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environment

YuvoLdokepn OHE, ZtokXOAuN

United Mations
Environment Programme

Awaknipuén 26 apxwv

Mpoypappa tTwv Hvwpévwy EBvwy yla to MeptBaAiov (United Nations Environmental
Programme, UNEP) - ©@souiko 6pyavo (umo tnv atyida tou OHE) uAomoinong oxediou dpdong
106 cuotaoewv

Anpwovpyia Tapeiou yia to MeptBaAAov pe TG EL0POPES KPATWV

Brundtland Report

Naykoouta Ertctponty NeptBaiAovtog & Avarmntuénc (World Commission on
Environment and Development, WCED)

JtpLEn otnv BLwoLlpn avamtuén

AvafaBuLon Twv MOLOTIKWY OpWV TN OVATTTUENC

AtacUvdeon avamtuéng LE KOWVWVLKEC avaykeg (epyaoia, tpodn, EVEpYELQ, VEPO, LYELQ)
‘EAeyxoG MANBUCULOKWY EKPAEEWV

Enavamnpoodloplopoc mpotepalotitwy Texvoloyiag, dtaxeipton kivduvou

Yuvdeon amodpAoEWV UE OPOUC TIOU EUTTEPLEXOUV OLKOVOULKA KoL TtEPLBaAAOVTLKA KpLTApLa



lotopikn avadpopn (1)

tocal, national ™, \

Fnd internationl
acuon

1992 uvavinon Kopudnc oto Plo

Naykoopwa Ertttpornt) MeptBaAAovtoc & Avarmtuénc (World Commission on
Environment and Development, WCED)

AnAwon tou Pio (Rio Declaration on Earth Summit). 27 Baowkég apxEg Blwolpung avantuéng
Agenda 21

Yuotaon appodiag entponng (Commission on Sustainable Development, CSD) pe okomo tnv
vAomoinon oTtoxwv ou 0dnNyouV O€ BLWOLUN avVATTTUEn

Jupdwvia avantuéng mapaAANAwV €BVIKWY TTPOYPAUUATWY
MNoapakoAoUBnon oToOXwV PECO ATTO LEAAOVTIKEG CUVOVTIOELC

DVVEC

2001 Aswdopla kot Xnukn Mnyavikn

World Chemical Engineering Council (WCEC)

AgopeVOELC yLa Xxprion Kal avartuén 6e€LOTATWY TOU EMAYYEAUATOC TTIOU va otnpilouv
BeAtiwon mowotntag {wng

Meploplopoc TNE avepyiog

Mpowbnon KALVOTOUWYV TEXVLKWVY EMIAOYWYV TIOU cUVOUATOUV KOLVWVLKA, OLKOVOULKQAL KOl
nepBaAovTIKA KpLTHpLa

Mpootaocia tou eptfaAlovtoc o asldopLlkouC OPOUG
20 Ivotitouta XNUKwv Mnxavikwy



AeOHEVOELG KOl OTOXOL
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Yuvavtnon Kopudnc oto Noxaveoumoupyk

Naykoopwa Emtporty MeptBardovioc & Avamtuéng (World Commission on
Environment and Development, WCED)

AgoUEVOELC

Melwon, katd to AUoU, Tou TANBuopoU Tou BpLloKeTOL KATW Ao ta OpLa TNG
dTwyLag

Juotaon & otAplen 10-eTwWV MTPOYPAUUATWY aeLPOPOU avVATTTUENC

Awadopormoinon evepyelokwyv mnywv, otipn twv AlE, evioxuon tou mocootou
OUMHETOXNG TOUC OTN EVEPYELOC TIOU KATOVAAWVETOL

Evioxuon meptBaAAovtikd PpLALKWV TEXVOAOYLWV TIAPAYWYNC EVEPYELAC, OVATITUEN
EVOANOKTLKWVY AAAA BLWOLUWY TIOPOXWV EVEPYELOC

Evioxuon kot avamtuén oAokANpwHEVWY SIKTUWV XpAong kKat dlaxeiplong vepou,
Helwon katavaAwong vepou

Meploplopog tng paydaiag umtofabduLong otn BlomolkiAotnta
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2002 Yuvavtnon Kopudnc oto MNoYaveounoupyk

Naykoouwa Emtporty MeptBdAdovioc & Avamtuéng

(World Commission on
Environment and Development, WCED)

183 xwpeg pe €OVLIKI EKMPOoWTNON

Kataypadn BeTIKWY Kal apvNTIKWV ATTOTEAECUATWY
- EE: Avamtuén amd 1990 xwpic availoyn avénon Kavolipwy
- Jtadlakn pelwon amoPARTWY Kol KATOLKWY

AvaBaduion tng Emtponng og 2upBoUALo pe Tn ZVotaon AteBvoug ZupBouliou yla tnv
Aeldpopo Avarmtuén (UNCSD, UN Council of Sustainable Development)

MNapopoto ZupPouAio ya Etatpika 2xnuota (WBCSD, World Business Council for Sustainable
Development)

- 200 MoAuebVIKEC eTaLpELEC

83 xwpeg cupdpwvnoav os mapdAAnAn dltaxvon peEoa amnod eBvika npoypdppata (r.x. UK:
DETR, DEFRA)

Avantuén e€ebikevpEvwy detktwv Astdpopioag (/IChemE indicators)



H npoogyylon tn¢ flopnxavikng Spaotnplotntac oto
XPOVO — Blopnyavia TAQCTLKWV

TODAY, PLASTIC PACKAGING MATERIAL FLOWS ARE LARGELY LINEAR

2% CLOSED-LOOP
RECYCLING'

78 MILLION
TONNES

(ANNUAL PRODUCTION)

Others; 13 %

Agriculture; 5%

Automotive; 5 %

Electrical and
electronic
equipment; 6 %

Packaging; 61 %

iy wrst 17.8 million tonnes*
construction; 6 %

e Blopnyoavio Baciletal Kuplwe o MPWTOYEVELC TIPWTEC UAEC
e EAAxLOTO MOOOTO avakUKAwoNnc (oxedov undeviko)
e To ITAELOTLKA KATAANYOUV ooV aveEEAeyKTa amoBAnta, o€

XWHUOTEPEC 1) O€ KAUON



Ao tn nepLBarlovtikn dlaxeiplon otn BlwolpotnTa —
ToPAYWYI TAQLOTLKWV

TODAY, PLASTIC PACKAGING MATERIAL FLOWS ARE LARGELY LINEAR

£
&
A\ 12
S 8% CASCADED

environment RECYCLING*

United Nations 4% PROCESS
Environme nt Programme LOSSES

1 9 7 2 14% COLLECTED
FOR RECYCLING

2% CLOSED-LOOP
RECYCLING'

78 MILLION
TONNES

(ANNUAL PRODUCTION)

FOUNDATION

* KaAUtepn xpnon evepyeLag, Alyotepa anopfAnta

e  KaAUtepn, anmodoTlkotepn cUAANOYH OE EAEYXOUEVEC LOVADEC
eneéepyaoiog



Arto tn neplBarrovtikn dlaxeiplon otn Blwolpotnta —
TOPAYWYI TAQLOTLKWV

TODAY, PLASTIC PACKAGING MATERIAL FLOWS ARE LARGELY LINEAR

8% CASCADED
RECYCLING?

4% PROCESS
LOSSES

1 9 9 2 14% COLLECTED
FOR RECYCLING

2% CLOSED-LOOP
RECYCLING'

78 MILLION
TONNES

(ANNUAL PRODUCTION)

FOUNDATION

* E&AvtAnon mopwv — MwE AVATTANPWVOVTOL;

* AmnoBeon MPoLOVIWY — MWE AVOKUKAWVOVTOL OOV TIPWTEC UAEC;

. I'Ipooapuovn oTNV apaywyn mpoioviwyv He SuvatoTNTEC AVAKTNONG TWV
TIPWTWV UVAWV;



Arto tn neplBarrovtikn dlaxeiplon otn Blwolpotnta —
TOPAYWYI TAQLOTLKWV

TODAY, PLASTIC PACKAGING MATERIAL FLOWS ARE LARGELY LINEAR

WISTAIgg,
-
8% CASCADED
ECYCLING?
4% PROCESS

.letn sy, ”%

2% CLOSED-LOOP

78 MILLION
TONNES

(ANNUAL PRODUCTION)

[MoooTtikomoinon mapaywykwyv 6pAcewv £Ew armo MAALCLO TNG MOPAYWYNG

Kataypadn emdooswv HEoa armo Eva oUUPWVNUEVO TTAOLOLO
Avalntnon Teonwv a&loAOyNoNEC KOWWVIKWY QTTOTUTIWULUATWY



Aeiktec & petpnoelc aswpopiog



Avaykn petprioewv kot deikteg CSD

1992 Idpuon Emirporrnc Biwoiunc Avamrtuénc (UN Commission on Sustainable
Development - CSD)

Acikteg UN CSD

1996 [lpwTn KaTNYOPIOTTOINON OEIKTWV
4 katnyopieg (‘pillars’) KouBIKWY OEIKTWV

134 eMIPEPOUC (OIKOVOUIKOI, KOIVWVIKOI, ETAIPIKOI)

2007  AeUTeEPN KATNYOPIOTTOINON TTOU KATAPYEI TN OIAPOPOTIoiNcN O&€ OIKOVOUIKOUG, KOIVWVIKOUG
KATT. KaI €l0ayel 14 BePATIKEG EVOTNTES

OIKOVOMIKA avATITUEN, KATAVOAWTIKA KAl TTOpAywYIKG TTpoTuTIa (TT.X XPrion
METapopIKwY pHéowy, AlE)

OTwxIa, eKTTAidEUON, UYEia, dnuoypagia

EmmrTwoeig oto epIBAAANOV, aTHOO@aIpIKA pUTTAVATN, XPHon YNG, BIOTTOIKIAOTNTA,
TTNYEG KAl Xpron vepou



Evpwnaikn Evwon - Agiktec SDS

2001, 2006  Sustainable Development Strategy (SDS)

) KUpleg mpokANOELg

Level 1
KALLOTIK aAAayn & kaBapr) evépyela

Buwolpeg petadopég Level 2
Buwolun katavaAwon & mapaywyn
ouvtnpnon & daxeiplon puotkwv Mopwv Level 3
dnuoola vyeia '
ks , Y , , , Contextual \
KOWWVLKN LEPLUVA, Snuoypadia, HETAVAOTEUON

dTwyLa
) 10 OEUOTIKEG EVOTNTEG

L Alaotpwpdatwon Twv delktwy o€ 4 enineda

Entinedo 1- Juykevtpwrtikol (L1, headline)
Emtinedo 2 - Ogpartikol (L2, yla k@Be Bepatikn evotnta)
Entimedo 3 - Ewdikol (L3)

Entinedo 4 - Mpwtoyeveic  (Contextual indicators)



EOvikol AgiKTEC

CSD: evBappuveL TNV avantuén eOvikwv dpacewv KaBwe n KABe xwpa

OLVTLULETWTTL(EL EEXWpPLoTA poBARaTa

Napadeypa: MeydAn Bpetavia (Department of Environment, Food and Rural Affairs,
Defra).

2005. Npoypappa: Securing the future, UK Government Sustainable Development Strategy

68 eBvikol deiktec (UK Sustainable Development Indicators)
4 dfoveC MPOTEPALOTNTAC
Blwolun katavaAwaon Kal mapaywyn
KALpoTikr) oAAQyr) Kol EVEPYELD
Quolkoi mopol kal epLBaiAov
BLWOLUEG KOWVWVIEG
20 JuykevtpwTtikol deiktec (framework indicators)
TIPWTOYEVELG SEIKTEG (OLKOVOULKN avamTuén, mapaywyLkotnta, nepLBaiiov)
rapaywyn NAEKTPLKAG EVEPYELAC, KATAVAAWGCN PUOLKWV TTOPWV
agpLa Beppoknmiov, ekmopmneg CO, & aEPLEG EKTIOUTIEG, XpPNON ynG, anopAnta

Kowwvia, avepyla/ anacyoAnon, ekmaibeuon, vyeia, KvNTIKOTNTA, KOWWVLKH dkatoolvn,
gunuepia



Nepidepetakoi/Tomkol HELKTEC

CSD: evBappuveL TNV avamtuén nepupepelokwyv Spaoewyv KaBw n KABe meploxn
LLLOLC XWPOLC AVTLUETWTTIEL EEXYWPLOTA TTIPOBAR AT

ZKOTOC: Kataypadr Tomkwy enbocswy, dtadopomoloewy, eEopdAuvon avantuéng

Noapadelypa: MeyaAn Bpetavia, The Audit Commission (Defra).

2005, 2010. Npoypappa: Quality of Life in London

= 61 Asiktec mou cupAnpwvouv tou¢ EBvikouc (UK Government SDS)
" 8 BEUATIKEG EVOTNTEC

Eunuepla moAltwy, otéyoon

JUUMETOYXN OTA KOWaA

Katavaykoopot

METAKLVAOELG, LETAPOPEC

AoddaleLla

EykAnuatikotnta

MpooBacn o€ KEVTpa UYELAG, VOCOKOUELQ

TEXVEC Kal TIOALTLOMOC



Etaipikoli deiktec Brwopotntac (Corporate sustainability)

2002 World Business Council for Sustainable Development (WBCSD)

OwoAoyikn anodoon onuaivel UeyaAUTtepn napaywyn UE AlyOTEPOUG MOPOUC, ALyoTepa
armoBAnta Ko MEPLOCOTEPA KOLVWVIKA OPEAN.

