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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. 

 

ΠΕΡΘΛΗΦΗ 
 

1. Εηζαγωγή 

Η αλάγθε γηα ελέξγεηα απμάλεηαη ζπλερψο ζηηο κέξεο καο, αλ ιάβνπκε ππφςε 

ηελ ηαρεία αχμεζε ηνπ πιεζπζκνχ θαη ηεο βηνκεραληθήο αλάπηπμεο. Δπί ηνπ 

παξφληνο, ε δήηεζε απηή ηθαλνπνηείηαη κεξηθψο απφ ζπκβαηηθέο πεγέο ελέξγεηαο θαη 

θαχζηκα, φπσο ν άλζξαθαο, θαηά 41,3%, ην θπζηθφ αέξην, θαηά 21,9%, ηα ππξεληθά, 

θαηά 11,7%, ην πεηξέιαην, θαηά 4,8%, θιπ, πνπ επίζεο ζεσξνχληαη ππεχζπλεο γηα 

έλα κεγάιν κέξνο ησλ πεξηβαιινληηθψλ πξνβιεκάησλ, φπσο ε ππεξζέξκαλζε ηνπ 

πιαλήηε ή ην θαηλφκελν ηνπ ζεξκνθεπίνπ. Ωο απνηέιεζκα ππήξμε ε αλάγθε ησλ 

αλζξψπσλ λα βξνπλ ηξφπνπο γηα λα πξνζηαηεχζνπλ ην θπζηθφ πεξηβάιινλ ηνπο θαη 

ζηε ζπλέρεηα λα θαηαιήμεη ζε πην θηιηθέο πξνο ην πεξηβάιινλ ιχζεηο, φζνλ αθνξά 

ζηελ ελεξγεηαθή αλάπηπμε θαη εθκεηάιιεπζε. Καη εθεί αθξηβψο είλαη ην ζεκείν φπνπ 

αλαδχεηαη ην ζέκα ηεο βηνελέξγεηαο. Η βηνελέξγεηα είλαη κηα αλαλεψζηκε ελέξγεηα θαη 

δηαηίζεηαη απφ πιηθά πνπ πξνέξρνληαη απφ βηνινγηθέο πεγέο. Μία απφ ηηο 

αλαλεψζηκεο πεγέο ελέξγεηαο πνπ έρεη αθηηληθά άξρηζε λα απνθηά φιν θαη 

πεξηζζφηεξν ελδηαθέξνλ είλαη ε βηνκάδα. 

΢ε απηήλ ηελ εξγαζία, ε πεηξακαηηθή κειέηε θαη έξεπλα έρεη δηεμαρζεί γηα ηε 

δεκηνπξγία θαπζίκσλ απφ θπζηθά πξντφληα, φπσο θπηηθά έιαηα θαη δσηθά ιίπε. Σα 

ηειεπηαία ρξφληα, ε ππξφιπζε ηεο βηνκάδαο έρεη γίλεη αξθεηά δεκνθηιήο σο κέζνδνο 
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γηα ηελ παξαγσγή ελέξγεηαο θαη θαπζίκσλ. Μέζσ ηεο δηαδηθαζίαο ηεο ππξφιπζεο, 

πξαγκαηνπνηείηαη παξαγσγή βηνθαπζίκσλ θαη βηνειαίσλ, ηα νπνία κπνξνχλ λα 

ζεσξεζνχλ ελαιιαθηηθά θαη απνδνηηθά απφ άπνςε θαπζίκσλ. Με ηελ πεξαηηέξσ 

επεμεξγαζία, ηα πξντφληα ηνπο κπνξνχλ λα πξνζαξκνζηνχλ θαη λα πξνζηεζνχλ ζε 

πεηξειατθά πξντφληα. Πην ζπγθεθξηκέλα, ε ππξφιπζε ησλ ειαίσλ θαη ησλ ιηπψλ 

επηηξέπεη ηελ ζεξκνρεκηθή κεηαηξνπή ησλ ηξηγιπθεξηδίσλ ζε νπζίεο κε παξφκνηεο 

ηδηφηεηεο κε εθείλεο ηεο βελδίλεο. 

Ωο απνηέιεζκα, ν ζθνπφο απηήο ηεο εξγαζίαο ήηαλ λα κειεηεζεί θαη λα 

παξαθνινπζεί ηελ επίδξαζε θάπνησλ παξακέηξσλ ειέγρνπ ζηηο δηαδηθαζίεο 

ππξφιπζεο ησλ θπηηθψλ ειαίσλ θαη ησλ δσηθψλ ιηπψλ,  ιακβάλνληαο  ππφςε ηελ 

νμχηεηα ηνπο, ηα πξνθίι, ηελ ειηθία ηνπο, έηζη ψζηε λα θαηαζηεί εθηθηή ε ζχγθξηζε 

ησλ απνδφζεσλ κεηαηξνπήο ησλ πξντφλησλ πνπ παξάγνληαη, κε εθείλεο ησλ 

βηνθαπζίκσλ. 

 

2. Πεηξακαηηθό 

Σν πεηξακαηηθφ κέξνο ηεο εξγαζίαο απνηειείην απφ δηεξγαζίεο νη νπνίεο είραλ 

–ζαθψο- ζηφρν ζηελ ρξεζηκνπνίεζε πξψησλ πιψλ (θπηηθψλ ειαίσλ θαη δσηθψλ 

ιηπψλ) πξνο ηελ παξαγσγή βηνθαπζίκσλ - βηνληίδει. 

Πην ζπγθεθξηκέλα, ηα θπηηθά έιαηα πνπ ρξεζηκνπνηήζεθαλ ήηαλ: ειαηόιαδν 

θαη ππξελέιαην, ελψ σο δσηθφ ιίπνο πξνηηκήζεθε ην ιίπνο θνηόπνπινπ. 

Αθφκα, είλαη ζεκαληηθφ λ’αλαθεξζεί φηη πξνθεηκέλνπ λα ραξαθηεξηζηνχλ ζε 

έλα βαζκφ ηα έιαηα πνπ ρξεζηκνπνηήζεθαλ θαηά ηε δηεξγαζία ηεο ππξφιπζεο, 

πξαγκαηνπνηήζεθε έιεγρνο ηεο ππθλφηεηάο ηνπο. 
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2.1 Εμνπιηζκόο 

Η φιε πεηξακαηηθή δηαδηθαζία πξαγκαηνπνηήζεθε ζην Universidade NOVA de 

Lisboa, ζην ηκήκα επηζηήκεο θαη ηερλνινγίαο, πην ζπγθεθξηκέλα ζην ηκήκα 

Βηνκάδαο. Μάιηζηα, ν εμνπιηζκφο πνπ ρξεζηκνπνηήζεθε θαηά ηελ δηάξθεηα ησλ 

πεηξακάησλ γηα ηε δηαδηθαζία ηεο ππξφιπζεο ήηαλ έλαο θνχξλνο-αληηδξαζηήξαο 

ππξφιπζεο, πςειήο πίεζεο ( brand Parr Instruments ®, UK)  ν νπνίνο κπνξεί λα 

ιεηηνπξγήζεη ζε έλα εχξνο ζεξκνθξαζηψλ, έσο  500 ° C θαη πηέζεσλ έσο 300 bar. 

Ο αληηδξαζηήξαο απηφο, είλαη ρσξεηηθφηεηαο 5 L, θαηαζθεπαζκέλνο απφ 

κέηαιιν θαη πνιχ αλζεθηηθφο ζε θάζε είδνπο δηάβξσζε, πίεζε θαζψο θαη 

ζεξκνθξαζία. Αθφκα, ζηελ θνξπθή ηνπ είλαη ηνπνζεηεκέλνο έλαο ςεθηαθφο ειεγθηήο 

(Parr Instruments ® brand model 4848), ν νπνίνο θαηαγξάθεη ηηκέο γηα ηξεηο 

κεηαβιεηέο: ηελ ζεξκνθξαζία, ηελ ηαρχηεηα αλάδεπζεο θαη ηελ πίεζε ζην εζσηεξηθφ 

ηνπ αληηδξαζηήξα. 

