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BiovTi{eA, Eva avaveWOoIHO EVOAAAKTIKO KOUGIMO.
TpoTrotroinUEVol KIVNTAPES OXNMATWY YIA TNV KAUo Kadapou
BlovTiCeA.
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Biodiesel BiobiEsH

POWERED BY <PROPEL

Biodiesel is an alternative fuel based on vegetable oils or
animal fats, even those recycled after restaurants have
used them for cooking.

Vehicle engines can be converted to burn biodiesel in its
pure form, and biodiesel can also be blended with
petroleum diesel and used in unmodified engines.

Positive: Biodiesel is safe, biodegradable, reduces air
pollutants associated with vehicle emissions, such as
particulate matter, carbon monoxide and hydrocarbons.

Negative: Limited production and distribution
infrastructure. 2



To BirovTiCeA. [NpokeITal yIa Piyua EOTEPWV AITTAPWY OEEWV
UE MIKPNC MOPIOKAC HAZaC OAKOOAEC KUPIWG peBavoAnc.
Eival ouvABw¢ Hiyua Twv E0TEPWV:

CH4[CH,];4COOCH,,  CHa3[CH,],CH=CH[CH,],COOCH3, CHs[CH,];sCOOCHs,

[TPOKUTITEI ATTO TA QUTIKA 1 (WIKA AT, e pia diadikaaia n
OTTOIa OTN XNMEia ovopadleTal peteotepotroinon. To TEAIKO
TTPOIOV E£XEI TTAPOMOIA CUMTTEPIPOPA O€ KIVNTAPES
E0WTEPIKNG KAUONG ME TO VTICEA TO OTTOIO UTTOKABIOTA.

CH,OCOR CH,OH

CHOCOR' + 3CH;O0H —— RCOOCH; + R'COOCHj; + R"COOCH; + CHOH

CH,OCOR" CH,OH



To Bi1ovTieA Kal TO VTICEA

* To [BiovTiCeA Kal TO VTIGEA €ival OIOPOPETIKEG XNUIKES OUTIE,
KaBwg 10 VTIGEA €ival piyua udpoyovavipdakwy, evw To BIOVTIGEA
gival piypa eotepwy, ouvnBwg TTaApITIKOU peBUAEDTEPQ, EAQIKOU
MEOUAEOTEPQ Kl OTEATIKOU JEBUAEOTEPQ.

* O1 vekpoi KOpHOI TwV 0EVOPWY, €aV OEV agloTToinBouv ato Tov
avOpwTTo, HETA OTTO TNV TTAPEAEUCTN KATTOIWV ETWV,
METATPETTOVTAI G€ AVOPYavn UAN Kata Tnv S108IKAoia NS oNYNG
Kal TNV €mepBaon eviopwy, Baktnpiwyv kal gukntwy. H
6|0(6|K0(0|0( xapaKTnp|C£Ta| UE TO BIOAOYIKO OpO:

“‘artroikodounon”.

* Kara Tnv 01001Kacia OJwG JETATPOTING TOUG O€ avopyavn UAn,
mmapayetal n idla moootnTa CO2 pe ekeivn Tou Ba TTapayoTav
KOTa TNV Kauon Twv {UAWV Kal N oTroia avTioToIXEl OTNV
mmoootnTa Tou CO, TTOU TTPOCEANPONKE ATTO TO GUTO KATA TNV
dladikaaia TNG cproouveaor]g, YIQ VO TTPOKUWEI N CUYKEKPIMEVN
TTOOOTNTA TWV KOPHWYV TWV OEVOPWV. 4



[10 TV KOTIN KAl TOV TEMAXIONO TwV OEVOPWYV, KABWG
KAl YIQ TN JETAPOPA TOUG XPNOIMOTTOIOUVTAI NXAVEC
TTOU KQIVE TTapAywya ToU apyou TTETPEAAioU.

Ta Blokauaoiua, dev gival evTEAWCS «KaBapay.

H diadikagia rapaywyng PlovTieA atraitouv
EYKATAOTACEIC Ol OTTOIEC KATAVAAWVOUV, TTANV TWV

AAAWV Kal NAEKTPIKNA EVEPYEIQ.

[a KaBe datravwpevn KWh, emmigopTtiopal TV
aTuoo@aipa pe eva kg CO.,.



NMAEONEKTHMATA TQN BIOKAYZIMQN

Ta Biokauoiya mapayouv SO, € HIKPOTEPEG
TTOOOTNTEC ATTO OTI TA CUMPBATIKA Kauolua.
Niya QUTA TTEPIEXOUV S O€ UTTOAOYIOINEC
TTOOOTNTEC.

Ta ouoTaTikA TOU BIOVTICEA, WG EOTEPEC
OPYAVIKWYV 0ZEWV, €ival B1I0ATTOIKOOOUNTINA.

210 BIOVTICEN OEV TTEPIEXOVTAI APWMPATIKOI
udPOYoOVAVOPAKEC, Ol OTTOIOI Eival KAPKIVOYOVOIL.



MEIONEKTHMATA BIOKAYZIMQN

AUCAVOUV TIC TIMEC TWV AYPOTIKWY TTPOIOVTWV.
2.UVTEAOUV OTNV ATTOYIAWON TWV OACWV.
YTrapxel coBapn apeioBrntnon amo hyeyaio
MEPOC TNC ETTIOCTNUOVIKNC KOIVOTNTAC, O€ O, TI

a@popa TN pN €mpdapuvon TNG ATNOCPAIPAC UE
CO, yIa KATToloug TUTTOUG PIOKAUTIHNWV.