7 Baowka kpLtpLa
MoldtnTa UTINPECLWV
Aldpkela/ avtoxn mpoioviwv
Evtaon Xpnon MPpwTwV VAWV KoL EVEPYELAC
AvVaKUKAWGLHLOTNTA TIPOTOVTWV
Buwowun xpnon AME
MNepBaAdovtikn) cupmnepldopa, TolkOTNTA

EvéelktiKOl SEiKTEC
Aia polovIwy, UTtNPECLWY, TTOCOTNTA TIPOLOVTWVY, TIWANCELG

MeplBaAovTiKoL: EVEPYELQ, EKTIOUTIEG BEpUOTNTOAG

Kauia avapopda os kowvwvika kpttnipia n o€ AvaAvon KuokAouv Zwig



Naykoopia MNpwtoBoulia Etatpikwv EkOEcewv ( Global
Reporting Initiative, GRI)

2006, 2010  CERES (Coalition for Environmentally Responsible Economies)

MKO rtou 16puBnke otic HNA (1997)

KPMG (2008): 70% twv peyaAlTEpwWV eTALPELWY (0 péyeboc) kavouv xprion GRI
6 BaoLKEG KaTnyopieg SelkTwy Ue WLaitepn Epdaon o0 KOWWVLKA KpLTrpLa

Owovopkoi 6eikteg (ECi): olkovoplkn amodoaon, mapouacia otnv ayopqd, ELUECN EUTTAOKN (UTTOSOUEG,
€0VIKA oTpaATNYLKNA)

Puowoi nopot (ENi): moootnta kat ei60¢ mpwTwv VAWV, KatavaAlwon evépyelag, xprion AME, xprnon
vdaTvwv Topwv, BLomotkNoTNTA

Kowwvikoi dgikteg (LAI): aplOpog umaAAnAwy, anodoxéc/ dwpa/ mapoxec os umaAAnAoug, aplOpoc
Kal €(60¢ atuxnUATWY

Kowwvikoi deikteg (HRi): apBpog & vog emevdéloswv nou adopouv otn BeAtiwon / evuépwon
ouvBnkwv epyaociag, aplOpog npoundeutwy mou afloAoyndBnkav yLa TV OALTIKA TNS o€ avBpwriva
Sikatwporta

Kowwvikol &gikteg (SOi): StadBopa, % umaAANAwv mou ekmatdevovtal yla TEtola OEpata, pETpa
KQTOLOTOANC ATUXNUATWY, SWPEEC & XOPNYLEC

Kowwvikot &gikteg (PRi): aplBuoc otadiwv nov aflohoyouvtal pe AK7, atuxnuota, aplopog
TPOTOVTWYV Tou Katnyoplomolovvtal pe 1SO, mooooto & £(60¢ enikowvwviag e Tov TIEAATN, apLOUOG
TIAPATIOVWY, TIPOOTLU

JUVOALKA: 79 Aeiktec: 47 kopika & 32 BonBntka
Aev untapxel ek avadopd oe AKZ, mpoPBAEnovtal OUwG OAoL OL ETILHEPOUG SEIKTEC TTOU aattouvtal yla

TOV UTLOAOYLOLLO TNG.



Who cares wins (ESG)

ESG —kprtriptla (mepPAAAOVTIKA, KOWVWVLIKQ,
£TOLPLKA) TTOU AELTOUpPYOUV ooV 0dNyo¢
entevOUOEWV Kal OXETLeTOL pE TNV KaTaypadh
NG ‘eTapIKAC eVOLVNC o€ eTALPELEC

ESG data yia Sustainable Development Goals
(SDGs) a6 to 1980

‘Evtovn dpaotnplotnta armo to 2020 pe
PWTOKOAAQ KoL emevduoelc 20 Lo eupw va
gxouv nNén dLoxetevBel o ESG-positive
TPOLOVTOL KoL UTTNPECLEC

ESG & greenwashing

H E.E. €xeL eykpivel kot mpowBel ESG standards
gTLONMAivovtog navia th cnpoocia tng
OUVOALKAC amoTipnong tng S6paotnplotnTog

E S G




Aciktec IChemE

2002 IChemE, Institute of Chemical Engineering

Eudaon otnv povada mapaywyns, OxL o€ 6An tnv aAuvcida

OLKOVOULKN, TtEpLBAAAOVTLKN, KovwVLKA dtdotaon

= OwKoVOuLKOL SeiKTEC
kepbodopla: kEpdn, Ec00da, poOpoL, MWANCELG
enevduoelg: CAPEX/OPEX, ploBot, elodopéc epyalopevwy

= [eptBarrovtikol deikteg
duoLkol TopoL: NAEKTPLKN EVEPYELA, KAUOLUA, VEPO, TIPWTEG UAEC, % AVAKUKAOULEVNC
UANG, TTOKETAPLOUA
EKTIOUTTEC: a€pla BeppoknTiov, e€avtAnon 6lovtog, GwToXNULKO VEDOC, OTEPEA Kal LYPA
arnopAnta

= Kowwvikol delkteg
Epyaclakad : aplBuog epyalopévwy Tou amoAuOnke ) mapattiOnke, vysia kat aocpaieLa,
apLOUOC aTUXNUATWV
KolvwvikoU xapoKktpa: €UMAOKA KOWVWVLKWY TIOPOYOVTWY OE ETALPLKEC CUVAVTNOELG,
ntaldikn epyacia, aplOpog KUNCEWV KATT.

=  Quolaotika ayvoel Tnv Avaluon KUKAoU ZwnG Kol ETUKEVTPWVETOL ATTOKAELOTLKA OTOV
BLopnxoviko xwpo



Asiktec BASF (SEEBalance®) O-BASF

We create chemistry

2010 BASF Xnuwkn Blopnyovia yia Aoyaplooud OAWV TWV TIOPOVWYLIKWY MovAadwy, Oyl
LLOVO TOU YWPOU TNC

=  NMeplhapPavet:
AvaAuvon KukAou Zwng

Eco-efficiency

Kootog KukAou {wnc¢ (life cycle costing)
Kowwvikol deikteg SEEBalance®

" 7 KOTNYOPLEC KOWWVIKWV SELKTWV
YuvOnkeg epyaoiag (atuxiuata, pobol, amolnUwoelg, emayyeALATIKY ekntaideuon,
arnepyieq)

AleBveic Slaouvdéoelg (maldikn epyacia, emevOUoeLg OTO EEWTEPLKO, ELOAYWYEC ATIO
TpiTeEC YWPEQ)

MeAAOVTLKEC YeVLIEC (apLlOUOC ekALOEVOUEVWY, KOWVWVLKY, aodpalela, emevOUOELC O€
R&D)

KatavaAwtn¢ (tofikotnTta, AELTOUPYLKOTNTA TTPOIOVTWVY)

Torkn, 6LeBvrig kowvotnta (aplBuog amaoxoAoupEvwy, avaloyia dUAwWY, TOGOOTO
HEPLKAG ATAOXOANONC, OLKOYEVELOKA ETLOOUATA, CUUETOXN OVOTTAPWVY OTNV
anooxoAnon)



MeBoboloyia Avaluong KukAov Zwng



2uotnukn Npoogyyion

JupBatiko cvotnua Blopnxovikng Lovadog

MNepifaliov
ZUoTnUa Opia Eud)ao-n
Evipyeia MpoiévTa ZwoTn aflomoinon mapanpoioviwyv
— Napampoiévra Meiwon, enefepyaocia, aglonoinon anofAntwv
Mputeg "YAeg Hovada ExTopTég, AT6BANTa E€olkovopnon eVEPYELAC, TIPOOTITLKEC
CUMTTOPAYWYNG
Z0otnua ota mAaiola Avaluong KUkAou Zwng
Egoputn Aepyacio , AvakUkAwon/Erav .
I'Ipoxutss(pvaoia 9 I'Iapz‘;wvr']q 9 Xpron 9 uxpnmp.on?)inon 9 AndBeon
‘Epdaon

AleVpuvon TOU 0PXLKOU CUOTHUOTOC O€ ETILNESO TIOAU-CUCTNHLKNG TIPOCEYYLONG
= [lpdoBOeta cuoTipaTa

Apxn aAucidag (cradle)
TéAoc aAvoidac (grave)



MAaioclwo AvaAuvong KukAouv Zwng

Cradle-to-gate Zoompa (‘cradletogate”) ‘
Adopd Kupiwg J
= KavoUpyLEC TTPWTEC UAEC Kat e | | |
texvooyieg | oot [7] Moo [P e [ A
* [VwoTta mapayopeva mpoiovta yLa ;
glvat yvwoto

Gate —to- grave

Adopad kKuplwg _
; . ’ ) EEé;uEn 9 Aepyacia $ Xo 9 AvakUkAwon/Ena 9 An6
. Napaywynig ! vayxpnotpomnoinon
= EvaAAaKTLIKA TpoiovTa armo TG LOLEG oo ayacic : phion e
TIPWTEC UAEG
= EvoANaKTIKEG TEXVOAOYiES

aélomoinong mMpwWIwWV VAWV

......................................................................................................................................................................................................................

Cradle-to-grave
A(bo p a KU p l.(:l.) C ) , Eiéguin N Awepyacia BN Xorion EEN Avakokhwon/Ena > AnéBeon
= OALOTLK N CUOCTNMLKN TTPOOEYYLON Npokatepyacia Napaywyig vaxpnowonoinan

KALLVOU pYLWV TEXVOAOYLWV :
= EKT{MNON KALVOTOUWV TIPOLOVTWY A



MeOBodoAoyia AKZ

= [lpwtn xprnon amno to 1970 (rupnvikr eveépyeLa)
= QuolaoTikA mapouacio ano ta peoa to 1990
= Meoa ano dtadopec odnylec

Integrated Pollution Prevented & Control (IPPC)
End-of-life vehicles, 2000
Waste Electrical and Electronic Equipment, 2003

= Je popdn npoturnov ISO, 2006

ISO/DIS 14040, Environmental Management-Life Cycle Assessment —
Principles and Framework, ISO, Geneva

ISO/DIS 14044, Environmental Management-Life Cycle Assessment —
Requirements and Guidelines, ISO, Geneva

1ISO14025, Environmental Labels and Declarations-Type Il Environmental
Declarations— Principles and Procedures, ISO, Geneva



Ta Baowka BApata ISO

1. KaBoplopoc npoBANUaAToC Kol OKOTIoU
2. YmoAoylopoc .ooluylwv

3. Ektipnon emuttwoswv

4. Eppnvela amoteAEoHATWY



H AKZ cupdwva pe ta npotuna ISO
1. Ztox0¢ Kot oplopac npoPAnpatoc (Goal and Scope Definition)

J 2to)0¢
= AOYOL EKTIOVNONG TNG LEAETNG
= Kolvo oto omnoio Ba ameuBbuvetal

J Oplopocg
= [lepypadr) TOU CUOTHHATOC KOL TIPWLHOC KABOPLOUOC oplwv
= A&ltoupyla cuoTAMATOC Kal AELTOUPYLKN povada
= Kataypadn anattovpevwy dedopevwy Kot olotntac Sedopevwy
" AlaSIKooleC KOTAVOLAC ETLIMTTWOEWY OE ETILUEPOUC TTPOLOVTA
= [MapadoxEC KaL meploplopol

KpLtikn emiokomnnon



H AKZ cupdwva pe ta npotuna ISO

2. ZUCTNMLKEC POEC Kal LooluyLa

J AvoAutika Stoypappato ponc

d JuAAoyn 6edopgvwy

J YrmoAoylopog tng meptBaAAoviiknc emBapuvonc armo T SLEpYaoLES
J EmkOpwon HETPriOEWVY

J Katavoun tou cuvoAou tng meptBaAAoviikng emBapuvonc Tne
dlepyaoiac og empUEPOUC IpoiovTA-TIOAAATIAA pevpaTa €660U
(Allocation)

=  Anoduyn KaTavopng Le Slailpeon Tou GUVOALKOU CUOTHUOTOG O ETILUEPOUC
urtocuotApata (subdivision) ) e eméktaon ocuoTAUATOC (System expansion)

=  Katavopn Baolopévn o duoLkeg oxeoelg (rx pe Baon tn palo Twv mPoiloviwy

=  Katoavopn Baclopevn oe AAAEG OXEOELG (X OLKOVOLLLKN afila poioviwy)



H AKZ cupdwva pe ta npotuna ISO

3. Ektipnon Emunmtwoswv

J YnoxpewTtika fripata

=  EmAoyn KaTNyopLwy EMUIMTTWOEWYV, OELKTWV KoL UTTOOELYATWY

= JUOXETLON TwV Looluylwv avaloya LE TNV KATnyopla EMUTTWOEWY OTNV
omola ocuppeTEXouv (Katnyoplomoinon)

" JUOXETLOMOG TteEpLBaAAOVTIKWY SELKTWV ava katnyopia epBaAAOVTIKAG
enintwong (Xapaktnplopog)

J Mpoatpetika BApota
= YrtoAoylopog tng Baputntag kKaBe katnyoplag SEKTWY WG TPOG KATIOLEG
TIHECG avadopdc (Kavovikomoinon)
= QOuadormoinon kal katdtoén SEKTWV WG TPOC TG TILEG TOUG

= JTaOpon Selktwv woTte va eivat ePPavAC N OXETIK onUAoLa TOUG
(weighting)

=  AvAAuon moLoTNTOG ATMOTEAECUATWY



H AKZ cupdwva pe ta npotuna ISO

4. Eppnveia anoteAecUATWVY

 Avayvwplon onpavTiKwy onpelwv tng LEAETNG

O A€loAoynon wg mpog TV MANPOTNTA KoL TN CUVEKTIKOTNTO
O Juumepaopata

O Mpotdoelg

J YroBoAr mArjpouc €kBeong TNC LEAETNG



MeBodoAoyiko nAaiclo AKZ onwc opiletan ano ta
npotuna ISO

Eppnveia
ZKOTOC Kal AVILKELUEVO OUMOTEAECHATWV
(ISO 14040) (ISO 14044)

NpoodlopLlopog
ZNHOVTIKWY
Inueiwv

Anoypadikn Availuon
(ISO 14040)

- Aldypappa Porig . Ailoli\évnfm
- SuN\oyn AsSopévwy TMOTEAEOUATWY

- YIIoAoyLopOG TwV pUTMIWV

Jupnepacpata
Ektinnon Emumntwoswv
(ISO 14044)

- Emiloyn Katnyoplwy
Emuttwoewv (Selection of
impact categories)

- YOAOYLOMOG TwV Emmtwoswv

dDaoelg vhonoinong AvaAvong KUkAou Zwng



1. 2TOXOC KOl OPLOMOC TPOBAALOTOC

1 Zkomocg tnc peAetnc (goal and scope definition),

TLX.
" ETUNTTWOELC AVAKTNONC aVTIOEELOWTLKWV ato armoBAnta
glatoupyeiov

" Fruntwoelg avrikataotaon H2504 ue opyavika ofea otnv
eneéepyaoia Bloualoc

" ETUTTWOELG QTTO TNV avnmraoraon ouuBaru«uv Kouoiuwv
UE ATE (rty. NAEKTPLKNC EVEPYELOC OTTO PUOLKO AEPLO UE
pwtoBoAtaika)

J OpLopoc mhatoiov PeEAETNC > oploBETNON OCUCTAOTOC
(system boundaries)
= 7y cradle-to-grave

= Gate-to-gate KTA



1. 2TOXOC KOl OPLOMOC TPOBAALOTOC

J Ertthoyn AsttovpylkAc povadac (functional unit)
" [MoootNTa KAMoLac pong otn facn tng omoiac Oa
napouoLaotolV oL uTtoAoyLlopol
= Artapaitnto peyeboc avadopac otnv nepintwon
OUYKPLTIKWV oVaAUCEWV
" Mapadelypo: cUYKPLON EVAAAAKTIKWY TUTIWV
OUOKELAOLOC EVOC TIPOTOVTOC
" Qa npemneL va Baoiletal og Eva AsLToupyLKA
LoodUvapo peEyeBocg iy oTnV IMoooTNTA TOU
OUOKEVOOUEVOU mpoiovtoc =2 A.M = 1kg
OUOKEUOOMEVOU TIPOTOVTOC
. MeA€tn eibouc kal mpogAevonc Sedopevwy






