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2UVTOMN LOTOPLKN avadpoun

o XnULKEC Slepyaoiec onwce n Badn, n Bupcodeia Tou SEPUATOC KAl N TAPAOKEUN UTTUPOLC
Atav NON YVWOTEC oTNV apyxatotnta, aAAd n cuyxpovn XNUkn flopnxovia oto HVWHEVO
BaoiAewo Eekivnoe 1800.

o To évavopa 608nke amo tnv Blopnxavikn emavactacn, n onoia éekivnoe otnv Eupwrn He TN
LLnxavoroinon tn¢ KAwotoUdavTtoupyilac, TNV aAVATTTUEN TWV TEXVIKWY TTapaywyng oldripou
KOlL TNC AUENUEVNC XPNONG e€euyevioEVOU avBpaka, Ko e€amAwOnke ypriyopa o€ OAo tov
KOG LLO.

o H xnUKn Blopnxavia yVwpLOE UL GUVEXHN por OLEpyaoLwV KAl KOLVOTOLLLEC TTPOLOVIWVY,
QTTOKTWVTOC £TOL £va TTOAU eupU dAOHO TIPOTOVTWV.




Table 2.1 Selected events in the history of the chemical industry.

Table 2.1 Selected events in the history of the chemical industry (Continued).
Yefar Event Year Event
1746 Iohn Roebuck starts producing moderately concentrated sulfuric acid in the lead chamber 1938 Commercialization of the alkylation process for the production of high-octane alkylate.
process on an industrial scale. Otlo R?ElEI'I discovers the hydroformylation reaction for the formation of aldetwdes from alkenes.
1789 Michaolas LeBlanc develops a process for converting sodium chloride into sodium carbonate. In 1933 Start of large-scale low-density polyethene (LDPE] production at ICI. .
marty ways, this process began the modem chemical industry. From its adoption in 1810, it Start of large-scale poly(vinyl chloride) (PVC) production in Germany and USA.
was continually improved over the next 80 vears. until it was replaced by the Solvay process 1940 Standard il Company develops catalytic reforming to produce higher octane gasoline.
—WMAW 1953 Karl Ziegler introduces the Ziegler catalyst for the production of high-density polyethene (HOPE)
et reregrne Farips paten CONEALE process TormanulatiuTig contentratiea sutiuric acid, e 1954 Introduction of chromium-based catalysts for the production of HOPE by Phillips petroleam. This
first mention of heterogeneous catalysis for a large-scale process. For various reasons, the ' ot i TACE
P s o _L HeAlE s e A L L AU """' — Liry - |I'955 Start of large-scale production of polyiethens terephthalate) (PET).
1850 The first |:|-|| refinery, consisting of a one-bamel =till, is built in Pittsburgh, Pennsylvania, USA, by 1557 First commercial produchion of olachc polypropene. Made pos=ible by the development of the
Samuel Kier. Ziegler catalyst.
1856 Seeking to make quinine, William Henry Perkin, at the age of 18, synthesizes the first synthetic 1960 Commercialization of teo industrially important processes: ethene o acetaldehyde (Wacker),
aniline dve, mauveine, from coal tar. This discovery is the foundation of the dye synthesis and acrylonitrile production (SOHIO).
industry, one of the earliest successful chemical industries. 1963 BASF develops the first commercial methanol carb-ung,'lfll'nn process Fnr.ﬂ'le production of acetic
1863 Ernest Solvay perfects his method for producing sodium carbonate. This process started to replace acid based on a hurrpgeneous cobalt catalyst. In 1370, Monsanto builds the first
Leblanc’s process in 1873 methanol-carbomylation plant based on a homogeneous rhodium catalyst.
- - R . . . 1964 Many new and improved catalysts and processes are developed, for example, a zeolite catabyst
1864 The British government passes the “Alkali Works Act” in an effort to control environmental . . i i
L N . X for catalytic cracking (Mobil Oil) and the metathesis of alkenes.
emissions; the first example of environmental regulation. 1966 Fi ) ) .
- . o . irst low-pressure methanol synthesis commercialized by 1CL
1574 Henry Deacon develops the Deacon process fiar converting hydrochloric a.FI.d Nt -:|'_|||:~n ne. 1970s Continued invention of new and improved processes and catalysts.
~1300 With the coming of large-scale electrical power generation, the chl-:-r-_allc,all industry is bom. Birth of environmental catalysis. Development of a catalvtic converter for Otto engine exhaust
1905 Fritz Haber and Carl Bosch develop the Haber process (sometimes referred to as the gas (1974).
Haber-Bosch process) for producing ammonia from its elements, a milestone in industrial Energy crises (1973 and 15979).
chemiﬂr}'_ The PIOCESS Was first commercialized in 1910, Start of large-scale bioethanol production in USA and Brazil.
1907 Wilhelm Momann introduces the hydrogenation of fats (fat hardening). 1580s Several new catalytic processes are introduced. One of the most important is the selective
1909 Leo Backeland patents Bakelite, the first commercially important plastic, which was ﬁ1|'a|‘."1”:_ "E':l_”ﬂ'f:'“d_:sam' ":I'r ':‘:‘“”'DIL'{"E N, ’E""'_'55'|":‘.';5- rtdmmuc;{nalw dE'-iEl':'F_d";E"_t in
= I- I I I-! PD '!.-'ITEI'I IEI!DI'I Is the .E'i"E‘.DPI'I'IE‘I'It ! d FII'DCESS for t FI uction ITVEAr JOm |'I5|1.'!|-'
1920 Standard Oil Company begins lange-scale industrial production of isopropanol from oil, the first .PDI!"EH"E"E (LLDPE) by Union Carbide and Shell.
| I . | 2 feed k Biotechnology emerges.
Arge-scale process using oif as feedsinck. 1990 Sumio lijima discovers a type of cylindrical fullerene known as a carbon nanotube (1991). This
1= WIETHIEE Fier of Brsk deve Ops 4 Tigh-pressure process 1o p_ﬁuce TEthanal. This marks the material is an important component in the field of nanotechnology.
emergence of the synthesis of large-volume organic chemicals. Improved NO; abatement in exhaust gases by NOx trap (Toyota).
Franz Fischer and Hans Tropsch develop the Fischer-Tropsch process, a method for producing 20008 Intreduction of soot abatement for diesel engines by Peugeot (2000),
synthetic liquid fuels from coal gas. The process was used widely by Germany during World Ultra-efficient production of bulk chemicals.
War Il for the production of aviation fuel. Green chemistry and sustainability, including biomass conversion, lﬂ:»ecnrne hot topics.
1926 Fritz Winkler introduces a process for commercial fluidized-bed coal gasification at a BASF plant Mew paradigms and concepts, Product Technalogy, Process Intensification
in Leuna, Germany.
1930 First commercial steam reforming plant is constructed by the Standard Oil Company.
First commercial manufacture of polystyrene by 1G Farben.
Wallace Carmothers discovers nylon, the most famous synthetic fiber. Production by DuPont
began in 1938; output was immediately diveried to parachutes for the duration of World War
1931 Development of ethene epoxidation process for the production of ethene oxide.
1933 Polyethens’ discovered by accident at IC] by applying extremely high pressure to a mixture of
stheneand benzaldehyds.
1934 First American car tire produced from a synthetic rubber, neoprene.
1936 Fugéne Houdry develops a method of industrial scale catalytic cracking of oil fractions, leadin

to the development of the first modern oil refinery. The most important modification was the (g
introduction of Fluid Catalytic Cracking in 1941, -

*The IUPAC naming terminclogy has been used but some tradiional names for polymers are refained in common usage, for
polyethylens (polyethene) and polypropylene (polypropene).