[Mapayouv mrepiocoTepo NO, amd T CUUPATIKA.

H BioaiBavoAn TTapdayel Kard Tnv Kauon TNG
OKETAAOEUON, N OTTOIO Eival KAPKIVOYOVOC.



H KOAAIEQYEIQ EVEPYEIOKWY QUTWV EXEI WG ATTOTEAETHA
TOV TTEPIOPIOHO GAAWV KAAAIEPYEIWY UE ATTOTEAEOUO TNV
augnon TNG TIUNAG TWV aYPOTIKWY TIPOIOVTWYV Kal TwV
TPOYIUWV.

[Mpokelpevou va KaAAIEpynBoUv evepyEIaKa QUTA
aTToYIAWVoVTal 0A0N, KUPIWG TPOTTIKA, TA OTTOId
oupPdaAouv oTnv katavaAwaon Tou CO,, TToU €ival To
KUPIOTEPO ATTO TA AEPIA TOU esppommou

H au@iofnTnan Tou TTEPIOPICHOU TwV EKTTOUTIWY CO,
AVAPEPETAI OTA BIOKAUCIUA VIO TNV TTAPAYWYN TWV
OTTOIWV KATAVAAWVOVTAI HEYAAEC TTOOOTNTEC NAEKTPIKIC
EVEPYEIAG KOl OPUKTWY KAUTIHWV.

O1 KATAAUTIKOI JETOTPOTTEIG TWV QUTOKIVATWY PETATPETTOUV
Ta ogegidla Tou N ae N, kal O,, Evw TIG EVWOEIG TTOU
mepiExouv C, H kai O oTTwg n CH,CHO, TIG peTATpETTOUV
oe CO, Kal HZO



[Mopol TrTapaywyng BiovTileA
otTnv EAAGOQ

HAiav0ocg: cival Eva atro Ta KuploTepa
QUTA TTOU KaAAIEpYEITAl 0TV EAAGOQ
Kal BpioKETAl KUPIWC OTIC BOPEIEC
TTEPIOXEC OTTWC oTr]v Makedovia Kal
oTnv ©pAakn. ¥




EAciokpapufn: umropei va KaAAiepynOei cav
Eva XEIMEPIVO PUTO KAl TO YEYOVOC OTI
UTTOPEI VA aVATITUXOEI 0€ XaUNAEC
OepuOKPATieC TO KAVEI £va TTOAU ONUAVTIKO
(PUTO O€ OXEON UE TA UTTOAOITTA EAQIOPOPA
(puTQ.

H eAalokpaun KaAAIEPYEITAI TTEIPAUATIKO O€
meploxec TNG Makedoviac kai TnNG G)paKr]g
KaBwc Kal TnS Kpntnc. %
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The Biodiesel Cycle
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Schematic illustration of
A) Homogeneous alkali-catalyzed biodiesel production,
B) Homogeneous acid-catalyzed biodiesel production. 15
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A) Non-Catalytic one-step supercritical methanol,
B) Non-Catalytic two-step supercritical methanol.



A flowchart showing the production of biodiesel from various mixed oils using different

catalysts.
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Sujata Brahma, Biswajit Nath, Bidangshri Basumatary, Bipul Das, Pankaj Saikia, Khemnath Patir, Sanjay Basumatary,Biodiesel
production from mixed oils: A sustainable approach towards industrial biofuel production,Chemical Engineering Journal
Advances,10,2022,100284,https://doi.org/10.1016/j.ceja.2022.100284
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Production of biodiesel from the second generation feedstock
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D. Singh, D. Sharma, S.L. Soni, S. Sharma, P.K. Sharma, A. Jhalani A review on feedstocks, production processes, and yield for different 18

generations of biodiesel Fuel, 262 (2020), Article 116553



ZUoTnHa KaTtavoung BiovTileA

« Kartavéueral n ToooTNTA VIa KABE £TOC, CUMPWVA HE TIC
dlatacelc Tou apBbpou 15A tmap. 5 Tou N. 3054/2002, oTTWC
IOXUEI JETA TN CUPTTANPWOT) Tou aT1Td TO ApBpo 55 Tou N.
3653/2008, pe TNV UTTOXPEWON VO DIOBETEI AUTEC EVTOC TNG
EAANVIKAC ETTIKpATEIQC.

« KpIThpia TTOU €CETACTAKAV VIO TNV KATAVOUN:
» Tiyn TTwAnong
» [lioTotroinon TmoioTnTaG Kata 1ISO 9001:2000
» AUVONIKO TTapaywyng
» 2UVETTEIQ OTIC TTAPADOOCEIC
» [10000TWOEIC TTAAAIOTEPWV ETWV
» XpNon eyXwpIlwy eVEPYEIOKWY KAAAIEQYEIWV

» 2UUMETOXIN O€ £PEUVA KAl AVATITUGN :



BiovTiCeA

To BiovriCeA €ival peBuAeaTePag, 0 OTTOIOG TTAPAYETAI KUPIWG
aTro €AAIOUXOUG OTTOPOUG (NAiavBog, eAalokpaufsn, ooyia,
BapBakooTTopog K.A.) Kal UTTOPE va XpnoiyoTroinbei eite yovo
TOU N O€ Hiyda PE VTICEA O€ TTETPEAQIOKIVNTIPEG.