Napadsypa — Nepintwon anAwv pEVUATWY

Napaywyn AnoOeon

X1

C0,=0.2kg/t X1 C0,=0.3kg/t X2 C0,=0.1kg/t X3 C0,=0.1kg/t X4
CH,=0.1kg/t X1 CH,=0.1kg/t X2 CH,=0.1kg/t X3 CH,=0.3kg/t X4
X1=10t X2= 7.5 X3=5 t X3=2.51

2 KOTLOC

YTOAOYLOMOC GUVOALKWY EKTTOUTTWY OAWV Twv otadiwv {wn¢ (Cradle-
to-grave) w¢ mpo¢ tn AsttoupyLkn povada

H moootnta mpoiovioc amo to otadlo tne xpnong, X3, opiletol we n
Aeltoupylkn povada ion pe 1t

Punavteg ava otadio: CO,, CH,



Avaywyn otnv AELToupyLKN povada

Napaywyn AnoOeon

X1

CO,=0.2kg/t X1 C0,=0.3kg/t X2 C0,=0.1kg/t X3 CO,=0.1kg/t X4
CH,=0.1kg/t X1 CH,=0.1kg/t X2 CH,=0.1kg/t X3 CH,=0.3kg/t X4
X1=2 t/t;, X2= 1.5 t/t,, X3=1 t/t, X3=0.5 t/t;,

= Xpnowuorowwvtag tnv €€. (1) oL ouvoAwkoi meptParlovtikol
purtoL ava Asttoupytkn povada yla tig ekmopneg CO, kot CH,
elvadt:

" Bepy=2bCeoyXi=

0.2-240.3-1.5+0.1-1+0.1-0.5=> B__,=1.0kg/t,

co2

" Beng=2bCops Xi=
0.1-2+0.1-1.5+0.1-1+0.3-0.5=> B, =0.6kg/t,,



MoAAanAa Pevpota

d To cVotnua Kol Ta
UTTOCUOTAHOTO. £XOUV
NPOCOETEC EKPOEC N
KaBepLa amo T onoiec Ba
MPETEL VA OUUTIEPIANGOEL
OTOUC UTtOAOYLOUOUC

* [apamnpoiovta
= AnoBAnta
" Pelpoata avakUKAwoNG

Yrnoouotnuata
Tvotnua

OpLa

___________________________________________________

Evépyela | Mpoidvta
] |
: ! :
: : Exmopmeg
i i
Mpwteg'YAeg ] - E
%i 1
_____________________________________________________ AmopAnTa

AvakUkAwon



MoAAanAa Pevpota

(J ATtAR €EMEKTOLON UTTOAOYLOLLWV YLO. OTTAQL
pevpOTA UITopEL va arofel
TP OITAQVNTIKA

d H oUykplon Twv U0 CUOTNUATWY WC TIPOC
TO TtPOioV B, Ba Empemne oucLAOTIKA VO
EUTIEPLEXEL TIEPALTEPW OUYKPLOELC avapeoa
oTIC aAvoidec mapaywyng tTwv C ko D

" KoBwc¢ n vokatdoTaon CUUBATIKAG
rnapaywyng C&D armo aAleg diepyaoieg Ba
npoodidel SLAPOPETIKEC EMUMTWOELS 0TO B

d -2 NpoBANpA KATOVOMAC ETIMTTWOEWV OF
oLOTAHATA TTIOAAXTTIAWY TTPOLOVTWVY

(allocation problem)



MPOoBANHA KOTOVOUAC EMMTWOEWYV KAl LEPAPXNON EMLAOYWV
(ISO 14044)

—> A2 —> C
F
MeplotoAn
i s A
N Al |
___________________________ F i T B
- A2 —> C i A3 —‘% B
| F i |
+ L
—*9 A3 —*9 B —> A2 —— C
Fi ' F
A1 vs A2 ko A3 A1 & A3 kaL A2

1 H emloyn tou A3 pmopel vol EMNPEACEL TO ATTOTEAECATOL

O H emloyn enéktaong f mePLOTOANC avaAoya He To av N A3 ouvadel
le Tic Al kot A2 pe Toug 0TOXOUC TNC LEAETNG



lepapxnon enthoywv (1ISO 14044)

J H katavoun mpenet va amodeVyeToL 000 £lval
duvato

d Meploplopoc amokAloswyv otnv emiAoyn tne
KOTTOVO NG

" NMpooBeTikec Kal adalpeTKEC povadec (ty A3) UKpNG
KOLL TLEPLOPLOEVNC KALLOKOLG

* MeyaAutepn avaAucon UNMTOCUCTNUATWY
JH katavoun neptBaAroviikwy ermBaplvoswy va
aKOAOUBEL TIC OXETIKEC POEC TOU PUOLKOU
ocvotnuatoc N tne diepyaoiac (marginal
allocation approach)



3. Ektipnon emunmtwoewv - Katnyopiec Emumtwoswv

Xprion VAWV

Xpnon evépyeLog
AEPLEC EKTIOUTIEG
EKTTOUIEC OTOUG
USATIVOUG ATTOSEKTEG

Iteped anoPfAnta

EruBapuvoelg mou
UTtOAoYLloQUE OTO
Ytadlo 2 (Burdens)

E€avtAnon mopwv
MetaBoAeg otn xprion yng
©opuPog

KApotikry aAAayn

Meiwon tng otolBadag tou
olovtog

O¢uvion

EutpodLouodg

Quwtoxnuikn ofeidwon
To&kotnTa oTOV AVOpPWTO
To&lkOTNTO OTA OLKOCUOTHMOTA

Eruttwoelg og Blotika Kot
ofLoTikad cuotApata

Emuttwoelg otnv
avBpwrivn vyeia

E€avtAnon Quotkwy
TIOPWV

MepBAANOVTIKEC CUVETTELEG,
EVOLAUEOEC EMUTTWOELG
(mid-point assessment)

* CML2

FEVIKEUUEVEC
ETUMTWOELC, TEALKEC
ouvéneleg (end-point
assessment)

-Yyeia

-OwkooloTnua
-AvBpwrivn mapEpBoon
* Eco-indicator 99










YnoAoywopoi

Napaywyn Ano0eon

C0O,=0.2kg/t X1 C0,=0.3kg/t X2 C0O,=0.1kg/t X3 C0O,=0.1kg/t X4
CH,=0.1kg/t X1 CH,=0.1kg/t X2 CH,=0.1kg/t X3 CH,=0.3kg/t X4
X1=2 t/t;, X2= 1.5 t/t;, X3=1t/t;, X3=0.5 t/t,

Xpnotpomnotwvtag tnv &€. (1) ot cuvoAlkeg meptBaAlovTikol pUTIOL aVA AELTOUPYLKNA
novada yia tig eknouneg CO, kat CH, ivad:

Bcoa=2bCcoyXi=
0.2:2+0.3-1.5+0.1-1+0.1-0.5=> B__,=1.0kg/t;,

co2™

Bena=2bCcnaXi=
0.1-2+0.1-1.5+0.1-1+0.3-0.5=> B, =0.6kg/t;,

O uTtoAoyLOMOG TNG cuVELoPOPAC TWV AEpiwv TOU OepoKnmiov utoAoyiletal pe
tnv §iowon (2) kat Toug cuvteAEOTEG Xapaktnpiopou twv CO, kat CH,

Ecwpr=€co2Bcoat€chaBcna=1-1+25-0.6=16kg CO,-Eq






TEALKEC ETILINTWOELG
(end-point impacts and assessment)

J Mpokuntouv armno tnv abpolon Twv eVOLANECWVY

emuuntwoewv (Midpoint Impact Categories) o€
TEALKEC KOTNYOPLEC

J Enuttwoslc os:

= AvBpwrvn vyeia (disability adjusted life years, DALY’s)

= MetaBoAEc otolxelwv olkoouotnuatoc (potentially
disappeared fraction, PDF)

= MeTaBOAEC O€ OPUKTA KOLTAOUOTO KOLL TTOPOUG



TEALKEC ETILINTWOELG
(end-point impacts and assessment)

J YIToAoyLlopoC EMUMTWOEWVY LETA ATtO OUVOUOOUO EVOLAUECWV
ETUMTWOEWY, XPNoN yNC, PUOLKWV TTOPWV KTA

(1 Ot urntoAoylopol Bacilovtal o€ EUMELPLKEC OXEOELC, LEAETEC
£kBeonC avOPWTIWV OE LN-KOWVOVIKEC CUVONKEC (EUTELPLKAL
LLOVTEAQ) TTOU €lvoll cuvNOWC YPOLULKAL

d Aemttopépelec kat urtoB£oelc teplhapfavovtal ota AOYLOULKA
XPNong

1 Epmelpikot ocuvtedeotecg Baputntac mepLBAAAOVTLKWY
eruntwoegwv (E)

d Avaywyn katd atopo/moAltn
J EVAAAQKTLKA LOVTEAQ GUUTTEPLDOPAC



2TEPEOTUTIOL CUUTEPLPOPAC KOLL COUVTEAEOTEC

O SupBatikn cuunepidpopa (Hierarchist)
= JupBBaoctikol, AsttoupyoUlv oTa TTAQLOLO TWV KAVOVWYV TNG KOoWwviog
= AvBpwrvn vyeia: 40% otov TEALKO CUVTEAEDTN

d O\eAevBepn ouvunepidopa (Individualist)
= ‘Epndoon oto atopo, OxL oTnV Kowwvia
= H avBpwrvn vyeia gival n onpavilkotepn Katnyopia: 55% otov TeAKO cuViEAEDTNA

d OwoAoyikn cupmnepipopa (Egalitarian)
* ‘Epudoon oto olkooUoTNHA KoL 0TO HEAAOV TOU TTAQVATN
" |ooppoTtia TOU OLkooUoTAMATOG: 50% cuvTeEAEDTNG
= Yyeia 30%
= E&AvtAnon mopwv 20%



Mé£Bodoc¢ Eco-indicator 99 (1)

(J YrtoAoyLlopoc eVOLAUEOWY KOl TEALKWY ETILMTWOEWV

1. Emumtwoelg otnv avBpwrivn bysiot w¢ cuvouaAoHOG
TwV atkoAouBwv delktwv
1. KopKwvoyeveoelg
2. AVOTTVEUOTIKEC ETILITTWOELC
3. lovitovoa aktivoBoAia
4. Koataotpodn tnc otolfadac tov 6lovioc
5. KAwpatikn aAAayn
— Exkdppalovtal oe povadec DALY’s



Mé€£Bodoc¢ Eco-indicator 99 (lI)

2. Kataotpodn tnc moloTnTac TWV OLKOCUOTNUATWVY

= JuvOuAOoMOC TWV aLKOAOUBWYV SELKTWV

OwkoTtoéLKoTNTA

O¢&uvion

Eutpodplopog

Xpnon ync kot LeTaBoAEC

3. Kataotpodeg Twv PUOLKWY TTOPWV
= EéavtAnon METAAAWV KOl OPUKTWV KOWUG LMWV



Noylopika AvaAvonc KukAov Zwnic (1)

1 CCalc: LCA - Carbon Footprinting tool:

= AkoAouBel ta yevikevpéva Brpoata tng AvaAuong KukAou
ZwNAC l CaLC

: EKTL|.1I’]0I’] NMEPLBAAAOVTLKWYV KoL OLKovouLva ETUMTWOEWV
KOLTAL LN KOG TNG aAucidag mapaywyng Tou MPoLOvVToq
= AloB€olpo oto cuvdeopo http://www.ccalc.org.uk/

] Umberto LCA software:

= Avanopaoctaon Sdlepyoctlwv PE popdn SIKTLUwy,
KaTAoTpwon Looluylwv Halog Kol EVEPYELOG
" YroAoylopog dektwv LCA

" AwaBeoipo (dokipaotikn ekdoaon) oto cuUvOECHO
http://www.umberto.de/en/



http://www.ccalc.org.uk/
http://www.umberto.de/en/

Noylopika AvaAvonc KukAov Zwnic (1)

J SimaPro:
= EpyaAeio ektipnong nepBaAAOVILKWY ETIMTTWOEWV
= Yrnoloyilel beiktec asldopiag yia polovta 1 dStepyaocieg S
= AtoBgopo (bokipaotikn €kdoon) oto cuvdeopo http://www.pre )
sustainability.com/simapro-demo

1 Extevnc Alota Aoylopikwy dtoB€oipun oto ouvOEoHO:

O http://www.epa.gov/nrmrl/std/lca/resources.html#Softwa
re



http://www.ccalc.org.uk/methodology.php
http://www.pre-sustainability.com/simapro-demo
http://www.pre-sustainability.com/simapro-demo
http://www.epa.gov/nrmrl/std/lca/resources.html
http://www.epa.gov/nrmrl/std/lca/resources.html

Etcaywyn oto Aoylopiko CCalC

CCaLC

Carbon Calculations over the
Life Cycle of Industrial Activities

http :lhwnanw.ccalc.org.uk

About CCal C:

CCal C was developed by a research group based at the University of Manchester
and led by Professor Adisa Azapagic.

The project was funded by Carbon Trust, EPSRC and NERC {grant No. EP/F003501/1).

The following researchers were involved in the project:
David Amienyo (case studies);

Haruna Gujba (case studies and databases);

Harish J i (case studies and datal i}

Namy Espinoza-Orias (case studies and databases);
Anthony Morgan (software development);

Yu Rong (software development); and

Heinz Stichnothe (methodology and case studies).

CCalC (==

By downloading the CCalC kool the user accepts the Fallowing terms and
conditions:

Ta use the taal solely for their awn purposes
Mot to use the tool For any income-generating consulting services
Mok ta copy or distribute the tool to a third party

Please read the "Read Me" file before attempting to run CCalC,

CCalC@ 2006-2012 All vights reserved.

CK




XOpOLKTNPLOTLKA Kol AELTOUPYLEC

d AkoAouBel ta yevikevpeva Brapoata tng Availuvonc KokAou Zwnc
= Footprint analysis

d Avayvwplon “hot spots”

A Ektipnon neptBarlovitkwy Selktwyv (KALMATIKA aAAayn KATT.)
Global Warming Potential

= Toxicity

= Eutrophication

A Yrnootnpilel avaAvon evalcOnoiog Twv amoTeAECUATWY LE TN
LETAPOAN TIAPAUETPWY TOU CUCTAMATOC (pOoEC, el6OC XNUIKWV
KATL.)



