.0 76.3
(17%)

Mivakag 2. O1 arrod60eis TupdAuans Twv eAdiwy Kai Airdv, o€ 420 °C, kard 1 didpkeia 10 min o€

aruéo@aipa alwrou Kai o1 arrodOCEIS arroaTaén Twv avrioToixwv Bio-eAaiwv

90
80
70
60
50
240
30
20
10

An6doon twv npoidviwv nupdAuong(%
)

11

O Gases

@ Liquids

-

Solids

1

Olive Oil

Olive Husk Oil

Animal Fat (17%)

Sxripa 3. MupdAuan eAaiwv kai Airwv og 420 °C, 10 Aetrrda o€ arpdéoaipa alwrou: Or

19| Page

ammodOOEIC TWV TTPOIOVTWYV yIa Ta aépia, Uypd Kal OTEPEQ.




100 +

Andéboon andotang (% w/w)

80 -

60 -

40 -

20 A

Olive Oil

Olive Husk Oil

\.

il .

-

Animal Fat (17%)

[JFraction1 MM Fraction?2 =@=Total Distillate

Zxripa 4. Arréoraén rwv mupdAuong Bio-eAdiwv mou AauBdavovrar ato 420 °C, kard 1n
oi1dpkeia 10 min utté atuéogaipa adwrou.

3.3 MupbéAuon eAaiwyv Kal AITTwv o€ atpéoc@aipa pedaviou (CHy)

ApXIKN Atrédoon TmupdAuong Amrodoon
Mpwrteg Xpoévog .
mmigon (% wiw) améoTagng (% wiw)
UAgg avTtidpaong
(bar) (miny | AfPe| Yypd | Erepea | FL | F2 | F1+F2
EAaiéAado 10 3 19.2 | 80.8 0.0 169 |57.2| 741
lMupnvéAaio 10 3 141 | 859 0.0 29.2 1485 | 77.7
Zwika Aitrn
10 3 18.7 | 81.3 0.0 18.1 | 40.4 | 58.5
(17%)

Mivakag 3. H amédoon ¢ mupdAuans Twv eAdiwv kai Airiyv, o€ 420 °C, o 10 min

o€ arudoeaipa uebaviou Kai n aréoTaén Twv avrioToixwv Bio-eAdiwv.
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Sxripa 5. Arédoon mupbéAuonc eAaiwv kai Aimwv o€ 420 °C, os atuéo@aipa usbaviou, yia ta
agpia, uypa Kai OTEPEG TTPOIdVTA.
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2xnua 6. Aréoraén rwv Blo-eAaiwv mou Anpbnkav amé thv mupodAuon o€

420 °C, o< aruéoaipa uebaviou.
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4. Tuptrepdopara
4.1 Mevikd oupTtrEpAC AT

O1wg ava@Eépbnke TTPONYOUUEVWG, O OKOTTOC TNG MEAETNG aUTAG dev ATavV va
KaBopioTei €Av TA OTTOOTAYMOTA TIOU TTAPAXONKav PEOCW TWwV  TTEIPAUATIKWV
dladikaoiwv gival BiovTiCeA, aAA& va eCeTaoTel €Av dUO BACIKES 1B16TNTES TOUG Eival
TTaPOUOIEG PE eKEIVEG TOU KaBapou diesel, dnAadr oI CUYKEVTPWOEIG UEBUAECTEPWV

Kal o1 atTodd0EIG ATTOOTALNG.

EmmrAéov, YeTAlU Twv OTOXWV TNG TTAPOUCAG £PEUVAG NTAV VA EKTIUNOEI TToIA
ammo Ta Tpia QUTIKG éAaia Kal Cwika AiTrn, TTAnpouv TIg TTpoUTToBEoelg Tou diesel,
KaBwg €TTioNg KAl va TTPOCdIOPIOTOUV Ol CUVONKEG KATW OTTd TIG OTTOIEG QUTEG Ol

1010TNTEC Ba uTTOPOUCAV VA IKAVOTTOINBoUV KaAUTEPQ.

4.2 JupTtrepdopara yia Ta EAaia Kal Ta Aitrn

levikd, AOYyw Twv JIOQOPETIKWY CUVONKWY KAl aTHOC@AIPWY, OTIG OTTOIEG
dlegAxbnoav Ta TreEIpdpaTa, €ival apkeTd OUOKOAO va TTPOCdIOPIOTEl TTOI0 Eival TO

¢€Aaio i NiTTog TTOU avTaTTOKPIVETAI KAOAUTEPQ OTIG 1I010TNTEG TOU diesel.

‘ET01, 600V a@opd OTO TTPWTO KAGOPA TNG aTTrdéoTagng, OAa 1a €Aaia kal Ta
NITTN €£XOUV APKETA TTAPOUOIEG CUYKEVTPWOEIG 0€ NITTAPA 0EEa PE PIKPES TTAPAAAQYEG.
AuTé TTOU pTTOPEI OPWG va onuelwBei, €ivalr 611 To TTUPNVEAQIO TTAPOUCIAdEl TIG
UYPNAOTEPEC OUYKEVTPWOEIC 0€ dUO aTudoPaipes (kevou kal alwTtou). Ooov agopd
OTO OeUTEPO KAAOMA, TWPA, TO TTUPNVEAAIO TTAAI KAveEl TR Ola@opd, OTA - YEVIKA
TTapoOuoia PETAEU TOUuG - TTPOQIA Twv AITTapwyv oéwv BIOTI UTTO TNV aTtuéoealpa
KEVOU, POAvel 0€ CUYKEVTPWOEIS AITTAPWV 0&EwV PEXPI 23% yia apiBuoug avBpdkwyv
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atmo 11 €wg 12. ZUVOAIKA, WG PIO OUVOAIKI a1TOd0CN ATTOOTAYHATOG, YTTOPOUUE VA
TTOPATNPACOUKE OTI yia TO KAdoua 2, Ta Blokaucoiya TTou TTapayovtal ¢Bdvouv ag

APKETA UYNAEG aTTOdOOEIG aTTOOTALNG, POAVOVTAg akOun Kal To 85%.

Q¢ atroTéAeopa, To TTUPNVEAQIO €ival TO €AAIO TTOU ETTITUYXAVEI TNV UWnAOTEPN
a1Tod0o0n ATOoTAENG KAl 0T dUO KAAouaTa, OXEDOV O€ OAEG TIC ATUOOCQPAIPES KAl

€I0IKA O€ AUTHV TOU alWwTOU.

4.3 ZUPTTEPAOUATA YIA TIG TTEIPAMOATIKEG OUVONKES

Pixvovtag pia pamid otig amodooeig TnG ammdéoTagng, cival Tpo@aveég OTI n
aTpoo@aipa alwTou gival n TTAEOV QTTOTEAECUATIKY, PBAVOVTAG O€ APKETA UWNAEG
atroddoelg atréoTagng pEXP! kKal 85%, ol oTroieg gival apkeTd uWPNAEG yia Blokauolya.
EmimrAéov, eivar TTpo@aveég OTI yiad TO TIPWTO KAAOUQ, o1 TTAéoV KATAAANAEG
ATMOOQAIPES Eival AUTEG TOU peBaviou Kal Tou Kevou yia To eAaidAado, TTapdTi ol
OUYKEVTPWOEIG TToU @TavEl PEXPI Kal 30% kal auTrj Tou pebBaviou yia 1o wikO NITTog,
TTAAI Je ouyKevTpwoelg PEXP! Kal 33%. H xprion Tou peBaviou €xel WG ATTOTEAECHO
MIa OTOBEPOTTOINON TWV CUCTATIKWY XAPNAOGTEPOU HopIakoU Bdpoug Tou KAGOPATOG
1, dnAadn pe 8 £éwg 10 avbpakeg, yia Ta Bio-éAaia TTou AauBdvovTtal ammd (wikA AiTTn
(17%) N 10 eAaIGAOBO, evw, OTO BEUTEPO KAGOMPO ATTOOTAENG, AUTO TTOU UTTOPE va
ouvayBei amd Ta TPOQIA Twv AITTapwyv o&Ewv eival 0TI YeVIKA dev @BAvouv uwnAég

OUYKEVTPWOEIG.

2€ autO TO OnuEio, ival apkeTd onUAvTIKO va TTPOCTEBEI OTI 01 DIAPOPETIKOI
Xpovol TTupdAuong, KaBwg ol SIAPOPETIKEG TTIECEIC TNG TTUPOAUCNG Oev ETTEQEPQAV

ONMAVTIKEG  ETITITWOEIC OTa  Trapayopeva  Bioéhaia . Kdammoleg  emmavaAnyelg
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TIPAYMATOTTOINONKAY OTO €PYaoTAPIO, OAAACOVTAG KATTOIEG METABANTEG O€ KAOE
OoKIuA, OTTWG TNV TTUPOAUCH Tou €AaIOAAdOU Oe ouvOnKkeg Kevou yia 20 AeTTTd avTi
yia 30 Aemrtd 3 XpnoigotrolwvTag CwikO Aitrog 4,5% o&utntag avri yia 10 17%
0gUTNTOG N TNV EKTEAEON TWV TTEIPAPATWY YIa TO (WIKO AiTrog o€ 20 AeTrtd avri yia 10
AeTTTA. Z€ KABE TTEPITITWOT, OI dIAPOPESG OTIG ATTODOOEIS TTUPOAUCNG, O ATTODOCEIG
ATTO0TALNG KAl TA TTPOPIA TwV AITTAPWY OEWV fTaV EAAXIOTES. QG aTTOTEAEOUA, OEV

utTdpxel Adyog oTtnv evaAiayr i} dokiuf d1a@opwV TTEIPAUATIKWY OUVONKWV.

4.4. MNpotdoeig yia HEAAOVTIKA épeuva

2T0 onueio autd, Ba NTav TTOAU ONUAVTIKO va YivOuv KATTOIEG TTPOTACEIS VIO

TNV TTEPAITEPW, MEAAOVTIKN €PEUVA.