Avopyavo XNULKA

o To BeLLkO 0&L Kol To aVOPAKLKO VATPLO NTOV UETOED TWV TPWTWV
BLopNXOWVIKWV XNULKWV TIPOLOVTWV.

o To "BLtploAl”, onwc elval yvwoTo to BeLko ofu, AToV amopaitnTto XNHLKO yLa
TouC Badelc, TOUC ASUKAVTEC KOl TOUC KOTOLOKEULOTEC AAKOALWV.

o To 1746, o John Roebuck katopBwoe va avénosl onUavtkd tnv KALpaKa >ulturibAc
TIapoywyng Oekol 0€E0C AVTLKAOLOTWVTOC TOL OYXETLKA OKPLBA Kol LLKP QL H:300
yuaAwva doxela tou xpnotpornotovvtay e PeyaAUTEPOUC, ALlYOTEPO
darmavnpouc BaAdpouc arno poAuvBoo, tn dtadkacio tovu BaAdpou
LoAUBSovu.

o To Belko 0V e€akoAoUBEL va elval TO XNULKO TIPOIOV LE TOV LEYAAUTEPO OYKO
TIapaywyne.




8 Household Uses for

Sodium

H {ntnon ywa avBpoKIKO VATPLO OTLG
Blopnxoviec yuoAlou, ocamouviou Kol

kKAwotoldavroupyiag auERBnke paydaia. Carbonate

(Soda Ash)

o Auto odnynoe tn NoAAkn Akadnpuia Emotnpwy, ota t€An tou S€katou oydoou
QLWVO, VOL TIPOKNPUEEL SLOYWVLOUO yLa TNV edpeVpeDn UG LEBOSOU TTAPAOKEUNG
$Onvou avBpakikou vatpiov (Na,CO,).

o O Nicholas Leblanc xpelaotnke mevte xpovia yla va ptacel otnv LOEa TNG avtidpaong
XAWpPLOUXOU vaTplou PE Belko 0&U Kal 0TN CUVEXELD TNE LETATPOTING TOU
oxnuatilopevou Beukol vatpiov og avOpakiko vatplo. Av kat o Leblanc dev €éAafe
note 1o BpaBeio tou, n dtadikacia tou Leblanc cuvdéetal cuvnBwC e TN YEvvnon

TNG oUYXPOVNG XNKLKNG Blopnxaviag.




o H Sdiepyacia Haber yia tnv mapaywyn oppwviog, n
orola xpnotpomolnonke ywa mpwtn ¢opa oTo
gurnoptlo to 1910, umopel va BswpnBOei n
ONUAVTIKOTEPN XNULKA Slepyacio OAWV TWV EMOXWV.

o ATOULTOVUCE IO ONUOVTLKA TEXVOAOYLKN avakaAuvn -
T SuvatoTNTA MPAYLATOTIOINCNG ULOG XNLKAG
avtidbpaonc og oAU vPnAn mieon kol Oeppokpaocia.
ATtOLTOUOE EMLONC CUCTNUATIKA £PELVA VLA TNV
QVATITUEN OTTOTEAECUATIKWY KATAAUTWVY yLa TN
Stadlkaoia, pLo EMOTNUOVIKA EMAvVAOTAON.

o Apxa avarmtuxOnke yla va epodiacel tnv Eupwrn ECOCHEM ocer
LLE Eva Altaopa, To HEYOAUTEPO LEPOC TNC QLU WVIOG A.MMOWA
ekelvn TV emoxn KatéAnée oe ekPNKTIKA e Bdon To SRR
alwto otov A' Maykoouto MoAepo.

CoRROSIVE Toxe
20 LITRES NET




Opyavika XnHiKa

o To 1856, o AyyAoc xnuikoc William Henry
PerkinfouiAlop XevpL MEPKLY ATV O TIPWTOC XNIULKOC
TIOU OUVEDEDE YLl OpYOVIKA XNHLKN ouoia yia
EUTTOPLKA XPrON, TN XPWOTLKA aviAivne pofivn. Mexpt
TOTE OL XPWOTIKEC AapBavovtav amnod GUOLKEC TINYEC.

o H avamtuén Twv OUVOETIKWY XPWOTLKWV KalL, 0TN
OUVEXELA, AAAWV CUVOETIKWVY OPYOVIKWVY XNULKWV
OUGCLWV TLC EMOUEVEC deKkaeTleC, KUPLWC aTTO
[eppavouc xnULkoug, mupodotnoe tn {Ntnon ya
QPWLLOTLKEC OUCLEC, oL omoiec AapBavovtayv Kupiwg
amno niooa avOpaka, artoBAnto tPoiov TG
TIaPAYwWYNG aEpLov TN TOANC artd avOpoaka.




H emoyn tou metpeAaiov

o H xpron tou apyou metpeAaiou (kat tou puaoikol
aepilov) we mMpwtNC UANC YLOL TNV TTAPOACKEU OPYOVIKWVY
XNULKWV Tipolovtwy ekivnoe tn dekaetio tou 1930 oTLC
Hvwpévec MoAtteieg, omou oL udpoyovavOpaKkec tou
TIPOEPXOVTOL ATIO TO TIETPEAALO OVAYVWPLOTNKAV OXETIKA
VWPLC WC aVWTEPEC MPWTEC UAEC yLal TN XNULKNA
Blopnyavia.

o AuTH n Aeyopevn meTpoxNULKA Blopnxavia tipe ) TR
MEPALTEPW WONoN katad tov B' Maykoopio MNoAepo, otav I ,'/.‘ VI gilf . §
BopELOOPEPLKAVIKEG ETALPELEC, KATAOKEVALOOV /“l 4
£PYOOTACLA YLO TNV TIOPAYWYH OPWUATIKWY YL \ O '\‘ B /%
OLEPOTIOPLKA KaUoLpua uPNAwWV okTaviwv. .

'”!lﬂ [ 1)
hiliF . ;i

o YtnVv Eupwnn, n otpodn amo tov avBpaka oTo apyo
TETPEAQLO TtpaypaTOTTOLONKE LOALC 0TO TEAOC TOU B’
MNaykoopiov MoAEpou kat otnv lamwvia n otpodn
npaypatonowndnke tn dekaetia tov 1950.




o H edelpeon ToU AUTOKLVNTOU PETATOTILOE TN {NTNon otn Bevlivn kal To vTileA, Ta omoila MapPaEVOUV Kal
onuepa ta kupla tpoiovta SLALoNG. H kataAutikn) mupoAucn KAaopatwy TetpeAaiou, pla dtadilkaoia mou
avantuxbnke amo tov Houdry to 1936, odrjynoe os oAU vPnAotepeg anodooelg Beviivne. H dtadikaoia
aUTN €lval pia amo T CNUAVTILKOTEPES XNULKEC Slepyaoiec mou avamtuxnkav moTE.

o H xprion tou apyoul TETPEAALOU WC UTIOKATAOTATO TOU AvBpaka apeixe otn XNHULKA Blopnxavia po
adBovn, $ONvA mpwtn VAN ou Ntav eVkoAo va petadepBel. H mepiodog amo tn dekaetia tou 1930 €wg TN
dekaetia Tou 1960 Ntav pa eplodo¢ MOAAWY KOLVOTOMLWY OTNn XNUWKA Blopnxavia, e aéloonpeilwTto
OPLOLO EMOTNUOVIKWY aVOKOAUPEWV.

o AvarmtuxBnkav TOAAEC VEEG Slepyaoiec, ouxva BaolopEveg oe VEeC e€elielc otnv kKataAuvon. Ot Hovadec
nopaywyng moAAamAaoctaotnkov ot Hvwpévec MoAtteieg, tnv Evpwnn kat tnv lamwvia. Ta cuvOeTika
TIOAULEPN QTTOTEAECAV TOV KUPLO TOUEQ QVATITUENC KATA TNV IEpiodo autr. Me tnv avénon tng Katavonong
NG SOUNC AUTWV TWV UALKWYV, LTtNPEE paydaila avamtuén Tng TEXVOAOYLOC TWV TTIOAULEPWV.