Epndavion neptfaiiovrocg CCalC

poupkn avanapaoTtocn GUCTAMATOC KoL OLTTOTEAECUATWY

Functional unit (f.u) 0
0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00
ooo | | 000 0.00
Raw Materials ﬁ * Storage % Use
0.00 0.00 0.00
0.00 E‘ 0.00 0.00 & 0.00 0.00 % 0.00 0.00 %- 0.00
Waste Management
Total carbon footprint: 0.00 kg CO2eq./fu i
Carbon Footprint kg CO2 eq. /f.u.
Total water usage: 0.00 m® water / f.u. Wb o g i
Total water footprint: 0.00 m* watereq. / f.u
[Stress-weighted)




Baoelc dedopevwyv kat BLBAL0ONkeg diepyaciwv oto CCalC

Baoeilg dedopévwv AKZ
= Ccalc

= Ecoinvent

= AlEpYOOLEC YEWPYLKAC TTAPAYWYNC
" MpwTteg VAEC

= XNUWKa

= Evépyela

= Eykataotdoelg eneéepyaoiac amnofAnTwy

BLBAL0ONKEC
= XNUKA
= Alepyaoiec Blounxaviog tpodipwv
= Blopadla

= Blokavolua

Define raw materials: n

Define materials = Modfy database  Search database
(@ CCalC database (O) Ecoinvent database () User-defined

Database section: Chemicals & related ~
Ammonia ~
Stage for matenal use: w
Amount (kgfu): | |
Data guality for amount w
Cost {£/k): | |

define inputs in terms of mass per agricultural area

define inputs in terms of mass per functional unit

Comments on amount used: Update

Details  Energyuse Impacts Water use

kg CO2 eq./kg: 2.353e+000
Year: 2005
Location: Europe
Source: PlasticsEurope
Quality of dataset: High
Comments:

Data are from the Eco-profiles of the European plastics
industry (PlasticsEurope);
hitp:/lca plasticseurope org/index htm




Epwtipata

» [lolo elval To «amoTUNwWHa AvOpaka» KATA LNKOC HLac aAuvoidag
aélortoinonc (mx Blropadoc), pacg dtepyaciag, evog mpoiovtog;

» [Mota gival Ta o pumoyova otadia piac dtepyaoiag; (hot spots)

» Me nolec mapeUPACELS ETILTUYXAVETOL BEATIWON TOU OLITOTUTIWHLOTOC
avOpoaka;

» YMOAOYLOMOG KOOTOUG KOTA AKOG TNC aAuoidag

» AMEeC epIPAANOVTIKEG ETILTTWOELG;



Napadewypa Epappoyng oto CCalC

Blokavoua ano kpapBéAaio (rapeseed oil)

Functional unit (f.u)) Biodiesel - Rapeseed Oil 1 tonne
0.00 0.00 0.00
1704 1984 0.00
000 | | o000 0.00
Raw Materials & roc % Storage %
oo0 || I 19.8 0.00

0.00 % 0.00 0.00 * 0.00 0.00 E‘ 0.00

Waste Management

0.00

Total carbon footprint: 2454 kg CO2 eq./fu. ey,
Carbon Footprint
Total water usage: 0.00 m® water / f.u. s
Total water footprint: 0.00 m* water eq. / f.u.
(Stress-weighted)

kg 002 eq. /f.u.
m® water /f.u.




AKZ cupdwva pe to ISO

ZKOTOC Kol AVTLKEILEVO
(ISO 14040)

Anoypadiki Avaluon
(ISO 14040)
- Alaypappa Pong
- ZUA\oyn Aebopévwy
- YIOAOYLOMOG TwV pUTIWV

Ektipnon Emumtwoswv
(ISO 14044)

- EmiAoyn KatnyopLwv
Emuttwoswv (Selection of
impact categories)

- YroAoylopog Twv Emumtwoswv

Eppnveia
OLTOTEAECUATWV
(1SO 14044)

Mpoodiloplopog
ZNHOVTIKWV
Inueiwv

A§LoAdynon
ANOTEAECHATWV

Jupnepacpata




ErttAoyn AELToupyLKAC povadog

Enter System

Details

T N R M S N N N M M SN SN SN N N S S

9 N - . 5 N :
I Functional unit (f.u.) Biodiesel - Rapeseed Oil 1 tonne | e
1 I Biodiesel - Rapeseed Oi |
| 0.00 0.00 I o000 = =
i it:
I_____r,mq._____________pgaq.___________l 0.00 bl o
. R = ; [ Vale: L[ i
0.00 1 I
Units: 1 |tonne ||
] : b § S
Raw Materials Storage m\ | Setings: Unts
e e L ke = (O] Change the units
4 e & displayed and convert
i i Eneray Units: MJ v {default)
0.00 0.00 0.00 0.00 oL aE
.4 Volume Units: Change only the units
T m3 ) it
Exchange Rate (per £): [1.00 |
Waste Management Data Collcted br 2009 |
Data Source: [BEAT (2010) |
Last Updated (date):  |27/06/2011 |
Total carbon footprint: 2454 kgCO2eq /fu | " — [ |
Carbon Footprint e
Total water usage: 0.00 m® water / f.u Wt IS, SO MO MO A T M g
T | |Bioenergy Technologies Environmental Impact Assessment Tool V2.1, I
Total water footprint: 0.00 m* watereq /fu | |prepared by North Energy Associates Ltd. for DEFRA Project NFO434. 1,
St sghted) i www biomassenergycentre org System boundary: Cradle to gate. The
(Stress-wei 1 transport of raw materals and waste is not included. Mllocation method: |
M&SS Or @Conomic 1
! 1

B e | emad




OpLoB£TNON CUGTAMOTOC

ZKOTOG KoL AVTIKEIMEVO

(1SO 14040)

“Cradle-to-gate” oplLoBtnon

-
| ) ’ oy .
| Functional unit (f.u.) Biodiesel - Rapeseed Qil 1 tonne
|
Lm0 o0 _ | oo 000
1704 1984 0.00 0.00
0.00 ‘ 0.00 |I__ﬂ| 0.00 |_|
Raw Materials ' Functional unit Biodiesel - Rapeseed Qil 1 tonne
0.00 Stage: Production
Total carbon footprint 1984 kg CO2 eq. ffu.
e . . 1 Total water usage: 0.00 m® water [ fu.
Total water footprint (stress-weighted): 0.00 m® water eq. [ fu.
0.00 0.00 0.00 0.00 0.00
1645 118 1 136 B66.2
- . - « - . - . -
0.00 304 0.00 0.00

Total carbon footprint: 0.00 * 0.00

Total water usage:-

Total water footprint: . . s -

(Stress-weighted) 0.00 0.00 0.00

0.00
0.00 z
0.00 i




AKZ cupdwva pe to ISO

ZKOTOC Kol AVTLKEILEVO
(ISO 14040)

Anoypadiki Avaluon
(ISO 14040)
- Alaypappa Pong
- ZUA\oyn Aebopévwy
- YIOAOYLOMOG TwV pUTIWV

Ektipnon Emumtwoswv
(ISO 14044)

- EmiAoyn KatnyopLwv
Emuttwoswv (Selection of
impact categories)

- YroAoylopog Twv Emumtwoswv

Eppnveia
OLTOTEAECUATWV
(1SO 14044)

Mpoodiloplopog
ZNHOVTIKWV
Inueiwv

A§LoAdynon
ANOTEAECHATWV

Jupnepacpata




NMivakec anoypadnc

Nivakoag anoypadnc diepyaociag
goteponoinong eAaiov

Functional unit Biodiesel - Rap d Oil 1 tonne
Stage: Oil Esterification
Total carbon footprint for stage: 662 kg CO2 eq. [ fu.
Total water usage for stage: 0.00 m* waler /[ fu.
Functional unit Biodiesel - Rap d Qil 1 tonne Total water footprint (stress-weighted) for stage: 0.00 m® water eq. [ fu.
Stage: Production
i Total mass in
Total carbon footprint 1984 kg CO2 eq. [fu. Material/Packaging inputs Amount (g} Imaterials + packaging) 1162
fka)
Total water usage: 0.00 m® water / fu_
~ - Nebanl i Total mass out
Total water footprint (stress-weighted): 0.00 m® water eq. / fu. Sodium hydroxdde (Caustic soda 4. 120 {materials + waste] 1100
Refined rapeseed oil 1052 ka)
0.00 0.00 0.00 0.00 Total: 1162
1645 118 m 136 Massﬂk::::ance 622
1 1 Water footprint
i i 0 Water type: w;i"?}f}ed (stress-weighted)
" -~ - e
0.00 304 0.00 Agricuttural 000 0.00
Process 0.00 0.00
Water foctprint
Amourt CO2eq COZeq. Water usage Water usage Database
0.00 0.00 0.00 0.00 Energy MIAu) | koMieneray) | Kofu) | m¥Mienemy) | mifu) H’;:fe“f;[l")ed’ section
0.00 0.00 0.00 0.00
| 0.00 0.00 000 | Electricty - CHP-11 828 0.086 709 0.00 0.00 0.00 CCalC/Energy
X . 3 Heat - CHP-11 1379 0.043 58.1 0.00 0.00 0.00 CCalC/Energy
- B -, Total:| 1462 | Tota:| 662 To:] 000 | om0 |
0.00 0.00 0.00
0.00 0.00 i Amount COZeq COZeq.
é ERE fofv) | kokoGHG) | kafu)
Key:
Carbon Footprint kg CO2eq. /fu.
s B Total:| 000 | Tota:| 000
COZeq Water usage Water footprint
Packaging ‘;m;ul% fkokg ?()%iq) kg Wzl;(ﬁu:e;ge {stress-weighted) D:et;l?::e
2 packaging) 9T packaging) = (m*eq.fu)
Total: [ 0.00 [ Tota:| 000 Total: | 0.00 [ oo |
Water footprint
Amount CO2eq COZ2eq Water usage Water usage Database
Waste fkgfu) (kg/kg waste) feg/Fu) {m*kg waste)} {m3f.u) {slres;*vag?-nted) section
(m*eq.fu)
Total:] 0.0 [ Tota:] 000 Teta:] 000 [ 0.00 I
2 Amourt 2
Matenal outputs kg Destination




AKZ cupdwva pe to ISO

ZKOTOC Kol AVTLKEILEVO
(ISO 14040)

Anoypadiki Avaluon
(ISO 14040)
- Alaypappa Pong
- ZUA\oyn Aebopévwy
- YIOAOYLOMOG TwV pUTIWV

Ektipnon Emumtwoswv
(ISO 14044)

- EmiAoyn KatnyopLwv
Emuttwoswv (Selection of
impact categories)

- YroAoylopog Twv Emumtwoswv

Eppnveia
OLTOTEAECUATWV
(1SO 14044)

Mpoodiloplopog
ZNHOVTIKWV
Inueiwv

A§LoAdynon
ANOTEAECHATWV

Jupnepacpata




Ektipnon emumtwosewyv

Aepyaoia eoteponoinong eAaiov

= MovteAomroinon powv eL60dwv
kot eéodwv ueEow Baoswv
oebouevwv AKZ

* EvepyelaKkEC avAYKEG

* ELopO€¢ UANG

" Amnoboon AKZ ermunmtwoswv

- Emiloyn Katnyoplwv

Define energy.

Define energy for Production - Oil Esterification

odify database  Search database
(@) CCalC database () Ecoinvent database

() Userdefined

Emuttwoewv (Selectio

impact categories)

- YoAoylopog Twv Emu

Blectricity - CHP-11 ~
Amount (MIALY: [28 |
Material/Packaging inputs Amount {(cg) Data qual'rtyfor amount High -
Methanol 109
Sodium hydroxide (Caustic soda 4 120 Cost {E’IIIMJ} |Dﬂ1 3 |
Refined rapeseed oil 1082
o Lo Comments on amount used: Update
Water foctprint
Water used v
Watertype: (stress-weighted)
(m3fu) mea fu)
Agricuftural O 0.00
Process 0.00 0.00
& Amourt CO2eq CO2eq Walerusage | Water usag
=y (MAu) {eq/MJ eneray) fafu) {3 ] energy) A u)
Electricity - CHP-11 2228 0.088 7.09 0.00 0.00
Heat - CHP-11 1378 0.043 59.1 0.00 0.00
Total:| 1462 I Total: | 6.2 Total: | 0.00
—— B COZeq Co2eq Dietails Energy use Impacts Water use
irect emissions {kgﬁ.u ) {kgfkg GHG} (kgﬁ U.)
kg CO2 eq./MJ: 8.563e-002
Total: | 0.00 I Total: | 0.00 Year 2009
CO2eq Water usage .
Amourt C02eq Water usag Location: UK
Packaging tkatkg (m*kg
kafu) packaging) tgifu) packaging) )
Source: BEAT (2010)
Total: | 0.00 [ Total | 0.00 Total: | 0.00 . -
Quality of dataset: High
W Amount CO2eq CO2eq Water usage Water usac
Gl (kafu) {a/kg waste) fafu) {m3kg waste} A u) Comments:
_ — CHF power plant capacity: SMW: Plant eff : 85%.; Heatto »
Toekt[ 000 ] Toia [ 00 Tow | 000 power ratio: 1.93 BEAT (2010) Bioenergy Technologies
Environmental Impact Assessment Tool V2.1, prepared by
Matsrial outputs "‘:"cﬂgu’m Destiriation Morth Energy Associates Ltd. for DEFRA Project NFO434. w




Ektipnon neptBaAAoviikwy SELKTWV

kg phosphate eq.functional unit

0.080

0.070

0.060

0.050

0.040

0.030

0.020

0.010

0.000

s O&uvion
% EutpodLopog
“* Kataotpodn tng otolfadag
TOoU O0{oVTOoCG
* QwTtoxNUKO VEDOC
s Toflkotnta otov avbpwro
** YSatiko Anotunwpa
i hai aa

kg $02 eqJfunctional unit

ka R11 eq.functional unit

0.50

0.40

030

020

010

0.00

2E-07

1.5E-07

1E-07

5E-08

Acidification potential summary

Extipnon Erunrwoswv
(1SO 14044)

- Emoyr KatnyopLwv Emuttwoswy
(Selection of impact categories)
- Ynoloylopog twv Emuttioswy

Warning: LCA Data for some impacis are missing

0327

0327

Totalinc. Co-
Rawmaterials  Production Storage Use Transpert Totalfu  Co-productt  produdts
Ozone layer depletion p ial Y
Waming: LCA Data for some impacis are missing
1.07E-T 1.07E-7

Raw materials

Production

Storage

Use

Transport

Total inc. Co-
Total f.u. Co-products UparoIC’I_I:c‘ls ?