O KUpI0G TPOTTOG TTAPAYWYNG TOU BIOVTICEA givai N
LUETECTEPOTTOINOTN TWV PUTIKWYV EAQiWV (BIounNXaviKn
ETTECEPYATIQ).

H Eupwtraikn 'Evwaon gival 0 KUpIog Trapaywyog PIovTiCeA o€
TTAYKOO IO ETTITIEQD. ATIO TIG TTAPAYWYEG XWPESG NYETIKO POAO
EXel N ['eppavia.

MAEOVEKTNHMA: 2ZNUAVTIKI MEIWON OTIC EKTTOMTTEC AEPIWV TOU
BepuoknTTiou.

H xpnon 100% BiovTiCeA ptropei va peiwoel TIG KaBapeg
ekmoptreg CO, katd 40-50%, avTigToixa n Xxprnon Wiyuarog 5%
peiwvel o CO, kata 2 — 2. 5%.
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Feedstock inputs to U.S. biodiesel production, 2019
Total=12.75 billion pounds

animal fats \
8%

canola oil

10%
recycled —
feedstocks
1% ~— soybean oil
57%
corn oil
14%

ela Data source: U.S. Energy Information Administration (EIA), Monthly Biodiesel Production Report, May 2020
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Feedstock inputs to U.S. biodiesel, renewable diesel, and other
biofuels production, 2021
Total = 23.82 billion pounds

recycled feeds and wastes
5%

canola oil
7%

corn oil —
20%

\ -
soybean oil

68%

7 Data source: U.S. Energy Information Administration (EIA), Monthly Biofuels Capacity and Feedstocks Update, March 2022
ela Note: Feedstocks for ethanol production are not included.
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U.S. Biodiesel Production, Exports, and Consumption
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Biofuel demand growth by fuel and region, 2022-2024
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IEA (2023), Renewable Energy Market Update - June 2023, IEA, Paris
https://www.iea.org/reports/renewable-energy-market-update-june-2023, License: CC BY 4.0

*United States
*Canada
*Europe

*Brazil
*Indonesia
*India

*Other emerging
economies
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Share of global biodiesel output by country, 2017-2023
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IEA, Share of global biodiesel output by country, 2017-2023, |EA, Paris https://www.iea.org/data-and- 25

statistics/charts/share-of-global-biodiesel-output-by-country-2017-2023, IEA. Licence: CC BY 4.0



Figure 2. World Biodiesel- Seed Equivalent.
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https://renewablesnow.com/news/biofuels-remain-main-driver-of-green-transport-by-2023-636068/
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Global biodiesel production and crude glycerol price from 2003 to 2020

« L
2003 2006 2008

2012 2015 2018 202(
Years

I Biod iesel Production (billion liters)
B Crude Glycerol Production (billion liters)
e Crude Glycerol Price (cent/liter)
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Global biodiesel production by country in 2019 (biodiesel production in billion liters

REN21 Leading Biodiesel Producers Worldwide in 2019 (2021) by country (in billion liters) https://www.statista.com/statistics/271472/biodiesel-production-
in-selected-countries/

1 0.6 0.3 0.2
1 » Indonesia

= UJ.S.

* Brazil

= Germany

= France

© Argentina

® Netherlands
® Spain

® Thailand

= Malaysia

= Jtaly

» Poland

» China

= Canada

3.8 3.9 - India

Arman Amani Babadi, Shahrooz Rahmati, Rafieh Fakhlaei, Bahram Barati, Shuang Wang, William Doherty, Kostya (Ken) Ostrikov, Emerging
technologies for biodiesel production: Processes, challenges, and opportunities, Biomass and Bioenergy,163,2022,106521, 29
https://doi.org/10.1016/j.biombioe.2022.106521.



https://doi.org/10.1016/j.biombioe.2022.106521
https://www.statista.com/statistics/271472/biodiesel-production-in-selected-countries/
https://www.statista.com/statistics/271472/biodiesel-production-in-selected-countries/

ASTM D6751 biodiesel quality standard.

Quality Standards Limit Unit
Flashpoint closed cup 93 min °C

Water content 0.050 max % vol
Kinematic viscosity at 1.9-6.0 mm?/s

40 °C

Sulfated ash 0.02 max % mass
Sulfur content 0.0015 max % mass (ppm)
Copper corrosion 3 h, 3 max —

50 °C

Cetane index 47 min —

Carbon residue 0.05 max % mass
Acid number 0.50 max mg KOH/g
Total glycerin 0.24 % mass
Phosphorus content 10 max ppm
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http://www.astm.org/Standards/D6751

First-Generation

Feedstocks
Soybean

Palm oil

Rapeseed

Canola
Sunflower
Cottonseed
Peanut
Corn

Olive

Coconut oil
Pumpkin
Linseed

Groundnut
Sesame

Different feedstock for biodiesel synthesis.