Oil dependence

How much hay

Major global oil exporters

® In countries with fixed exchange rates, central banks
: : s -0.4146 —
continuously arrange various types of interventions . .
to control the national currency as a counterbalance Canada J

to countries with a floating exchange rate, where
the rate is determined by supply and demand.

®  Countries with a so-called "managed float”
regime are an exception. In these countries

the central bank only occasionally intervenes
to smooth out the exchange rate.

Exchange rate regime

0.0459 -0.0705

Saudi Arabia
é i
-0.2519 - Qatar

[ Venezuela ﬁﬁm
[ Brazil

i

-0.3068
Mexico

-02519 -

of crude oil, i
sards of barrels

0

Kazakhstan |

8| -__0

)020

-0.3391
Malaysia
@ Indonesia

éh

-0.3450

Influence of the price of oil on national currency exchange rates over the past 15 years

3.39% 079% 1.06%
o . The greatest
1.29% -022% _gqg9 influence
-4.69% -5.01% -4.95%
755% )
16.40% In countries where a floating exchange rate
= -17.86%

is typical, e g. the exchange rate is minimally
controlled by the central bank

CAD, MYR,NOK,MXN,BRL,IDR, RUR
-50.38%

Minimal
influence

In countries where the national currency
exchange rate is smoothed out
by interventions by the central bank

SAR,NGN, VEF, KZT, QAR,AZN

Sources: Federal Reserve Bank of St. Louis, IMF, Central Bank of the Republic of Azerbaijan, U.S. Energy Information Administration, Banco Central de Venezuela
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o YTaL TEAN TNC dekaetiag Tou 1960 Kkal oTLg apyeC TS dekaetioc tou 1970,
0 KOOUOC APXLOE va. CUVELONTOTIOLEL TIC TIEPLPAAAOVTLKEC ETUMTWOELS TNG
XNULKAC Blopnxaviag ko yevvnonke o kKAado¢ tng mepPaAAoVTLKNG
KatdAvuonc. To Tio afloonpelwTo apAdeLypa VoL O KATOAUTLKOC
KOOOPLOUOC TWV KALUOAEPLWY TWV AUTOKIVATWY. To cuoTnua KATaAUTH
KaUoOEPLWV ELVaL OrLEPA O TILO KOLVOC KATAAUTLKOC avTLOpOoTAPOLC
OTOV KOOLO.

o 3tn ekaetia tou 1980, otav oL TexVOAOYLKEC €eAitelc emPBpaduvOnkayv
Kat 0 SLEBvNC avtaywviopoc avéndnke, n xNULKA Blopnxavia otLg
OLVETITUYMEVEC XWPEC LloNABe o€ pLa 1o wptpn daon. MoAAEC
TIETPOXNULKEC Slepyaoiec elxav apxloel va ptavouv ota opla Tne
NMEPOLTEPW BeATiwong, oMOTE N €peuva EMKEVTPWONKE TTEPLOCOTEPO OE
XNULKEC ovoiec uPnAng mpootBepevnc aélac.

o Kata tnv nepiodo petafv 1980 ko 2000, mpaypatonolndnke tepaotia oreamsimo o
Bropnyxavikn avadiapBpwon, KaBwc oL TapadOCLOKES ETALPELEC EMPETE
va anodacicouv av Ba mapapeivouv 1 Oa eykataleipouv tnv
rnapaywyn oLatepa AVIAYWVLOTLKWY TTETPOXN LKWV TTPOLOVTWYV KOl 0V
Ba otpadouv oTtnv mapaywyn WBOKWV poilovtwyv uPnAotepnc aflac.

11




H emoxn tnc aswdpopiog

o JTLC APXEC TOL 21°V alwwva, N €vvola tne aeldboplag EXEL YIVEL LA CNUOVTLKN

TAoN oTn XNUKN Blopnyxavia. Exel kataotel cadeC OTL yLa TLC XNULKEC ETALPELEC AGE

dev glval ONUOVTIKEC LOVO Ol OLKOVOULKEC TITUXEC (KOOTOC ETEVOLONC, KOOTOC

MPWTWV VAWV K.ATL.), aAAAQ kot tepLBaAAovTika {NTAHOTA (EKTTOUMEG QLEPLWV TOU SUSTA' NABl I_lTY
Gepuomniou, CXT[(I)B)\HTQ K.}\T[.) KOLL KOLVWVLKOL Zr]-[r']ua-[a (apteuéq EpV(IZOIJ.éV(UV, THE SPACE RACE, DISRUPTIVE INNOVATION, AND ECOSYSTEM SERVICES

apLOUOC epyaTIKWY atuxnuatwy, damavec R&D K.A.).

o O MePLPAANOVTIKOC AVTIKTUTIOC TWV SLOSLKAGLWY TTOPOYWYNE XN LKWV
TPOLOVTWV TMPETEL VA Elvall 000 TOo SUVATOV ULKPOTEPOG- OCO0 TIEPLOCOTEPQ
amoBAnta mapayovtal T0oo Alyotepo Blwotlun eivat n dtadikacia mopaywyng.
ErtutA€ov, ta anoPfAnta Unopet va lval TepLoOoOTEPO 1 AlyOTEPO EMmIKivOuva.
MNpodavwc, Ta emnkivbuva amofAnta Exouv LEYAAUTEPO AVTIKTUTIO OTN
Buwoipotnta oo ta pn emnkivouva anopAnta.

o |Slaitepa otic Blopnxaviec akpBwyv XNUIKWV Kol papUOKEUTIKWY TIPOTOVIWY,
OTIOU N TTOCOTNTO TWV AITOBANTWV TTOU TTOLPAYOVTAL AVA TTOCOTNTA TTPOLOVTOC
elval mapadoolakd HeyaAn, ExeL cNUELWOEL peyaAn npoodoc, aAAd TtPETEL

akoun va kepdnBouv MoAAA amo autn tnv anoyn. 12
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AwapOpwon TG XNHIKAG Blopnyaviog

o To pAaopa TwV POIOVIWV €ival TEpAOTLO, AAAA N CUVTPUTTIKA TTAELOPNPla AUTWV TWV XNULKWV
NPOLOVTWVY, TIEPLTOU To 85%, MapAyeTAL ATTO EVOV TTOAU TTEPLOPLOUEVO OPLOUO ATTAWVY XNULKWYV TIPOIOVTWV
Ttou ovopadovtal YNULKA tpoiovta Baonc, Ta omola Ue Tn OEWPA TOUC TTapAyovTal oo OEKA LLOVO TIPWTEC
UAEC.

o AUTEC OL TPWTEC UAEC UTTOPOUV VA XWPLOTOUV OE AVOPYOAVEC KoL OPYAVLKEC UAEC.
o OL avVOpPYaVEC MPWTEC UAEC TtEPLAUBAVOUV TOV QEPQ, TO VEPO KOlL TOL OPUKTAL.

o JTNV KATNYOPLO TWV OPYOVIKWY TIPWTWV VAWV AVAKOUV TO MIETPEAALO, O AvOpaKac, TO PUOLKO QEPLO - TIOU
nolt ovopadovtol opuKTa Ko oLua - Kot n Blopada.

o H petatpor) Twv PacIkwV XNULKWV ouoLlwv pUmopei va mapayet tepirmov 300 StadopeTika evolapeoa
npoilovta, ta omnoia e€akoAouBoUv va elval OXETLIKA artAd popla. TOoOo oL BACLKEC XNULKEC OUGLEG 00O Kall
Ta evOLlApEoa TtpolovTa UmopouV va TaélvopunBbouv we XNULKEG ouoieg xudnv (bulk chemicals).

o Mia peyAAn TTOLKIALA TTPONYMEVWV XNULKWV TIPOTOVTIWY, BLOMNXAVLKWY ELOLKWYV XNULKWV TIPOTOVTWYV Kol
KOTOVOAWTLKWVY TIPOTOVTIWYV Utopouv va apaxBouv pe mepattépw otadla aviidpaonc.