Evtoniopog punoyovwyv otadiwv (I)

Epunveia

OLITOTEAECUATWV
(1SO 14044)

20voyn AntoteAeopatwv Antotunwpato¢ Avlpaka ava otddio KUKAou {wn¢

Wiew carbon
footprint graph

Summary of carbon footpnnt
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:‘é‘
=
]
S 3000
g 2454
. |
£
e 1984
o 2000
o
L]
Z
1000
50.3

Totalinc. co-
Raw materials Froduction Storage Use Transport Total f.u. Co-products products



Evtoniopog punoyovwyv otadiwv (1)

Epunveia

OLITOTEAECUATWV
(ISO 14044)

20voyn AmtoteAeopATwV AtoTunwpato¢ Avpaka ava oTtddLlo mopoywyng

kg C0O2 egffunctional unit

3000

2500

2000

1500

1000

500

Production carbon footprint

1645

Cultivation

118

Dirving

111
126 6.2

il : ot il
Extraction Ol Refining pejorification  Stage 6

Stage 7

Stage 8

Stage 8

Stage 10



Elcaywyn oto AoyLlouiko SimaPro

SimaPro



XOpOLKTNPLOTLKA Kol AELTOUPYLEC

O Amote)el eva AemttopepeC epyaleio epLBallovTiknC avaAuong

Q Xpnowpomoleital ya mpoiovta n/kat dtepyaoiec
= [poiovta kot Slepyaociec avadepovtal we dtepyaoieg (processes)

A Moootikomoinon Twv MPWTWV UAWV, TNE KATAVAAWGONG
EVEPYELAC KOLL EKTIOUTTWY OTOV P, TO VEPO KAl TO £5ado¢

A Xapaktnplopog mePBAAAOVILKWY EMUITTWOEWVY

d OLBaocelc bedopevwy TepLEXouV TTOAAEC KOLVEC Slepyaoiec (kal
npoilovta) aAAd OXL OAEG
= [poiovta n dlepyaociec ou dev meplexovral otig Baoelg dedopevwy Ba
npEneL va aloAoynBouv cupudpwva e Ta TTOPOKATW



ErmloyEc mAoRynong

Wizards
Wizards

Goal and scope

Description

1

Libraries

“Tnventory

Processes
Product stages
System descriptions

Waste types

Parameters
L B N N N N N _§ | LN |
| B B B B B B _ B _ B B ||

Impact assessment

LMethods

Interpretation

i)
Ty
(]
[=3
[k}
=
]
=
LA
[ge]
o
e
{Fa]

Document Links

=)
o
=1
&I
= |
g1
|
i
i
i
i

" General data

Literature references
Substances
Units

Quantities

Images

1. 2KOTTOC KOl AVTIKELMEVO

= “Description”: Enefepyaoia otolyeiwv Kal meplypadnig plag kawvouplag dlepyaoiog
= “Libraries”: BIBAL0ONKeC — Baoelg dedopevwy dlepyactwy (XNUKA, KOUGOLUA KATL.)

2. Artoypadn

= “Processes”: Ymapyovta povtéAa i dnuloupyia vEwv
= “Product stages”: Ztadia KUKAoU {wNG

3. EkTipnon emumtwogwv
* Ertthoyn pebBodou unoloylopou ernmtwoswv (CML, RECIPE, Eco-Indicator 99 kAm.)

4. Eppnveia anoteAecpatwy
= YxOAwa kat BiBAloypadia



NepLBaiAov epyaoiog

EmttAoyéc

niAorynong _

96y CUsers\Public\Documents\Si

Pro\Database\Demao; Introduction ta SimaPro —
Eile Edit Calculate Jools Wi

Dad | H& b

=, | pee ase
: o=

Lammi ®e

/ Junit | waste type [Project
Wizards | Materi ‘Argon, crude, Iqud {GLOY] market for | Alloc Def, U o ot defined Ecoinvent 3 - alocation, default - umit
Goal and scope i Argon, liguid {GLO} market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
Description i Carbon dioxide, liquid {RER}| market for | Alloc Def, U kg nat defined Ecoinvent 3 - allocation, default - unit
Libraries Carbon dioxide, liquid {RoW}| market for | Alloc Def, U ka not defined Ecoinvent 3 - allocation, default - unit
Infrastructure Carbon monoxide {RER}H market for | Aloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
[om— Tions fimmdter) Carben monaxide {RoW} market for | Alloc Def, U kg nat defined Ecoinvent 3 - allocation, default - urit
Product stages i Chiorine dioxide {GLO}| market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, defaul - rit
e S B “Fj ;01‘;’55"‘" Chlorine, gaseous {RER}| market for | Alloc Def, U ke not defined Ecoinvent 3 -allocation, default - unit
i — Chlorine, gaseous {RoW} market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
E-Transformation Chlorine, liquid {GLO}| market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
¥ Infasbuchve Ethane {GLO}| market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
- Adds (organic) Fluorine, liquid {RER} market for | Alloc Def, U kg not defined Ecoinvent 3 - alocation, default - unit
Market Fluorine, liquid {RoW}| market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit r
- Transformation Helium {GLO} | market for | Alloc Def, U ka not defined Ecoinvent 3 - allocation, default - unit
Interpretation [ Helium, crude {GLO} market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit r
Document Links ~Market Helium, crude stockpiing {GLO} | market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
~Transformation Hydrogen sulfide {GLO}| market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
T () Fertiisers (organic) Hydrogen, liquid RER}| market for | Alloc Def, U kg not defined Ecoinvent 3 - alocation, default - unit
Substances. Market Hydrogen, liquid {RoW}| market for | Alloc Def, U ka not defined Ecoinvent 3 - allocation, default - unit
Units: Transformation Krypton, gaseous {GLO}| market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
Quantities [} Gases Natural gas liquids B0} market for | Alloc Def, U ko not defined Ecoinvent 3 - allocation, default - unit
Tmages El-Merleet Nitrogen, fiquid {RER}| market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - uit
1 -In;::@:mra Nitrogen, liquid {RoW} | market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
Trar.\s n Nitrous dioxide {GLO} | market for | Alloc Def, U ka not defined Ecoinvent 3 - allocation, default - unit
i Nitrous oxide {GLO} market for | Alloc Def, U kg not defined Ecoinvent 3 - allacation, default - unit
B Transformation Oxygen, liquid {RER}H market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
5 fashuchie Oxygen, liquid (RoW}| market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
i Ozone, liquid {RER} ]| market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
EI-Market Orzone, liguid {Row}] market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
-Infrastructure Propane {GLO}| market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
Hnttormation Sulfur dioxide, liquid {RER}| market for | Alloc Def, U kg ot defined Ecoinvent 3 - allocation, default - unit
ithers Sulfur dioxide, liquid {RoW} | market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
Pesticides Sulfur hexafiuoride, liquid {GLOY | market fo 5 nvent cation, ult
Silicons Sulfur hexafiuoride, liquid {GLO}| market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
Washing agents. Sulfur trioxide {GLO}| market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - unit
- Construction Xenon, gaseous {GLO} market for | Alloc Def, U kg not defined Ecoinvent 3 - allocation, default - urit
- Electronics
B Fuels
1 Biofuels.
In this market, expert judgement was used to develop product spedific transport distance estimations. ~
Production volume: 4 kg
Technology level: 0 undefined
Start date: 2011-01-01
End date: 2014-12-31
1s data valid for entire period: true
Macro-economic scenario name: Business-as-Usual
Wersion: 3.0.3.0
Created: 2011-08-02T09:57:47
Source: 05339056-95¢6-4f16-bc2e-f6005fa4bb 7f_abSdcfad-e8f3-4923-84d4-51b25a808fal.spold v
s Filteron I @ and " or |
| 1item selected




Nivakoag anoypadnc

Documentation Inputfoutput | Parameters | System description

[

T Products

Known outputs to technosphere. Products and co-products

MName Amount Unit

Quantity

Allocation % Waste type

Category Comment

|Mass

| 100 % |no'ic|eﬁ|1ed

|Chemicals\Gases'-Narltet |

Known outputs to technosphere. Avoided products

MName Amount Unit

Distribution

502 or 2*5DMin

Max

Comment

[ Inputs

Known inputs from nature {resources)
Name Sub-compartment  Amount Unit
Known inputs from technosphere (materials/fuels)

MName Amount Unit

Distribution

Distribution

S042 or 2*5DMin

502 or 2*5DMin

Max

Max

Comment

Comment

Transport, freight, lorry, unspedfied {GLO} ] market for | Alloc Def, U 0.2088 tkm

Lognormal

2.281

(1,1,4,5,4na)

Transport distance based on US BTS
Commodity Flow Surveys 1933, 1997,
2002, 2007, US Dep. Of Transportation,
Bureau of Transportation Statistics. Of
the total road transport, 6% is assumed
to be by delivery van for goods with a
large share of retail sale, and for
goods that are mainly sold via wholesale,

|Su\fur hexafluoride, liquid {RER}| production | Alloc Def, U |D.3305923516|kg

|Undeﬁned

Production Volume Amount:
1,322356940655721

|Su\fur hexafluoride, liquid {RoW}| production | Alloc Def, U |D.669-40?6-183|kg

|L|ndeﬁned

Production Velume Amount:
26776305

|Transport. freight train {Europe without Switzerland} | market for | Alloc Def, U |'3.D2'II 1+5532rJ|ﬂfJTI

|Lognorma\

[2.281 |

{1,1,4,5,4,na)

Transport distance based on US BTS
Commodity Flow Surveys 1993, 1997,
2002, 2007, Us Dep, Of Transportation,
Bureau of Transportation Statistics,

Transport, freight train {CN} | market for | Alloc Def, U 0.0681319833|thm

Lognormal

2,281

(1,1,4,54,na)

Transport ce based on US BTS
Commodity Flo
2002, 2007, US Dep. Of Transportation,
Bureau of Transportation Statistics,

Transport, freight train {CH}| market for | Alloc Def, U 0.0004015638| thm

Lognormal

2.281

(1,1,4,5,4,na)

Transport distance based on US TS
Commodity Flow Surveys 1993, 1997,
2002, 2007, US Dep. Of Transportation,
Bureau of Transportation Statistics.

Transport, freight train {US}| market for | Alloc Def, U 0,0257745405|tkm

Lognarmal

{1,1,4,5,4na)

Transport distance based on US BTS
Commodity Flow Surveys 1993, 1997,
2, 2007, US Dep. Of Transportation,
Bureau of Transportation Statistics.

Transport, freight train {Ro’ market for | Alloc Def, U

0.1245953300| thm

Lognormal

{1,1.4,5,4,na)

Known inputs from technosphere (electricity heat)

Transport distance based on US BTS
Commodity Flow Surveys 1993, 1937,
2002, 2007, US Dep, Of Transportation,
Bureau of Transportation Statistics.




YMOAOYLOMOC EMMTWOEWV

€3 File Edit Calculste Tools Window Help -
TAF S| LRE| LIRS i mA| O

Network | Tree | impact assessment | Inventory | Process contrbution | Setun | chedks | Product overview |

H\—iﬂ;chammmaugn x| rrcc swp 1002 (kg co2eq) E % @ AL T = ijl] s

O Assembly

O Life cyde

O Disposal scenario
O Disassembly

O Reuse

O Material

O Energy

O Transport

O Processing

O Use

12 nodes visble of 8922

O Waste scenario
0O Waste treatment

oesika] [ 7] [T73am7 [T
Hydrogen fluoride Electricity, medium|
(GLO}Y| market for voltage {CNY] |

| Aboc Def, U market for | Aloc
WIHHHI‘ LI

[T7e5m1 |
Elecrriciry, high
vokage (CN}|
market for | Alloc




Napadelypa

Nopaywyn BrovtileA amo to dputo jatropha



Nepypadn npofAnpatog

AvaAvon KUkAou Zwng napaywync BlovtileA amnd to ¢uto jatropha

-

aw Material Production

Production of fertilizers —_—

Production of === I
pesticides / insecticide Harvesting= Straw

“"“““““““-“---“--““““‘F“““"“““““-“M

Transport of raw material

Crop growing |~ Production of seed

Production of hexane _pl 0il extraction ‘—» Cake

Production of methano | : inico, | ;
Production of catalyst Transesterification 7= Glycerin

EpwtApata
O Motec eivat ot mepBAAAOVTIKEC EMUMTWOELG TNG Slepyaoiag;

0 Mowo/mola otadia cuvelodEpouy o€ peyalutepo Baduod otnv Kataotpodr Tou
nieptBailovtoc (avayvwplon hot-spot);



2KOTLOC KOl OVTLKELHUEVO

ZKOTLOG KoL AVTLKELUEVO

(1SO 14040)

OploBETnon cUCTAMATOC

Cradle-to-grave cUotnua pe 4 dtadopetika otadia: KaAAEpyela - Katavaiwon

1. KAAAIEPT EIA 2. META©®OPA 3. MAPAIQrH 4. KATANANQ2H
H 1100 G BIONTIZEA KAY2ZIMOY
* H mpwTtn UAN

METOQEPETAI OTO * 1° oTddI0:

EPYOOTACIO e€aywyn eAaiou

* 2° o1d0IO:
HETECTEPOTIOINOT

A€LToupyLkn povada
* MNoapaywyn 1000 kg BrovtileA



Anoypadikn avaiuvon

Anoypadiki Avaluon
(1SO 14040)

- Ataypappa Pong
- YuA\oyn Asdopévwv
- YIoAoyLlopog Twy punwyv

Mnyec dedopevwy

KaAAEpyela: Asdopéva amo tonoBeoia avadopdc (real-life data)

Metadopd mpwing UANG: YoBeon pneong anodotaong (150 km)

Nopaywyn BrovtileA: Zuvbuaopoc dedopevwy amno oxedlaopo dlepyaoiag oe
Aspen Plus Kol paypaTLKAC EYKATAOTOONG TTapaywyng BlovtileA

Fresh Methanol

Sodium Hydroxid

of
Potassium Hydroxide

Jaropha O Methanol + Water

Glycerol

KatavaAwon kauoipou: Asdopeva ekmounwy kavong ano SimaPro




Ektipnon emumtwosewyv

Ektipnon Emntwoswv
(1SO 14044)

- Emloyn katnyoplwv Emmtwoewv
(Selection of impact categories)
- YmoAoylopog twv Emntwoewyv

Eco-indicator 99

1. Emumtwoelg otnv avBpwrivn vyeia (Human Health)
Kapklvoyovec ouoieg (carcinogens)
AVOTVEUOTLKEC ETLITTWOELC (respiratory organics, inorganics)
KAwpatikry aAAayn (climate change)
AktwvoBoAia (radiation)
Kataotpodn tnc otolfadac tou 6lovtoc (ozone layer)

2. Erumtwoelg otnv mowotnta tou olkoouotripatoc (Ecosystem Quality)
OwoTtoékotnta (eco-toxicity)
O¢uvion (acidification)
Eutpodlopocg (eutrophication)
Xprion yn¢ (land use)
3. Emuttwoelg otoug duoikolc topoug (Resources)

E€avtAnon petdAAwv kot duokwy mopwv (minerals, fossil fuels)



YnoAoylopnoc Kat eppnveia anoteAecpatwy (1)

Epunveia

OLITOTEAECUATWV
(1SO 14044)

TEAIKEC ETUMTWOELC aVA oTASLO

B Human Health  ®Ecosystem Quality  ® Resources
20
m====
15 ! !
£ | ! MeyoaAUTEPEC EMUMTWOELS = oTAdL0
g I 1 ' '
g 10 ! i napaywyng BlovtileA (15.7 Pt)
® i :
'qu | |
5 : !
1 I
I I
1 I
0 — l |
Agriculture :_Production= Transport Use phase

Stages




YnoAoylopno¢ Kat eppnveia anoteAecpatwy (1)

TeALKEG ETLITTWOELC OVA KaTnyopla

Single score (Pt)

12.5

10

1.5

2.5

H Agriculture  ® Production Transport

===
3.67
| |
| |
| |
I I ————n
0:} | 00683 I 0549 0.0166
0.0p8 o017 0.414 .00I25
& iy
Human Health Ecosystem Quality

Endpoint damage

=

Use phase

N N BN BN BN BN BN BN BN BN B

'~
~1

Resources

Epunveia

OLITOTEAECUATWV
(1SO 14044)

Melwon puokwyv nopwv kata 11.5 Pt:
Xprion HeEYAANC moootnTaC MOPWV
(katboLpa, NAEKTPLKA EVEPYELO KATL.)