Omwg avaeépbnke TTponyoupévwg, AOyw TnG €AAelyng Tou dlaBEéaiuou
€COTTANIOUOU, KaBWG Kal Xpoévou, Oev PTTOPECE va TIPAYUATOTTOINBEI OTOIXEIOKA
avaAuon Kal XnuIKR ouvbeon Twv TTapayouevwy Bioghaiwyv. ‘Etol, deiypata Twv
TTapayouevwy BlogAaiwv Ba utropoucayv va attooTaAouv oTa KAatadAAnAa epyacThpia
yla va KaBopioTei n akpIfig ouvBeor) Toug Kal  yia va yivel oUykpion ME Ta
Eupwtraikd tmpétutta tou BiovtiCeA 14214. Auty Ba ATav pia TTOAU Xprioiun Kai

ONMAVTIKI TTPOCOAKN yia JEAANOVTIKH €peuva.

EmmAéov, kai TGN AOyw  EANAeiwng  xpdvou Kal  €EOTTAIOPOU, Oev
TIPAYMATOTTOINONKE  €AEYXOG TTOIOTATAG TwV  TTapayOpevwy  Blokauoiywy. Ta
Blokauoiya Tou  TTapdyovTal ammd Ta U0 QUTIKA €Adia Kal Cwik& At dev
UTTOBARBNKaV O€ TTEPAITEPW AVAAUCH OXETIKA PE TIG IDIOTNTEG TOUG, OTTWG: EKTIUNON

TOU €vEPYEIOKOU TTEPIEXOUEVOU TOUG, TN WETPNON TOUu pH, TNG TTEPIEKTIKATNTAC TOUC OF
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vepd. AuTh €ival dia apkeTd onuavtiky TTPOoOAKN Kal Ba TTPETTEl va An@BEi TTOAU
ocoBapd uttéYIv yia va TTpaypartoTroindei o€ 6Aa Ta Biokauciya TTou Ba TTapaxBouv

OTO MEAAOV.

‘ET01, av Kal To avaBabuiopévo BiogAaio Ba uTTopouce va XpnolhoTroindei wg
EVAAAAGKTIKO KOUOIUO TOU AEBNTA O€ PUNXAVEG EOWTEPIKAG KAUONG, akOua &gV UTTOPEI
VO QVTIKATAOTAOEI TTAAPWGS TA OPUKTA KAUCIUA KAl QUTO OQEIAETAI ATTOKAEIOTIKA O€
KATTOIOUG TTEPIOPIOPOUG OTNV TEXVOAOYiIa Kal O0TO KOOTOG. 'ETOl, €ival €éva apketd
MEYAAO BEpa o TPOTTOG UE TOV OTTOIO 01 TEXVOAOYiEC avaBaBuiong Toug Ba utropoucav
va XpnoIhoTToIinBouv Kal va avapaBuioTolv waoTe To BIoEAalo atrd TV TTUPOAUCH TNG
Biopalag Ba ptTopolce va XpnolyoTroindei arreuBeiag, 1I81aiTepa yia TNV TTEPITITWON

TOU CWIKOU AiTToug (17% oguTtnTag).

Ta CwikG AITTN,  YEVIKA, TTEPIEXOUV  TTEPICCOTEPEG  TTPWTEIVEG KAl
PWOPOAKUAOYAUKEPOAEG KOl AUTO OQEINETAI OTO YEYOVOG OTI €ival NEPPBPAVES CWIKWV
KUTTAPWYV Kal £TO1 TTAPAPEVOUV eVTOG ToUu KAGopaTog AImmidiwy. MNa 1o Adyo auTo, pia
dladikaoia aTmmokouuiwong 6a pITopoUcE va TIPAYUATOTTOINBEI TTPOKEIMEVOU VO
€COAEIPOOUV 01 PUOEPOAKUAOYAUKEPOAEG aTTO Ta AiTTn, TTPIV 1T ThV TTapaywyn
BiovTiCeA. Mia TTOAU atroTeAeopaTikh diadikaoia, PEXPI OTIVUAG, €ival PE Tn Xpnon
60% o0pBoPWOPOPIKOU 0&EOG, PETA ATTO TNV OTToIO PTTOPEI va TTPAYPATOTTOINOEI

QUYOKEVTPNON £TOI WOTE VA €TTITEUXOEI 0 dlaxwpIouoG.
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1. INTRODUCTION

1.1 Biofuels

Right now, more than 35% of the world’s primary energy demand is met by
petroleum. According to the estimates of the International Energy Agency, this
demand will reach much higher percentages in the years to follow; with the
development of society, the consumption of fuels increasing continuously and is
likely to double between 2000 and 2050. [Bulushev and Ross, 2011] This increase is
paired with a decrease in the known resources of fossil fuels and an increase in
greenhouse gasses emissions (of CO, especially) which are responsible for global
warming. Due to the fact that most petroleum consumption nowadays is in internal
combustion engines, the development of a light liquid fuel as an alternative to
petroleum for use in existing internal combustion engines is quite urgent. [Ito et al.,
2011] As a result, together with the recent rise in oil prices, along with growing
concern about global warming caused by carbon dioxide emissions, biofuels have
been regaining popularity. [http://www.greenchoices.cornell.edu/energy/biofuels/,

June, 2015]

Biofuels are energy sources made from living things or even the waste that
living things produce. They originate from a wide variety of sources and can be

divided into four categories or generations.

e First generation biofuels: made from sugars, starches, oil and animal

fats that are converted into fuel using specific, known processes and
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technologies. They include biodiesel, ethanol, bioalcohols, and
biogases.

Second generation biofuels: made from non-food crops or agricultural

waste, lingo-cellulosic biomass like switch-grass, willow or wood chips.

Third generation biofuels: made from algae or other quickly growing

biomass sources.

Fourth generation biofuels: made from specially engineered plants or

biomass that may have higher energy vyields or lower barriers to
cellulosic break down or are able to be grown on non- agricultural land

or bodies of water.

So, their environmental benefits and the uncertainty concerning petroleum

availability are among the basic reasons why, currently, biofuels have become more

attractive. There are various ways of making biofuels, but generally, what is used the

most are chemical reactions, fermentation, and heat to break down the starches,

sugars, and other molecules in plants. The leftover products are then refined to

produce a fuel that can be used by cars.

[http:/mwww.greenchoices.cornell.edu/energy/biofuels/, June 2015]

1.2 Biomass

Biomass is a biological material derived from living or recently living

microorganisms and as an energy source it can be either used directly (via

combustion) or indirectly (after converting to forms of biofuel). It is mainly defined as

any organic material that has the potential of being further transformed into energy.
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Energy from biomass is considered to be quite durable and sustainable since it can
ensure its own cycle and since it will be always produced and triggered by solar
energy and radiation. Moreover, it is important to point out that biomass’s cycle does
not contribute to the accumulation of carbon dioxide in the atmosphere, for the fact
that carbon dioxide that is liberated during the process is again immediately used by

the plants in the process of photosynthesis.

By a chemical aspect, biomass is carbon based and composed of a mixture of
organic molecules containing hydrogen, usually atoms of oxygen or nitrogen and

also small quantities of other atoms (alkali, alkaline earth and heavy metals).

The carbon used to construct biomass is absorbed from the atmosphere as
carbon dioxide (CO;) by plant life, using energy from the sun. The primary
absorption is performed by plants. The plant is generally broken down by
microorganisms or buried. If broken down, it releases the carbon back to the
atmosphere (mainly as carbon dioxide (CO,) or methane (CH,), depending on the
conditions and processes involved or if buried, the carbon is returned to the
atmosphere mainly as carbon dioxide (CO,). Both these processes are considered
part of the carbon cycle and have been happening on the Earth for as long as there

have been plants on it.

The biomass that is used for energy can include a wide range of raw

materials. There are five basic categories of material:

[http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,15174& dad=port

al& schema=PORTAL, June 2015]
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e Virgin wood, from forestry, arboricultural activities or from wood
processing

e Energy crops, high vyield crops grown specifically for energy
applications

e Agricultural residues, residues from agriculture harvesting or
processing

e Food waste, from food and drink manufacture, preparation and
processing, and post-consumer waste

e Industrial waste and co-products from manufacturing and industrial

processes.

The greatest difference between biomass and fossil fuels is the one of time
scale, since biomass takes carbon out of the atmosphere while it is growing, and
returns it as it is burned. If it is managed on a sustainable basis, biomass is
harvested as part of a constantly replenished crop. This is either during woodland or
arboricultural management or coppicing or as part of a continuous programme of
replanting with the new growth taking up CO, from the atmosphere at the same time
as it is released by combustion of the previous harvest. This maintains a closed

carbon cycle with no net increase in atmospheric CO;, levels.

What is more, a basic advantage of biomass when compared to fossil fuels is
that it is a renewable source of energy. Petroleum needs thousands of years under
high temperature and pressure conditions to form, whereas the biomass is produced
by various plants. Furthermore, as previously mentioned, the production and use of
biofuels is neutral in terms of carbon dioxide (CO,) emissions. Ecological balance is

ensured, since the quantity of carbon dioxide (CO,) produced during biomass
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combustion is absorbed during its production, being thus alternative replacing
conventional fuels. Last but not least, the cost and the potential reduction of carbon
dioxide (CO;) emissions in this way depends on the efficiency of energy conversion

in the production and burning of biomass and on the type of fuel that it substitutes.

1.3 Biodiesel

Biodiesel fuels can be made from new or even used vegetable oils or animal
fats, which are non-toxic, biodegradable and renewable resources. Recently, they
have become more and more popular in fuel industries due to the fact that they are

beneficial for the environment. [Bozbas, 2005]

Everything started when more than 100 years ago, an inventor named
Rudolph Diesel designed the original diesel engine to run on vegetable oil. For his
experiments, he used mainly peanut oil, as well as soybean, rapeseed and sunflower
oil. He then noticed, that this kind of fuel could replace diesel oil in boilers and in
internal combustion engines without any significant adjustments; much lower

sulphate and carbon dioxide (CO;) emissions, instead.

