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3. YTOAOYIOHOC EMMTWOEWY

KAIMaTIK aAAayn

[ToI6TNTA OIKOCUOTHAUATOC I ,

Mn avavewaoiueg TTNYEC

AvBpwTTIVN eunuepia
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CO;

NO,

SO,

PM2.5

NMVOC

Oil

Coal

Iron

Copper

Water

Ete...

O uttoAoyIoPOC VivETAl JE HOBNUATIKA JOVTEAQ

Environmental
interventions

| & Emissions

(in air, water and soil)

| ® Physical modification

of natural area
(e.g., land conversion)

® Noise

o Water use

® Human toxic effects
e Ozone depletion

® Photochemical
ozone creation

e Ecotoxic effects

e Eutrophication
e Acidification

e Biodiversity

-
=

p—

Resource deplefion

Ecosystem quality

http://michaelminn.net/energy/life-cycle-analysis/
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T etval ot ekmmopmeg Mediou 1, MNMediou
2 kat MNeodiou 3;

H Biwoiydtnta kal n dpdon yia To KAiJa aTToKTOUV OAOEvVa Kal
UEYAAUTEPN oNUACia TOOO YIA TIC ETAIPEIEC OO0 KAl YIA TOUG
KATAVOAWTEG.

['la va uttoAoyiooupe TIG OIKES pag ektmouTréG CO, Kal va
QVATITUCOUME MIO OTPATNYIKNA WEIWONG, Eival ONUAVTIKO TTPWTA
VA KATAVONOOUUE TIC DIAPOPETIKEC TTNYEC EKTTOUTTWV:

AUTEC ouxva KaTtnyoploTroiouvTal wg Tredio/kartnyopia 1,
redio/katnyopia 2 kal Tredio/karnyopia 3.



T etval ot ekmopmeg Mediou 1;

Ol ektTouTrEC ediou 1 gival AUETEC EKTTOUTTEC TTOU TTPOEPYOVTAI ATTO
TTNYEG TTOU EAEYXEI 1] YIA TIC OTTOIEC €ival UTTEUBUVN HIa ETAIPEIQ.
2 UVOEOVTAI OTEVA UE EOCWTEPIKEC DPAOTNPIOTNTEC KAl TTEPIAANBAVOUV
dlAPOoPEC dIEPYaTieC TTOU ATTEAEUOEPWYVOUV aEpPIa BEPUOKNTTIOU.

» Kauon oe oTa0epEC HOVADEG: EKTTOUTTIEC QTTO TTNYEC EVEPYEIAG
(QUOIKO aEPIO Kal GAAQ KaUOIUA) OTIC EYKATAOTACEIC TNG ETAIPEIAC

» Kauon o€ KIvnNTEG JOVADEC: KAUOAEPIA TTOU TTapAyovTal atrd TNV
KaUuon KAUOiJwy atro Tov 0TOAO OXNUATWY TNG ETAIPEIAC (auToKivnTa,
QPOPTNYQA K.ATT.)

» EKTTOUTTEC TITNTIKWV agpiwv: AIQppoES, TT.X. aTTO cUOoTHMATA
KAIJOTIOMOU Kal yucng

» EKTTOUTTEC DIEPYAOIWV: AEPIA TTOU ATTEAEUBEPWVOVTAI ATTO XNMIKEG
KOl QUOIKEC avTIOPACEIC KATA TN OIAPKEIA TNG TTAPAYWYIKNG
O1adIKACIAG KAl ATTO TIG EYKATAOTACEIC TTAPAYWYNG .



T etval ot ekmopmeg Mediou 2;

O1 ektTouTTEG ediou 2 gival EPUETEC EKTTOMTTEC TTOU TTPOKOAOUVTAI ATTO
TNV Ayopd eVEPYEIOC, OTTWG NAEKTPIKN EVEPYEIA, ATUOG, BEppavaon Kal
Wuen. AUTEG OI EKTTOUTTEC DEV TTAPAYOVTAI ATTEVOEIQG OTIC
EYKATAOTAOEIC, OAAA Eival ATTOTEAECHA OPACTNPIOTATWY EKTOC TWV
OpiWV TNG ETAIPEIOG.