AvBpwrilvn vyeia: EMIMTWOELS Katd 3.67
Pt =» ekmounéc tofikwv agpiwv anod

XprHon mopwv

MoldTNTA OLKOOUOTHUATOC: ULKPOTEPEG
ETUMTWOELC = BswpouvTal Ao EKTEC



Percentage (%)
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YnoAoylopnoc Kat eppnveia anoteAecpatwy (1)

Epunveia

OLITOTEAECUATWV
(1SO 14044)

KaAAlépyeta (Agriculture)

Kataotpodn tng otolfadag tou 6lovtog
= JUKTIKA pEoa kata to Almaopa (CFCs
/ HFCs)

Xpnon yng = £6adog yLo KaAALEPYELD

E€AavTAnon petdAAwvV Kal puUCIKWV MOpwWV
= xpnon edadouc, kKaUoLUA yLa oXAHoTa
KQTA TNV KAAALEPYELQL

AktivoBoAia = xprion NAEKTPLKNG
EVEPYELOC ATIO TIUPNVLKO 0TAOUO
NAeKTpomapaywyne (evpwraikn Baon
dedopévwy) = avaloya Ue TOMO
avadopadc punopel va e€aieldpBel cav
ETLMTWON

KatdAANAn eppnveiol amoteAeopATWY



YnoAoylopnoc Kat eppnveia anoteAecpatwy (1V)

Epunveia

OLITOTEAECUATWV
(1SO 14044)

EVOLAPEDEG EMUTTWOELG yLa OAa Ta otadLa Napaywyr (Production)
JUUBOAR o€ OAEC OXEOOV TIC ETUMTWOELG
M Agriculture Production Transport Use phase 9 HEVd)\Eq T[OG(’)U]TEC T[p(bTwV U)\O’JV }J.E
e i B i B == , , , ,
i 1 | ! : ! | ! | ! ! VP NAEG EKTTOUTTIEG, LEYAAN XPHON
90% | | | | <
o DO EEL T 1F EVEPYELOG
|
| | | | | ,
S ! ! ! ! ! ! ! ! j Eknounég CO, CO,, NO,, NH;, SO, =
< 60% ) 1 )
e I I I | 1 [ QVOTIVEUOTIKEG ETITTWOELS, KALUOTLKA
- B - 1[I ) ) ,
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Midpoint damage



YnoAoylopnoc Kat eppnveia anoteAecpatwy (V)

Epunveia

OLITOTEAECUATWV
(1SO 14044)

EvOLapeTEC ETILITTWOELC yLa OAa Ta oTtadLal

M Agriculture Production Transport m Use phase MEta(bopa (Transport)
ISZ IXe&OV UNOEVIKEC EMUMTWOELG =D
- g€aptatol amo tnv enAoyr oTolXeElwy
70% amno tn Baon debopsvwy
% 60%
5 KatavdAwon (Use Phase)
2 40%
30% Exmoumneg CO, CO, kat NO, Aoyw kavong
20% 1 7
TOU BLOVTIZEA =D QVATIVEUOTIKEC
10% - . - ’ 7 i
o el A B_1R.1 I n =B :I » ETUMTWOELC, KALLATLKY aAAayh,
A A st S I A A i A ofuvion/eutpodlopoc vdATVWV
(S\o 3 do S 5% & i £ (&o ,\@é\ N ((Qc,s ,
TS &S ° e CWHATWV
Qgﬁ 6§

Midpoint damage



Napadelypa

EvOAAQKTIKA KaUoLpa TTAolwv



Vesselsize + H |

Hullshapo 1+ [I]}———

W materials -—_ [ ——+
Airlubrication+ I h
Resistance-reduction devices + [[——
Balastwater reduction+  +{J}

Hull coating +{_}—

Hybrid power/propulsion + IR

Power system/machinery + I

Propulsion-efficiency devices + [JI——+—
Wazte-heatrecovery + —[Il————

On-board power demand +fj—

Biofuels -

NG+ —

Wind power - —{ NI}

Fuelcells + I—
Cold ironing +—lI——1
Solar power +lf——

Speed optimizaion —+——| I

Capacity utilization + | [

Voyage optimization +—{_ ] |
Other operational measures + [J—
0 10 20

30 40 50 &0 70 80

CO, emission reduction potential (%)

20

100

Auvapko BeATlwonc ava Katnyopila TexVoAoyLag

HULL DESIGN
I POWER & PROPULSION SYSTEM
B ALTERNATIVE FUELS
B ALTERNATIVEENERGY SOURCES
OPERATICN



Alternative fuels - Candidates for the future

LNG

\

Methanol

Hydrogen

J

\

Bio-fuels

v

\

Energy Density
Per unit volume

Hig
h
Adequat
e

Lo
w

Emissions

Low

Challenges

Cryogenic storage

Limited green sourcing

Limited green sourcing

Safety and availability



MnxavoAoyLlkog e€OTTALOOC

85% hydrogen gas and 15%
conventional fuel engine (16DZD
H2 BEHYDRO ABC)

Constant improvements in efficiency in
new generation engines

Alternative fuel engines are either on

the market or close to being released
Engines supporting multiple fuels are
available allow flexibility for fuel use

optimization

Methanol and/or fuel oils
engine (WARTSILA 32)



MeBodoAOYIKN NPOCEYYION

Further design

= Ship = Engine config
= Routes = Fuyel




MAOTIKN Epapuoyn

RO-PAX vessel Blue Star

P95 W 23,2m

Max speed (knots): 25.5
Passengers: 2000

Age: 11y

Fuel : MDO + bio-MDO

T e




Anotunwpuata - TAAioL0 UTTOAOYLONWV

AypoTikd L-f Bidpala - MepiBwplakA yn =
UTTOAEIP AT .| T |‘ ‘ ‘ I—? Q{\(\ ExTTOpTTéG
i - CO2e
...... v y d
- 1 Tommikr} atroBrikeuan kai i
Aypopiopnxavikda | TTpOKATEPYACia OF ! T

UT[(:)B)\WTU | ETTITES0 QYPOKTAUATOS |

_______________________

Ayopd VAuTIAIOKWY

iy

MeTagopd

A

|
hd

MpoKaTEPYATia Kal EpyooTdoio i_,&\_,&ééé‘].;n"i_, AmroBrikeuon
KAaopdaTtwon Bidualag “gTquoﬂf]g "7 *! kOpiou !
: | TTpoidvTog !

_____________

YAIK&

Evépyeia

;
Zuv-TTpoidvTa

Zuv-TTpoidvTa

0 OAa ta otadla amd tnv mopaywyn tThe mPWTNG UANCG TOU KOAUOLUOU MEXPL
TNV TEALKN TOu Xprion oto mAoio. (Well-to-Propeller; WtP)

1 H avtiotown mpooéyylon akoAouBeital Kat yLo To GUUBOTIKA Ko oLUaL.

O H WtP avapévetol va EMIKPOTAOCEL KAT AVTLOTOLXLO TWV TIPOCEYYLIOEWV yLa
To Ko oLpo petadopwy otnv Enpa.



NepBAAAOVTIKA QLTTOTUTIWLOTAL EKTTOUTITWV KOLL
KQUOLpWV

Yrnohoyiopoi epyaleloBrikne

) ) ) AwaBgopa
. E€opuén/kaliépyeta/oulhoyn npwroyev
a. HFO/MGO . Metatponn/Katepyaoia otnv tnyn SeSopéva

NAI Elooywyn
TIPWTOYEVWV
dedopévwy

b. LNG - 0 i 3- Metadopd

c. Methanol SupBatikd/ (B IMETATPOT) KOVTIA OTNV ayopad
ST T[N 5. Mepattepw enetepyaoia ()4

. Metadopa/Siavopr) TeAkou mpoiovtog

Xprjon EToLpwy
- Xpnon Sedopévwv
povTEAou

Ekmourmnéc yia kaBe otadio (t/h)

YUVOALKEC ekrtopmnec (t/h)

FUVOALKEG ETIOLEG EKTTOUTIEG (t/a) Etocaywyn katavaiwon kavoipou (t/h)

AnoteAeopatikotnta alaync kavaoipou (t CO2 saved/Euro spent) Twun kavoipov (Euro/t)




EvOAAOKTIKEC OLepyaoiec mapaywync ava KLUGOLUO

Sabatier Reaction (CO2
+4H2 > CH4 +2

H20)

Sabatier Reaction (CO
+3 H2 = CH4 + H20)

JUVOETLKO PUOLKO AEPLO, AEPLO OLEPLOTIOLNONG

A€plo ocuvBeon¢

Ligno-cellulosic
biomass

renewables

Methan
e

Gasification

Looping
Gasification

Methane
reforming

(= ]

Ligno-

Renewable
. ‘ i Water Hydrogen
ources O Electrolysis S
Energy
cellulosic ificati
: Gasification
biomass
Chemical

Looping Syngas
Gasificatiol yne

n
Methan Methane
€ reforming

Non-
renewables

Methanol
Synthesis

Hydrogenation

MeBavoAn




NepBAAAOVTIKA QLTTOTUTTWHOTO EKTTOMTTWV KOLL
KOWUOLHWV

2V l.lBaTle Kal')Gll,la B Production & conditioning at source

B Transformation at source

Well-to-Propeller CO2 eq emission (

Methanol I |_ B Transportation to market
Transformation near market
ine2 [ —
I EvaAlaktika oevapla

Slaxeiplong kat

ot I (=t NG
B Combustion Renewable
e

B Conditioning & distribution

B Combustion

0,00 200 400 6,00 8,00 10,00 12,00 14,00 16,00 18,00



NepBAAAOVTIKGA AIOTUNMWHATA EKTIOUNMWY Kot

KOQUOLHWV

zuuBathd Kaoolua & £V£pV£laKr'| OAOKAr']prI] B Production & conditioning at source

Viethanol
LNG2EI
LNG1EI

LNG2
LNG1
HFOEIEP
HFOEI
HFO

B Transformation at source

Well-to-Propeller CO2 eq emission (

Transportation to market

H [
Transformation near market
N I EvepveLaKn
pv , n ~-15% B Conditioning & distribution

B I O\oKAnpwon

B Combustion
B I

B Combustion Renewable
B I

I N Eyeoyelakn ~ -4,5%
I e O\OKArpwon ~ -1,5%
I

0,00 200 400 6,00 800 10,00 12,00 14,00 16,00 18,00

MNoon dtadopa kavouv ta Brokavoipa?



NepBAAAOVTIKA QLTTOTUTIWUOTOL EKTTOUITWV Kot

KOLUGLLWV
SU uBathd. Kal'JGll.la & Well-to-Propeller CO2 eq emission (t/h) B Production & conditioning at source
Blo Kacj Glua Biorh u B Transformation at source
~ -85% |
EC: Evepyelaka puta Biom e i ® Transportation to market
WB: YrioAeppatikr) Buopala
H L Had Methanol  HENEEEE Transformation near market
BioMethane I - S
~ _§59% m Conditioning & distribution
BioSNGEC [© I
BioSNGWB | I W Combustion
LNG2 I B Combustion Renewable
LNG1 I
. HTLEC " .|
~-70%
. HTIWB I |

HFO I

-15.00 -10.00 -5.00 0.00 5.00 10.00 15.00 20.00 25.00

MNoon éduadopa kavel to CCS & CCU?



NeptBAAAOVTIKA QLTTOTUTTWHLOTO EKTTOMITWV KOl KAUGLHWV

AuvnTikog pOAoG Tou
CCS

B Production & conditioning at source
We||—tO—PrOpe||er COZ eq emiSSion (t/ B Transformation at source

M Transportation to market

LNG (Cryo CCs) | N N -15% Transformation near market
LNG2E] I _ m Conditioning & distribution
B Combustion
HFO (ccs) | I x Combustion Renevable
Hroeier |

0,00 2,00 4,00 6,00 8,00 10,00 12,00 14,00 16,00 18,00



ETNOLEC EKTTOUTIEC

Annual CO2eq Emisssions (kt/a)
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Napadeypa

Nopaywyn MAACTIKWY aro BloamoBAnta



NapaAAnAn rapaywyn povouepwv (HA, kUpLo mpoiov) ko

Food Life Cycle

Waste Cooking Oils

BrovtileA (naparmnpoiov)

A
J%f Biotechnology

New chemistry: Biocatalysis (E.Coli)

I v" Advanced biological substrates
v" Waste fermentation
®  Cross-linkingvalue chains
* New recycling practices

®  Sustainable production

*  Environmental footprints

Plastics Life Cycle

m}

AN

) :
il 1

=y i

Fuels Life Cycle

_l/l g qu- i i] ¥

Process modelling

ess lntegrationb

o O 0O

Optimi r‘ Industry
 AIChE

CHALLENGE

Annual Meeting 2023
Orlando, USA



Awaypappo OAOKANPWHEVNC EYKATACTAONC

Saponification Biocatalysis

Hydrogenation

ool JTh gl

’—IL

J My trate-Kanamyon-Tween20

o

O F@'ﬁm,:p@

Esterification

X7
l

Organic Phase

—

MeOH/H2504 FEED: |

MeOH

::> 10-HAME (biopolymer)

L
‘ FtOAc
FAME (blodiesel)
EtOAc
10HSAME

Lo -

Unreacted Monomer

:> Biodiesel (co-product)

10-HAME

Polymerization

Income sources

(Production)

% Bio-polymer: 11.2 ktn/yr

Financial Indications

% CAPEX: 141 M€
% OPEX: 65 M€/yr

+* Biodiesel: 17.6 ktn/yr

For a depreciation period of 20 years
Cost allocation strate

34%-64% Biodiesel-Biopolymer

Proposed Conventional
chemistry production
Biopolymer 1.66€/ kg 1.80€/ kg
PVC equivalent
Biodiesel 0.84 €/ kg 0.91€/ kg

% Improved prices by 8% %




Results: Life Cycle Analysis (Gate-to-Gate)

v" Mid- & End-point Environmental Indicators

’ v’ Ecoinvent database
Quantities of Inputs & Outputs  §yMmaPro v’ ReCiPe Method

Inputs [kg/hr] Outputs [kg/hr]
. . " . Analyzing 1 kg 'C38H7405";
Triolein 1,837 Tristearin 87 Method: ReCiPe 2016 Midpoirvn (Hs) VI;.gos / World (2010) H / Characterization
Trilinolein 750 Oleic acid 15 107 Ii B v ,
Tripalmitin 226 Linoleic acid 0.2 % | | et morgani comammete 0y
KOH 637 Palmitic acid L Tap water {EU-28+3} | technology mix | at
L ap water {EU-28+3} | technology mix | a
H20 20,859 Stearic acid 20 60 - —— B | perkgwater | LG result
ETHANOL 731 POtaSS.Ium ?Ieat.e 8.3 40 - | - m Vegetable oil methyl ester {Europe without
H2S04 2,125 Potassium linoleic 3.4 Switz?frland” esterification of rape oil |
Potassium palmitate 22 Cuteoff, 5
NaCl 477 . P ®20  Sodium chloride, at plant/RNA
Potassium stearate 234 ’
Isopropyl B-d-1- 1.7 H20 285,413 . | |
thiogalactopyranoside VI 10'27 £ s s 5 2z 2 "2z 3 2 5 msuluricacd RER) production | Curoff,S
- E £ 3 E 3 5 3 3 z g§ B
e.Coli 278 Glycerol 257 IR
Polysorbate 0.0004 10-Hydroxyl-stearic-acid 82 L 8 2 8 f f 2 F ¢ D5 Toionmin oot | 100% st
Kanamycin 0.1 Methyl stearate 378 2 F 0 5 % 5 s 3 £ substance| LCresult
P o E £ = " & g 3 £ otassium hydroxide roduction
Sodium Citrate 25 Methyl palmitate 172 60 %; 2 5 c 'Eut,off,s hycoide (RER) production |
Ethyl Acetate 149 02 24 B H
Methanol 408 Poly-10-HA 1424
Energy [MW] 2.2 Energy [MW] 9

o\

Up to 30% less GHG v’ Bio-catalysis: 2.4 kg CO, ,/kg biopolymer

;“a'ﬂO_"a'l emissions v’ Traditional fossil-based: 3.5 kg CO, .. /kg polymer
2\ lechnica !