Second-Generation
Feedstocks

Jatropha curcas Linnaeus

Pongamia pinnata

Sea mango

Tallow
Poultry

Nile tilapia
Castor
Rubber seed

Waste cooking oil (WCO)

Rendered fat
Lard oil

Third-Generation
Feedstocks

Autotrophic microalgae

Heterotrophic microalgae

Municipal sewage sludge

Yeasts
Fungi
Bacteria

31



The biodiesel production capacity (thousand
tn) of EU vs. year for 2003-2012
[Data: http://www.ebb-eu.org/stats.php].
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http://www.ebb-eu.org/stats.php

HJHHUMUUDDEDW“ B

he biodiesel real production
(thousand tn) of EU countries
for year 2011
[Data: http://www.ebb-
eu.org/stats.php].
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VS. countries for
year 2012 [Data:
http://www.ebb-
eu.org/stats.php].
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Yrioypadnke n Yroupyikn Artopacn HE TV oTtola Stvetatn

TLOLPATAON TNC TTEPLOSOU KaTAVOUNC BLovTi{eA Kal O
KAO0opPLOHOC TTOOOTNTAC KOLTAVOMKC Yo TO 2023.

2UJ@WVA JE TNV ATTOPACN YIa TO £T0C 2023 eKTINATAI OTI N GUVOAIKN

TToooTnTa Katavoung BlovtifeA 6a avéNBel oe 140.000 yiIAIOAITpa (idia
ue TNV 1TePaiv). O1 eTaIpEiEC ApxIoav va uTtoypa@ouv cuuBoAala e
TOUG TTOPAYWYOUG yia Tov nAiavBo. 17/5/2023

H kaBuoTépnon TNG TTAPATTAVW KATAVOUN £XEI WG ATTOTEAEOUA TNV
elgaywyn TouldyioTtov 50.000m?3 BiovTileA pe OTI auTd PTTOPE VO
ONMAivel yia 10 EUTTOPIKO 1I00CUYIO TNG XWPEAS Kal TNV BILWCINOTNTA
TWV EYXWPIWY CUVTEAECTWYV TOU KAGDOU (KaAAIEPYNTEC Kal
Biounxavia Blokauaipwy). H euBuvn TnG kaBuoTépnong Bapaivel
Kupiwg 10 uttoupyeio MNMepiBaAlovtog kal Evépyelacg (YT1.EN), 1o
OTTOI0, TTaPA TIC dIABEPAIWOEIC O OUCKEWN UE TOUG
evola@epouEvoug gopeic aTic 10 AtrpiAiou, KwAuaoigpyei, divovtag Tnv
gukalpia ata dIVAIOTAPIA va KEPOOOKOTIOUV 0¢ BApog Twy 25.000
KAAAIEQYNTWYV KOl TNG EYXWPIAC Blounxaviag TTapaywyng

Blokaugoipywyv. 26/4/2023 -



Biodiesel production
capacity for the year 2012
(in thousand tn) for EU

[Data: http://www.ebb-
eu.org/stats.php].

COUNTRY Production capacity for 2012 (in thousand tn)
Austria 535
Belgium 770
Bulgaria 408
Cyprus 20
Czech Republic 437
Denmark 250
Estonia 110
Finland 340
France 2456
Germany 4968
Greece 812
Hungary 158
Ireland 76
Italy 2310
Latvia 156
Lithuania 130
Luxemburg 20
Malta 5
The Netherlands 2517
Poland 884
Portugal 483
Romania 277
Slovakia 156
Slovenia 113
Spain 4391
Sweden 182
UK 574
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Diesel consumption and biodiesel estimated demand
for Greece (period 2005-2012).

Year Diesel Substitution  Biodiesel demand

consumption percentage (dam?3)
(hm?) %

2005 2.055 2 41.1

2006 2.125 3 63.75

2007 2.167 4 86.68

2008 2.208 4.5 99.36

2009 2.249 5 112.45

2010 2.29 5.75 131.675

2011 2.3 6 138

2012 2.4 7 168




Biodiesel from energy cultivations and used oils In

Greece (estimations for the year 2013).

Seed yield Oil seeds (1) | Biodiesel | Biodiesel | Biodiesel
(t km2) volume (m3) percentage
yield (%) (%)
sunflower 120-300 102,606 44 45,147 47.4
rapeseed 120-250 7,515 44 3,307 3.5
soya 120-350 2,477 44 1,090 1.1
cottonseed 120-160 103,244 14 14,456 15.2
used oils - 29,181 107 31,224 32.8
total 95,223 100.0
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Finished
biodiesel *+— Dryer

Methanol ——» Methyl
Qi .| Reactor .| Separator | ©SI€™S | Methanol | Neutralization
removal and washing
Catalyst —— _
Glycerol _ Wash
. (50%) — water
Aad ; Water
| o Acidulation
and
Free fatty acids «#———{ separation

— " Methanol/water
rectification

Methanol
Crude glycerol (85%) «———

Methanol
storage

—s Water

The flowchart of a typical Greek biodiesel factory. 39



PAYLOS N. PETTAS ABEE biodiesel industrial unit in
Patra, Greece [Source:
http://www.pnpettas.gr/pages/greenenergy.php]. 40