» EKTTOUTTEG TTOU atTeAeuBepwvovTal HEOW TNG KATAVAAWONG
AYOPOACOMEVNG NAEKTPIKNG EVEPYEIAG, ATUOU, BEpUavOoNG Kal yueng, yia
TTapAadEIyua:

» EKITOUTIEG TTOU TTPOKUTITOUV ATTO TNV TTapaywyr] TNAEBEpuavong Tou
ayopaddeTal atrd Eva aTTo TA KTipIA YPAPEIWV TNG ETAIPEINAG

» EKTTOUTTEC aTTO TNV TTapaywyn NAEKTPIKNAC EVEPYEIAC TTOU
XPNOIYOTIOIEITAI ATTO TNV ETAIPEIA YIA QWTICHO, uNXavAuaTa,
£COTTAIONO r)/Kal NAEKTPIKA OXNMaTa
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——
T etvat ot ekmoumeg Meoiou 3;

O1 ekTTOUTTEC TOU [Mediou 3 cival EMUECESG EKTTOMTTEG TTOU TTPOKUTITOUV ATTO
OpaoTNPIOTNTEG OTNV aAucida agiag piag eTalpeiag, aAAd TIC OTToiEC deV EAEYXEI AUEDQ.
AuUTO TTEPIAQUPBAVEI TOOO TIC OPACTNPIOTNTEC AVAVTN 60O Kal TIC dPACTNPIOTNTES KATAVTN.
H kataypa@r) Toug €ival pia OQUOKOAN Kal XpovoBopa diadikaaia, Kabwg TTPETTEl va
AauBaveral uttown oAOkANPN N aAuacida agiag evog TTPOoIOVTOG 1 MIAG UTTNPETIAC.

O1 ektTopTTEC TOU ediou 3 pTTOPOUV VA XWPIOTOUV O€ 2 KATNYOPIEG.
ApaoTnpIOTNTEC AVAVTN UIAG ETAIPEIAG:

Ayopacopéva ayabd Kal UTTNPETIES

Ayopacopéva Ke@aAalouxika ayadd

ApaoTnpIOTNTEC TTOU OXETICOVTAI UE KAUOIUA KOl EVEPYEIQ AvAVTN
MeTa@opEg Kal egpodlacTIKn (ayopdalovTal/oupBAaAAovTal atrd TNV ETAIPEIN)
Mapaywyr) atroBAATWYV

MeTakivioeig epyalopEvwv

MicBwpéva TTEPIOUCIOKA OTOIXEIO

ApaoTnpIOTNTEC KATAVTN MIAG ETAIPEIAC:

» Metagpopécg Kal podlaaTikr) (dev cuupaivouv atro TNV £TaIpEia)

» Emetepyaoia TwANBEVTWY TTPOIOVTWY

» XpAon TTwANBEVTWY TTPOIOVTWYV

» Emecepyaoia TpoidvTwy TToU TTWAOUVTAI OTO TEAOG TOU KUKAOU (WG TOUG

VVVVVYY
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What are Scope 1, 2, and 3 Emissions?.

Company-
owned vehicles

Fuel
combustion

Scope 1

Direct emissions from sources
that are owned or controlled by
an organization.

Electricity
consumption

Heat/A.C
consumption

Steam
consumption

Scope 2

Indirect emissions from the Indirect emissions resulting
consumption of purchased from the activities of an
electricity, heat, or steam. organization, but not included

in Scope 2.



IToweg givar o1 Tpes PaoIKES opaoeg

.‘ REPLPUALOVTIKOV EMTTOGEMV TOV
- g€etalovrar otny AKZ;

1. KAlgatiky aAAayn,
2. TT0I0TNTA OIKOOUCTMATOG,
3. €EAvTAnON YN AvavVEWOCIUWY TTOPWV




Tumkeg Emmtwoelc (Mecou Znueiov)

TUTILKEC EMUITTWOELC TMEPLAALLPAVOULV :
Taon umepBeppavonc tov nAavntn (GWP)
Taon e¢aviAnonc olovtoc (ODP)
Taon avBpwrivne toékotntac (HTP)
Taon owkotoékotntoc (EP)
Taon o&ivionc (AP)
Taon ¢wtoxnuikou oxnuatiopou olovtoc (POFP)
Taon svtpodlopov
E€avtAnon ABLotikwy Mopwv
Xprion vepou

14






Cause-effect Chain Impact categories defined at different ;:m::intf.H

Emission
—I- Fate Midpoint ElimateEcIﬂ::ﬁ:;cha:::g::icatiun,

}

Exposure Midpoint Particulate matter, Smog, lonizing radiation
!