It is typically made by chemically reacting lipids with an alcohol, thus
producing fatty acid esters. It is made to be used in standard diesel engines and is
thus distinct from the vegetable and waste oils used to fuel converted engines.
Moreover, it can be used in pure form or even blended with petroleum diesel
(petrodiesel) in various proportions in both transport and heating. It has different

solvent properties than petroleum diesel and will degrade natural rubber gaskets or
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hoses in plain vehicles. Therefore, it is recommended to change or alter the fuel

filters on engines and heaters shortly after having switched to a biodiesel blend.

A variety of oils can be used to produce biodiesel. The most common oils are
virgin oil, rapeseed and soybean oil, whereas sunflower, palm oil, coconut oil as well
as waste vegetable oils can be efficient, too. Waste vegetable oils are considered to
be the best source of oils for biodiesel production, however their available supply is

significantly less than the amount of petroleum-based fuels.

Moreover, animal fats (as by-products of meat production) including tallow,
lard yellow grease, chicken fat and fish oil (rich in Omega-3 fatty acids) are highly
preferred for the production of biodiesel. Algae, grown using waste materials such as
sewage as well as sewage sludge are also quite attracting interest from major Waste
Management companies because it is believed that renewable sewage biodiesel can

be quite competitive with petroleum diesel on price.

1.3.1 Advantages of biofuels

Biofuels, have certain advantages and disadvantages in comparison to plain
fossil fuels. More specifically, their advantages are [http://www.conserve-energy-

future.com/advantages-and-disadvantages-of-biofuels.php, June, 2015] :

e Reduce Greenhouse Gases: Their most significant advantage is that

biodiesels are quite clean fuels. That means that, subsequently, they produce
up to 65% fewer emissions of greenhouse gases i.e. carbon dioxide (CO5) in
the atmosphere, while burning in contrast to plain fossil fuels, which when

burnt, produce large amount of them. These greenhouse gases trap sunlight
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and gradually cause the planet to warm. Moreover, the burning of coal and oil
in plain fossil fuels is what increases the temperature. This is why biofuels are
highly preferred around the world.

e Renewable fuels — reduced dependence on fossil fuels: Another undoubted

advantage of biofuels is their renewability, which makes them unlikely to run
out from the planet. This is a great property of theirs, due to the fact that a
shortage of fossil fuels is predicted shortly in the future. The most common
raw materials for biodiesel production are manure, corn, switch grass, soy
beans, waste from crops and plants etc. These crops can be planted over and
over again.

e Lower Levels of Pollution: Due to the fact that biofuels can be made from

renewable resources, they cause much less pollution to the planet. As
mentioned previously, they release lower levels of carbon dioxide (CO,) as
well as of other gases when burnt, which means their contribution to
environmental pollution is not that important. Although their production creates
carbon dioxide as a by-product, it is frequently used to grow the plants that
will be converted into the fuel. So, the whole production process becomes
self-sustainable.

e Cost: Currently, biofuels have the same price with gasoline. They are
adaptable to current engine designs and perform achieving high yields in most
conditions. This keeps the engine running for longer, requires less
maintenance and brings down overall pollution check costs. With the
increased demand of biofuels, they have a potential of becoming cheaper in
future as well, especially with the prices of crude oil becoming so high in the

years to follow.
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e Economic Security: If a significant amount of people starts shifting towards

biofuels and investing in them, then the dependence on the fossil fuels’
imports will decrease. This would be a quite remarkable boost for all these

countries and economies that do not have their own fossil fuels resources.

1.3.3 Disadvantages of biofuels

Even though, the use of biofuels as fuels can be very beneficial in many ways,
it would be quite strange if there were not any drawbacks regarding their use. So, a
focus on their negative side has to be performed. More specifically, the list of their

most important disadvantages:

e The high production cost: Biofuels are quite expensive to produce in the

current market, despite the benefits that they have. For the time being, the
interest and capital investment being put into biofuel production is fairly low
but has increasing intentions. If the demand increases however, then
increasing the needed biofuel supply will be quite expensive. Such a
disadvantage is still preventing the use of biofuels from becoming more
popular nowadays.

e Industrial pollution: The carbon produced during burning of biofuels is

significantly less than in conventional fuels. However, the process with which
they are produced makes up for that. Their production is largely dependent on
lots of water and oil. Large quantities of water are required to irrigate the

biofuel crops and it may impose strain on local and regional water resources,
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if not managed wisely. Furthermore, there is heavy soil erosion caused in
areas that are meant for raw materials’ growth.

e Use of fertilizers: Biofuels are produced from crops and these crops require

the use of fertilizers so as to grow better. The use fertilizers can have harmful
effects on the surrounding environment and involving the potential of water
and groundwater pollution, since they contain nitrogen and phosphorus.

e Shortage of food: Due to the fact that biofuels are extracted from plants and

crops that have high levels of sugar in them. These crops are used as raw
material, and subsequently there is a high requirement for them. As a result,
they take up much agricultural space from other crops, and that can create a
sequence of problems. Even if, practically, this does not cause an acute
shortage of food, it definitely puts pressure on the current growth of crops.
One major worry expressed by farmers is that the growing use of biofuels may
just cause a rise in food prices as well in the near future.

e Future rise in price: Last but not least, the current technology being employed

for the production of biofuels is not as efficient as it should be. Scientists are
engaged in developing better means with which we biofuels can be better
extracted. However, the cost of research and future installation means that
the price of biofuels will rise significantly. Even if now, biofuel prices are
comparable with gasoline, thus feasible, it is believed that the constantly rising
prices may make the use of biofuels as harsh on the economy as the rising

gas prices are doing right now.
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1.4 Purpose

The purpose of this study was to examine the efficiency of three different raw
materials — olive oil, olive husk oil and aviary oil - for the production of sustainable
fuels, with the process of pyrolysis. It was then examined if the bio oils produced by
these raw materials were efficient enough, with properties and yields similar to those

of contemporary fuels, so that they could be used as fuels.

Different pyrolysis conditions were performed for these oils. In the beginning,
the three oils were pyrolyzed under vacuum conditions. Then, the following
sequence of pyrolysis experiments was carried out under a nitrogen atmosphere and
then under a methane atmosphere, so as to determine if any of those different

atmospheres produce biofuels of better efficiency.

In the end of the experiments and after the produced fuels were distilled and
later on examined in the GCMS device, a few comparisons were made between
them and conclusions are made, so as to define the efficiency of the fuels, to review

the experiment and propose further and future suggestions for improvement.
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2. STATE OF THE ART

2.1 Biodiesel production processes

During the last decades much attention has been drawn into the development of
biodiesel production technologies mainly due to fact that it biodiesels are renewable
fuels with significantly reduced emissions compared to conventional diesel. Biofuel
production using oil is not a new venture, after the first attempt dating from the late

19th century and was achieved by Dr. Rudolf Diesel, as mentioned previously.

The main advantages of plant oils, as raw materials for the production of
biofuels are their immediate availability, their renewability, the lower content of sulfur
and aromatic hydrocarbons and their biodegradability [Goering et al., 1982]. The
main disadvantages of vegetable oils on the other hand, is their high viscosity, their

low volatility and their ability to react with the unsaturated hydrocarbons.

Vegetable oils could be used directly as diesel fuels, but because of the higher
levels of viscosity in comparison to ordinary diesel fuels, a modification of the
engines is required [Kerschbaum et al., 2004]. The direct use of vegetable oils as

fuels can replace only a small proportion of the transport fuels.

There are at least four ways in which the oils and fats can be converted into
biodiesel through viscosity reduction, such as transesterification, fermentation, micro

emulsification (mixing with a solvent) and pyrolysis.

Among all the proposed methods, the transesterification TG is by far the most

common method, since it is the only process that directly leads to biodiesel products
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and through which glycerin is produced; which is a product of high commercial value.
The pyrolysis process of vegetable oils for the production of biodiesel is being
investigated for over 100 years now and is the one that is being thoroughly studied in

this paper.

2.1.1 Pyrolysis

Among the basic methods that have been developed in order to produce
biofuels, pyrolysis is a significant one of them. Pyrolysis is a thermochemical decom-
position of organic material in very high temperatures in the absence of oxygen, by
causing the absolute and irreversible decomposition of the chemical composition and
physical phase. During the pyrolysis process of biomass, gas, liquid and char are

formed in proportions that depend on various conditions.

[Bridgwater, 2006] has classified the different modes of pyrolysis in which all
biomass products are valuable and can be used. These are slow (of temperatures
around 400°C), intermediate and fast (temperatures around 500°C) and last but not

least, gasification (temperatures around 800°C).

It is thus, clearly shown that it is a technique prior of combustion and
gasification, which is observed mainly in organic materials exposed in very high
temperatures (starting from 200°). Its target is to form high energy density products
in which biomass goes through physical and chemical changes. Of these products,
the most important one is pyrolysis oil, which can be converted to fuel additives in a
quite wide variety of ways. Depending on the conditions, the pyrolysis yield can

reach up to 70-80% (in the optimum case). At this point, it should be noted that
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pyrolysis liquid consists of 25% water. Pyrolysis of lower temperatures gives
considerably higher concentrations of water, whereas those of higher temperatures

lead to bigger formation of gases. [Bulushev and Ross, 2011]

In this series of experiments the two basic raw materials that were pyrolysed
were poultry animal fats and vegetable oils: olive oil & olive husk oil more

specifically.

CO+H,
gasification
pyrolysis catalysis
'BIOMASS. BIO-OIL| FUEL ADDITIVES

Image 1. Methods of biomass treatment and their products

2.1.1.1 Biomass pyrolysis

Biomass pyrolysis is a very complex procedure that involves simultaneous
solid heat transfer, solid phase chemical reactions, liquid evaporation and thermal
ejection, liquid phase reactions, mass transfer of vapours through the solid matrix
and vapour phase reactions. It has emerged to be a very promising renewable
energy technology aiming at the production of bio-oil. Being a thermochemical
process, it takes place in a controlled environment at a quite high temperature levels
(between 400°- 500°C), in the absence of oxygen. The produced vapour is very
quickly condensed, so bio-oil and a permanent non- condensable gas (mainly

consisting of CO, CO, and small fractions of H, and CH,) are produced.
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Many studies have already proven that biomass pyrolysis processes require
careful control of the reactor temperature and residence times, so as to increase the
yield of bio-oil. Furthermore, pyrolysis vapour is crucial to be removed quickly from
the reactor hot zone so as to avoid secondary cracking relations. [Hassan et. al,

2015]

2.1.1.2 Pyrolysis of animal fats

As mentioned before, biodiesel is a very competitive, alternative fuel which
has been attracting attention in the past years. In Europe, biodiesel production from

virgin vegetable oils exceeds 3 million tons per year.