Σέινο, θαη ν αληηδξαζηήξαο αιιά θαη ν ςεθηαθφο ειεγθηήο είλαη ζπλδεδεκέλνη 

κε έλαλ ειεθηξνληθφ ππνινγηζηή, κε ηνλ νπνίνλ είλαη δπλαηφλ λα δεκηνπξγεζνχλ νη 

θαηάιιειεο ζπλζήθεο, λα ηξέμεη ην πείξακα αιιά θαη λα θξαηνχληαη ηα δεδνκέλα ηνπ 

πεηξάκαηνο γηα θάζε ρξνληθή ζηηγκή. 

 

2.2 Η κεζνδνινγία ηνπ πεηξάκαηνο 

Η πξαγκαηνπνίεζε ηνπ πεηξάκαηνο πξναπαηηεί κία ζεηξά πξνεηνηκαζηψλ; ησλ 

πξνεηνηκαζηψλ ηνπ πεηξάκαηνο, ηνπ ίδηνπ ηνπ πεηξάκαηνο, ηεο ζπγθέληξσζεο ησλ 

πξντφλησλ θαη ηειηθά ηνλ θαζαξηζκφ ηνπ αληηδξαζηήξα. 
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2.3 Ο ππνινγηζκόο ηεο απόδνζεο ηωλ πξνϊόληωλ ππξόιπζεο 

Γηα ηνλ πξνζδηνξηζκφ ηεο απφδνζεο ησλ αεξίσλ, πγξψλ θαη ζηεξεψλ 

πξντφλησλ ηεο ππξφιπζεο ρξεζηκνπνηήζεθαλ ζηαζκηθέο κέζνδνη, αξρηθά κε ην 

δχγηζκα ηνπ αληηδξαζηήξα θαη ζηε ζπλέρεηα κε απνκφλσζε ησλ επηκέξνπο 

πξντφλησλ. Οη δηαδηθαζίεο παξαηίζεληαη πην ζπγθεθξηκέλα παξαθάησ. 

 

2.3.1 Υαξαθηεξηζκόο ηωλ αέξηωλ πξνϊόληωλ 

Σα αέξηα πξντφληα ηνπ πεηξάκαηνο ραξαθηεξίζηεθαλ κέζσ αέξηαο 

ρξσκαηνγξαθίαο κε αληρλεπηή ζεξκηθήο αγσγηκφηεηαο. Απηή ε κέζνδνο επέηξεςε 

ηελ ζπγθξηηηθή αμηνιφγεζε ηεο ζρεηηθήο ζπγθέληξσζεο ησλ θχξησλ αεξίσλ πνπ 

ππήξραλ ζε θάζε δείγκα, κε ηα άιια αέξηα πνπ έρνπλ εγρπζεί πξνεγνπκέλσο. 

Ο ραξαθηεξηζκφο ησλ αέξησλ πξντφλησλ πξαγκαηνπνηήζεθε απφ ην 

Chemical Laboratory – REQUIMTE ηνπ Universidade NOVA de Lisboa, ηνπ 

ηκήκαηνο Δπηζηήκεο θαη ηερλνινγίαο 

 

2.3.2 Υαξαθηεξηζκόο ηνπ βην-ειαίνπ 

Δπξφθεηην γηα ηνλ πην ζεκαληηθφ ραξαθηεξηζκφ ηνπ πεηξάκαηνο αιιά θαη ηνλ 

ιφγν εθπφλεζεο ηεο παξνχζαο εξγαζίαο. Γηάθνξεο παξάκεηξνη έπξεπε λα 

αλαιπζνχλ: 

 Η ππθλφηεηα 

 ΢ηνηρεηψδεο αλάιπζε θαη ζεξκηδηθή αμία 
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2.3.2.1 Απόζηαμε ηωλ πγξώλ πξνϊόληωλ 

Σα πγξά πξντφληα ησλ πεηξακάησλ ππνβιήζεθαλ ζε απφζηαμε. Ο ζηφρνο ηεο 

δηαδηθαζίαο απηήο ήηαλ λα ιεθζνχλ δχν θιάζκαηα ηνπ πγξνχ, ελφο πηεηηθνχ, ην 

νπνίν ειήθζε ζε εχξνο ζεξκνθξαζίαο κεηαμχ 20 ° C - 150 ° C θαη ελφο ιηγφηεξν 

πηεηηθνχ θιάζκαηνο, ην νπνίν ειήθζε ζε κηα ζεξκνθξαζία πνπ θπκάλζεθε κεηαμχ 

150 ° C - 200 ° C. Δπηπιένλ, ππήξρε έλα κέξνο ηνπ πγξνχ πνπ δελ κπνξνχζε λα 

απνζηαρζεί (ηιχο), δηφηη ην ζεκείν δέζεψο ηνπ ήηαλ πξνθαλψο πάλσ απφ ηε κέγηζηε 

ζεξκνθξαζία απφζηαμεο.  

Η ζπζθεπή απφζηαμεο πνπ έρεη ρξεζηκνπνηεζεί ζε απηφ ην πείξακα 

απνηειείηαη απφ αξθεηά επηκέξνπο ηκήκαηα. Αξρηθά, ππάξρεη έλαο ζπκππθλσηήο, ν 

νπνίνο πεξηβάιιεηαη απφ έλα ινπηξφ ςχμεο, ζηφρνο ηνπ νπνίνπ είλαη ν έιεγρνο ηεο 

ζεξκνθξαζίαο ζπκπχθλσζεο θαζψο θαη ηελ εμαζθάιηζε ηεο πην απνηειεζκαηηθήο 

ζπκπχθλσζεο ησλ πην πηεηηθψλ ζπζηαηηθψλ. 

΢ηε δεμηά πιεπξά ηνπ, ν ζπκππθλσηήο είλαη ζπλδεδεκέλνο ζε γπάιηλε θηάιε, 

φπνπ εηζάγεηαη ην πξνο απφζηαμε πγξφ. Η θηάιε ζεξκαίλεηαη απφ έλα ζεξκαληηθφ 

καλδχα δχν αληηζηάζεσλ. ΢ηελ θνξπθή ηεο θηάιεο, ηνπνζεηείηαη έλα ζεξκφκεηξν ην 

νπνίν επηηξέπεη ηνλ έιεγρν θαη ηελ θαηαγξαθή ησλ ζεξκνθξαζηψλ θαηά ηε δηάξθεηα 

ηνπ πεηξάκαηνο. 

΢ηελ αξηζηεξή πιεπξά ηνπ, ν ζπκππθλσηήο είλαη ζπλδεδεκέλνο κε έλα 

γπάιηλν ζσιήλα ηξηψλ εμφδσλ, φπνπ ηνπνζεηνχληαη δχν κηθξά γπάιηλα θηαιίδηα. 

Απηά ηα δχν θηαιίδηα επηηξέπνπλ ηε ζπιινγή ησλ πεξηζζφηεξν θαη ιηγφηεξν 

πηεηηθψλ θιαζκάησλ (ειαθξχηεξν θαη βαξχηεξν). Αθνχ πξαγκαηνπνηεζεί ε 

απφζηαμε, ηα δχν θιάζκαηα ζπιιέγνληαη, δπγίδνληαη θαη απνζεθεχνληαη ζε γπάιηλα 

θηαιίδηα. 
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2.3.2.2 Υαξαθηεξηζκόο ηωλ πγξώλ πξνϊόληωλ γηα ην GC-FID 

Σα δχν απνζηαγκέλα θιάζκαηα ζηάιζεθαλ ζηε ζπλέρεηα πξνο 

ρξσκαηνγξαθηθή αλάιπζε ζηνλ GC-FID (Gas Chromatography- Flame Ionization 

Detection), έηζη ψζηε λα πξνζδηνξηζηνχλ ην πξνθίι ηνπ ζεκείνπ βξαζκνχ θαη ηνπ 

αξηζκνχ άλζξαθα ηνπ πγξνχ. 