Emrévdouon otnv Trapaywyn BiovtifeA-Ade10066TnON Kal
XpnHarodortnon oxediou Tng «M.N. METTAX ABEE» otn BIMNE MNMarpwv

.,.,.( _;'

l_u.tdg:u:mrm '
Er

21N xoprynon adeciag diabeonc Blokauoiuwyv otnv etaipeia «MAYAOZ N. NETTAZ
A.B.E.E» rpoxwpnoe trpéoeata 1o YT1roupyeio MNepiBaAAovTtoc kai Evépyelag
OAOKANpwWVvoVTa¢ TIC BIadIKATIES TTIOTOTTOINONG Kal TTEPIBAAAOVTIKNG ade10d0TNONG
TNG Movadag Trapaywyrg BlovTieA duvapikdtnTag 112.500 xIAIOAITPpWY KAT €TOC OTNV
Biounxavikn Mepioxn tng MNarpacg (23/4/2023)

https://gnomip.gr/2023/04/23/%CE%B 5%CF%80%CE%AD%CE%B D%CE%B 4%CF%85%CF%83%CE %B 7-%CF%83%CF%84%CE%B7%CE%BD
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AGROINVEST AEBE biodiesel industrial unit in Ahladi
village, Fthiotida, Greece [Source:

http://www.agroinvest.gr/index.html]. 4



The different types of biodiesel externalities

Their effect to biodiesel production / consumption

Positive externalities

Availability of other activities by-products useful for the biodiesel
production process in the frame of Industrial Ecology.

Alcohols and methyl acetate can be used for trans- or inter-esterification of triglycerides
during biodiesel production.

Consumption externalities.

Biodiesel environmental friendliness is a matter of significant importance for Eastern
Greece, where 75% of the population and 85% of the industrial activity of the Country is
located.

Environmental externalities - GHG emissions.

In the case that biodiesel substitutes diesel quantities, lower GHG emissions are
estimated by LCA.

Impacts on the climate changes.

Mild effect on global warming.

Impacts on the employment.

Opening of more jobs as regards local agricultural sector and biodiesel production
industry.

Impacts on the trade balance.

Less crude oil imports.

National security externalities

Biofuels could significantly reduce the amount of imported crude oil needed to fuel
Greece.

Network externalities or network effect.

Producers can coordinate supply in order to cover continuously demand created by the
transportation and the industrial sector.

Production externalities.

eThe pre-existed four oil refinery units provide conventional types of diesel that can be
partially replaced by biodiesel.

oThe first located biodiesel units, the preparation of the market and the imitation effect
give rise to the exponentially increasing part of the market penetration curve.

Removal / recovery of glycerol.

e|ncreases the yield of biodiesel production reaction.
eIncreases the profit of biodiesel production.
eCan be used as raw material to soap industry etc.

Scale externalities or scale effects

Industries with higher capacities might have a higher per capita production than smaller
ones.

Used oils as raw materials for biodiesel production

Saves virgin oils from been biodiesel raw materials.

Negative externalities

Environmental externalities - GHG emissions.

Increased air pollution by more GHG emissions in total from the consumption of both
diesel and biodiesel.

Increased use of fertilizers in the agricultural sector for biodiesel
raw materials production.

Increased land and surface/underground water pollution.

Miles externalities.

43
A demand for more miles incorporates the externalities associated with vehicle miles
traveled and has as a result congestion on the roads and more accidents.




% production 18-5-2012 fig 1 2007 - ArcMap - ArcView

File Edit Yiew Insert Selection Tools Window Help

LezE &

R T

4 |1:4394.898 | | F & R FE MG ok O M
™ | @@
4 5 8 |7 B |8 |0 i1 1z 18 14 18 18 (17 1B 18 =0 |z |2ﬂ

SF= Layers
- %8 C:\Program Files)ArcalSidatalgres

produckion, w2007
s 0
# 1-20000
@ z0001 - 40000

@ o001 - soooo
. 80001 - 252000

] 'ﬁ CiiDocuments and Settings\Sidiras
= nommoi
[
] G CiiDocurnents and Settings\Sidiras
production

p | *
Display  Source | Selection
Drawing ™ k O~ A~

i4 start

|7 E |2 |19 |11 |12 |13 |14 |15 |18 |17 |18

| g

2 0

& -G ” [ o= Georgiou Kristina 17-...

enﬂ |

@] sial

zfjo - B 7 w|A~ By~ 2~

22°37'43,75"E 36°27'29,27'M |10,29 5,99 Centimeters

:" production 18-5-201Z. ..

En )% 0% 1241
»

Screenshot of the GIS (ArcGIS/ArcView 9.1) software application for
assessing biodiesel production in Greece

44



GIS map for the capacity of the biodiesel

GIS map for the capacity of the biodiesel | e
production units in 2007.

production units in 2005.
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GIS map for the capacity of the biodiesel G5 map for the capacity of the biodiesel
production units in 2006. production units in 2008. 45
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GIS map for the quantity
distributed by the government
as a duty to the biodiesel
production units in 2005.