13




30 000)

V=
R

P~

Intermediates
(ca. 300)

N/

Base chemicals
(ca. 20)

)

Fuels
(ca. 10)

Raw materials
(ca. 10)

Plastics, electronic materials,
fibers, solvents, detergents,
perfumes, insecticides,
pharmaceuticals

Acetic acid, formaldehyde,
urea, ethene oxide,
acrylonitrile, acetaldehyde,
terephthalic acid

Ethene, propene, butene,
benzene, synthesis gas,
ammonia, methanol, sulfuric
acid, chlorine

LPG, gasoline, diesel,
kerosene

Qil, natural gas, coal,
rock, sulfur, air, water

}

Advanced
chemicals,

» specialties &

consumer
products

Bulk
chemicals
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Survey of the
petrochemical

/naustry
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To apyo MEeTPEAALO KAl TO PUOLKO QLEPLO ELvaL OL KUPLEC TIPWTEC UAEC yLa TNV TTopoywyn Twv
TIEPLOCOTEPWV XUONV OPYOAVIKWY XNULKWV TIPOLOVTWV.

To pwTto oTAdLO TNG METPOXNMLKAC Blopnxaviog elval N LETATPOTI AUTWV TWV TIPWTWV UAWV O€
BOOLKEC XNULKEC OUGLEC:

o KOTWTEPA OAKEVLA: ALBEVLIO, TIPOTIEVLO, BOUTAOLEVLO,

o apWHOTIKA: BevIOALo, ToAoUOALD, EUAEVLA ("BTX"),

o aEPLo ouvOeonC (nelypa kuplwe ubpoyovou Kal povoéeldiov Tou avBpaka), appwvio, LeBavoAn.

O TOMEOC AUTOC AVILUTPOOWTIEVEL EMIONG TLC ONUOVTIKOTEPEC SLEPYAOLEC Yyl TNV TTOPOYyWYN AUTWV TWV
XNULKWV TIPOLOVTWY. Tol KATWTEPA OAKEVLA TTAPAYOVTOL KUPLWE LE TIUPOAUON UE ATO Tou abaviou N
vadOoac, Evw Ta apWUATIKA TTopayovTol Kuplwe katd tn Stadikaoia kataAutikng avapopdwonc. To
aEpLo cUVOeONC, To omoio gival N mpwTn VAN yLol TV appwvia Kot Tn HeBavoAn, mapaystol Kuplwe e
avopoppwaon He atuo tou puotkol agpiou
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Y10 6elTtepo otadlo, Sle€ayovtal SLadopec XNULKES SlEpyaolec, oUXVA LLE OTOXO TNV ELCAYWYN
Stadopwv etepoatopuwy (oEuyovo, xAwplo, Beio K.ATt.) oTo HOpLo. AUTO 0OnNyEeL 0TO CXNUATIOUO
XNULKWV EVOLAUECWV TIPOTOVTWY, OTIWC TO 0ELKO 0&V, N Popuardelidn kal To oeidlo Tou
atBeviou, Kol HOVOUEPWV OTIWE TO akpUAoVLTPiALo, TepePBaALkO 0L K.O.K.

Mot TEALKN) OELPA AELTOUPYLWYV - TTOU CUXVA artoTeAELTal amo MoAAA oTtadla -amalteital yo tnv
TTapoywyn MTPONYHEVWY XNULKWY TIPOTOVTIWY, BLOUNXAVLKWY TPOTOVTWY KOl KATOVAAWTIKWVY
npolovtwyv. Auta ta tpoiovta nephapfavouv:

o Aa.oTLKA: TtOAU(BLvuAoxAwpidio) (PVC), moAuvakpuAovitpilio,

o OUVOETLKEC LVEC: TTOAUECTEPEG OTIWC TO TEPEPOAALKO TToAvaBevio (PET), vahov-6,

o g\aoTopEPN: TIOAUBouTASLEVLO,

o XPWHLOTOL KOl ETILOTPWOELG,

o {L{OVLOKTOVQ, EVTOMOKTOVA KOl LUKNTOKTOVA (0lypOXNHLKA),

o AUTACHOTO: YL TIAPASELY O, VITPLKO QLLULWVLO,

o Brtapiveg,

o YEVUOELG KOl OPWHOTA,

o oamoUVLA, ATTOPPUTIOVTIKA Kol KAAAUVTLKA (KOTOVOAWTLKA XN LK),
o hAPUAKEVTLKA TIpOolovTaL.

Consumer

intermediate
petrochemicals
24 1%



Raw Materials That Fuel
THE

Because of heavy battery
weight, EVs tend to use
mdch more aluminum in
their bodies than
gas-powered vehicles.

Motors with permanent magnets are
more common for EVs, and use rare
earth metals like neodymium to
create powerful torque. Even the
Tesla Model 3 will use a PM motor.

Even though green energy comes from renewable sources

like the sun and the wind - it still requires massive amounts
of finite resources fo make it all work.

y s N y Wind turbines also use
To get off fossil fuels, we will need % / \ y permanent magnets to
massive amounts of these other generate electricity.
mefals and minerals.

Constructing solar panels and
wind farms on a significant scale
takes large amounts of metat=~

Photovoltaic use Y 3 8 — h Tesla uses AC Induction motors for
already accounts for .Y \ the ModelS and Model X - they use
8% of silver demand. 2 no rare earths, but use vastamounts

o1 copper.

EEP CYCLE
12V 40AH "N BATTERY

LITHIUM 10

Lithium-ion batteries need materials
like lithium, cobalt, nickel, and
graphite, but these battery metals
all have important and unique supply
chain limitations.

While not technically rénewable, nuclear
energy is considerad sustainable by most.
In fact, it's the safest type of energy (by farl
in terms of deaths per TWh generated.

The green revolution is not
possible without the ability to
economically store energy.

Vancouver
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Global fossil fuel consumption

Global primary energy consumption by fossil fuel source, measured in terawatt-hours (TWh).

120,000 TWh
Gas
100,000 TWh
80,000 TWh
Qil
60,000 TWh
40,000 TWh
20,000 TWh Coal
0 TWh
1800 1850 1900 1950 2000 2019

Source: Vaclav Smil (2017). Energy Transitions: Global and National Perspective & BP Statistical Review of World Energy
OurWorldinData.org/fossil-fuels/ « CC BY

KatavaAwon kKot anmofepata opuKTWV KOUGLWVY

https://www.youtube.com/watchev=Vréb-Wzlcyo

Years of fossil fuel reserves left

Years of global coal, oil and natural gas left, reported as the reserves-to-product (R/P) ratio which measures the
number of years of production left based on known reserves and annual production levels in 2015. Note that these
values can change with time based on the discovery of new reserves, and changes in annual production

Coal

Natural Gas

Qil 50.7

0 20 40 60 80 100

Source: BP Statistical Review of World Energy 2016 QurWorldInData.org/how-long-before-we-run-out-of-fossil-fuels/ « CC BY



https://www.youtube.com/watch?v=Vr6b-WzIcyo

OPYKTA KAY2ZIMA
H EE MAPAMENEI EZAPTHMENH

Mepidio Twv opuKtwY Kauoiuwy otnv akaBdpiotn diabéoiun evépyeta otnv EE
(%, 1990-2020)