 

2.3.2.3 Πξνεηνηκαζία ηνπ δείγκαηνο 

Πξηλ απφ ηελ απνζηνιή ησλ δεηγκάησλ γηα ρξσκαηνγξαθηθή έγρπζε, έπξεπε 

λα ππνζηνχλ ηελ θαηάιιειε πξνεηνηκαζία. Σα δείγκαηα δε ζα πξέπεη λα πεξηέρνπλ 

θαζφινπ λεξφ ψζηε λα εγρπζνχλ, θαη έηζη είλαη απαξαίηεην λα μεξαίλνληαη πιήξσο, 

δηαθνξεηηθά ην λεξφ ζα κπνξνχζε λα επεξεάζεη ηα απνηειέζκαηα ηεο ζπζθεπήο. 

Έηζη, κε κία παζηεξησκέλε πηππέηα ιήθζεθαλ κεξηθέο ζηαγφλεο ηνπ ειαθξνχ 

θιάζκαηνο θαη ηνπνζεηήζεθαλ ζε έλαλ παζηεξησκέλν ζσιήλα, ζηνλ νπνίν είρε ήδε 

ηνπνζεηεζεί έλα κηθξφ κέξνο ηνπ βακβαθηνχ θαη ζεηηθφ λάηξην (Na2SO4). Έηζη, ην βην-

έιαην απνκνλψζεθε πιήξσο απφ ην λεξφ. Δπηπιένλ, πξνθεηκέλνπ λα δηαζθαιηζηεί ε 

απνκφλσζε, ήηαλ απαξαίηεην λα αξαησζεί ην δείγκα ζε δηρισξνκεζάλην (CH2Cl2). 

 

2.3.2.4 ΢πζθεπή ρξωκαηνγξαθίαο 

Κάζε ρξσκαηνγξαθηθή αλάιπζε πξαγκαηνπνηήζεθε ζηνλ αέξην 

ρξσκαηνγξάθν Thermo Тrace GC gas chromatograph200 system. O 

ρξσκαηνγξάθνο ήηαλ ζπλδεδεκέλνο κε έλαλ ππνινγηζηή κέζσ ελφο, θαηάιιεινπ γηα 

ηελ αλάιπζε, ινγηζκηθνχ επηηξέπνληαο έηζη ηελ αιιειεπίδξαζε κεηαμχ ηνπ 

ρξσκαηνγξάθνπ θαη ηνπ πξνγξάκκαηνο. 
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2.3.2.5 Υξωκαηνγξαθηθή αλάιπζε 

Η ρξσκαηνγξαθηθή αλάιπζε βαζίδεηαη ζην ζεκείν βξαζκνχ ηνπ θάζε 

πδξνγνλάλζξαθα. Δθφζνλ ηα δείγκαηα εγρπζνχλ θαη παξαηεξεζνχλ ηα 

ρξσκαηνγξαθηθά ηνπο πξνθίι, κπνξνχλ λα νξηζηνχλ νη ρξφλνη παξακνλήο ηνπ θάζε 

πδξνγνλάλζξαθα θη έηζη κπνξνχλ λα νξηζηνχλ θαη ηα ρξνληθά δηαζηήκαηα εληφο ησλ 

νπνίσλ εθιχνληαη νη ελψζεηο ζην ρξσκαηνγξάθν. ΢ηε ζπλέρεηα ηα δείγκαηα 

εγρχλνληαη θαη ηα ρξσκαηνγξαθήκαηα ζπγθξίλνληαη κε ηα πξφηππα απηψλ πνπ 

ππάξρνπλ ζηελ βηβιηνζήθε. Έηζη, αθνχ ην ρξσκαηνγξάθεκα ηνπ δείγκαηνο δηαηξείηαη 

ζηα ίδηα ρξνληθά δηαζηήκαηα, κπνξεί λα νξηζηεί πνηεο ελψζεηο έρνπλ ηελ ίδηα 

πνζφηεηα άλζξαθα (κε απηέο ησλ πξνηχπσλ)..  

 

2.3.3 Υαξαθηεξηζκόο ηωλ ζηεξεώλ πξνϊόληωλ 

Καηά ηε δηάξθεηα ησλ πεηξακάησλ ηεο ππξφιπζεο, παξαηεξήζεθε ν 

ζρεκαηηζκφο ζηεξεψλ πξντφλησλ κέζα ζηα βην-έιαηα. Δίραλ ηε κνξθή βην-αλζξάθσλ 

θαη πιεηνςεθία ηνπο ζπιιέρζεθε απφ ην μχζηκν ηνπ αληηδξαζηήξα, κεηά ηε 

δηεμαγσγή ηνπ πεηξάκαηνο. 

 

 

3. Απνηειέζκαηα 

3.1 Ππξόιπζε ειαίωλ θαη ιηπώλ ζε αηκόζθαηξα θελνύ 

Η ππξφιπζε ηνπ ειαηφιαδνπ, ηνπ ππξελέιαηνπ θαη δχν δσηθψλ ιηπψλ κε 

δηαθνξεηηθά επίπεδα ειεχζεξσλ ιηπαξψλ νμέσλ πξαγκαηνπνηήζεθε ζε αηκφζθαηξα 
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Πίνακας 1. Ππξόιπζε ηωλ ειαίωλ θαη ιηπώλ, ζε αηκόζθαηξα θελνύ, ζε 420 
o
C θαη απόζηαμε 

ηωλ αληίζηνηρωλ βην-ειαίωλ: ν ρξόλνο αληίδξαζεο θαη ε απόδνζε ηωλ πξνϊόληωλ 

θελνχ, ζηηο ζπλζήθεο πνπ αλαθέξνληαη ζηνλ Πίλαθα 1. Σα βην-έιαηα πνπ πξνέθπςαλ 

απνζηάρζεθαλ κε ζθνπφ λα απνκνλσζεί ην πην πηεηηθφ θαζψο θαη ηα θιάζκαηα 

ρακεινχ κνξηαθνχ βάξνπο πνπ αληηζηνηρνχλ ζηηο επαξθείο ελψζεηο γηα ρξήζε σο 

βηνθαχζηκα ζε κεραλέο εζσηεξηθήο θαχζεο. 

 

 

 

Αθφκα, ζηα παξαθάησ ζρήκαηα παξνπζηάδνληαη αληίζηνηρα νη απνδφζεηο ζηηο 

δηεξγαζίεο ππξφιπζεο θαη απφζηαμεο, θάζε ειαίνπ θαη ιίπνπο. 

 

Πξώηεο ύιεο 
t 

(min) 

Απόδνζε  

Ππξόιπζεο (% w/w) 

Απόδνζε 

Απόζηαμεο (% w/w) 

Αέξηα Τγξά ΢ηεξεά F1 F2 F1+F2 

Ειαηόιαδν 
20 15.0 84.5 0.5 25.7 39.6 65.3 

30 16.1 82.0 1.9 33.7 34.4 68.1 

Ππξελέιαην 

20 17.4 82.3 0.2 48.1 32.4 80.5 

30 44.0 55.2 0.8 17.7 48.4 66.1 

Ζωηθό ιίπνο 

(17%) 
30 15.6 81.9 0.8 43.9 19.3 63.2 
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Σχήμα 1. Ππξόιπζε ζε ζπλζήθεο θελνύ ηωλ δωηθώλ ιηπώλ θαη θπηηθώλ ειαίωλ ζηνπο 420 C 

 

 

 

 

Σχήμα 2.  Απόζηαμε ηνπ παξαγόκελνπ βην-ειαίνπ ζηνπο 420 C 
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3.2 Ππξόιπζε ειαίωλ θαη ιηπώλ ζε αηκόζθαηξα αδώηνπ (Ν2) 