Regarding animal fats, they are primarily derived as by-products from meat
animal processing facilities. Among main animal fats are tallow, lard and poultry fat.
The use of these animal fat wastes as biodiesel feedstocks offer economic,
environmental and food security advantages over the more commonly used edible
vegetable oils. [Adewale et al.,2015] It is already well known that they contain quite
larger free fatty acids (FFAS) than vegetable oils do. As a result, they require more
complex production techniques and this often results in the production of biodiesel
with a lower physical and chemical quality. [Alptekin and Canakci, 2012\ Ramirez-

Verduzco et al.,2012]

It is crucial to mention, at this point, that animal fat waste contain quite large
guantities of free fatty acids (FFAs) than vegetable oil waste do and as a result, it is
quite possible to form soap. So, what has mostly been applied in the treatment of

such fats is a pyrolysis method involving decarboxylation to the production of

41| Page



biodiesel. Thus, it is considered that paraffins and olefins are formed. These
paraffins and olefins are considered to have better both low-temperature properties
and calorific values than FAMEs of equivalent carbon numbers. As a result, it is
expected that biodiesel with significantly improved low-temperature properties can
be produced, when waste oils and animal fats with high free fatty acid content are

utilized. [Ito et al., 2011\ Santos et al., 2010]

By economic aspect, the processing of animal fat waste for biodiesel
production can lower the production cost very close to conventional diesel’s. Various
treatment of waste animal fats, such as homogenous, heterogenous and enzyme
catalysis as well as non-catalytic processes were considered with an emphasis on
the influence of the operating and reaction conditions on the process rate and the
ester yield. It was consequently determined that the (one- and two-step) homo-,
heterogeneously catalysed processes had been very efficient for biodiesel
production and that from now on, more research will be done on the application of
enzymes, ultrasonic irradiation as well as microwaves and radio- frequency. In depth
discussions were held regarding the optimization of the processes, the reactions’

kinetics and possibilities for improvements. [Bankovic-1li¢ et al., 2014]

2.1.1.3 Pyrolysis of vegetable oils

Some of the first biomass products that have been tested for biodiesel
production, have been vegetable oils, since they can be found everywhere — crude

or used — and they are subsequently, cheap.
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Pyrolysis of triglyceride materials has been among the most popular fields of
interest for researchers. A good example is when a review of pyrolysis processes
was performed, comparing biomass and olive oil pyrolysis [Maher and Bressler,
2007]. Thermal cracking of vegetable oils was then concluded to be a quite effective

representative method of producing bio-based products for use as fuels.

Moreover, it was figured out that the composition of the vapour phase
obtained from pyrolysis of olive oil and other vegetable oils is close to that obtained
from thermogravimetrical runs. The composition includes both gases — such as
propene — and liquid — such as oleic acid, docosene and oktadecenal [Jansson et. al,
2012]. Another study carried out in 2009, analysed the thermal oxidative
decomposition of olive oil by TG/DSC considering two processes in the first apparent
peak, obtaining apparent activation energy between 27 and 145kJ/mol. [Vecchio et

al., 2009]

On the other hand, there are not many tests carried out for olive husk oil. One
of these has been to subject olive husk oil to direct and catalytic pyrolysis so as to
obtain hydrogen rich gaseous products at specific temperatures and use them as
fuels. It was noted that the total volume and yield of gas from both pyrolysis types

increase with increasing temperature. [Caglar and Demirbas, 2000]
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3. EXPERIMENTAL PART

The experimental design and procedures that took place during the experi-
ments will be discussed and analysed, regarding the pyrolysis of the raw materials
(both vegetable oils and animal fats), as well as their distillation and finally,

characterization of the obtained products.

3.1 Characterization of raw materials

Our main goal in this series of experiments is to study the biofuel production
of specific vegetable oils (olive oil, olive husk oil and coconut oil) as well as of spe-
cific animal fats (in this case aviary oils). The oil samples used were obtained from
oil mills belonging to the Association of the Algarve oil producers. As a matter of fact,

what was used was:

e Olive oil: it is an olive juice obtained from mechanical processes, which
presents a high acidity that gives a bad taste

e Olive Husk Oil: it is obtained from the heating and treatment of olive

pomace, with solvents

e Aviary Oil (17% acidity): It is poultry fat, a kind sponsorship to our

laboratory by a firm called AVIBOM

3.1.1 Density

In order to calculate the density of the oils, we determined their mass in the

known volume of 2 mL of each crude oil, with a 2 mL pipette, in room temperature
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(= 25°C). The method was performed in triplicate for each sample and the average
density was taken into account in the end. The same method was performed, in

calculating the density of the produced bio-oils.
The density was determined by using the equation:
m
PV
Where,
e p, density (g/ mL)

e m, mass (g)

e V,volume (mL)

3.2 Pyrolysis samples

The main goal of this work is to study the biofuel production by pyrolysis of
vegetable and aviary oils in different conditions (temperature, time of reaction,
reaction with vacuum, Nitrogen or Methane), so as to determine their potential use

as biofuels.

3.2.1 Equipment

The pyrolysis tests were carried out in the biomass laboratory of Universidade
NOVA de Lisboa, department of Science and Technology and more specifically in
the department of Biomass. The pyrolysis oven is a high pressure batch reactor, of
brand Parr Instruments ®, UK, which can operate at a range of temperatures up to

500 ° C and pressures up to 300 bar.
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3.2.1.1 The reactor

The reactor is a removable reactor of
total capacity of 5 L, constructed of metal and it
is highly resistant to corrosion, pressure and |
temperature. It consists of two lateral inlets at its
top where two metal grips are clamped, thus
allowing the moving of the reactor. On top of the
reactor, a thin graphite ring is fitted through the
grip to the body and lid of it and permits

ensuring the tightness between the two

components of the reactor, when the test is

Image 2. The pyrolysis oven

carried out. At the top of the reactor, 12 screws are located that can be closed and
thus compress the reactor so as not to allow any possible leakage during the test
and ensure the pressure of the systems remains the same. Last but not least, there
are a stirring and a cooling system, a pressure and a temperature sensor as well as

valves for the inflow and outflow of the gases produced.

3.2.1.2 Digital Controller

A digital controller (Parr Instruments ® brand model 4848) is connected to the
reactor and they are both connected to a computer, thereby allowing the control of

the experiment directly through the computer.

The controller consists of three digital panels. One is for temperature, another

46 |Page



one is for stirring speed and finally one for pressure. These panels allow us

additionally to input the desired values we want our experiment to have.

The panel of temperature indicates
the temperature that exists inside the
reactor and has a resolution of 1 ° C. This

(@48“8%‘; panel will act at the level of the oven

L1 K3

temperature surrounding the reactor and

will also act at the level of the cooling

Image 3. The digital conto//r system by controlling the water inflow and
outflow in the coil that is placed inside the reactor, thus maintaining the temperature

constant and also serve in cooling the system by the end of each experiment.

The panel of stirring speed indicates the speed of the agitator inside the

reactor during the experiment and has a resolution of 1 rpm.

The panel of pressure indicates the pressure inside the reactor and has a

resolution of 0,1 bar.

As previously mentioned, the reactor and digital controller are both connected
to a computer where it is possible to control the reactor as well as to make records
and notes at an interval of 1 minute signing the testing time, temperature, pressure,
stirring speed and gas flow inside the reactor so as to keep our experiment

constantly updated and thus help the accuracy of the experiment.
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3.2.2 Methodology of the experiment

The realization of the experiment requires e series of stages of preparation.

These are the preparation of the experiment, the experiment itself, the collection of

the products and finally the cleaning of the reactor.

3.2.2.1 Preparation of the experiment

Even before starting the test, it is necessary to perform a series of procedures

so as to fully prepare the reactor for the experiment. These procedures depend on

the experimental conditions:
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Weigh the empty cleaned reactor with its hands (our scale’s accuracy
is0,1g)

Weigh the desired amount of oil we want to test inside the reactor.
Transfer the reactor to the main body of the pyrolysis oven

Seal the reactor very well by tightening the screws

Connect the digital controller with the computer

Close very well all exits to the outside air and the gas inlet line to the
reactor, leaving only the vacuum line open

Ensure the entire system is working properly under vacuum by linking
to the vacuum pump for some time (3-5 min)

Close the vacuum line and open the gas inlet line at the same time.
Then the reactor will slowly fill with gas and the digital controller will
radially bring the system to the desired temperature and pressure

values.



3.2.2.2 The experiment

Before each test we perform, the experimental conditions of time, pressure

and temperature are defined:
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The temperature is set by the computer

The heating button is connected to the stirring button while the digital
controller regulates the agitation lever to the desired value.

The reactor is then expected to reach the desired temperature. When it
is reached, the temperature is automatically maintained and controlled
through the cooling system.

When the time of the experiment is reached, the oven as well as the
agitation are turned off by the computer and the temperature inside the
reactor is falling until it reaches a temperature similar to the ambient
temperature (=25 ° C). This is succeeded with the help of the

refrigerating system.



Image 3. The pyrolysis oven and the two nitrogen and methane tanks (blue).

3.2.2.3 Collection of products

After the reactor will have reached a temperature really close to room
temperature, we can proceed in the collection of products formed during the

experiment:

e A sample of the gaseous products is collected carefully in a Tedlar bag
of 5 L by pressure difference. Once it is collected, the air outlet is into
the bag is closed and the air outlet to the room is opened so as the
reactor is depressurised.

e The reactor can be then opened and immediately patched with a pre-
weighted aluminium foil so as to minimize the contact between the

liquid product and the air. Then the handles can be also placed.
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e Afterwards, gravimetrical yield determination of gaseous, liquid and
solid products is performed and then the reactor together with its
handles, the liquid and the aluminium foil is weighed.

e The reactor is then transferred to a fume hood, where the liquid can be
collected with a pipette and be stored in a suitable flask.

e In case solid products have been formed during the experiment, they
are scratched out of the reactor and collected with a specific spatula

into a pre-weighed glass vial.