Asphalt Heat Lubricants
259 11.0% 1.0%

Petrochemicals
6.5%

AxaBapion

Siabéon evépyeaia

TIMELINE »
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H Blopalo wg evaAlaktikn AUon ylo T OPUKTA KAUGLUOL

o H Blopadla eival to tpoiov tn¢ dwtoolvBeonc. H pon evépyelag Tou NALOU ToU PTAVEL 0TN YN Elval
niepimov 1 kW/m? . Autog o aplOpoc petadpaletol 0To TEPAOTLO TOCO TWV TECOAPWYV EKATOUUUPLWV
EJ/a (exajoules/a). Eva mocooto tng taéng tou 0,1% autwy Twv ¢wTtoviwv cUANALBAVETOL OTN
dwTooLUVOEDN, LE ATTOTEAECMA TNV TTapaywyn evepyelag 4000 EJ/a. Elval autog o aplOpuog peyaiog;
O aplOUOC aUTOC CUYKPLVETAL LE TN oNnNpEPLVA Katavalwon svepyeLag (440 kl/a) kal To oTolyela
KOTOLVAAWON G OPUKTWV KAUGCLUWYV Kal Tn onpepvn xprnon Propalac.

Table 2.2 Comparison of energy production by photosynthesis with current and future consumption. Source:
IEA World Energy Outlook 2008.

Energy flow

W El/a Remarks Years reserve (R/P)

Radiation reaching earth 125000 4000000 1 kW/m? sustainable
Natural photosynthesis 130 4000 sustainable
Energy consumption (2005) 14 440 mainly cooking, heating  sustainable

Biomass 1.5 50

Coal 4.4 140 190

Oil 5.2 170 42

Matural gas 3.6 110 63

Energy consumption (2050 estimate) 49 1550 3.5 times that of 2005 21




o ‘EToL, N onUEPLVA TTOYKOOULOL KATOVAAWGON EVEPYELAC AVTLOTOLXEL Ttepimou oto 10% TNnG
napayopevne Bropalac.

o To €t0o¢ 2050 0 aplOuoC autoc avapevetal va auvénbel oto 40%.

o MNapopoLa e T OPUKTA KAUGLUO UITOPEL va XpnoLpomnolnBel wg mpwtn VAN yLa Tn XNULKA
Blopnxavia. YmoBOetovtag OTL N mayKOooLa XnNHLKn Blopunxavia dev euBuvetal yla
MEPLOOOTEPO aTto To 10% NG KATAVAAWONG EVEPYELAC, Elvall cadEC OTL uTtapXEL adBovn
SlaBgoun Bropalo Tou UMopPEL va XpNOLUEVOEL WC TPWTN UAN yLa tn Blopnxavia auvth.

o Ol BaolkeC KAAALEPYELEG yLa TNV Ttapaywyn Blopalag umopouv va KaAAlepynBouv
OLVOLVEWOLUOL KOLL OTOL TIEPLOCOTEPA KALLOTAL 0€ OAO TOV KOO0, YEYOVOC TTIOU KaBLoTa TN
Bropala pot KaAn eVOAAOKTLKR AUON YLoL TV TTApaywyr KAUGCTHWY KoL XNULKWY OUGCLWV.
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EvEpyela Kot XnUWKN Bropnxovia

o H xnuikn Blopnxavia xpnoluomolel moAAn evEpyELQL.

o H moootnta tTwv udpoyovavopaKkwy TToU XPNOLUOTIOLOUVTAL YLO TNV TIApoXH TNG ATTALTOUEVNG
EVEPYELOC €lval TNC WOLaC TAENC UE TNV TTOOOTNTA TWV UOPOYOVOVOPAKWY TTOU
XPNOLUOTIOLOUVTOL WE TPWTN UAN.

o Ta KAUGOLUO XPNOLUOTIOLOUVTOL O€ AUECOUC BepavTpeC Kot KALBAvouUG yla tn B€ppavon twy
PEVUATWY Slepyaoiag Kol yLo TNV mapaywyr atpol Kol NAEKTPLKAC EVEPYELQLG.
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Kavowua yia apeocouc Oeppavrnpec kot ¢oupvouc

o To KOWUOLUO TIOU XpnoLUoToLEital otoug KALBAvouc dlepyaciwy ivat cuyva to ibLo pe tnv
PWTN VAN Ttou Xpnotpormoleital yia tn dtepyaoia. Na mapadeypa, otnv avapopdpwon
duoLkoU aEpLov PE OTHO, TO GUCLKO OEPLO XPNOLUOTIOLELTAL TOOO WC TTPWTN UAN 000 Kol WG
KaUoLpo otov kKAiBavo avapopdwong.

o To palourt, poiov anootaénc apyou MeTpeAALOU, TO omolo eival Alyotepo TTOAUTLUO Ao TO
(6Lo TO apyo MEeTPEAALO, XPNOLUOTIOLE(TAL CUXVA OTOL SLUALOTHPLO- YLO TTIAPAOELY A, VLol TNV
npobeppavon tng tpododocioc oTov KAACUATOTIOLNT apyoU TteTpeAaiov.
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ATHOC

o To ouoTnua atpnol €ival TO CNUOVTIKOTEPO CUOTNMA KOLWVAC Flue gas
WPEAELOC OTLC TIEPLOCOTEPEC XNMULKEC eyKaTaoTaoelg. O
ATHOC £XEL OLAdDOpPEC EDOPUOVYEG, VLA TTAPADELYLA, VIO TN
B<ppoavon powv SLEpyaocLwy, WC LECO AVTLOPOONC KoL WG
BonOnua anootaénc.

—» Steam

Steam drum

o O ATUOC TAPAYETOL KOl XPNOLUOTIOLETOL WG KOPECUEVOC,

UYPOC 1 UTLEPBEPLLOC.
o O KOPEOEVOC ATHOC Sev TePLEXEL uypaoia 1) uTtepBéppovan, s
0 UYPOG OTOC TIEPLEXEL LYpPOCLa KaL O UTIEPOEPOC ATUOC OeV
TIEPLEXEL LYpACLA KaL Elval TTAVW Ao T Bepuokpaocia
Mud drum

KOPEGOU TOU.

o ATHOG Ttapayetal ouvnOwc o AéBntec uSpoowARvVwy
XPNOLULOTIOLWVTOG TO OLKOVOULKOTEPO SLABEGLUO KAUOLUO.

| \- water
Make-up water ——

25




o Tal KWoaEPLa Ttou eKAUOVTAL KOTA TNV KU on Tou
KOLUGLUOU XpNOLUEVOULV YLa TN BEppavon Tou vepou
Tpododoaciag Tou AEBnta yla TNV mapaywyn atpou.

2TnV avapoppwaon puotkov agpiou LE aTtHo, To GUCLKO
QEPLO XpNOLUOTIOLELTAL oUVABWC Kal yLa BEppovon Kol o
QTLLOG TIOPAYETAL OE EVaV AEYOLEVO AEPNTA
QTIOPPUTTOLEVNC BeppoTnTAC HUE avTaAAayr BepuoTnTog
TOOO LLE TA KAUCOEPLA TOU KALBAVOU 00O KoL UE TO AEPLO

oUvOeoNC MOV TTOPAYETAL.

2

Temperature (K)
S 88 8 8

3

=

O aTHOC XpNOoLoTIoLETOL YEVIKA O€ Tpla StadopeTIKA

emineda nieong.

Typical steam pressure levels.