Πξώηεο ύιεο 
Αξρηθή 

πίεζε (bar) 

Απνδόζεηο 

ππξόιπζεο 

 (% w/w) 

Απνδόζεηο απόζηαμεο 

(% w/w) 

Αέξηα Τγξά ΢ηεξεά F1 F2 F1+F2 

Ειαηόιαδν 
3 19.7 80.3 0.0 39.3 48.2 87.4 

Ππξελέιαην 3 18.1 81.9 0.0 12.7 73.1 85.9 

Ζωηθά ιίπε 

(17%) 

2.4 26.0 74.0 0.0 18.3 58.0 76.3 

Πίνακας 2. Οη απνδόζεηο ππξόιπζεο ηωλ ειαίωλ θαη ιηπώλ, ζε 420 
ν
C, θαηά ηε δηάξθεηα 10 min ζε 

αηκόζθαηξα αδώηνπ θαη νη απνδόζεηο απόζηαμε ηωλ αληίζηνηρωλ βην-ειαίωλ 
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Σχήμα 3. Ππξόιπζε ειαίωλ θαη ιηπώλ ζε 420 
ν
C, 10 ιεπηά ζε αηκόζθαηξα αδώηνπ: Οη  

                                     απνδόζεηο ηωλ πξνϊόληωλ γηα ηα αέξηα, πγξά θαη ζηεξεά. 
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Σχήμα 4. Απόζηαμε ηωλ ππξόιπζεο βην-ειαίωλ πνπ ιακβάλνληαη ζην 420 
ν
C, θαηά ηε 

δηάξθεηα 10 min ππό αηκόζθαηξα αδώηνπ. 

 

Πίνακας 3.  Η απόδνζε ηεο ππξόιπζεο ηωλ ειαίωλ θαη ιηπώλ, ζε 420 
o
C, ζε 10 min 

ζε αηκόζθαηξα κεζαλίνπ θαη ε απόζηαμε ηωλ αληηζηνίρωλ βην-ειαίωλ. 

 

  

 

 

 

 

   

3.3 Ππξόιπζε ειαίωλ θαη ιηπώλ ζε αηκόζθαηξα κεζαλίνπ (CH4) 

Πξώηεο 

ύιεο 

Αξρηθή 

πίεζε 

(bar) 

 

Υξόλνο  

αληίδξαζεο 

(min) 

Απόδνζε ππξόιπζεο 

(% w/w) 

Απόδνζε 

απόζηαμεο (% w/w) 

Αέξηα Τγξά ΢ηεξεά F1 F2 F1+F2 

Ειαηόιαδν 10 3 19.2 80.8 0.0 16.9 57.2 74.1 

Ππξελέιαην 10 3 14.1 85.9 0.0 29.2 48.5 77.7 

Ζωηθά ιίπε 

(17%) 
10 3 18.7 81.3 0.0 18.1 40.4 58.5 
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Σχήμα 5. Απόδνζε ππξόιπζεο ειαίωλ θαη ιηπώλ ζε 420 
ν
C, ζε αηκόζθαηξα κεζαλίνπ, γηα ηα 

αέξηα, πγξά θαη ζηεξεά πξνϊόληα. 

Σχήμα 6. Απόζηαμε ηωλ βην-ειαίωλ πνπ ιήθζεθαλ από ηελ ππξόιπζε ζε 

420 
ν
C, ζε αηκόζθαηξα κεζαλίνπ. 
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4. ΢πκπεξάζκαηα 

4.1 Γεληθά ζπκπεξάζκαηα 

Όπσο αλαθέξζεθε πξνεγνπκέλσο, ν ζθνπφο ηεο κειέηεο απηήο δελ ήηαλ λα 

θαζνξηζηεί εάλ ηα απνζηάγκαηα πνπ παξάρζεθαλ κέζσ ησλ πεηξακαηηθψλ 

δηαδηθαζηψλ είλαη βηνληίδει, αιιά λα εμεηαζηεί εάλ δχν βαζηθέο ηδηφηεηέο ηνπο είλαη 

παξφκνηεο κε εθείλεο ηνπ θαζαξνχ diesel, δειαδή νη ζπγθεληξψζεηο κεζπιεζηέξσλ 

θαη νη απνδφζεηο απφζηαμεο. 

Δπηπιένλ, κεηαμχ ησλ ζηφρσλ ηεο παξνχζαο έξεπλαο ήηαλ λα εθηηκεζεί πνηα 

απφ ηα ηξία θπηηθά έιαηα θαη δσηθά ιίπε, πιεξνχλ ηηο πξνυπνζέζεηο ηνπ diesel, 

θαζψο επίζεο θαη λα πξνζδηνξηζηνχλ νη ζπλζήθεο θάησ απφ ηηο νπνίεο απηέο νη 

ηδηφηεηεο ζα κπνξνχζαλ λα ηθαλνπνηεζνχλ θαιχηεξα. 

 

4.2 ΢πκπεξάζκαηα γηα ηα έιαηα θαη ηα ιίπε 

Γεληθά, ιφγσ ησλ δηαθνξεηηθψλ ζπλζεθψλ θαη αηκνζθαηξψλ, ζηηο νπνίεο 

δηεμήρζεζαλ ηα πεηξάκαηα, είλαη αξθεηά δχζθνιν λα πξνζδηνξηζηεί πνην είλαη ην 

έιαην ή ιίπνο πνπ αληαπνθξίλεηαη θαιχηεξα ζηηο ηδηφηεηεο ηνπ diesel. 

Έηζη, φζνλ αθνξά ζην πξψην θιάζκα ηεο απφζηαμεο, φια ηα έιαηα θαη ηα 

ιίπε έρνπλ αξθεηά παξφκνηεο ζπγθεληξψζεηο ζε ιηπαξά νμέα κε κηθξέο παξαιιαγέο. 

Απηφ πνπ κπνξεί φκσο λα ζεκεησζεί, είλαη φηη ην ππξελέιαην παξνπζηάδεη ηηο 

πςειφηεξεο ζπγθεληξψζεηο ζε δχν αηκφζθαηξεο (θελνχ θαη αδψηνπ). Όζνλ αθνξά 

ζην δεχηεξν θιάζκα, ηψξα, ην ππξελέιαην πάιη θάλεη ηε δηαθνξά, ζηα - γεληθά 

παξφκνηα κεηαμχ ηνπο - πξνθίι ησλ ιηπαξψλ νμέσλ δηφηη ππφ ηελ αηκφζθαηξα 

θελνχ, θζάλεη ζε ζπγθεληξψζεηο ιηπαξψλ νμέσλ κέρξη 23% γηα αξηζκνχο αλζξάθσλ 
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απφ 11 έσο 12. ΢πλνιηθά, σο κηα ζπλνιηθή απφδνζε απνζηάγκαηνο, κπνξνχκε λα 

παξαηεξήζνπκε φηη γηα ην θιάζκα 2, ηα βηνθαχζηκα πνπ παξάγνληαη θζάλνπλ αε 

αξθεηά πςειέο απνδφζεηο απφζηαμεο, θζάλνληαο αθφκε θαη ην 85%. 

Ωο απνηέιεζκα, ην ππξελέιαην είλαη ην έιαην πνπ επηηπγράλεη ηελ πςειφηεξε 

απφδνζε απφζηαμεο θαη ζηα δχν θιάζκαηα, ζρεδφλ ζε φιεο ηηο αηκφζθαηξεο θαη 

εηδηθά ζε απηήλ ηνπ αδψηνπ. 

 

4.3 ΢πκπεξάζκαηα γηα ηηο πεηξακαηηθέο ζπλζήθεο 

Ρίρλνληαο κηα καηηά ζηηο απνδφζεηο ηεο απφζηαμεο, είλαη πξνθαλέο φηη ε 

αηκφζθαηξα αδψηνπ είλαη ε πιένλ απνηειεζκαηηθή, θζάλνληαο ζε αξθεηά πςειέο 

απνδφζεηο απφζηαμεο κέρξη θαη 85%, νη νπνίεο είλαη αξθεηά πςειέο γηα βηνθαχζηκα. 