3.2.2.4. Cleaning of the reactor

In the end, the reactor should be cleaned so as to be ready for a new

experiment plus thus proper functioning will be ensured.

e The inside of the reactor has to be carefully cleaned with a tissue and
some wet paper in order to remove every liquid remnants.

e The reactor’s cover and the agitator should be also cleaned, therefore
a large glass cup of acetone or hexane is placed underneath them and

they are then left to dry.

3.3 Yield calculation of pyrolysis products

Gravimetric methods were used in order to determine the yield of gaseous,
liquid and solid products. Weights before and after the experiment were recorded, as

mentioned previously:
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1.

Initially, the weight of the reactor with its handles was recorded.
Afterwards, the sample was added in the reactor. In case there was gas
added in the experiment, its mass was also calculated. The new weight
was recorded again. Thus, the difference between the two weights allowed
the calculation of the reactants’ weight.

After the test was carried out, the reactor was weighed again along with its
handles, the liquid and solid products that were formed plus the aluminium
foil that was used so as to avoid reaction between atmospheric air and the
produced liquid. Again, the weight difference, before and after pyrolysis
minus the weight of the aluminium foil, allowed the calculation of the
weight of the gas formed during the experiment.

Afterwards, in order to measure the weight of the liquid products inside the
reactor, we removed the liquid and weighed it again together with the
handles and the aluminium foil. The difference in the weight would
eventually give the weight of the liquid.

In the end, in order to calculate the weight of the solid products, they were
removed (mainly by scratching) from the reactor and transferred to a pre-
weighed glass vial. Then the vial was weighed again with the solids and

the weight of the products was calculated by the difference.

Subsequently, with the weights of gaseous, liquid and solid products now

given, the yield calculation of pyrolysis products could be carried out, in accordance

to the equations:
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gaseous products’weight
Mgases(Yom/m) = T x 100
total reactants'weight

liquid products'weight
mnquids(%m/m) = 7 ; X 100
total reactants'weight

solid products'weight
Msoligs(%om/m) = . x 100
total reactants'weight

3.3.1 Characterization of gaseous products

The gaseous products of the experiments were characterized by gas
chromatography with a thermal conductivity detector. This method allowed us to
evaluate by comparison the relative concentration of the main gases present in each

sample, with the other gases that have been injected previously.

The characterization of the gases was performed at the Chemical

Laboratory — REQUIMTE of Universidade NOVA de Lisboa, department of Science

and Technology.

3.3.2 Characterization of the bio-oil

This characterization is the most important parts of biofuel making. Various

parameters have to be analysed, such as density, elementary analysis

and calorific value.
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However, due to both lack of time and equipment, only density calculations of the

bio-oils were performed. ‘ lav

e Density

In order to determine the density of each
liquid product the same method that is described
before was performed, about measuring the density of

crude oils (3.1.1).
Image 4. Some bio-oil samples

3.3.2.1 Distillation of the liquid products

The liquid products of the experiments were subjected to distillation. The aim
in this procedure was to obtain two fractions of the liquid, one more volatile- obtained
in a temperature range between 20° C - 150° C- and one less volatile fraction-
obtained in in a temperature range between 150° C — 200° C. Moreover, there was a
part of the liquid that couldn’t be distilled (sludge) because its boiling point was

obviously above the maximum distillation temperature.

The distillation device that has been used in this experiment consists of quite
some parts. Initially, there is a condenser, surrounded by a cryogenic bath whose
aim is to control the condensing temperature plus ensure the more effective

condensation of the more volatile components.

On its right side, the condenser is connected to a glass flask where the to-be-
distilled liquid is introduced. The flask is heated by a heating mantle of two
resistances. On top of the flask, a thermometer is placed which allows the control

and record of the temperatures during the experiment.
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On its left side, the condenser is connected to a glass pipe of three exits,
where two small glass vials are placed. These two vials allow the collection of more
and less volatile fractions (lighter and heavier). After the distillation is finished, the

two fractions are collected, weighed and stored in glass vials.

Moreover, the distillation yields of the fractions, are calculated by the following

equations:
M1 fraction
Y1 fraction (%m/m) = X 100 (4)
Miiquid product
Mz fraction
Y2 fraction (Yom/m) = x 100 (5)
Miiquid product

My fractiontM2fraction

Ysludge (%om/m) = (1 - ) X 100 (6)

M liquid product

Image 5. Distillation set, as described in 3.3.2.1.
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3.3.3 Characterization of the liquid products for GC-FID

The two distilled fractions were sent to GC-FID (Gas Chromatography- Flame
lonization Detection) analysis, so as the profile of boiling point and the carbon

numbers of the liquid are determined.

Image 6. The distillation products Image 7. The distillation products
still attached in the distillation system stored in suitable vials after their
collection

3.3.3.1 Preparation of the sample

Before sending the samples for chromatographic injection, they should be
prepared. The samples shouldn’t contain any water in order to be injected, so it is
necessary to be dried, otherwise the water could affect the results of the device. So
a few drops of the light fraction was taken with a pasteurized pipette and was put into
another pasteurized tube, in which a small portion of cotton and sulphate sodium
(NapS0O,) was already placed. Thus, the bio-oil is completely isolated from water.
Furthermore, in order to ensure that the isolation had been, it was necessary to

dilute the sample in dichloromethane (CH,Cl,). More specifically:

e 0.1 ml of the oil we wanted to analyse was put on a small vial

e 2 ml of petroleum ether were added
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e Some anhydrous sodium sulphate was added

e The liquid was stirred and checked in case the anhydrous sodium
sulphate created small crystals. In the event of crystallization, a
bit more of it was added so as to get a homogeneous mixture
without any aggregate of anhydrous sodium sulphate

e The filter was prepared in a pasteurised pipette by placing a piece
of cotton with great care, followed by a bit of anhydrous sodium
sulphate and again another piece of cotton.

e The liquid was then filtered to a small flask for GC-MS and kept in

a safe place so as to be protected from light

3.3.3.2 Chromatography apparatus

Every chromatographic analysis was performed on the Thermo Trace GC gas
chromatograph 200 system. This chromatograph is connected to a computer via a,
suitable for the analysis software allowing the interaction between the

chromatograph and the program.

3.3.3.3 Chromatographic analysis

The chromatographic analysis is based on the boiling point of each
hydrocarbon. After the samples are injected and by observing the chromatographic
profile, the retention times of each individual hydrocarbon can be defined and thus
the time intervals within which the compounds in the chromatograph are eluted can

be defined. Afterwards the samples are injected and the chromatograms are
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compared with the standard ones existing in the library. So, after the chromatogram
of the sample is divided by the same time intervals, it can be defined which
compounds have the same amount of carbons (as the standards). Thus, it is

possible to quantify the percentage of each hydrocarbon using the equation:

A
Number of carbons (%) = Z—i x 100 (16)

Where,
Ac : sum of the areas of the carbon number range

2 : total sum of the areas in the chromatogram

3.4 Collection of the solid products

During the pyrolysis tests, the formation of solid products was observed. They
had the form of bio-carbons and their majority was collected by scratching the

reactor, after the test was carried out.
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4. RESULTS

The tests carried out for this paper are clearly shown on Table 1, below:

Atmosphere
Vacuum Nitrogen Methane
Raw Time Pres Tempera Time Pres Tempera Time Pres Tempera
material (min)  sure ture (min)  sure ture (min)  sure ture
(bar) (°C) (bar) (°C) (bar) (°C)
oliveoit 11 30 0 420 T4 10 =) 420 T7 10 <) 420
OliveHusk T2 30 0 420 T5 10 3 420 T8 10 3 420
Oil

AMMENEE g ] 0 420 T6 10 5 420 T9 10 3 420

(17%)

Table 1. Tests carried out

4.1 Characterization of the raw materials

At this point, it would be very useful to present a few things regarding the free

fatty acid profiles of the raw materials that have been used for the experiments:

e Olive ail
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Fatty acid

Chemical Composition

structure (%)

Palmitic acid C16:0 10
Stearic acid C18:0 5
Oleic acid c18:1 80
Linoleic acid C18:2 4
Linolenic acid C18:3 1

Table 2. Olive oil Fatty Acid Profile

Source:
http://www.oliveoi
Isource.com/page/
chemical-
characteristics



e Olive husk oil

Chemical Composition

Fatty acid structure (%)
Myristic acid C14.0 0.03
Palmitic acid C16:0 13

Palmitoleic acid Cil6:1 0.94

Margaric acid C17:0 0.07

Heptadecanoic acid Cil7:1 0.15
Stearic acid C18:0 3

Oleic acid ci18:1 70
Linoleic acid C18:2 115
Linolenic acid C18:3 0.73

Arachidic acid C20:0 0.33
Gadoleic acid C20:1 0.08
Behenic acid C22:0 0.16

Table 3. Olive husk oil Fatty Acid Profile

[Source: Ouaxdputr, 2011]

e Aviary oil

Chemical Composition

Fatty acid structure (%)
Myristic acid C14.0 0.5
Palmitic acid C16:0 24

Palmitoleic acid Cil6:1 5.8
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Stearic acid C18:0 5.8

Oleic acid Cc18:1 38.2
Linoleic acid C18:2 23.8
Linolenic acid C18:3 1.9

Table 4. Animal fat (17%) Fatty Acid Profile
[Source: Ito et al., 2012]