Superheated steam e
/ﬁﬂf
|
Wet steam
| | |
0 a0 100 150

Pressure (bar)

Operating conditions

Pressure (bar)

Temperature (K)

Saturation temperature (K)

HP (high pressure) steam
MP (medium pressure) steam
LP (low pressure) steam

40
10
3

683
493
463

523

453
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HAeKTPLOMOC

o H nA&KTPLKN EVEPYELA UTTOPEL EITE VO TIALPAYETOL
ETILTOTIOV O€ ATUOOTPORLAOUC ElTE va
npopnBevETAL ATIO TNV TOTILKNA ETALPEL TIAPOXNG.

o Y€ UEYAAEC EYKATOOTAOELG, N LElWON TOU
EVEPYELAKOU KOOTOUG €lval duvath €av n
QTTALLTOU LEVN NAEKTPLKN EVEPYELA TTOPAYETOLL
ETILTOTIOVU O€ ATUOOTPORLAOUG KAl O ATUOC TWV
KauoaEpLlwVv amo Toug otpofilouc va

XPNOLUOTIOLE(TOL VLA TN BO€pavon TNG | - :Q‘;“h
Sdladikaoiag. 1. LT L U

o JUXVA Elval OLKOVOULKA N Kivnon peyaAwv
CUUTILECTWY, OL OTtoloL aattouV HEYAAn oxu, He
aTHLOOoTPOLAOUC. O TOPOAYOUEVOC ATULOC UTTOPEL
va xpnotpornolnOel yia tn B€ppavon Tomkwy
Slepyaolwv. &




o Mia npoo@atn €EEAIEN €ival N KATAOKEUN TWV AEYOUEVWY HOVAdWV cuUnapaywync, oTIC ornoie BepudTNTA Kal NAEKTPIKN
EVEPYEIQ NapAayovTal TAuTOXpova, ouvnBwc we koivornpa&iec YeTa&u Biounxaviag kalr dnUOCIwV OpyavioHwV.

o MapadeiypaTa €ival ol KEVTPIKOi AEBNTEC KOIVAG WPEAEIQC MOU NAPEXOUV ATHO YIa ThV napaywyn NAEKTPIKNAG EVEPYEIAC Kal
TNV Napoxrn o€ eva Toniko cuoTnua BEpuavonc kal ol Jovadeg ouvouaopevou KUKAOU nou auvoualouv TnV agpionoinon
TOU avBpaka PeE TNV Napaywyn NAEKTPIKNG EVEPYEIAC G€ aEPIOaTPOPIAOUG Kal aTHOoaTPORIAOUC.

What is - .
Cogeneration? / .

ELECTRICITY

l Prodeiding Plieky %
Lacal Povesr Gradl
_) BUILOMNG
* 0R FACILITY

- IER _
Electrical 4 U

HEAT
HEm.H“
UNIT
HOT




2UvOegon OpUKTWYV KAUGLHWV Kat Bropaloc

o Ko ta tpla opuKktad Kavoua (metpeAato, avBpakac Kat puoLkOo AEPLO) EXOUV KOLVO XOPOAKTNPLOTLKO
OTL AMOTEAOUVTOL KUPLWCE aro dvBpaka Kol USPOYOVOo, EVW UTIAPXOUV KOl LLKPEC TTOOOTNTEC
ETEPO-UTOUWV OTIWC Alwto, ofuyovo, Belo Kal PETAAAQ.

o Q0T000, N avaAoyla AUTWV TWV OTOLXELWV Elval TTOAU SLapOpPETLKN, YEYOVOC TTOU eKONAWVETAL 0T
oAU Sladopetika poplakad ocuvBeon (peyeboc, TUTOC K.ATL.) Kol TLG PUOLKEC LOLOTNTEC.

o EKTOC amo avOpaka kot udpoyovo, N BLopala TIEPLEXEL ULt OXETLKA LLEYAAN TTOCOTNTO 0ELYOVOU.

o O Aoyoc C/H sival €va XopoKTnNPLOTIKO YVWPLOUO TwV bOpoyovavOpaKwv. To EMOUEVO O
napouaotalel tov Aoyo C/H yla ta Kuplotepo opuKTA Kol oLpa, tTn Blopdala Kol OpLopEVOUC AAAOUC
vOpoyovavOpakec.
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Elvail cad£Eg OTL N OXETLKN TTOoOTNTA AvBpaka otov KApPouvo eival oAU peyaAlTtepn amo oO,TL
oto apyo netpelato. To pebavio (CH,) Exel mpodavwg to xapnAotepo Adyo C/H amd 6Aoug toug

vSpoyovavBpakec.

O Aoyo¢ C/H tou duaoikov agplou eival TOAU TOPOLOLOC E AUTOV TOoU peBaviou, eneldn To
HeBaAvLo gival To KUPLO CUOTATLKO TOU duaLkoU aEpPLou.

methane
transportation fuels
crude oil

residual oils

shale oil

biomass

coal liguids

coal

|
m
-
-
-
m
E—
——
0 DI.5 'I| '1I.5 EI 215 3

C/H atomic ratio

C/H atomic ratios of hydrocarbon sources and some products. “




Duowo aEplo

o To puoLKO aEplo eival peiypa vdpoyovavOpakwy e KUPLO CUOTATLKO TO HeBavio.

o Mmnopet va Bpebel og mopwdnc TALEVTNPEC, Elte ouvdedepEvo e apyo etpeAato ("ouvdedbepevo agpto”)
€lTe o€ TAULEVTPEC OTOUC oTtoilouc Sev uTtapxeL etpeAato ("'un cuvdedepévo agplo”).

o To dUOLKO AEPLO EXEL LEYAAN ONHACiol OXL LOVO WC TtNYN EVEPYELOC, AAAA KAl WC TTPwWTN VAN yLa TNV
TLETPOXNMLKA BLropnxavia.

o EKTOC amo udpoyovavOpakec, To PUOLKO AEPLO TTEPLEXEL CLUVNOWC HLKPEC (A LEPLKEC DOPEC LEYAAEC)
TTOOOTNTEC aEPLwV Tov Sev TepLlexouv vdpoyovavBpakec, omwc dLoéeidlo Tou avBpaka, AlwTto Kot
vOpobELo.

o To puoLko agptlo tacvopeitol we "enpo" N "vypo". O 6poc "uvypo" dev avadepetal 0To vePO AAAA 0TO
YEYOVOC OTL TO UYPO GUOLKO ALEPLO TIEPLEXEL ONMAVTLKEC TTOCOTNTEC albaviou, pomaviov, Boutaviou Kal
vSpoyovavBpdakwv C5 Kol Avw, OL OTIOLOL OULLTTUKVWVOVTOL KOTA TN CUMTILEoN o€ Beppokpaoia
neptBailovrtoc oxnuatilovtacg "vypa puoikol agpiou”.

o To EnPO PUCLKO OEPLO TIEPLEXEL LOVO ULKPEC TTOCOTNTEC CUUMUKVWOLLWY UdpoyovavOpakwy. To
ouVOEOEUEVO QEPLO ELVAL TIAVTOTE LYPO, EVW TO pN ouvOedepévo agplo eival ouvnBwe Enpo. 31




Table 2.4 Composition of selected non-associated natural gases (vol %) [12, 13].