Δπηπιένλ, είλαη πξνθαλέο φηη γηα ην πξψην θιάζκα, νη πιένλ θαηάιιειεο 

αηκφζθαηξεο είλαη απηέο ηνπ κεζαλίνπ θαη ηνπ θελνχ γηα ην ειαηφιαδν, παξφηη νη 

ζπγθεληξψζεηο πνπ θηάλεη κέρξη θαη 30% θαη απηή ηνπ κεζαλίνπ γηα ην δσηθφ ιίπνο, 

πάιη κε ζπγθεληξψζεηο κέρξη θαη 33%. Η ρξήζε ηνπ κεζαλίνπ έρεη σο απνηέιεζκα 

κηα ζηαζεξνπνίεζε ησλ ζπζηαηηθψλ ρακειφηεξνπ κνξηαθνχ βάξνπο ηνπ θιάζκαηνο 

1, δειαδή κε 8 έσο 10 άλζξαθεο, γηα ηα βην-έιαηα πνπ ιακβάλνληαη απφ δσηθά ιίπε 

(17%) ή ην ειαηφιαδν, ελψ, ζην δεχηεξν θιάζκα απφζηαμεο, απηφ πνπ κπνξεί λα 

ζπλαρζεί απφ ηα πξνθίι ησλ ιηπαξψλ νμέσλ είλαη φηη γεληθά δελ θζάλνπλ πςειέο 

ζπγθεληξψζεηο. 

΢ε απηφ ην ζεκείν, είλαη αξθεηά ζεκαληηθφ λα πξνζηεζεί φηη νη δηαθνξεηηθνί 

ρξφλνη ππξφιπζεο, θαζψο νη δηαθνξεηηθέο πηέζεηο ηεο ππξφιπζεο δελ επέθεξαλ 

ζεκαληηθέο επηπηψζεηο ζηα παξαγφκελα βηνέιαηα . Κάπνηεο επαλαιήςεηο 
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πξαγκαηνπνηήζεθαλ ζην εξγαζηήξην, αιιάδνληαο θάπνηεο κεηαβιεηέο ζε θάζε 

δνθηκή, φπσο ηελ ππξφιπζε ηνπ ειαηνιάδνπ ζε ζπλζήθεο θελνχ γηα 20 ιεπηά αληί 

γηα 30 ιεπηά ή ρξεζηκνπνηψληαο δσηθφ ιίπνο 4,5% νμχηεηαο αληί γηα ην 17% 

νμχηεηαο ή ηελ εθηέιεζε ησλ πεηξακάησλ γηα ην δσηθφ ιίπνο ζε 20 ιεπηά αληί γηα 10 

ιεπηά. ΢ε θάζε πεξίπησζε, νη δηαθνξέο ζηηο απνδφζεηο ππξφιπζεο, νη απνδφζεηο 

απφζηαμεο θαη ηα πξνθίι ησλ ιηπαξψλ νμέσλ ήηαλ ειάρηζηεο. Ωο απνηέιεζκα, δελ 

ππάξρεη ιφγνο ζηελ ελαιιαγή ή δνθηκή δηαθφξσλ πεηξακαηηθψλ ζπλζεθψλ. 

 

4.4. Πξνηάζεηο γηα κειινληηθή έξεπλα 

΢ην ζεκείν απηφ, ζα ήηαλ πνιχ ζεκαληηθφ λα γίλνπλ θάπνηεο πξνηάζεηο γηα 

ηελ πεξαηηέξσ, κειινληηθή έξεπλα. 

Όπσο αλαθέξζεθε πξνεγνπκέλσο, ιφγσ ηεο έιιεηςεο ηνπ δηαζέζηκνπ 

εμνπιηζκνχ, θαζψο θαη ρξφλνπ, δελ κπφξεζε λα πξαγκαηνπνηεζεί ζηνηρεηαθή 

αλάιπζε θαη ρεκηθή ζχλζεζε ησλ παξαγφκελσλ βηνειαίσλ. Έηζη, δείγκαηα ησλ 

παξαγφκελσλ βηνειαίσλ ζα κπνξνχζαλ λα απνζηαινχλ ζηα θαηάιιεια εξγαζηήξηα 

γηα λα θαζνξηζηεί ε αθξηβήο ζχλζεζή ηνπο θαη  γηα λα γίλεη ζχγθξηζε κε ηα 

Δπξσπατθά πξφηππα ηνπ βηνληίδει 14214. Απηή ζα ήηαλ κηα πνιχ ρξήζηκε θαη 

ζεκαληηθή πξνζζήθε γηα κειινληηθή έξεπλα. 

Δπηπιένλ, θαη πάιη ιφγσ έιιεηςεο ρξφλνπ θαη εμνπιηζκνχ, δελ 

πξαγκαηνπνηήζεθε έιεγρνο πνηφηεηαο ησλ παξαγφκελσλ βηνθαπζίκσλ. Σα 

βηνθαχζηκα πνπ παξάγνληαη απφ ηα δχν θπηηθά έιαηα θαη δσηθά ιίπε δελ 

ππνβιήζεθαλ ζε πεξαηηέξσ αλάιπζε ζρεηηθά κε ηηο ηδηφηεηέο ηνπο, φπσο: εθηίκεζε 

ηνπ ελεξγεηαθνχ πεξηερνκέλνπ ηνπο, ηε κέηξεζε ηνπ pH, ηεο πεξηεθηηθφηεηάο ηνπο ζε 
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λεξφ. Απηή είλαη κία αξθεηά ζεκαληηθή πξνζζήθε θαη ζα πξέπεη λα ιεθζεί πνιχ 

ζνβαξά ππφςηλ γηα λα πξαγκαηνπνηεζεί ζε φια ηα βηνθαχζηκα πνπ ζα παξαρζνχλ 

ζην κέιινλ. 

Έηζη, αλ θαη ην αλαβαζκηζκέλν βηνέιαην ζα κπνξνχζε λα ρξεζηκνπνηεζεί σο 

ελαιιαθηηθφ θαχζηκν ηνπ ιέβεηα ζε κεραλέο εζσηεξηθήο θαχζεο, αθφκα δελ κπνξεί 

λα αληηθαηαζηήζεη πιήξσο ηα νξπθηά θαχζηκα θαη απηφ νθείιεηαη απνθιεηζηηθά ζε 

θάπνηνπο πεξηνξηζκνχο ζηελ ηερλνινγία θαη ζην θφζηνο. Έηζη, είλαη έλα αξθεηά 

κεγάιν ζέκα ν ηξφπνο κε ηνλ νπνίν νη ηερλνινγίεο αλαβάζκηζήο ηνπο ζα κπνξνχζαλ 

λα ρξεζηκνπνηεζνχλ θαη λα αλαβαζκηζηνχλ ψζηε ην βηνέιαην απφ ηελ ππξφιπζε ηεο 

βηνκάδαο ζα κπνξνχζε λα ρξεζηκνπνηεζεί απεπζείαο, ηδηαίηεξα γηα ηελ πεξίπησζε 

ηνπ δσηθνχ ιίπνπο (17% νμχηεηαο). 