GIS map for the quantity
distributed by the government
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GIS map for the quantity
distributed by the
government as a duty to the
biodiesel production units in
20009.

) !
P

Vogm

GIS map for the quantity
distributed by the
government as a duty to the
biodiesel production units in
2010.

21°0'0"E

24°0'0"E

27°0'0"E

42°0'0"N

39°0'0"N 1

36°0'0"N

distrib

tion in t

33°0'0"N

year 201
] 0

@ u
@ 39
@
. 14

1
1099

00 - 3975
76 - 7118
19 - 14656

657 - 28421

21°0'0"E

24°0'0"E

27°0'0"E

GIS map for the quantity
distributed by the government as a
duty to the biodiesel productiog),

units in 2011.

42°0'0"N

39°0'0"N

36°0'0"N

33°0'0"N



L LT

GIS map for the production

GIS ma_p fc_)r the pr_odt_Jctlon of the biodiesel units in
of the biodiesel units In 2007
2005. :

SV aoe @
. Q‘ &

it

GIS map for the production GIS map for the real
of the biodiesel units in production of the biodiesel
units in 2008.

2006.

49



21°0'0"E 24°0'0"E 27°0'0"E
i W e 42°0'0"N 42°0'0"N
.‘."L,A oL LN . -
@ -
o A % ;ﬁ’ﬁ?ﬁ?
P : S
. =
: % ° =
et 4\5.@‘:' ﬁ
39°0'0"N ey —~ . 39°0'0"N
Eaiany, ?
GIS map for the real = AN, e
. T 3w .
production of the biodiesel oo N
.- : . e I
units in 2009. RSO AR (A
36°0'0"N | production in t G ”.Vﬁ 36°0'0"N
year 2010 .
s+ 0 H: iy ,?E‘ <) "’g
® 13992 8 T
@ 3993-10007
@ 10008 18099
@ s00-23300
33°0'0"N 33°0'0"N
21°0'0"E 24°0'0"E 27°0'0"E

GIS map for the real production of the
biodiesel units in 2010. >0



Factories thousands L
AGROINVEST AEBE 12240
ANDRIATIK OIL SA 334
BIODIESEL LTD 7118
BIOENENEGY PAPAIOANNOQOY SA 1099
BIOPOWER BIOKINETIC LTD 72
DP LUBRIFICANTI SRL 239
EL.BI - HELLENIC BIO-OILS ABEE 19110
ELIN BIOFUELS SA 10786
ELPE SA 2403
FYTOENERGY SA - NEW ENERGY 14656
GF ENERGY SA 19115
GOECO SA 58
HELLAS OIL SA 259
KATOIL AEBE 280
MANOS SA 3975
MIL OIL HELLAS SA 2795
MOTOR OIL (HELLAS) KORINTHOS REFINERIES SA 431
MUENZER BIONDUSTRIE GMBH 133
NORTH GREECE EKKOKKISTIRIA KLOSTIRIA SA 5215
OIL.BS.R.L. 344
PAYLOS N.PETTAS ABEE 28421
PETROIL SA 285
PETSAS SA - UNDERWARE INDUSTRY 2281
STAFF COLOUR ENERGY ABEE 349
Total 132000

The quantity
distributed by the
government as a duty
to the Greek biodiesel
production units and
Importers during 2011.
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The biodiesel quantity distributed by the

No Factories government as a duty to the Greek production Biodiesel Participatio
companies for the year 2013. m3y1 n
percentag
e %

1 | AGROINVEST AEBE 19247 20.92%
2 | BIODIESEL SA 1217 1.32%
3 | BIODIESEL UNIT LTD 3076 3.34%
4 | BIOENERGY (PAPAIOANNOY) SA 1993 2.17%
5 | DP LUBRIFICANTI SRL 162 0.18%
6 | EL.VIABEE 6437 7.00%
7 | ELIN BIOFUELS SA 7704 8.37%
8 | EPILEKTOS ENERGY SA 1217 1.32%
9 | GF ENERGY ABEE 10227 11.12%
10 | HELLENIC OILS SA 1393 1.51%
11 | KATOIL AEBE 428 0.47%
12 | MANOS SA 3898 4.24%
13 | MIL OIL HELLAS SA 3007 3.27%
14 | MOTOR OIL (HELLAS) KORINTHOS REFINERIES SA 1243 1.35%
15 | NEW ENERGY (FYTOENERGY) SA 8723 9.48%
16 | NORTH GREECE EKKOKKISTIRIA KLOSTIRIA SA 2319 2.52%
17 | PAYLOS PETTAS ABEE 15323 16.66%
18 | REVOIL BIOFUELS SA 1243 1.35%
19 | STAFF COLOR ENERGY ABEE 1900 2.07%
20 | TAILORS CONSULTANTS & COLORS LTD 1243 1.35%

Total 92000 100.00%
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Raw materials declared by the industry according to the biodiesel quantity
distributed by the government as a duty to the Greek biodiesel production

units for the year 2013.
Factories Oil seeds (1) Used Estimated biodiesel (m3)
oils (t
sunflower | rapese soya cottonseed ® sunflow | rapesee soya cottons used Total
ed er d eed oils biodiesel
(m3)