Parameter Unit Min Max Specification
EN 14214:2012
Density at 15 k°C kg/m?® 860 900 EN ISO 12185
Viscosity at 40 °C mm?/sec 3.5 5.0 EN ISO 3104
Flash point °C 101 - EN ISO 3679
Sulfur content mg/kg - 10.0 EN ISO 20846
Cetane number - 51.0 - EN ISO 5165
Sulfated ash % m/m - 0.02 ISO 3987
Water content mg/kg - 500 EN ISO 12937
Total contamination mg/kg - 24 EN ISO 12662
Copper strip corrosion Rating Class1 Class1 EN ISO 2160
CFPP °C - 13 EN 116
Cloud point °C - 16 EN 23015
Ester content % m/m 96.5 - EN 14103
Linoleic acid methylester % m/m - 12 EN 14103
Polyunsaturated methyl % m/m - 1 EN 15779
esters (>4 double bonds)
Oxidation stability at h 8 - EN 14112
110°C
Acid value mg KOH/g - 0.50 EN 14104
lodine value g - 120 EN 14111
iodine/100g
Monoglyceride content % m/m - 0.700 EN 14105
Diglyceride content % m/m - 0.200 EN 14105
Triglyceride content % m/m - 0.200 EN 14105
Free glycerol % m/m - 0.020 EN 14106
Total glycerol % m/m - 0.250 EN 14105
Phosphorous content mg/kg - 4.0 EN 14107
Metals | (Na/K) mg/kg - 5.0 EN 14108
Metals Il (Ca/Mg) mg/kg - 5.0 EN 14538
Methanol content % m/m - 0.20 EN 14110

Table 5. Biodiesel 14214 European Standards

[Source: Melero et al., 2010]
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Lauric acid C12:0

Myristic acid C14.0
Palmitic acid C16:0
Palmitoleic acid Cl6:1
Stearic acid C18:0
Oleic acid C18:1
Linoleic acid C18:2
Linolenic acid c18:3
Arachidic acid C20:0
Eicosenoic acid C20:1
Behenic acid C22:0
Eurcic acid C22:1

Table 6. Biodiesel Fatty Acid Profile
[Source: OQuayaut, 2011]

4.2 Pyrolysis of oils and fats under a vacuum atmosphere

The pyrolysis of olive oil, olive husk oil and two animal fats with different levels
of free fatty acids were performed under a vacuum atmosphere, at the conditions
indicated in Table 1. The resulting bio-oils were distilled in order to isolate the more
volatile and low molecular weight fractions that correspond to the compounds

adequate for use as biofuels in internal combustion engines.
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t Pyrolysis Yields (% w/w)

Distillation Yields
Raw Materials

(min) (% wiw)
Gases Liquids Solids F1 F2  F1+F2
Olive Oil 30 16.1 82.0 1.9 33.7 344 68.1
Olive Husk Ol 59 440 552 08 177 484 66.1
Animal Fat
(17%) 30 15.6 81.9 0.8 439 193 63.2

Table 7. Vacuum pyrolysis of oils and fats, at 420 °C and distillation of the corresponding bio-oils:

reaction time and product yields.

90 ~
80 -
70 A
60 -
50 -

40 -
30 A
20 -
10 -

O Gases
@ Liquids
W Solids

Pyrolysis Products Yield (% w/w)

Figure 1. Vacuum pyrolysis yields of oils and fats at 420
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The thermochemical decomposition of the liquid raw materials is mainly
followed by the gas products yields since the liquid products and the non-reacted oils
and fats are miscible.

The gas products’ yield increases with the increase in the pyrolysis time from

20 min to 30 min, especially for the olive husk oil.

80
70
60 —A
50
40
30
20
10

[ ™Fraction 1

I Fraction 2

=f=Total distillate

Pyrolysis Products Yield (% w/w)

Figure 2. Distillation yields of the pyrolysis bio-oil obtained at 420 <C, under vacuum

The total distillate yields of the vegetable oils and the animal fats are
comparable except for the olive husk bio-oil that is richer in volatile components.
The increase in the acidity of the animal fat led to an increase in the formation of
lighter pyrolysis products (gases and fraction 1 components). Increasing the

pyrolysis time of olive oil resulted in a higher content of fraction 1 in the

corresponding bio-oil.
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The bio-oil obtained from the pyrolysis of olive husk oil during 30 min contains
a lower concentration of fraction 1 components because they were converted in gas

products.

4.2.1 Composition of the Distilled Fractions

The lighter fractions (F1) of the distillates were obtained in a range from room
temperature to 150 °C while the heavier fractions (F2) were isolated in a temperature
range from 150 °C to 250 °C with minor variations from these temperatures.

The distilled fractions were analyzed by gas chromatography and mass spectrometry
and the main linear alkanes present in the distilled bio-oil were identified. The
chromatographic profiles of the two distilled fractions from the bio-oil produced with

olive oil at 420 °C and 30 min are presented in Figure 3.
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Figure 3. Chromatographic profiles of the distilled fractions (F1 and F2) from the bio-oil obtained by

vacuum pyrolysis of olive oil, at 420 <C, during 30 min (test T1).

The fraction 1 of the bio-oil obtained from olive oil presents high
concentrations of octane and nonane while the component with higher carbon
number is heptadecane (C17) with only minor amounts of octadecane (C18). This
behavior is consistent with the typical composition of olive oil, commonly dominated
by oleic acid. This fatty acid has 18 carbons and by decarboxylation (loss of CO5),
yields heptadecene; this unsaturated hydrocarbon can suffer cleavage in its double
bond to produce two primary products with 8 and 9 carbon atoms, which during the
cooling phase of the reactor can rearrange to yield stable neutral molecules with
these carbon numbers, namely the more stable isomers: octane and nonane (Figure

3).
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C8 — octane and isomers N

C9 — nonane and isomers

Image 6. Schematic representation of the main pathways for the thermochemical decomposition of

oleic acid

The composition of fraction 2 also reflects these mechanisms, in particular the
different concentrations of heptadecane and octadecane indicate that
decarboxylation occurs in some extent. The presence of different hydrocarbons with
carbon numbers from 9 to 17 is explained by reactions of recombination of the
pyrolysis primary products with 9 carbons or less.

Besides oleic acid the major free fatty acids of olive oil are linoleic acid,
linolenic acid and stearic acids (all with 18 carbons but different degrees of
insaturation) and palmitic and palmitoleic acids with 16 carbons. All these fatty acids
will also suffer reactions analogous to the ones described in Figure 3 and in
particular the decarboxylation of the 16 carbons fatty acids may explain the high
concentration of pentadecane (C15) when compared to the other components
(Figure 3).

Finally, some minor amounts of hydrocarbons with 19 carbons and higher
may either result from their presence, in low concentrations, in the olive oil or from

the combination of higher molecular weight primary products.
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The compounds that elute between two consecutive alkanes are isomers or
related compounds with similar molecular weight that are formed by other reactions
of recombination and isomerization.

When performing pyrolysis under vacuum conditions or with an inert gas
atmosphere the carbon-carbon bonds will be cleaved but there is not a source of
hydrogen atoms to complete the four bonds required by carbon atoms in sp3
hybridization. Therefore, the pyrolysis primary products tend to form double bonds
and/or cyclic structures in order to yield neutral molecules. That is the main reason
for the presence of a relatively high content of aromatic compounds in the pyrolysis
oils, responsible for their pungent odor and high toxicity.

The relative concentrations of these different final products depend on their
relative thermodynamic stability but also on kinetic factors since those recombination
reactions are also influenced by the velocity of cooling of the pyrolytic vapors.

The chromatographic profiles of the two distilled fractions from the bio-oil produced

with olive husk oil at 420 °C and 30 min are presented in Figure 4.
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Figure 4. Chromatographic profiles of the distilled fractions (F1 and F2) from the bio-oil obtained by
vacuum pyrolysis of olive husk oil, at 420 <C, during 30 min (test T2).

The profiles presented in Figure 4 are similar to the ones of Figure 3 which is
expectable since the raw materials are both vegetable oils produced from the olive
fruit, except for the higher content of free fatty acids usually present in the olive husk

oil. This higher acidity will facilitate the thermal degradation of the oils because it
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means that a higher fraction of the triglycerides are already partially decomposed. As
a consequence, a higher proportion of lighter hydrocarbons are found in this bio-oil
and it also presents lower concentrations of hexadecane (C16) and heptadecane
(C17).The chromatographic profiles of the two distilled fractions from the bio-oil

produced with animal fat, at 420 °C and 30 min are presented in Figure 5.
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Figure 5. Chromatographic profiles of the distilled fractions (F1 and F2) from the bio-oll
obtained by vacuum pyrolysis of animal fat (17%), at 420 <C, during 30 min (test T3).
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The animal fats are characterized by higher concentrations of saturated fatty
acids such as stearic acid (C18) and palmitic (C16) when compared with the
vegetable oils. The free fatty acids will tend to react differently under pyrolysis
conditions because all carbon-carbon bonds in the side chain are equivalent. Thus,
besides the decarboxylation or decarbonilation reactions, further decomposition of
the hydrocarbon chain can occur in any other bond so the probability of formation of

products with different carbon numbers is equivalent.

CO,
GGy T T HO
_________________________ Voo T
" C16 |
_________________________ G

Image 7. Schematic representation of the sequential decomposition of a saturated fatty acid after

decarboxylation under pyrolytic conditions.

This different thermochemical degradation pathways result in higher
concentrations of hydrocarbons with higher carbon numbers namely equivalent
concentrations of the hydrocarbons from C9 to C15 in fraction 1. The relative
concentrations of heptadecane (C17) and hexadecane (C16) are also high in both
fractions when compared with the concentrations of those hydrocarbons in bio-oils

produced with vegetable oils.

71| Page



The carbon number distribution of the bio-oil components was evaluated by
making the assumption that the compounds eluted between two adjacent linear
hydrocarbons have carbon numbers identical to those hydrocarbons; thus their
individual relative concentrations were grouped, and represented as a function of the
corresponding carbon numbers (Figure 6).

Since one of the main applications of pyrolysis bio-oils or hydrogenated
vegetable oils is their use as biofuels in internal combustion engines this analysis is
appropriate for the evaluation of their fuel potential that is strongly dependent on the

distribution of carbon numbers of their components.
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Figure 6. Carbon number distribution of the distilled bio-oil components,

from the pyrolysis of the various raw materials, under a vacuum atmosphere.