Σα δσηθά ιίπε, γεληθά, πεξηέρνπλ πεξηζζφηεξεο πξσηεΐλεο θαη 

θσζθναθπινγιπθεξφιεο θαη απηφ νθείιεηαη ζην γεγνλφο φηη είλαη κεκβξάλεο δσηθψλ 

θπηηάξσλ θαη έηζη παξακέλνπλ εληφο ηνπ θιάζκαηνο ιηπηδίσλ. Γηα ην ιφγν απηφ, κηα 

δηαδηθαζία απνθνκκίσζεο ζα κπνξνχζε λα πξαγκαηνπνηεζεί πξνθεηκέλνπ λα 

εμαιεηθζνχλ νη θσζθναθπινγιπθεξφιεο απφ ηα ιίπε, πξηλ απφ ηελ παξαγσγή 

βηνληίδει. Μηα πνιχ απνηειεζκαηηθή δηαδηθαζία, κέρξη ζηηγκήο, είλαη κε ηε ρξήζε 

60% νξζνθσζθνξηθνχ νμένο, κεηά απφ ηελ νπνία κπνξεί λα πξαγκαηνπνηεζεί 

θπγνθέληξεζε έηζη ψζηε λα επηηεπρζεί ν δηαρσξηζκφο. 
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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 CO2 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.  

 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 yields 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://www.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 (CO2) 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 (CO2) or methane (CH4), depending on the 

conditions and processes involved or if buried, the carbon is returned to the 

atmosphere mainly as carbon dioxide (CO2). 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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 Virgin wood, from forestry, arboricultural activities or from wood 

processing 

 Energy crops, high yield crops grown specifically for energy 

applications 

 Agricultural residues, residues from agriculture harvesting or 

processing 

 Food waste, from food and drink manufacture, preparation and 

processing, and post-consumer waste 

 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 CO2 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 CO2 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 (CO2) emissions. Ecological balance is 

ensured, since the quantity of carbon dioxide (CO2) produced during biomass 



32 | P a g e  
 

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 (CO2) 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 (CO2) 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] : 

 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 (CO2) 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. 

 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. 

 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 (CO2) 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. 

 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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 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: 

 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. 

 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.  

 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. 

 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. 

 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 



39 | P a g e  
 

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 400oC), intermediate and fast (temperatures around 500oC) and last but not 

least, gasification (temperatures around 800oC).  

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 200o). 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.  

  

 

 

                   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 400o- 500oC), 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, CO2 and small fractions of H2 and CH4) 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\ Ramírez-

Verduzco et al.,2012]   

Ιt is crucial to mention, at this point, that animal fat waste contain quite large 

quantities 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 
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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. [Banković-Ilić 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: 

 Olive oil: it is an olive juice obtained from mechanical processes, which 

presents a high acidity that gives a bad taste 

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

pomace, with solvents 

 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: 

  
 

 
 

Where, 

  , density (g/ mL) 

  , mass (g) 

  , 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 

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  

Image 2. The pyrolysis oven 
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Image 3. The digital controller 

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 

panel will act at the level of the oven 

temperature surrounding the reactor and 

will also act at the level of the cooling 

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: 

 Weigh the empty cleaned reactor with its hands (our scale’s accuracy 

is 0,1g ) 

 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. 
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3.2.2.2 The experiment 

 

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

and temperature are defined: 

 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.  
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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: 

 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.  

 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. 



51 | P a g 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. 

 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. 

 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. 

 The inside of the reactor has to be carefully cleaned with a tissue and 

some wet paper in order to remove every liquid remnants. 

 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. 

2. 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. 

3. 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. 

4. 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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mgases(%m/m) = 
                       

                      
 x 100     (1) 

mliquids(%m/m) = 
                      

                      
 x 100        (2) 

msolids(%m/m) = 
                     

                      
 x 100         (3) 

 

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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Image 4. Some bio-oil samples 

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

bio-oils were performed. 

 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). 

 

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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Image 5. Distillation set, as described in 3.3.2.1. 

 

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: 

y1 fraction (%m/m) = 
          

               
 x 100                              (4) 

y2 fraction (%m/m) = 
          

               
 x 100                              (5) 

ysludge (%m/m) = (  
                     

                
) x 100       (6) 
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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 

Ionization Detection) analysis, so as the profile of boiling point and the carbon 

numbers of the liquid are determined.  

 

 

 

 

 

 

 

 

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 

(Na2SO4) 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 (CH2Cl2). More specifically: 

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

 2 ml of petroleum ether were added 

Image 6. The distillation products 

still attached in the distillation system 

Image 7. The distillation products 

stored in suitable vials after their 

collection 
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 Some anhydrous sodium sulphate was added 

 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 

 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.  

 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: 

Number of carbons (%) = 
  

∑ 
                        (16) 

Where, 

AC : sum of the areas of the carbon number range 

΢Α : 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 

 

Raw 

material 

 Vacuum  Nitrogen  Methane 

Time  

(min) 

Pres

sure 

(bar) 

Tempera

ture 

(
o
C) 

Time  

(min) 

Pres

sure 

(bar) 

Tempera

ture 

(
o
C) 

Time  

(min) 

Pres

sure 

(bar) 

Tempera

ture 

(
o
C) 

Olive oil T1 30 0 420 T4 10 3 420 T7 10 3 420 

Olive Husk 

Oil 

T2 30 0 420 T5 10 3 420 T8 10 3 420 

Animal fat 

(17%) 

T3 30 0 420 T6 10 3 420 T9 10 3 420 

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: 

 Olive oil 

 

Fatty acid 

Chemical 

structure 

Composition 

(%) 

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

lsource.com/page/

chemical-

characteristics 
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 Olive husk oil 

 

Fatty acid 

Chemical 

structure 

Composition 

(%) 

Myristic acid C14:0 0.03 

Palmitic acid C16:0 13 

Palmitoleic acid C16:1 0.94 

Margaric acid C17:0 0.07 

Heptadecanoic acid C17:1 0.15 

Stearic acid C18:0 3 

Oleic acid C18:1 70 

Linoleic acid C18:2 11.5 

Linolenic acid C18:3 0.73 

Arachidic acid C20:0 0.33 

Gadoleic acid C20:1 0.08 

Behenic acid C22:0 0.16 

 

 

 Aviary oil 

 

Fatty acid 

Chemical 

structure 

Composition 

(%) 

Myristic acid C14:0 0.5 

Palmitic acid C16:0 24 

Palmitoleic acid C16:1 5.8 

Table 3. Olive husk oil Fatty Acid Profile 

[Source: Οπαράκπ, 2011] 
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Stearic acid C18:0 5.8 

Oleic acid C18:1 38.2 

Linoleic acid C18:2 23.8 

Linolenic acid C18:3 1.9 

Parameter Unit Min Max Specification 
EN 14214:2012 

Density at 15 koC kg/m3 860 900 EN ISO 12185 

Viscosity at 40 oC mm2/sec 3.5 5.0 EN ISO 3104 

Flash point oC 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 Class 1 Class 1 EN ISO 2160 

CFPP oC - 13 EN 116 

Cloud point oC - 16 EN 23015 

Ester content % m/m 96.5 - EN 14103 

Linoleic acid methylester % m/m - 12 EN 14103 

Polyunsaturated methyl 
esters (>4 double bonds) 

% m/m - 1 EN 15779 

Oxidation stability at 
110oC 

h 8 - EN 14112 

Acid value  mg KOH/g - 0.50 EN 14104 

Iodine value g 
iodine/100g 

- 120 EN 14111 

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 I (Na/K) mg/kg - 5.0 EN 14108 

Metals II (Ca/Mg) mg/kg - 5.0 EN 14538 

Methanol content % m/m - 0.20 EN 14110 

Table 4. Animal fat (17%) Fatty Acid  Profile 

 

Table 5. Biodiesel 14214 European Standards  

[Source: Melero et al., 2010] 

[Source: Ito et al., 2012] 



62 | P a g e  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 

 

 

Fatty acid 

Chemical 

structure 

Lauric acid C12:0 

Myristic acid C14:0 

Palmitic acid C16:0 

Palmitoleic acid C16:1 

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: Οπαράκπ, 2011] 
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Raw Materials 

t 

(min) 

Pyrolysis Yields (% w/w) Distillation Yields  

(% w/w) 

Gases Liquids Solids F1 F2 F1+F2 

Olive Oil 30 16.1 82.0 1.9 33.7 34.4 68.1 

Olive Husk Oil 
30 44.0 55.2 0.8 17.7 48.4 66.1 

Animal Fat 

(17%) 
30 15.6 81.9 0.8 43.9 19.3 63.2 

 

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

reaction time and product yields. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Vacuum pyrolysis yields of oils and fats at 420 C 
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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. 