New North M.
Area Algeria ~ France  Holland  Zealand Sea Mexico  Texas Texas Canada
Hasi- West Rio
Field R'Mel Lacq Gron. Kapuni Sole Arriba Terrell  Cliffside Olds
CH, 843.5 69.3 81.3 46.2 94.4 96.9 45.7 65.8 2.4
CoHs J.0 3.1 29 5.2 3.1 1.3 0.2 3.8 0.4
C3Ha 2.0 1.1 0.4 2.0 0.5 0.2 — 1.7 0.1
CaHig 0.8 0.6 0.1 0.6 0.2 0.1 — 0.8 0.2
Cyt 0.4 0.7 0.1 0.1 0.2 — — 0.5 0.4
M3 6.1 0.4 14.3 1.0 1.1 i 0.2 26.4 2.5
CO, 0.2 9.6 0.9 44.9 0.5 0.8 53.9 — 8.2
H.5 — 15.2 trace — — — — — 35.8
Table 2.5 Composition of selected associated natural gases (vol.%) [12]
Area Abu Dhabi Iran North Sea North Sea N. Mexico
Field Zakum Agha Jari Forties Brent San Juan County
CH, 76.0 660 44.5 62.0 7.3
C.Hg 11.4 14.0 13.3 9.4 11.2
CsHg 5.4 10.5 20.8 4.7 5.8
CsHig 2.2 5.0 11.1 1.6 2.3
Cqt 1.3 2.0 8.4 0.7 1.2
M 1.1 1.0 1.3 0.9 1.4
CO,; 2.3 1.5 0.6 0.7 0.8

Hz5 0.3 — — — —




o To un ouvOEbEUEVO QEPLO UTTOPEL va TtapaxBel povo otav uTtapxeL KATAAANAN TOTILKA N
e€aywyLKkn ayopa.

o To ouvbebeévo GUOLKO AEPLO ELVOL CUUTTPOTOV TOU apyou TETPEAALOU Kall, EMOUEVWC, N
riapaywyr Tou kabopiletal amo To pubuo apaywyng tov cuvodeutikol metpeAaiou. Ao
Kapo BewpouvTtayv moparnpoiov Kol To HEYOAUTEPO LEPOC TOU amotedbpwvoTay (yia Adyoug
aodpaleiac). Me tn onUEPLVI EVEPYELAKI KATAOTAON, WOTOOCO, TO CUVOESEUEVO ALEPLO
amoteAel pLa tpwtn VAN KoL tnyn eVEPYELOC pe peyaAn duvntikn aéla. EmutAgéoy, n
aélomoinon, avti yla tTnv Kavon, elval o€ KAAUTEPN cUpdWVIA LE TO LETPA TPOOTACLOC TOU
nepLBariovtoc. Evoc avéavouevoc aplBpuog cucTnUATWY aVamTtUooETaL yla TNV aélomoinon
TOU aEplou auTou.
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o To dpuOLKO aEpPLo amo To nyadL udpiotatal emetepyacio avaloya LE TIC EVWOELG TTOU
UTTAPXOUV OTO QEPLO.

o BEva €Enpo agpLo xpelaletal eAaxLlotn N KaBoAou eneéepyaoio, EKTOC ATTO TNV ATOUAKPUVON
H,S kat evéexouevwg CO,, Qv OL TOCOTNTEG €lval a§loonUELWTEG.

o OL CUUTTUKVWOLUOL USPOYOVAVOPAKEC ATTOUOKPUVOVTOL OTTO EVOL UYPO OEPLO KOLL EVOL LEPOC
TOUC pUmopel va mwAnBel wg vypomolnpevo agptlo netpelaiov (LPG, mpormadvio, foutavio) n} va
XpNoLuomolnOel yla tnv mapaywyn XNUkwy nmpoiovtwy (atbavio). To aAlo pEpog, C5+
vSpoyovavBpakec, umopet va avapyOei pe Pevlivn.

o Etol, adou to puoLko aepLo Exel KaBapLoTel Kal SLaxwpPLOTEL, Eva peyaAo LEPOC TOU aEPiou
glvoll piot Lovo XnNULKN Evwor, To pebavtio.

34




Apyo meTpEALO

o H oUvBeon Tou apyou neTpeAaiou €ival noAu nio
NOAUNAOKN ano €Keivn TOU (PUGIKOU agpiou. To apyo
neTpeAalo Oev €ival eva OHOIONOPQPO UAIKO HE anAo
Hopiako Tuno. Eival &va noAunAoko peiyua agpiwy,
UYPWV Kal OTEPEWV EVWOEWV UOpoyovavepakwy,
MoU anavTtaral o€ I{NUaToyevn NETPWHATA O€ ONO
TOV KOGHO.

Elemental composition of crude oil.

o H oUvBeon Tou peiyuaToc eEaptaTal ano Tnv

TOnoBeaia Tou. AUo yeITovika nnyadia punopei va Flement Percentage range (wt7o)
Napayouv apkeTa Ol1apopeTIKA apyd NeTpeAala Kal C 8387
akoun Kal Jeoa o€ eva nnyadl n ouvbson Pnopei va H 10—14
dlapepel onuavTika e 1o Baboc. Map' OAa auTa, n g D%;__f -
OTOIXEIaKr oUVOEDN Tou apyou NeTPEAAiou NOIKIAAE] S 0.05—6

0€ €va JAA\ov OTeVO €UPOC, ONwC (paiveTdl OTOV Trace metals <0.1
nivaka:
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o Av Kol ek TpwTNS 0P ewc oL Sladopeg auteC daivovtal ULKPEG, Ta dLadopa apyd ETpEAALL
elva e€opetika StadopeTIKA.

o To uPnAO nMooooto avBpaka Kat uOPOYOVoU UTTOONAWVEL OTL TO aPYO TTETPEAALO ATtOTEAELTAL
o€ peyaAo PaBuo amo vdpoyovavlpakec, TPAYUO TIOU OVTWC LOXUEL.

o H Aemtopepn avaAluon Sel)VEL OTL TO apyO TIETPEAALO TIEPLEXEL AKAVLA, KUKAOQAKAVLL
(vadBevIa), apwUATIKA, TIOAUKUKALKO OpWHOTLKA KOLL EVWOELC TTOU TIEPLEXOUV AlwTo, 0ELyOVo,
Belo kal pETAAAQ.
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Ooo Baputepo eival To apyo METPEANLO TOOO TEPLOCOTEPEC
TTOAUKUKALKEG AP WUOTIKEG EVWOELG Ba TTEPLEXEL. [EVIKA, T
Baputepa apyad netpeAaia armodidouv UIKPOTEPO TOCOOTO
XPNOLUWV TIPOLOVTWV. Eval EMLITAEOV LELOVEKTN A TWV
BopuTtepwV apywv elval OTL TIEPLEXOUV TTIEPLOCOTEPEC
TIOAUTTUPNVLKEC APWHOTIKEC EVWOEeLS (PNAs), oL omoieg teivouv
va odnyouv og avBpakoUxec amoBeoelg ("kwk") katd TN
Slapkela TN enetepyacioc. OL EMUTTWOELS TOU OXNUATIOUOU
KWK Ttail{ouv onUavtLko poAo.

Ta apyad netpeAata v amoteAoUvTal ATTOKAELOTIKA ATTO
avOpaka Kot UOPOYOVO- UTIAPYXOUV ETLONC ULKPEC TIOCOTNTEC
TWV AEYOUEVWYV ETEPOATOMWY, TA KUPLOTEPQ ATTO T OTIOLAL
elvol To Belo, To alwTo KoL To 0Euyovo. Ao auta, to Beio eival
g€alpetika avemBupnto, S1otL 0dnyel o StaBpwon,
SnAntnplalel Touc KataAUTEC Kot eival emiBAaBEC yia to
neplBAaiAov. EMOUEVWCE, TIPETEL VA ALTTOULOLKPUVETOLL.
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Aromatics

Alkylbenzenes

Aromatic-cycloalkanes

Fluorenes

Binuclear aromatics

1.2-Benzanthracene

3,4-Benzopyrens

Examples of polycyclic, polynuclear aromatics in crude oil.
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The most important sulfur-containing hydrocarbons in crude oil.
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KapBouvo

o Y€ avtiBeon pe TO apyo METPEAALO KL TO GUCLKO
0EPLO, N OTOLXELOLKN) cUCTOON TOU AvOpaka
TIOLKIAAEL 0€ €va evpL daopa. To eVPOC
ouvBeonc Baoiletol LOVO 0TO OPYAVLKO ‘ ey g
OUOTOTLKO Tou avOpaka. EmutAgov, o avBpakog Elemental composition of organic material in coal