4.3 Pyrolysis of oils and fats under a Nitrogen atmosphere

Raw Initial Pyrolysis Yields (% w/w) Distillation Yields (%
Materials Pressure w/w)
(bar) Gases Liquids Solids F1 F2 F1+F2
Olive Oil 3 19.7 80.3 0.0 39.3 482 874
Olive Husk 3 18.1 81.9 0.0 12,7 73.1 85.9
Oil
Animal Fat 2.4 26.0 74.0 0.0 18.3 58.0 76.3
(17%)

Table 8. Mass yields of pyrolysis of oils and fats, at 420 °C, during 10 min under a nitrogen

atmosphere and distillation of the corresponding bio-oils
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OGases [@Liquids Solids
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Figure 7. Pyrolysis of oils and fats at 420 <C, 10 min under a nitrogen atmosphere: product yields for

gases, liquids and solids.
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Figure 8. Distillation of the pyrolysis bio-oils obtained at 420 <C, during 10 min under a nitrogen

atmosphere.
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4.3.1 Composition of the Distilled Fractions
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Figure 9. Chromatographic profiles of the distilled fractions (F1, F2) from the pyrolysis bio-oil obtained

from olive oil, at 420 <C, during 10 min, under a nitrogen atmosphere (T4).

The fraction 1 of the bio-oil obtained from olive oil presents high concentration
of nonane in this case and the component with higher carbon number is
heptadecane (C17), whereas we can note small amounts of octadecane (C18).
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Moreover, in this chromatographic profile, we can observe that there are
relevantly similar amounts of decane (C10), undecane (Cl1l), dodecane (C12),
tridecane (C13), tetradecane (C14) and pentadecane (C15).

The composition of fraction 2 is quite different though. It is clearly noted that
there is a significant decrease in the concentration from nonane (C9) until dodecane
(C12) and a progressive increase in the number of carbons, as figure 9-F2 shows.
The concentration of the roots from tetradecane (C14) to octadecane (C18) is

significantly increased and later on, stabilized.
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Figure 10. Chromatographic profiles of the distilled fractions (F1, F2) from the pyrolysis bio-oil

obtained from olive husk oil, at 420 <C, during 10 min, under a nitrogen atmosphere (T5).

The profiles presented in Figure 10 —F1 are quite similar to the ones of Figure
11 what is expectable since the raw materials are both vegetable oils produced from
the olive fruit. The high amount of fatty acids usually present in the olive husk oil can
be still clearly observed. What can be also observed is that the decrease of carbon
concentration in fraction one is quite steep; meaning that there is a quite big
concentration of nonane (C9), but after this, the concentration of decane (C10) is
quite lower and then of undecane (C11) to pentadecane (C15) almost nonexistent.

In the composition of fraction 2 it is clearly noted that there is a significant
decrease in the concentration of carbons from nonane (C9) until pentadecane (C15)
and a progressive increase in the number of the rest carbons, from hexadecane
(C16) and onwards, as figure 10-F2 shows. It is important to note that the carbons

after eicosane (C20) are not reaching zero.
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Figure 11. Chromatographic profiles of the distilled fractions (F1, F2) from the pyrolysis bio-oil

obtained from animal fat (17%), at 420°C, during 10 min, under a nitrogen atmosphere (T6).

In this chromatographic profile we can observe that the concentration of the
carbon numbers is quite high. There are big concentrations of nonane (C9), decane
(C10), undecane (C11), dodecane (C12). Moreover, small concentrations of
hexadecane (C16) and heptadecane (C17) are observed, which can be a result of

occuring decarboxylation of saturated fatty acids existing in animal fats, under
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pyrolytic conditions. This profile of the first fraction of animal fats has not changed
much now, reacting with nitrogen, in comparison to the one under vacuum
conditions.

Minor differences to the profile under vacuum conditions can be observed
also in fraction 2. A small decrease in the concentrations of nonane (C9) and decane
(C10) are noted as well as a small increase in those of octadecane (C18),
nanodecane (C19) and eicosane (C20). The rest of carbons’ concentrations remain,

generally, quite steady in this profile.
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Figure 12.Carbon number distribution of the distilled bio-oil components, from the
pyrolysis of the various raw materials, under a nitrogen atmosphere.
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4.4 Pyrolysis of oils and fats under a Methane atmosphere

Raw Initial Reaction Pyrolysis Yields (% w/w)  Distillation Yields
Materials Pressure Time (% wiw)
(bar) (min) Gases Liquids Solids F1 F2 F1+F2
Olive Qil 3 10 19.2 80.8 00 169 572 741
Olive Husk
Qil 3 10 14.1 85.9 0.0 292 485 77.7
Animal Fat
(17%) 3 10 18.7 81.3 0.0 181 404 585

Table 9. Mass yields of pyrolysis of oils and fats, at 420 °C, during 10 min under a methane

atmosphere and distillation of the corresponding bio-oils.
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Figure 13. Pyrolysis yields obtained at 420 <C, under a methane atmosphere
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Figure 14. Distillation of the pyrolysis bio-oils obtained at 420 <C, under a methane atmosphere
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Figure 15. Chromatographic profiles of the distilled fractions (F1, F2) from the pyrolysis bio-oil

obtained with olive oil, at 420 <C, during 10 min, under a methane atmosphere (T7).

The composition of the chromatographic profile of animal fats pyrolysed under
methane atmosphere is quite similar to the two previous ones, conducted under
vacuum and nitrogen atmospheres. Thus, the carbon composition diagram involves
high concentrations of nonane (C9) and decane (C10) as well as a radial decrease

of the carbons’ concentrations.
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The same applies for the second fraction as well, an increase in the
concentrations of carbons is observed, more specifically from nonane (C9) to
pentadecane (C15) combined with a small decrease of the further carbon

concentrations; those of hexadecane (C16) to eicosane (C20).
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Figure 16. Chromatographic profiles of the distilled fractions (F1, F2) from the pyrolysis bio-oil

obtained with olive husk oil, at 420 <C, during 10 min, under a methane atmosphere (T8).
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Regarding the light fraction of this chromatographic profile, fraction 1-F1, it is
observed that has no important variations, in comparison with the rest samples of
olive husk oil, under vacuum and nitrogen atmosphere. What is quite interesting to
be noted, is the behavior of the heavier fraction, fraction 2-F2. Starting from really
low carbon concentrations (of nonane (C9)), there is a steady increase in the

composition of the sample in carbons, reaching the top peak of pentadecane (C15).
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Figure 17. Chromatographic profiles of the distilled fractions (F1, F2) from the pyrolysis bio-oil

obtained with animal fat (17%), at 420 <C, during 10 min, under a methane atmosphere (T9).
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Figure 18. Carbon number distribution of the distilled bio-oil components, from the pyrolysis of the

various raw materials, under a methane atmosphere.

5. DISCUSSION

5.1 Comparison of the pyrolysis products obtained under different
atmospheres

Initially, in order for all the experiments conducted in the laboratory to be
discussed, they have to be demonstrated and gathered. They are presented in Table

10.
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Vacuum

Maximum
Carbon Carbon Distillation Pressu Time  Temperat
type relative yield re (min) ure
concentration (F1) (bar) (°C)
(%)
C9-C10 26.31 33.7 0 30 420
C9-C10 34.92 17.7 0 30 420
C11-C12 17.75 43.9 0 30 420
Nitrogen
Maximum
Carbon Distillation Pressu Time Temperat
Carbon relative yield re (min) ure
type concentration (F1) (bar) (°C)
(%)
C9-C10 17.87 39.3 3 10 420
C8-C9 36.48 12.7 3 10 420
C9-C10 24.93 18.3 3 10 420
Methane
Maximum
Carbon Distillation Pressu Time  Temperat
Carbon relative yield re (min) ure
type concentration (F1) (bar) (°C)
(%)
C9-C10 29.26 16.9 3 10 420
C9-C10 24.52 29.2 3 10 420
C8-C9 33.74 18.1 3 10 420

Table 10. Experiments carried out and experimental conditions
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Figure 19. Carbon number distribution of the distilled bio-oil components (Fraction 1), from the

pyrolysis of olive oil at 3 bar, during 10 min, under different atmospheres.
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Figure 20. Carbon number distribution of the distilled bio-oil components, from the pyrolysis of olive

husk oil at 3 bar, during 10 min, under different atmospheres.
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Figure 21. Carbon number distribution of the distilled bio-oil components, from the pyrolysis of animal

fat (17%) at 3 bar, during 10 min, under different atmospheres.

Very similar fatty acid profiles are noted for the fraction 1 of the oils tested
during the experiments in almost every condition. More specifically, for the 1°
fraction of olive oll, it is noted that the fatty acids with higher concentrations are the
ones from C8 to C12, especially for vacuum and methane atmospheres. Their
concentrations approach 25% for vacuum and 30% for methane atmosphere. This
olive oil under nitrogen atmosphere, however, does not reach very high fatty acid

concentrations, since it reaches only up to 18%, for acids from C9 to C10.

Regarding the olive husk oil profile now, it can be easily observed that it is
very similar to the one of olive oil, presenting higher fatty acid concentrations of C8
to C11. However, in this case the atmosphere which is not quite suitable for the oil is
the methane atmosphere, since it is noted that the highest percentage reached is
that of 25%, in comparison to both vacuum and nitrogen which in this case reach the

percentage of 37% and 35%, respectively for a carbon acid range from C8 to C10 .
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Noteworthy is the following figure, the one of animal fats (17% acidity), since it
presents a slightly different fatty acid profile. It is noted that presents the highest fatty
acid concentrations under a methane atmosphere, reaching up to 35% for C8 and
C9 acids, while gradually these concentrations are getting lower as noted in almost
all light fractions of distillations. On the other hand, vacuum atmosphere proves to be
not so efficient for the fat, since it accumulates small concentrations of fatty acids,
reaching a maximum of 15% for acids from C11 and C12, whereas nitrogen is also in

low levels, presenting a maximum concentration of 25%.