 

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.  

 

 

F1 
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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 CO2), 

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). 

 

F2 
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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.  



68 | P a g e  
 

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 

F1 

F2 
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Figure 5. Chromatographic profiles of the distilled fractions (F1 and F2) from the bio-oil 

obtained by vacuum pyrolysis of animal fat (17%), at 420C, during 30 min (test T3).  

 

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. 

 

 

F1 
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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. 

 

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. 
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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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4.3 Pyrolysis of oils and fats under a Nitrogen atmosphere 

 

 

Raw 

Materials 

Initial 

Pressure 

(bar) 

Pyrolysis Yields (% w/w) Distillation Yields (% 

w/w) 

Gases Liquids Solids F1 F2 F1+F2 

Olive Oil 
3 19.7 80.3 0.0 39.3 48.2 87.4 

Olive Husk 

Oil 

3 18.1 81.9 0.0 12.7 73.1 85.9 

Animal Fat 

(17%) 

2.4 26.0 74.0 0.0 18.3 58.0 76.3 

 

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

atmosphere and distillation of the corresponding bio-oils 
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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. 
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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. 

 

 

 

Figure 8. Distillation of the pyrolysis bio-oils obtained at 420 C, during 10 min under a nitrogen 

atmosphere. 
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F2 

4.3.1 Composition of the Distilled Fractions 

 

 

 

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 (C11), 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. 

 

 



78 | P a g e  
 

 

Figure 11. Chromatographic profiles of the distilled fractions (F1, F2) from the pyrolysis bio-oil 

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

 

Ιn 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 



79 | P a g e  
 

Figure 12.Carbon number distribution of the distilled bio-oil components, from the 

pyrolysis of the various raw materials, under a nitrogen atmosphere. 

 

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. 

 

 

 

0

5

10

15

20

25

30

35

40

R
e

la
ti

ve
 c

h
ro

m
at

o
gr

ap
h

ic
 a

re
a 

(%
) 

Olive Oil

Olive Husk Oil

Animal Fat (17%)

0

2

4

6

8

10

12

14

16

R
e

la
ti

ve
 c

h
ro

m
at

o
gr

ap
h

ic
 a

re
a 

(%
) 

Olive Oil

Olive Husk Oil

Animal Fat (17%)

Nitrogen - Fraction 1 

Nitrogen - Fraction 2 



80 | P a g e  
 

 

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

atmosphere and distillation of the corresponding bio-oils. 

4.4 Pyrolysis of oils and fats under a Methane atmosphere 

  

Raw 

Materials 

Initial 

Pressure 

(bar) 

Reaction 

Time 

(min) 

Pyrolysis Yields (% w/w) Distillation Yields 

(% w/w) 

Gases Liquids Solids F1 F2 F1+F2 

Olive Oil 3 10 19.2 80.8 0.0 16.9 57.2 74.1 

Olive Husk 

Oil 

 

3 

 

10 

 

14.1 

 

85.9 

 

0.0 

 

29.2 

 

48.5 

 

77.7 

Animal Fat 

(17%) 

 

3 

 

10 

 

18.7 

 

81.3 

 

0.0 

 

18.1 

 

40.4 

 

58.5 
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                       Figure 13. Pyrolysis yields obtained at 420 C, under a methane atmosphere 

 

 

 

 

 

 

 

 

 

      Figure 14. Distillation of the pyrolysis bio-oils obtained at 420 C, under a methane atmosphere 
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F1 

F2 

 

 

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). 

 

 

 

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). 

 

RT: 4.88 - 60.22

5 10 15 20 25 30 35 40 45 50 55 60

Time (min)

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

NL:
4.99E7

TIC  MS 
T20D1-
CH2Cl2-9-
7-2014-1

RT: 4.48 - 70.38

5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (min)

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

NL:
5.60E7

TIC  MS 
T20D2-
CH2Cl2-9-
7-2014-1

F1 

F2 

C9 

C11 

C10 

C8 

C12 
C13 

C14 C15 

C17 C16 
C18 

C17 

C13 

C12 

C11 

C10 

C9 

C16 

C15 

C14 

C18 

C19 
C20 

C19 C20 



84 | P a g e  
 

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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  ATMOSPHERE 

  

Vacuum 

 
Raw 

material 

 
Carbon  

type 

Maximum 
Carbon 
relative 

concentration 
(%) 

 
Distillation 

yield  
(F1) 

 
Pressu

re 
(bar) 

 
Time 
(min) 

 
Temperat

ure 
(
o
C) 

 
Olive oil T1 

 
C9-C10 26.31 

 
33.7 

 
0 

 
30 

 
420 

Olive Husk 
Oil T2 

 
C9-C10 34.92 

 
17.7 

 
0 

 
30 

 
420 

Animal fat 
(17%) T3 C11-C12 17.75 43.9 0 30 420 

  

Nitrogen 

 
Raw 

material 

 
 

Carbon  
type 

Maximum 
Carbon 
relative 

concentration 
(%) 

 
Distillation 

yield  
(F1) 

 
Pressu

re 
(bar) 

 
Time 
(min) 

 
Temperat

ure 
(
o
C) 

 
Olive oil T4 C9-C10 17.87 39.3 3 10 420 

Olive Husk 
Oil T5 C8-C9 36.48 12.7 3 10 420 

Animal fat 
(17%) T6 C9-C10 24.93 18.3 3 10 420 

  

Methane 

 
Raw 

material 

 
 

Carbon  
type 

Maximum 
Carbon 
relative 

concentration 
(%) 

 
Distillation 

yield  
(F1) 

 
Pressu

re 
(bar) 

 
Time 
(min) 

 
Temperat

ure 
(
o
C) 

Olive oil T7 C9-C10 29.26 16.9 3 10 420 

Olive Husk 
Oil 

T8 C9-C10 24.52 29.2 3 10 420 

Animal fat 
(17%) T9 C8-C9 33.74 18.1 3 10 420 

 

 

 

 

 

Table 10. Experiments carried out and experimental conditions 
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Fraction 1: 

 

 

  

  

  

 

 

 

 

 

  

  

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. 

 

 

 

 

 

 

 

 

 

 

 

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 1st 

fraction of olive oil, 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. 

 

 

 

 

 

 

 

 

 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

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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Fraction 2: 

 

 

 

 

 

 

 

 

 

 

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. 

 

 

  

 

 

 

 

 

 

 

 

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. 
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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. 

 

 

 

 

 

 

 

 

 

 

 

 

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 

 

 

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 1st 

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. 

 

 

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 
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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 oil 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: 

 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. 

 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. 