AGROINVEST AEBE 30778 253 7858 6985 13542 111 1100 7474 22228
BIODIESEL UNIT LTD 2844 2510 790 1251 1104 845 3201
BIOENERGY 2463 8 430 577 1084 3 60 617 1765
PAPAIOANNOY SA
DP LUBRIFICANTI 60 64 64
SRL
EL.VI ABEE 8895 428 2243 3914 188 2400 6502
ELIN BIOFUELS SA 2736 12868 8496 1204 1802 9091 12096
GF ENERGY ABEE 15325 3 678 1282 4061 6743 1 298 180 4345 11567
KATOIL AEBE 49 52 52
MANOS SA 1765 45 17676 816 777 20 2475 873 4145
MIL OIL HELLAS SA 1707 453 5000 1090 751 199 700 1166 2817
NEW ENERGY 12960 3481 1799 4000 528 5702 1532 792 560 565 9151
(FYTOENERGY) SA
NORTH GREECE 1280 335 3935 1956 563 147 551 2093 3355
EKKOKKISTIRIA
KLOSTIRIA SA
PAYLOS PETTAS 21853 50195 876 9615 7028 937 17581
ABEE
STAFF COLOR 654 700 700
ENERGY ABEE
Total 102606 7515 2477 103244 29181 45147 3307 1090 14457 31224 95223
Percentage % 47.4% 3.5% 1.1% 15.2% 32.8% btl'.SOO.O%




Percentages (%) of produced biodiesel supplied to the
Greek Refineries to be mixed with diesel according to

the regulations.

Year MOTOR OIL | ELPE SA SHELL
(HELLAS) HELLAS SA
KORINTHOS
REFINERIES
SA

2006 24 75 1
2007 26 72 2
2008 27 73 0
2009 27 73 0
2010 33 67 0
2011 34 66 0

ayi|
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Alkaiouyog eTaipeia

BIONTHZEA E.IN.E.
AZZHPOZ
BIOENERGIA

MIL OIL HELLAS A.E.

E=.BIl. LK.E.
NEWENERGY S.A.

EA.BI. AB.E.E.

MAYAOZ N. METTAZ
AB.E.E.

SPA RENEWABLES A.E.
NETXAX A.E. BIOMHXANIA
EZOPOYXQN
EKKOKKIZTHPIA -
KAQXTHPIA BOPEIOY
EANAAOL ALE.
AGROINVEST S.A.

AKFA AB.E.E.

GRINCO A.B.E.E.
VERD

MANOSZ A.E.
GF ENERGY AB.E.E.

AVIN

MOTOP OiA (EAAAT)
AIYAIETHPIA KOPINOOY
AE.

TEIAOPZ ENEPIEIAKH A.E.
TEINOPZ MKAS M.E.M.E.

EATIE. AEE.

MpoéAeuan kaTaveuduevnNg TTOOOTNTAG

autouaiou BIovTigeA

Movdada TTapaywyhg oto Apupd

Oeooalovikng

Movdda Trapaywyrg oto BLIMA. Adkkwpa

XaAKIBIKAG

Movdda rapaywyng otn BLIME. Acukwva

ZEPPWV

Movdada Trapaywyrg otn BLIE. Zivéou

Movada mrapaywyng oTto Mapalipvio

2EPPWV

Movada mrapaywyng o1o KIAKig

Movada mrapaywyng otn BI.IME. MaTtpwv

Axaiag

Movdada mapaywyng ota labuia Kopivliag

Movdda TapaywyAg oto Afuo

KopoTtnvng PodoTtng

Movdda rapaywyAg oto Koutad Afuou

ABdNpwv =aveng

Movdada TapaywyAg oto AxAad OBiwTIdag
Movdda TapaywyAg oto Afuo

XaAkidéwv EuBoiag

Movdda rapaywyAg otn BLIME. Adpicag

Movada Trapaywyrg otn B' BLLIE. BoAou
oT1o BeAeoTivo Mayvnaiag

Movada TTapaywyrg otn B' BLLTIE. BoAou
oT1o BeAeoTivo Mayvnaiag

Movdda Tapaywyng oToug Ay.

Oecodwpoug Kopivbiag

Eicaywyn amé: a) NOVAOL, PaBévva
Itahiog B) HIGH PROTEIN LTD, MpofavTia,
BouAyapia

Eicaywyn até: a) NOVAOL, PaBévva
Itahiog B) HIGH PROTEIN LTD, MpofavTia,
BouAyapia

Eicaywyn amé HIGH PROTEIN LTD,
MpoBavtia, BouAyapia

Eicaywyn amé HIGH PROTEIN LTD,
MpoBavtia, BouAyapia

Eicaywyn amé HIGH PROTEIN LTD,
MpoBavtia, BouAyapia

MINAKAZ 1

>UVOAIKN €TAO10 KOTOVEPOUEVN MocooTd GUPPETOXNAG
TTO0OTNTA AUTOUCIOU BIOVTICEA (XINIOAITPO) aTtnv Katavour (%)
4.138,68 3,76%
5.209,21 4,74%
3.866,43 3,51%
405,10 0,37%
8.449,74 7,68%
2.940,44 2,67%
26.470,64 24,06%
177,89 0,16%
569,29 0,52%
475,29 0,43%
33.321,83 30,29%
631,60 0,57%
2.216,24 2,01%
9.014,58 8,20%
3.126,21 2,84%
8.200,00 7,45%
152,92 0,14%
225,55 0,21%
16,92 0,02%
16,92 0,02%
374,54 0,34%

https://www.forin.gr/articles/article/52876/upen-dapeek-91141-3744-2021



Aikaiouxog etaipegia

BIONTHZEA E.T.E.
AZZHPOZ

BIOENERGIA

MIL OIL HELLAS AE.