Hereby, the same figures as previously are presented, but in this case they

are viewed under different atmospheres.
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Figure 22. Carbon number distribution of the distilled bio-oil components (Fraction 1), from the

pyrolysis of all oils, at 0 bar, during 30 min, under vacuum atmosphere.
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Figure 23. Carbon number distribution of the distilled bio-oil components (Fraction 1), from the

pyrolysis of all oils, at 3 bar, during 10 min, under nitrogen atmosphere.
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Figure 24. Carbon number distribution of the distilled bio-oil components (Fraction 1), from the

pyrolysis of all oils, at 3 bar, during 10 min, under methane atmosphere.
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Figure 25. Carbon number distribution of the distilled bio-oil components (Fraction 2), from the

pyrolysis of olive oil at 3 bar, during 10 min, under different atmospheres.
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Figure 26. Carbon number distribution of the distilled bio-oil components (Fraction 2), from the

pyrolysis of olive husk oil at 3 bar, during 10 min, under different atmospheres.
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Figure 27. Carbon number distribution of the distilled bio-oil components (Fraction 2), from the

pyrolysis of animal fat (17%), at 3 bar, during 10 min, under different atmospheres.

Totally different are the fatty acid profiles for the 2" fraction of distillation. It is
guite notable the fact that the fatty acid concentrations are quite low, reaching only
up to 15% maximum for olive oil in all atmospheres. The biggest fatty acid
concentration is noted from C13 to C16 for all atmospheres, reaching 15% for C15 —

C16 in vacuum atmosphere. Afterwards there is a gradual drop in the concentration

of fatty acids for all oils.

Regarding the 2" fraction of olive husk oil, now, quite noteworthy is the fact
that the highest fatty acid concentrations (up to 23%) are noted in a vacuum
atmosphere for the fatty acids C10 — C13. Afterwards, in the vacuum atmosphere
there is a gradual reduction in the fatty acid concentration. In both nitrogen and
methane atmospheres, though, the highest amount of fatty acids is noted between

C11 - C17, reaching up to 12 % for both.

Regarding the fatty acid profile of animal fats (17%) it is important to note that

the highest fatty acid concentrations are noted in the area from C11 to C17, reaching
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the top peaks of C15 — C16 for the vacuum atmosphere (~16%) and of C14 — C15

for both nitrogen and methane, up to 13% for both.

Also, for fraction 2 of the olive oil derived bio-oil the influence of methane
resulted in a higher content of lower molecular weight components up to C16 and
reduction of the components with higher number of carbons.

Like previously observed for Fraction 1 the stabilization of lower molecular
weight products is not observed for olive husk oil as in the case of olive oil or animal
fat.

The animal fat is also influenced by the methane atmosphere during pyrolysis
presenting a higher stabilization of the lower molecular weight components of the
bio-oil, up to 15 carbon atoms. This stabilization may result from direct reaction of
methane with the primary pyrolysis products or from the in situ formation of hydrogen
by pyrolysis of methane that in turn will react with the primary products of pyrolysis,

stabilizing them and reducing the extent of the recombination reactions.

Once more, the same figures as previously are presented, viewed under

different atmospheres.
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Figure 28. Carbon number distribution of the distilled bio-oil components (Fraction 2), from the

pyrolysis of all oils, at 0 bars, during 30 min, under vacuum atmosphere.
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Figure 29. Carbon number distribution of the distilled bio-oil components (Fraction 2), from the
pyrolysis of all oils, at 3 bars, during 10 min, under nitrogen atmosphere.
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Figure 30. Carbon number distribution of the distilled bio-oil components (Fraction 2), from the

pyrolysis of all oils, at 3 bars, during 10 min, under methane atmosphere.

5.2 Total distillation yields for every oil under all atmospheres
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Figure 31. Distillation yields of the distilled bio-oil components (Fraction 1) in comparison to total
distillate, from the pyrolysis of all oils, under all atmospheres
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Taking into account Figure 31 it is quite obvious to understand that for the 1%
fraction of distillation, vacuum atmosphere is the one that gives relevantly high
distillation yields, reaching even the percentage of 44% for animal fats and 34% for
olive oil. Generally, olive oil is the one that seems to have the highest yields
compared to the other oils and fats, whereas olive husk oil is the one that seems to

give higher yields in a methane atmosphere.
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Figure 32. Distillation yields of the distilled bio-oil components (Fraction 2) in comparison to total
distillate, from the pyrolysis of all oils, under all atmospheres

Remarkably different is Figure 32, where the distillation yields of fraction 2 are
presented. The highest yields are those of olive husk oil and animal fats (17%) under
a nitrogen atmosphere, reaching respectively 76% and 58% in relevance to the total
distillate in these conditions which is 86% for olive husk oil and 77% for animal fats.
Moreover, quite remarkable is the fact that olive oil presents the highest distillation

yield under a methane atmosphere, reaching 58% while the total distillate in this
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atmosphere is 75%. Last but not least, the vacuum atmosphere presents quite low

yields for fraction 2, not being able to surpass beyond 49% of olive husk oil.

6. CONCLUSIONS

6.1 General conclusions

As previously mentioned, the aim of this study was not to define if the
distillates produced through the experimental procedures are biodiesels, but to
examine if two basic properties of theirs are similar to those of pure diesel; namely
the contained —in the bio-oils— methyl esters and the estimation of the distillation

yields of those bio-oils.

Moreover, among the aims of this research has been to estimate which of the
three vegetable oils and animal fats could more effectively meet those diesel
properties as well as to determine under which atmosphere these properties could

be better met.

6.1.1 Conclusions for the oils and fats

Generally, due to the different conditions and atmospheres in which the
experiments were carried out, it is quite difficult to determine which is the oil or fat

that best meets the diesel properties.
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So, regarding the first fraction of the distillation, all oils and fats have quite
similar concentrations in fatty acids with minor variations. What can be noted though,
is that olive husk oil presents the highest concentrations in both vacuum and
nitrogen atmospheres. Regarding the second fraction, now, olive husk olil is again
making the difference, in the — generally similar between them — fatty acid profiles
because it is noted that, under a vacuum atmosphere, reaches a fatty acid
concentration of 23% for carbon numbers from 11 to 12. All in all, as a total distillate
yield, we can observe that for fraction 2, the biofuels produced are reaching quite

high distillation yields, reaching even 85%.

As a result, olive husk oil is the one that achieves the highest distillation yield
of both fractions almost under all atmospheres and especially under the nitrogen

one.

6.1.2 Conclusions for the experimental atmospheres

Taking a look at Figure 32 it is quite obvious to see that the nitrogen
atmosphere is the most efficient, reaching quite high distillation yields up to 85%;
quite high for a biofuel. Moreover, is obvious that for the first fraction, the most
suitable atmospheres are methane and vacuum for olive oil, even though the
concentrations that it reaches are up to 30% and methane for animal fat, again with
concentrations up to 33%. The use of methane resulted in a stabilization of the lower
molecular weight components of fraction 1, namely with 8 to 10 carbon numbers, for
the bio-oils obtained from animal fat (17%) or olive oil, whereas, in the second
fraction of distillation, what can be concluded from the fatty acid profiles is that they

generally do not reach high fatty acid concentrations.
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At this point, it is quite noteworthy to add that the different pyrolysis times as
well as pyrolysis pressures did not make a significant effects on the bio-oils
produced. There were some repetitions performed at the laboratory, changing a few
variables in the tests, such as performing the olive oil test under vacuum conditions
for 20 mins instead of 30 mins, or using an aviary fat of 4.5% acidity instead of 17%
acidity, or performing the animal fat experiments in 20 mins instead of 10 mins. In
every case, the variations in pyrolysis yields, distillation yields and fatty acid profiles

were minor. As a result, there is no point in alternating the experimental conditions.

6.2 Difficulties and Restrictive Factors of Research

Some of the difficulties and restrictive factors of this research are listed below:

e The fact that, in order to check all the diesel properties of a bio-oil
much equipment, time and effort is needed and it is quite difficult
to be performed in a university laboratory.

e The absence of the needed equipment so as for the diesel
properties to be checked. The properties needed to be checked
are listed on Table 1.

e The time limit of the experiments, since they were performed, as
previously mentioned, in an Erasmus programme that lasted for a

whole semester.

6.3 Suggestions for future research
At this point, it would be very crucial for further, future research suggestions to
be given.
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As previously mentioned, due to the lack of available equipment, as well as
time, elementary analysis and chemical composition of the produced bio-oils could
not be performed. So, samples of the produced bio-oils could be sent to relevant
laboratories to determine their accurate composure and have it compared to the
Biodiesel 14214 European Standards (Table 5). This would be a very useful addition

for a future research.

Moreover, again due to lack of time and equipment, there was not biofuel
quality checking performed. The biofuels produced from both vegetable oils and
animal fats were not subjected to further analysis regarding their properties, such as:
calorific value-high heating value, acidic value, pH measurement, water content. This
would be a quite important addition ad should be taken into consideration to be

performed to all biofuels produced in the future.

So, although the upgraded bio-oil could be used as alternative fuel of boiler in
internal combustion engines, it still cannot replace the fossil fuels completely due to
few restrictions in technologies and in cost. So, it is quite a big matter the way with
which the upgrading technologies could be used and upgraded so as the bio-oil from
biomass pyrolysis could be directly used, especially for the case of aviary oil (animal

fat 17%).

Animal fats, generally, contain more protein and phosphoacylglycerols (gums)
due to the fact that they are animal cell membranes and thus remain within the lipids
fraction. For this reason, a degumming process could be used in order to eliminate
the phosphoacylglycerols from fats, prior to biodiesel production. A very efficient
process, so far, is using 60% orthophosphoric acid, after which there can be

performed centrifugation so as to separate the gums
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Furthermore, biodiesel produced from animal fats is quite less stable for
oxidation, in addition to it lacking natural antioxidants compared to vegetable
originated biodiesel. For these properties, biodiesel produced from animal fats might
not be adequate to use it 100% pure in vehicles during cold weather. However, it is
possible that it might be used 100% pure in boilers for heat generation. [Sendzikiene

et al., 2005]
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