University
of Athens




Napadelypa

Buwolpotnta ko aewdopia o
yaAoktoBlopnxavieg



Agwpopio Kot yoAoKTOBrounyovia

» Movadec pe XIALETLEC TTopayWYNC (WTLKWV TIPOLOVIWVY £XOUV

KOTOXUPWHEVN Geon of3 opouq aslpopiag, a)\)\a oxL xwptq aAAOYEG

» H petafoaon os Bropnyoviec kKALLokocg €xet Katadelfel veec

TPOKANOELC...

— texvoloyiec dlaxeiplong pe mePPAANOVILKEC CUVETIELEC

Freshwater use

Dairy milk

Oat milk . 48.24 L

Soy milk l 278L

OL 100L 200L 300L 400L 500L

Greenhouse gas emissions

Almond milk

0 kg

0.7 kg

1kg 1.5kg 2kg 25kg 3 kg

Eutrophication

10659

Oat milk

Almond milk

Soy milk

10g

0g 2g 49 6g 8g

O E€avtAnon nopwv amod unofaduLopévn xprion mapanpoioviwy
L Mn avoKUKAWOLUEG CUOKEVOOLEG, LOKPOXPOV CUVTHPNON
0 Artopdkpuvon 1 anpOowrtn EMKOWVWVLO LE TOV KATAVAAWTNA




IIPpOoOTTIKES OMGTIKNG TPOGEYYIONS KUl KUKALKTG
OLKOVOULOG
» Aflomolnon mapamnpoioviwy
— Kolwvouplol topot, Alyotepa anoBAnta
» Emavooxedloopoc mapaywyLlkng povadog
— KoAUTepn amodoon kat xprion Bondntikwv mopoyxwv
» AvaBaBuion dlaxeipltonc amoPANTwy o€ 0pouc BLWOLUNG
QVATITUENG
— (m.x. avaBaBuion Bloagplou)
» 2UOKEUOOLEC |LE BETLKA QTTOTUTIWLOLTAL.

» Wnolokec epapUoyEC yLa Lol AELTOUPYLKH ETILKOLVWVIOL LE TOV
KOTaVOAWTN

1 Avtamo8oTikeC MAATPOPUEC AVOKUKAWGONG LE OUCLAOTLKI Kot
KOTOXUPWHEVN eMIBpaPfevon

U Xprion Yndlakwv epappoywv yLa ApECT Kol AELTOUPYLKA
emiikowvwvia (block chains)

L Xapoktnplopog amoBANTwv



AvaBa(-)mm] TOPUTPOIOVTOV (TVPOYOAQ)

FaAaKTLKO 0&V
(51.3/kg)

/

Yrnootpwua —
Stadopa
oakyapa
ZUvBeon
TIOAULEP WV,
Statpodkwv
TPOLOVTIWVY
(oupmoapayw
yn HE Auaivn
& vuaoivn)

BaKTnplaKEC KAAALEPYELEC
AaktikoU oé€oc (LAB)

Cell Biomass Production

Z0pwon
aASoAdonc
Nopoaywyn
nupdivne &
0&LKoU 0&EoC
Kol OELKWV
EOTEPWV

.eo OE OVVEPYOAOIO UE ALLODS ETAIPOVS KOL POPELS




Ipoiovra vynic mpootiOEneEVNS alog

Al o & MICROORGANISMS USED FOR THE PRODUCTION OF SCP 8 Rl
-

Aoktoln, YoAOKT
ogn

- MOVOKUTTOPLKEG TIPWTEIVEG —

Boutavodiovn (514/kg)
S
Kitpikn Ynéotpwua
WOuwon (aAyec, BaktnpLlak
Npoobeta £¢) payLa).
Statpodikd Fpryopn
2 QLPTU HLOLTLKAL avarmntuén, KaAUTe
HAEKTPOVLKA pn moLoTNTA.
' I Toydpo 2UuvBetn
Blotexvoloyikn
Sdlepyaoia.

.eo OE OVVEPYOAOIO UE ALLODS ETAIPOVS KOL POPELS



Awayeipion amopfantov Kot froaépro

ANAEROBIC BIOGAS
DIGESTER STORAGE

» Exmoumnecg pebaviov 25 dopec no emiBapuvtikee amo to CO2

» Kavon punopel va amoteAéostl AUon aAAd n ovotaon CH4 poALg 25-
30%, OXETLKA XOLLLNAN EVEPYELAKI TTUKVOTNTA

» To amotoupevo Suvauko yia dtaodaliosl kepdodopia cuvOwC
Eemepva To SUVALLLKO TNC YOAAKTOULKAC povadag



EVOALOKTIKI] OALGTIKY] OLOYELPLOT] UE UNOEVIKOVS PVTOVS

Avapabuion
Bloagplou

H,/CO, =¥ .CcOo,

mixture

H
Membran ¢

Biobutanol

Righer-alcohol

.eo OE OVVEPYACIO UE ALAOVS ETAIPOVS KAL POPELS



Ynowokéc epapuoyEg

»WnoLoKEC TAUTOTNTEC VLA TO
XOPOAKTNPLOUO TWV amoBANTwvY
(avaBaBulon oe epmopevoLua
UTTOCTPWHLATOL)

»Block chains ywa tnv
QTTOKOATAOTAON YL
QTTOKATAOTAON TNG AULEONC
eTAPNC LLE TOV KATAVOAWTH
(6laodaAion
ToLOTNTAC, KATOXUPWON
QTTOTUTIWLATWV)

» AvtamoSoTikEC MAATDOPLEC YLa
avaKUKAwWGoN Kot
ETIOLVOXPNOLLOTIOLNGN UALKWV
cuokevaolog




2ovoyilovtog...

» H yalaktoBlopnyavia amoteAel mtupnva Buwolpotntac pe faon
TLC TIPWTEC UAEC KOl TO €L60C TWV TPOTOVTIWYV TNG

» H petaBaon oe Blopnyavio KALpokog €xel avadeifel veeg
NMPOKANOCELG TTOU pmopouv va avalntnBouv ota mAaLoL Lo
OALOTLKNC TIPOCEYYLONG KoL 0E OPOUC KUKALKAC OLKOVOULLOG

» 2 NUOVTIKA TIPOOTITIKN avafaduiong
» BonBnTikwyv mapoxwyv KoL TPOKTIKWV tepLBaAlovTiknc Staxeipong
Tou udlotatal onuepa
» TIOPATIPOLOVTIWYV OE VEOUC ITOPOUC N ipoiovta (oAloTikn dtaxeiplon
TWV MPWTWV UAWV)

» MNPOOTTIKEC avATITUENC TNG YOAaKTOBLOpNXaviaG o€
BLoSALoTNPLOKO TIPOTUTIO, ELOLKA LLECO OLTIO OUVEPYOLOLEC

» Apeon aélomoinon PnoLakwv epoppoywv o€ OAAATIAN
enineda, 01k otn BeAtiwon TNC EMKOWVWVLIOC LE TO XPNOTN



Napadelypa

HAEKTPLKEC CUOKEVEC & aAUOLOEC
KOTOVOAWTLKWV TTPOTOVTWVY



H AvaAvon KukAouv Zwn¢ oav emixXeLpnotako epyacio:
EPAPLIOYEC OE KatavaAwTikd eco-labeling yia
npoiovta & NAeKTpIkEG cuokeveg (MATHER)

MATHER CONSORTIUM PARTNERS

N ™\

Whlrl OOI ” trasferimento N e IPSEN

ORPORATmN iz ?BCHO|OgiCO . : ; Industrial Process Systems
innovazione 37" Engineering Unit

COORDINATOR

Provides the LIFE Replication focuses IT development of the

MATHER Tool activities to involve LIFE MATHER Tool

requirements, data on EU companies for the including DBs

manufacturing LIFE MATHER tool integration. Knowhow

processes and data validation. Socio and tool integration of

on products and economic impacts principles of LCA and

components. It will analysis and impacts on the

also validate the tool dissemination environment and

with a sample of its chemicals data.

products.

\ AN AN /




KoatavaAwTtka mpoiovta — pa SLadopeTIKA TPOCEYYLON

YApEpa: KUpla dtadopormoinon pe Paon tnv TN, xwpic ocadeic avadopeg oe
OLKOAOVYLKEC ETILOOOELC
KAlpatiky aAAoyn
— Avacb’opéq oTNV Evioon ThC mapaywyLknc dlepyaoiag kol Tng xprnong tou
NPOIOVTOC
— 210)0¢ - [MpowBnon mpoiovtwy Ue reptBaAdovtika mAeovekTNUAT
E€avtAnon mopwv

— Avadopd OTLC EVEPYELOKEC ETILOOOELC TNC KATAOKEUNC, TNG XPNONG
VEPOU, TTOCOOTO Kol £L60C Ao Toug MOPOoUC Ttou e€avtAouvTal

— 2Ttoxoc - Evioyuon olkovoulkwtepnc napaywync (oxtL oe opouc kepdopopiac)
EMUMTwoEeLg ot vyeia

— EkBeon epyatikol SUVAULKOU O€ TOELKA, EKBECN OTU £pyATLKOU OUVAULKOU O€
Kivbuvo

— 2toxoc — Evioyvon aopoAeCTEPWY OpWV MAPAY WY
NepBAAAOVTIKO AITOTUTIWHO KATA TO TEAOC TNC {wNC TWV IPOLOVIWV
— AuvaTtoTtNTEC VAKTNONG KoL AVOKUKAWO NG UALKWV
— MepLoplopocg eMmKivOUVWV Kol TOELKWV
— 2toxoc — Evioyuon xpnon¢ avoakUkAOUUEVWV UALKWV

AlapopdwveTal vEQ KATAVOAWTLKA cuveildnon



XapaKtnpLopoc npoioviwyv & Eco-labelling

O X0pAKTNPLOMOC TPOLOVTIWV KOl UTINPECLWV ELvall
BeopoBeTnpuevoC

Katnyoplomoinon pe Baon taélvopunoEL TOU
International Standards Organisation (I1SO):

— Ecolabelling — peyaAutepn aéia

— Type Il — autonpocsdLopl{OUEVOG XOPOKTNPLOUOG (self-
declaration claims) moootikwv enbooewv

— Type lll — avadopd o€ yevikoAoyec TiepLBAANOVTIKEC
emdooelc (environmental declarations, report
cards/information labels)

‘EkBeon MOCOTIKWY OTOLXELWV: amapoailtnTn yLa eco-
labelling, amAa emBupntn yla Ti¢ aAAeC KaTnyopLeG

AKZ — yevikeupeva amodeKTO MAaLoLo avadopac



Baokn wbea

MpowBnon kat xpnon AKZ cav epyaleio e Eva OKOTIO
* Emyelpnolako epyaleio & eco-labeling

e Jav odnyo PeAtiotonoinong Kat kabodrynonc mapaywytkng
dlepyaoiog (reengineering) o€ olkoAoyLKka KATOVOAWTLKATIPOLOVTA




Eco-labelling: mponyoupevn eunepLa

* Exel BeopoBetnbOel n6n yLa to xapaKmptouo emIOO0EWV

NAEKTPLKWY CUCKEU WV 0TN XPrRon TOUC

Fiybe Bombardier Q300
- ¥y
A
kB g
E -
e -
i F L oandey L | e m b 0 L Loy T | msormn

Py % L. Larmiemy Ll s Sy

e o (] e LU Ly e e = BT fate 0% 1 Loy LT | Sommi e

fiybe,

15, 3ug

Fhg

e Aev £xeL BeopoBetnOel kaBOAoU

— XapaKTNPLOHOG TNC apOywWYLKN S Slepyaoiog

Enargy Efficioncy Rating

[ Cartern | Peasr
[ R ————

Carewsd | Pl

— Hxpnon kat avakUKAWGCLULOTNTO TWV UALKWY TTOU AToltouvTol



AKZ kat topaywylkn dtadikaoia

Background system

CSSygars)—)( Xylitol )

Foreground system

TBECYCLE |

RECYCLE

LCA performance

Climate
Change

Ozone
Depletion

( Biomass Cellulose ) - Human

Toxicity
Particulate

Matter

lonising

Radiation

Chemicals
Background |:> Foreground LCA
Pro

roperties

Feedstock

Regional Markets /

Processes

LCA Technology

Background

Foreground



AwaBeopa 6edopeva: mepimtwon blender

* Bill of materials (BoM)

ltems of the appliance through assembly
— Item = Component = Material
— e.g. Motor - rotor - steel

e Full material disclosure (FMD)
Construction material & source
ltem - Component - Material
Material = Substance
e.g. Motor = rotor - steel
Steel = silicon, iron

e Asbopeva mapaywylkng dtepyaoiog
AlaBgoipa amo TG BLOPNXOVIKESG LOVADEC TTOU TTAPAYOUV TIG OUOKEUEC
— Natural gas, electricity, Municipal water, Wastewater, wastes

ltem

Bottom cap

H aélomoinon dedouevwy mou dteukoAuveTal (Ko
auTopaToToLELTOL) ato eykateoTnueva ERPs