NEWENERGY S.A.

EA.BI. AB.E.E.

MAYAOZ N. NETTAZ
A.B.E.E.

SPA RENEWABLES A.E.

METZAZ A.E.

BIOMHXANIA EZQPOYXQON

EKKOKKIZTHPIA -

KAQXTHPIA BOPEIOY

EANAAOX AE.
AGROINVEST S.A.

AKFA AB.E.E.
GRINCO AB.E.E.

VERD
MANOZ A.E.

GF ENERGY AB.E.E.

ZYNOAO:

Eidog eAaiolyou TMocdTnTta (TévOI)

oTTépou

nAiavBog
eAaioKpAaupn

nAiavBog
eAaiokpdaupn

nAiavBog
eAaIoKpAauPN
ooyia
nAiavBog
eAaiokpdaupn
ooyia
nAiavBog
nAiavBog
eAaiokpdupn

ooyia

nAiavBog

nAiavBog
eAaiokpdupn

nAiavBog
eAaiokpdupn
ooyia
nAiavBog
nAiavBog
eAaiokpdupn

nAiavBog
eAaiokpdupn
ooyia
nAiavBog
eAaIOKpPAuPN

ooyia

EAaiouxol o1répol

7.813,36
5.515,30

10.124,33
7.106,31

11.906,75
648,19

482,12
22.022,59
5.284,49

20,51
2.098,70
65.002,24
6.337,95

2.869,95

1.080,58

831,55
280,10

67.056,26
20.575,10

2.169,28
495,85

3.118,30
2.023,33

18.726,70
2.737,71

2.426,32
210.277,201
50.508,469

7.968,174

Amédoon o€
BlovTiCeA (XAT)

5.864,61

7.581,48

5.630,24

12.019,63

923,43
32.021,07

475,46

489,12

39.035,04

218,17
2.262,32

9.978,13

116.498,693

MINAKAZ 3

BapuBakdéoTtropog

MooodtnTa (Tévol)

35.000,00
89.970,36

745,53

29.121,36

22.155,82
7.300,00

184.293,067

Atédoon o€
BiovTiCeA (XAT)

4.900,00
12.595,85

104,37

4.076,99

3.101,81
1.022,00

25.801,029

XpnaoiygoTtroinuéva QUTIKA €Aaia, TnyavéAaia,

MoaodtnTa (Tévor)

313,24

264,70

455,18

24,30
442,41

24,00
247,10

20.470,50

722,52

32.051,05
5.780,47
2.607,11

63.402,582

Cwikd NiTTn
Am6d00n o€ BlovTiCeA
(XAT)

335,17

283,23

487,04

26,00
473,38

25,68
264,40

21.903,44

773,10

34.294,62
6.185,10
2.789,61

67.840,763



MINAKAZ 5
ETAIPEIEZ EMIMOPIAZ NETPEAAIOEIAQN MPOIONTQN KATHIOPIAZ A'

AEGEAN OILA.E.

APIQ A.E. METPEAAIOEIAQN
ATAANTIZ A.E.
BITOYMINAA.E.

EKO A.B.E.E.

EAANHNIKA TIETPEAAIAA.E.
EAINOIANALE.

ETEKAA.E.

TPIAINAA.E.

MELCO OILA.E.

MENT OIAA.E.

PEBOIAA.E. - E.TN.
POAOIKAZ A.E. YT PAEPIQN
2IAK OINA.E.

AVINOIL MONOINPOXQINH A.E.
CORAL A.E.

GALLON FUEL ABEETT

OTSM A.E.

PORTO PETROL A.E.

OIL ONE S.A.

CETRACORE - JETOILA.E.
EXCEL LUBRICANTS ANQNYMH ETAIPEIA TTETPEAAIOEIAQN

VALCARGO S.A.

MENTITEPPANIAN MIMTITOYMEN A.E.
EXO A.E.

EPMHZ A.E.M.E.E.

https://www.forin.gr/articles/article/52876/upen-dapeek-91141-3744-2021
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THE S-SHAPE SIMULATION
MODEL

The S-shape logistic function based
simulation model is given as follows

K

Jil'=
l+:ln-|:ir_'ﬁ"‘I

where y is the annual biodiesel ‘capacity’ or
the ‘quantity distributed by the government
as a duty’ or the ‘real production’ (in
thousands L) and x is the ‘number of years’
after the year 2004. 58
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Parameters of the logistic function based
simulation model for capacity, quantity distributed
by the government and real production.

Capacity | Distributed Production
K 948,315 150,845 119,785
m 16.12 33.97 16.30
b 1.1159 1.7235 0.9979
SEE 93,907 24,306 16,187
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