 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] 

 

 

 

 

 

 

 

 

 

 

 



103 | P a g e  
 

7. REFERENCES 

 

 
1.           Adewale P., Dumont M., Ngadi M., (2015), ―Recent trends of biodiesel 

production from animal fat wastes and associated production techniques‖, 

Renewable and Sustainable Energy Reviews, p.574–588 

2.          Ascomaning J., Mussone P., Bressler D., (2014), ―Pyrolysis of 

polyunsaturated fatty acids‖, Fuel processing technology, p. 89-95 

3.           Bankovic-Ilic I., Stojkovic I., Stamenkovic O., Veljkovic V., Hung Y., 

(2014), ―Waste animal fats as feedstocks for biodiesel production‖, 

Renewable and Sustainable Energy Reviews, p. 238–254 

4.           Ben Hassen-Trabelsi A., Kraiem T., Naoui S., Belayouni H., (2014), 

―Pyrolysis of waste animal fats in a fixed-bed reactor: Production and 

characterization of bio-oil and bio-char‖, Waste Management, p. 210–218 

5.          Bezergianni S., (2013), ―Catalytic Hydroprocessing of Liquid Biomass 

for Biofuels Production‖, Liquid, Gaseous and Solid Biofuels - Conversion 

Techniques, p. 299 - 322 

6.           Bozbas K., (2008), ―Biodiesel as an alternative motor fuel: Production 

and policies in the European Union‖, Renewable and Sustainable Energy 

Reviews, p. 542-552 

7.           Bulushev D., Rossa J., (2011), ―Catalysis for conversion of biomass to 

fuels via pyrolysis and gasification: A review‖, Catalysis Today, p. 1– 13 

8.           Buzetzki E., Sidorova K., Cvengrosova Z., Cvengros J., (2010), 

―Cracking Of Vegetable Oils And Animal Fats In The Presence Of 

Lignocellulose‖, presentation for INTERFACES 2011 Conference, Sopron, 

Hungary 

9.           Demirbas A., Karsioglu S., (2007), ―Biodiesel Production Facilities from 

Vegetable Oils and Animal Fats‖, Energy Sources, Part A: Recovery, 

Utilization, and Environmental Effects, p. 133-141 

 



104 | P a g e  
 

10. Durão L., Gonçalves M., Oliveira A., Kolaitis T., Tsoutsos T., Mendes 

B., (2014), ―Vacuum pyrolysis of olive husk oil and high acidity olive oil‖, 

GREENCHEMSE 2014, International Conference on Green Chemistry and 

Sustainable Engineering, 29-30 July 2014 

11. Encinar J.M., Sanchez N., Martinez G., Garcia L., (2011), ―Study of 

Biodiesel production from animal fats with high free fatty acid content‖, 

Bioresource Technology, p.10907-10914 

12. Font R., Rey M.D., (2012), ―Kinetics of olive oil pyrolysis‖, Journal of 

Analytical and Applied Pyrolysis‖, p.181-188 

13. Gautam A., Agarwal A.K., (2015), ―Determination of important 

biodiesel properties based on fuel temperature correlations for application in a 

locomotive engine‖, Fuel, p. 289-302 

14. Hassen-Trabelsi A., Kraiem T., Naoui S., Belayouni H., (2014), 

‖Pyrolysis of waste animal fats in a fixed-bed reactor: Production and 

characterization of bio-oil and bio-char‖, Waste management, p. 210-218 

15. Hua T., Li C., Yang C., Shan H., (2008), ―Alternative Processing 

Technology for Converting Vegetable Oils and Animal Fats to Clean Fuels 

and Light Olefins‖, Chinese Journal of Chemical Engineering, p. 394-400 

16. Issariyakul T., Dalai A., (2014), ―Biodiesel from vegetable oils‖, 

Renewable and Sustainable Energy Reviews‖, p. 446-471 

17. Ito T., Sakurai Y., Kakuta Y., Sugano M., Hirano K., (2012), ―Biodiesel 

production from waste animal fats using pyrolysis method‖, Fuel Processing 

Technology, p.47–52 

18. Karina L., Baron M., Gonzalez-Rodrigues J., (2008), ―Recent trends 

and developments in pyrolysis–gas chromatography‖, Journal of 

chromatography, p. 61-66 

19. Kolaitis T., Durão L., Gonçalves M., Brito D., Mendes B., (2014), 

―Pyrolysis of animal fats with different acid values‖, GREENCHEMSE 2014, 

International Conference on Green Chemistry and Sustainable Engineering, 

29-30 July 2014 

20. Kwon E., Seo J., Yi H., (2012), ―Transforming animal fats into biodiesel 

using charcoal and CO2‖, The Royal society of chemistry journal, p. 1799-

1804 



105 | P a g e  
 

21. Lan P., Xu Q., Zhou M., Lan L., Zhang S., Yan Y., (2010), ―Catalytic 

Steam Reforming of Fast Pyrolysis Bio-Oil in Fixed Bed and Fluidized Bed 

Reactors‖, Journal of chemical engineering technology, p.2021-2028 

22. Lappi H., Alen R., (2009), ―Production of vegetable oil-based 

biofuels—Thermochemical behavior of fatty acid sodium salts during 

pyrolysis‖, J. Anal. Appl. Pyrolysis, p. 274–280 

23. Liao Y., Wang S., Ma X., (2004), ―Study of reaction mechanisms in 

Cellulose pyrolysis‖, Preprints of Papers- American Chemical Society, 

Division of Fuel Chemistry 

24. Lima D., Soares V., Ribeiro E., Carvalho D., Cardoso E., Rassi F., 

Mundim K., Rubim J., Suarez P., (2004), ―Diesel-like fuel obtained by 

pyrolysis of vegetable oils‖, Journal of analytical and applied pyrolysis, p. 987-

996 

25. Liu Y., Wang J., Dong Z., Tay J.H., (2012) ―Characterization of 

pyrolysis oil from municipal solid waste‖ 

26. Maher K., Bressler D., (2007), ―Pyrolysis of triglyceride materials for 

the production of renewable fuels and chemicals‖ Bioresource Technology, p. 

2351–2368 

27. Melero J., Vicente G., Morales G., Paniagua M., Bustamente J., 

(2010), ―Oxygenated compounds derived from glycerol for biodiesel 

formulation: Influence on EN 14214 quality parameters‖, Fuel, p. 2011-2018 

28. Nigam P., Singh A., (2011), ―Production of liquid biofuels from 

renewable resources‖, Progress in Energy and Combustion Science, p. 52-68 

29. Paulova L., Patakova P., Rychtera M., Melzoch K., (2013), ―Production 

of 2nd generation biofuels‖, Liquid, Gaseous and Solid Biofuels - Conversion 

Techniques, p. 47-78 

30. Pourali M., (2010), ―Application of Plasma Gasification Technology 

in Waste to Energy Challenges and Opportunities‖, Sustainable Energy, IEEE 

Tran, Volume: 1 Issue: 3, p. 125-130 

31. Rolando Z.V., (2001) ―Pyrolysis of Biomass‖, Dissertation thesis, KTH 

Royal Institute of Technology 



106 | P a g e  
 

32. Ronsse F., Dickinson D., Nachenius R., Prins W., (2013), ―Biomass 

pyrolysis and biochar characterization‖, presentation, 1st FOREBIOM 

Workshop 

33. Santoiani D., Bingham M., Woodard D., Kinnel J., (2008), ―Economic, 

technical, and regulatory landscape in the United States‖, Power from animal 

waste, p. 1-26 

34. Sawangkeaw R., Ngamprasertsith S., (2013), ―A review of lipid-based 

biomasses as feedstocks for biofuels production‖, Renewable and 

Sustainable energy reviews, p. 97-108 

35. Timilsina R., Shrestha A., (2010), ―How much hope should we have 

for biofuels?‖,  Energy, p.2055-2069 

36. Wu H., (2013), ―Biomass Gasification: An Alternative Solution to 

Animal Waste Management‖, Biological Systems Engineering - Dissertations, 

Theses, and Student Research 

37. Ζhang L., Liu R., Yin R., Mei Y., (2013), ―Upgrading of bio-oil from 

biomass fast pyrolysis in China: A review‖ , Renewable and Sustainable 

Energy Reviews, p.66-72 

38. Οπαράκπ Ν., (2011), ―Μειέηε φμηλεο πξνεπεμεξγαζίαο θαη παξαγσγή 

βηνληίδει απφ ην ππξελέιαην ηεο ειηάο‖ , Γηπισκαηηθή εξγαζία 

39. —. (2008, Sep.) Britannica Encyclopedia. [Online]. Available: 

http://www.britannica.com/ 

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

41. [http://www.biomassenergycentre.org.uk/portal/page?_pageid=75,1517

4&_dad=portal&_schema=PORTAL, June 2015] 

42. [http://www.oliveoilsource.com/page/chemical-characteristics, June 

2015] 

 

 

http://www.britannica.com/