The MATHER sustainability workflow

Background system

Background data

FMD data
Manufacturing data
Supplier data
Legislation

Foreground system

\/

pplyTines Materia

Foreground analysis

a

Decomposition analysis
per material/item
Waste streams
Analytics per appliance

\/

Consumer products

LCA performance

LCA analysis

S

Health & environmental
indicators

Ecoinvent & SimaPro
Comparison of materials
profile

\/

Legislation / Manuiacturing

/

-

LCls

Background

Foreground

LCA



[Tnyec avolktwyv 6edopEVWV

EmtayyeApatikolc oUVOECUOUC
— UAWKA, OLEPYOOLEC, EVEPYELAKEC OVAYKEC
— aodalela, vysia
Avolktec Baoelg AKZ
BiPALoypadikec avadopEC
ELLTTOPLKO AOYLOULKO
— MpwTtoyevn dedopéva (materials & processes)
— Impact indicators
— Mid and endpoint calculations
Widely used in Europe: Gabi, SimaPro
US based: USLCI database



Awadikaoia aéloAoynonc

External data

LCA performance

 H avalvon avadelkvuel veeg ‘tOlotntec’ (green value)
 H 1bca pmopet va emektabetl

— O€ EKATOVTAOEC Kol XLALAOEG TTAPOOLWY CUCKEV WV

— EvBappuvel mapaywyr KAAUTEPWVY GUGKEVWV KL TRV EMLAOYN KAAUTEPWV
MPWTWV VAWV

— O&£teLtn BAon yLa Eva Lyl OVTOYWVLIOUO KOTOLOKEUOQOTWVY



Process @

MATHER LCA too

LCA Performance

[ Select an option

Manufacturing Data @)

Input Flow ﬂ i

BoM / FMD Data €@

Item o F

Completed @

Qutput Flow o ;
Completed ® Completed @
93 @ Manufacturing Data
8 BoM / FMD Data
03
Component o 'F Material o 5
025
Completed @ Completed ®

Calculate ©F Clear all &

ecosystem quality human health resources

End-point Impact




AlapopPpwpevo TAailoLo dLaxelplonc —
nPOooOTTIKeEC Al yia otnpén anodpaccwv

Capture external data &

_____ N :: \ knowledge
s = —

=
/ ﬂ» o DAY L # \ Integrate data with internal
databases

Provided by svppliers HOT SPOTS + Decisional support
[ Material list of the components ALERT|NFO (product complia
S check; normativ fma erial -—
‘l change, etc.)
; s REPORT for
[ BOMs (bills of materials) J { DB1 } 1 | assessmen t of fe—
— exposures
( B o -
NORMS (regulations + directives ™
i — oB2 )
and policies) r
St LCA
([ Manuracrormeoata | os3 ) - Enable reasoning and
b g R C 1 .
A screening
= o e chemical
Environment and human health \‘-’ - DB4 b - :‘ monitoring
impact assessment \ iy data tool

— -




Napadelypa

BloSuAlotnpla mpwtng YEVLAC Kot
OAOKANPWUEVEC eyKATAOTACELC BLoduAtotnplwyv



KOAALEPYELWV TIPWTNG YEVLAC

Bl KOl KOLWVWVLKN
Buwolpotnrag
OUYKEKPLUEVWV
. aAucidwv

EE

. ‘Epyo:

2TO)XO0G: A&loAdynon

EVAAAOKTIKWV ETUAOYWV

. KOAALEpYEWWV Kol  olaKwy

B aluoibwv mou oxetifovtal pe
S QUTEG

Me0BobdoAoyia: OAokAnpwuEVN

npoogyylon AKZ, vywo 1tnv

S owkovoukr,  TEPLBOANOVTIKN

amoTiunon tng
KL oelpopiog
o€ LaKwV

Nedio edpappoyns: Xwpeg tng

EU funded project
“MAGIC: Marginal lands for
Growing  Industrial  Crops”

(2017-2021)

Conversion technology | Main products?!

Poplar

Safflower
(high oleic)
Camelina
(high oleic)
Castor
Industrial
hemp

Lupin

Pyrolysis
Gasification
Fermentation

Pyrolysis

Oxidative cleavage

Metathesis
Alkaline cleavage

Mechanical processing

Anaerobic digestion

Extraction

Economic-Analysis.pdf

A&lomoinon nmeplBwploknC yng yLol TNV mopaywyn Blopnxovikwy

Energy (industrial heat)
Energy (SNG)

Ethanol

Biochemicals
(biotumen)

Azelaic and pelargonic
acid

Methyl decenoate
Sebacic acid
Insulation material

a) heat & power

b) biomethane
Adhesives

https://magic-h2020.eu/wp-content/uploads/2022/05/D6.7_Report-on-



MeBobdoloyia

Integrated life cycle sustainability assessment [ILCSA)

Goal and scope definition - +
)

LCI,_ I System modelling * >

! 1 }
LCC sLCA Further Barrier [+
envt | [ analysis ||
LC1, LCI, o BCon. | |- -
Int. |[4 Int.| | social || -
fLELA ) | {LC1A, | | aspects | | -

! 1 !

Result integration:
LCIA, | Combined indicators
Benchmarking

http://dx.doi.org/10.1016/j.apenergy.2015.01.095

Cradle-to-grave

_______________

Biomass Logistics
cultivation &
& harvest conditioning

Processing

Utilisation End of life

https://magic-h2020.eu/wp-content/uploads/2022/05/D6.7_Report-on-
Economic-Analysis.pdf

Zuothua avadopag
- JUMBOTIKO cuoTNUA TTOPOYWYNE — OPUKTA KAUOLUQL
- JUMBOTIKO cUOTNUA YEWPYLKAC TIAPOYWYN G — QLYPOTLKA VN




Evdelktika anoteAeopota i o

Value chain Biodiversity Wastes pro-  Soil Quality Water Use

4
& Landscape duction
industrial heat from | 0 0 -

Miscanthus
SNG from poplar + = ++ 0 —
Ethanol from —_ - . — Europhication. restwater __|kgPOueg/(hay) | w1 |13 1s 03] 14| 13] 15 24 [ 30|
switchgrass n

Biotumen from willow + 0 + + - Parficulate matter kg PM2.5 eq [ [ha-yr) =

Organic acids from - -——= - - =
saffiower

Sebacic acid from - -——= - -
castor oil
Adhesives from lupin - -— - -
Insulation material - 0 0 -
from hemp
Biogas/biomethane —— - 0 -
from sorghum
0 Similar to idle land
A ] — Compared to idle land increases the impact buy a small, medium and high amount
+/ ++/ +++ Compared to idle land reduces the impact buy a small, medium and high amount _mﬂﬂ s [EREIESEN =

T M A X A Xh
-13r0 2381 1887 -M22

FA 3N

=% «-I% -11%

mus 41 o0 46 A1

m-lm -18% -12% -105% -1T%



[aAALKN Texvoloyia aélomoinong Bropadog

o Bulk chemicals: C6, C5, lignin

' E}— o Feedstocks: wheat straw, corn stover,
raa T — H
e rice, bagasse, hardwood

o 85 different products and chemistries

¥ [ cmv BiaLignin = \

Simplified process flowsheet :
CIMV technology

C5 Sugars
C6 S Cellul Ranking | Preduct Name Price €/tm
ugars - .eliulose
g 1 Xylonic Acid 61370
2 1.2 4 Butanetrio_trinitrate 90000
Ranking ProductName Price €/tn i ‘T()(I)T rfury| disocyanate ;‘30000”
1 Polyamide 1 4000 R LT e
2 Polyester 7523 ey 7 Hydrogel 1888
3 Polyamide_1 4000 8 Bio Polyester 1483
1 HMF 1 5000 9 XB_polyester 1750
= 10 New_Polyamide 1000
5 Propan-2-ol 1667 11 DichloroethaneZ 442
6 Polyacrylate 1971 12 |BioPVCZ 681
7 PEIF 1079 13 Wood_Adhesive2 360
8 Pulp 550 14 C5 fracti 360
9 Polypropylenel 970 15 Ethanol2 560
10 |Wood Adhesivel 500 - T e
11 PEF 1079 15 urtural 597
12 Ethylene Glycol 800 7 19 Propylenc? 930
13 Dichlroethanel 442 r
14 Bio_PVC1 681
15 2_6_FDCA Ester 622
16 Glucose 373
17 Sorbitol 583 Lignin
18 Ethanoll 560
19 Ethylenel 906 Ranking Product Name Price €/t
20 Isosorbite 502
21 2G_sorbitan_esters 502 1 Lignin_Castor Oil 4200
2 BIO_PU_Coating 10000
3 KF_Resin 1076
. f sr. m‘:utir‘ Polyols 11' ;ﬁ ]l:]
] ‘anillin U
* Scope for savings: bulk products
L [ Fhenolic_oligomers 800
Phenolic_monomers 1750
7 Carbon_Black 835
Phenolic_oligomers 1076
* Scope to expand: products and feedstocks | = =i
° Pyrolysis Oil

* Scope to integrate production paths of bulk and specialties




2uvouoaopoc TEA kot AKZ

C5 Sugars
Economic Greenhouse gases
Product name Rank (Econ) | Plant profit | Profit | Price [ CAPACITY | Rank (GHG) | GHG balance | Reference product
[%] | €/t t/y tCOeq./t tCO,eq./t
Xylonic_acid_2 1 2,76E+07 | 350 61370 70470 9 05
1_2_4_butanetriol_trinitrate 2 2,08E407 | 264 90000 14515 1 84
Difurfuryl_diisocyanate 3 1,096+07 | 438 15000 21384 3 41
X0S a 9,72E406 123 8500 23040 12 01
Bio_xylitol 5 859E+06 109 3500 25200 7 ?
APP 6 843E+06 107 2500 27720 6 01 23
Name_VTT (Hydrogel) 7 837E+06 106 1888 32400
Bio_polyester 8 8,24E+06 104 1483 32400
Xylitol_based_polyester 9 8,20E+06 104 1750 25200
New_polyamide 10 7,90E406 100 1000 18475 2 21 6,0
C5_fraction 11 7,89E+06 100 360 36000 (2) 11
Polypropylene 12 7856406 99 970 10080 8 20
Ethanol_2 13 7856406 99 560 18000 5 R 22
Ethylene_2 14 7,84E406 99 906 10800 10 _ 14
Propylene_2 15 7,84E406 99 930 10080
bioPVC 16 7,83E406 99 681 22429 B _ 20
Dichloroethane_2 17 7,82€406 99 433 38016
Furfural_2 18 7,82E406 99 579 15840 7 01 18
Wood_adhesive 19 7726406 98 360 36000
1,2,4-butanetriol 4 -0,3 -4,1

Cellulose
Economic Greenhouse gases
Product name Rank (Econ) | Plant profit | Profit | Price | CAPACITY | Rank (GHG) | GHG balance | Reference product
[%] €/t t/y tCO,eq./t tCOeq./t
Polyamide_1 1 2,76E407 110 | 4000 | 32400 1 4,8 6,4
Polyester_1 2 2,66E+07 106 | 7523 23760 12 -04 2,7
Polyamide_2 3 2,64E+07 105 | 4000 39420 5 2,3 -6,4
HMF_2 4 2,63E+07 105 | 5000 [ 30000
Propan_2_ol_1 5 2,57E+07 102 | 1667 55800 7 -0,7 -19
Polyacrylate 6 2,55E+07 101 | 1971 34200 2 34 -6,8
PEIF 7 2,53E+07 100 | 1079 | 41310 14 -0,2 -1,8
PEF 8 2,52E+07 100 | 1079 33480 8 -0,6 2,7
Pulp 9 2,52E+07 100 | 550 75000 19 -0,4
Polypropylene_1 10 2,52E+07 100 970 39060
Wood_adhesive2 11 2,52E+07 100 | 500 75000 3 -4,2
bioPVC1 12 2,51E+07 100 | 681 68428 21 -2,0
Glucose_2 13 2,51E+07 100 | 373 60000 16 0,5
Ethylene_glycol 14 2,51E+07 100 | 800 39000 15 -16
Ethylene_4 15 2,50E+07 99 | 906 19440 18 -1,4
2G_Ethanol_2 16 2,50E+07 99 | 560 32400 10 2,2
Dichloroethane_4 17 2,50E+07 99 443 68429
2_5_FDCA_ester 18 2,49E+07 99 | 622 37800 9 -2,6
Isosorbide 19 2,49E+07 99 | 502 33314
Sorbitol_2 20 2,49E+07 99 | 583 32250 20 0,5
2G_sorbitan_esters 21 2,48E+07 99 502 33282
ic acid for polyamid 4 -3,2 -6,4
Itaconic acid for SB rubber 6 -1,0 -2,9
Polyester_1 11 -0,4 -1,8
Polyester_1 13 -0,3 -1,8
Glucarate_2 17 _ -0,5
Lignin
Economic Greenhouse gases
Product name Rank (Econ) | Plant profit | Profit| Price [ CAPACITY [ Rank (GHG) | GHG balance | Reference product
[%] [€/t] t/y tCO,eq./t| tCOeq./t
|Bio_PU_coatings 2 2,64E+07 117 10000 39000 4 2,1 2,8
Lignin_based_PF_resin 3 2,60E+07 115 | 1076 343980 2 22,9 -4,2
Aromatic_polyols 4 2,31E+07 103 | 1620 39000
Vanillin 5 2,29E+07 102 12000 3900 ? ?
Activated_carbon 6 2,276+07 | 101 2093 5742 6 0,2 24
Phenolic_oligo_monomers 6 2,27E+07 101 | 1076 10951
Carbon_black 7 2,25E+07 100 835 5742 5 -0,2 2,4
Phenolic_monomers 7 2,25E+07 100 | 1750 892
Phenolic_oligomers 7 2,25E+07 100 | 800 5563
Lignin as basis for PF resin 3 =i 3,9
Pyrolysis oil as wood preservant 7 -0,3 -1,6
- 109 8 0,4

o LCA extended beyond GHG

o Instead of Pareto, threshold
analysis to prune value chain

o Reduction of viable paths but
still DOF to explore




Asipopla Kol KUKALKA olkovopia

A CIRCULAR ECONOMY FOR PLASTIC

OTHER
MATERIAL
STREAMS

Industrial Ecology
Proces
Production
A

RENEWABLY SOURCED

VIRGIN FEEDSTOCK

*  EVOANQKTIKEC TIPWTEC UAEC: AVOVEWOLUEC KOl ETIOVOXPNOLLOTIOLNUEVEG
*  [oapoaywyr mou evioxVEL KUKAOUC EmOVaXpnoLUomoinong Kol avakUKAWGONG
*  JUUPLWTLKEC OXEDELG OTA TTAALOLO TNE KUKALKNC OLKOVOULLAG Kot BlopnXavikng cuppiwong
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