T[EPLéXEl ML (1&[001’] HEinn T[OO'éTI']Ta OlVépVOLVOU Element Percentage range (wt%)
UALKOU (opuKTa), To omoio oxnuoatilel tedppa c 60—95
KOTAL TNV Kauon Kat tnv aeplomoinon. H : D%j
TTOOOTNTO AUTH KUMALVETAL o 1 £wc AvVw Ao o) 2-30

5 0.3-13

25%.

o EmumA€ov, o AvOpaKac MEPLEXEL VEPO- N
TIEPLEKTIKOTNTA TOU AvOpaka o€ vypaocia
KUMOWVETOL aTto Tiepimou 2 €wg oxedov 70%. O
uPnAdc Aoyoc C/H avtikatomtpilel To yeyovocg
OTL €Vl LEYAAO HUEPOC TOU AvOpaka armoteAeital
aTto TTOAUTTAOKOUG TTOAUKUKALKOUG OLpWHLATLKOUG
SaKTtuAiouc.

Model of a typical coal structure.
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Bliopala
o € pla amAovoTeVEVN avaAuon, n Blopala pmopet
va XwPLoTEL o€ TPELS opadec, SnAadn og EAaa Kot
ALTtn, oakyopa Ko Atyvokuttapvikn fropala.

"o

Agricultural Crops &
Residues

W

Forestry Crops
& Residues

o Ma artAf OLKOVOULKN avaAuon SelyveL OTL N
ALyVOKUTTOPLVOUYXA ELVAL TILO EAKUCTLKF, TOOO OO0V
adopad TOUC TTOPOUC 00O Kal TNV TLUN. Tot {wiKA ALrtn
Kol Tat GUTLIKA EAala armoteAoUvVTaL KUPLWE aTto
TPLYAUKEPLOLO, E0TEPEC AUTOPWV OEEWV LE YAUKEPOAN. Sou rce

Sewage

plomass

Tpla cuotatika: kuttapivn (35-50 % k.[3.),
™,
o Ta putka €AaLa, ol tpwTteivec, Ta dtadopa + + Municipal Solid
Industrial Residues

o H Awyvokuttapwikn Blopdada amoteAeital KUpLwE amo ~—
nuikutTapivn (15-25 % k.B.) ko Ayvivn (15-30 %
K.B.).
ekXUAlopaTo Kat oL oTAXTEC ArmoTeAOUV TO UTTOAOLTTO Animal Residues Waste
NS SOUAC TNG AlyvokuTttaplvouyou Blopadac.
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H kuttapivn eival to 1o apOovo opyaviko MOAUUEPEC OTN YN KAL N XNULKN TNS doun, n omnola gival o
HeyaAo BaBOuo kpuoTaAALKR, elval e€atpeTika arAr). ATtoTeAeiToL Ao YPOUMLKA TIOAUMEPN TNG
KUTTOPLVNG, EVOC SLpepouc tNS YAUKOINC. Ot toAAamAEC udpofulopadec tou popiou TNG YAUKOING
oxnuatilouv 6eopoUC UOPOYOVOU LE VELTOVIKEC aAUOLOEC KuTTAPivNG, SNHLOUPYWVTOC LIKpOividLa
KuTTOPivnNG P NANC OVTOXNC KOl KPUOTAAALKOTNTOG.

H nuikuttapivn cuyyeveU el XNULKA LE TNV
KuTTapivn, KaBwc neptAapBavel Evav
voatavBpaKkiko Kopuo. QoToo0o, AOYyw TNC
Tuyoiac kat StakAadlopevnc Soung tng, n
NULKUTTApPivN elval apopdn. H nuikuttapivn
QTTOTEAELTOL ATTO EVA LELYLOL CAKXAPWV TIEVTE
avOpakwv (EVAOINn, apafLvoln), cakxapwyv
£&L avBpakwv (YAukoln, poavvoln, yoalaktoln)
KOLL OUPOVLKWYV 0EEWV (TT.X. YAUKOUPOVLKO
0&V). H EuAOTn €lval TO LOVOUEPEC TTOU
UTTAPXEL OE LEYAAUTEPN TTOCOTNTA.




Others
5%

H Awyvivn, to Tpito KUPLO CUCTATLKO TNG
AlyvokuTTaplknG Bropadlag, eival Eva apopdo
TPLOSLACTATO TIOAULEPEC TTOU YEUL(EL TOL KEVAL OTO
KUTTOPLKO TolXwpa PETAEL KUTTAPLVNG KOl
nuUiKuTTaPivnG. Elval apwpatiki kot ubpodofn
0€ OUYKPLON UE TNV KUTTOPLVN KAl TV
nUKuTTaPivn. H moAumtAokotnTa Ko n
pnetapfAntotnta tng ouvBeonc tNS Alyvivng Kat n
XNULKA TNC avtoxn kaBlotolv apketd SUCKOAN Tt Carhoiykiiis
Xpnon tng.

Figure 2.20 Average composition of lignocellulosic biomass.
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o Ao nOwn amoyn, elvol MPOTILOTEPO va
Slvetal mpotepalotTnTa OTLG EGAPOYEC
Tpodipwv Kat {wotpodwv. Ta Asyopeva
gpyootaotla SeUTEPNG VEVLAC
eneéepyalovtal GUTIKA UTIOAEppOTO
OTWC AXUPO Kol prtayaoa (vwdeg
UTTOAELULOL QTTO TNV Ttapaywyn {axapnc)
aVvTL yla dpuAo kat {axopn.

o Mo mapadelypa, otnv eneéepyaocia
(OXOPOKAAQLOU, TO TIPWTO CAKXOPOL
adatpouvtal ota {oxopoupyeLla Kal n
gvarmopevouoa Bayaoon
XPNOLUOTIOLETOIL WC KUPLA TTNYN
KOLUWGLUOU yLa TNV Tapoxn NAEKTPLKAC Kol
BEPULKNC EVEPYELOC TTIOU XPNOLLOTIOLELTOL
oTOL EpyooTaOoLA.
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Evolution of (US) environmental institutions, Hoffman (1999)

( ............................................................................................................................................................................. )
Evolution of eco-innovation. Diaz Lopez & Montalvo - this article



EVOLUTION OF

CHEMICAL PRODUCTION

v
o

1976

The Toxic Substances

Ky Control Act is passed

fq C,q The Emvironmental Procection Agency (EPA)
SE regulates the introducton of chemical
substances & mixtur

SINCE 1976

(©) why it was banned?

1978 1980

Fully Halogenated Chlorofluoroalkanes Dioxins

@ Depletes ozone layer @ Causes cancer

@ Aerosol sprays, AC units, refrigenation, & insuiation @ Herbicide
pm— -
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1989 1990

Asbestos Hexavalent Chromium
@ Risk: faceor for mescthelioma @ Couses cancer
@ Insufation, & in the @ Faint for many cars, boats, & planes

construction of cars & ships

=

L J (A BB AN BB EBRBEEEREEEREREEREEENRDE .

o (1) What it was found in? o

1978

Polychlorinated Biphenyls (PCBs)

@ Toxic to humans, animals, & some plants

@ Electical equipment, transformers, & hydraulics

1984

Nitrates mixed with:
Mixed mono & diamides of organic acid
Triethanolaming salts of subswituted organic acd
Triethanolamine salt of tricarboxylic ocid
Tricarboxylic acid

@ Causes cancer

@ Menahworking fluids

ApXN TWV KOLVOVLO LWV
oTN XNUWKN Plopnyavia
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