Effect on Target Midpoint Human and Ecotoxicity
S'fsiem
Damage Endpoint Human Health and Ecosystem Quality

Impact = z CF;p X FlowEmitted,,

Impact: O repIBAANOVTIKES ETTITITWOEIG UTTO £€£TAON

CFip: O OUVTEAECTAG XAPOAKTNPIOUOU YIa TOV PUTTO P KAl ETTITITWOEIG |
17



CI
145 o,

 NH; co,

Input &
Output Flwos

Life Cyele :
e Environmental Impact Assassement
Inventory

| Optional

Emissions and raw Classification to
materials —  Midpoint Impact —— Characterization ———+ Weighting
quantification Categories :
CHy-

owf

Global Warming Kg CO,
- Potential equivalent ““"mhgh
NH3 S Acidification Kg SO, ,,.ff“’g"

Potential equivalent

~# Unique value
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YTOAOYIOHOG EMMTWOEWY (2)

H ekTipnon €mMTITWOEWY OTOV KUKAO C(WNC €ival Jid
OUOTNMATIKN dladikaagia Tacivounong Kal
XOPOAKTNPIOHWOU TWV TTEPIBAAAOVTIKWY ETTITITWOEWV.



Product lifecycle

. . I
Extraction Raw materia extraction H CO 2

’

from nature ,‘ :
:—> CHs = Global warming

Production 1

Crude oil A I

1 ‘ = VOC —— 0zone layer depletion

Water resource

b

Mineral Resources

]
)
Consumption I—V SOx <: Photochemical oxidant
]
, 2
]

Waste treatment |

1
l H BOD > Eutrophication

Land fill & Incineration| =% COD

20



——
Bnpata tng 3" paong (1)

o ETTIAOYI OXETIKWYV KOTNYOPIWV ETTITITWOEWYV

o Tacivounon: avtioToiXion TwV aTToTEAEOUATWY AvAAUONC
AEOOUEVWYV O€ KATNYOPIEC ETTITITWOEWV

o XAPOKTNPIOUOC: PYOVTEAOTTOINON OTTOTEAECUATWYV AVAAUONC
AeOOUEVWYV EVTOC KATNYOPIWV ETTITITWOEWV

« KavovikoTroinon: Ekppaon teavou AvTiKTUTTOU PE TPOTTOUG
TTOU JTTOPOUV VA CUYKPIOoUV.

e OQuadoTtroinon: OEIKTEG TAgIVOUNONG ] KATATAENC.

e 2TQ0HION: EPPAON OTIC TTIO CNUAVTIKEC TTIBAVEC ETTITITWOEIC.

 Avagpopd ATTOTEAEOUATWYV oAoncC YT1TO0AOVIOOU
ETITTTlwoswyv

21



’
XapaKTNPIGHOC
Elementary flows from Life Cycle Inventory e.g. Cd, SO,, C¢Hg, CO,, iron ore
|
v

“
[Selection of impact categories, category

o A e.g. ecotoxicity, climate change
indicators and characterization models
>

v

Assignment of LCl results to the
selected impact categories CO, etc. assigned to climate change
(classification)

Y

Calculation of category Climate change impact in kg CO,-eq/functional
indicator results unit at midpoint or in DALY/functional unit at

(characterization) ) endpoint
Calculating the magnitude of

category indicator results relative Climate change impact in person.yr/functional unit
to reference information

\ (normalization)

Y

rConwerting indicator results of different\

impact categories by using numerical comparison or aggregation across impact or
factors based on value-choices damage categories

\ (weighting) P ’

~

.

4 )

Weighted impact scores ready for




T onuaiver «yopokTnpropnos oty 3n

.‘ paon AKZ;

H 1To00TIK) JovTeAOTTOINON TWV aTTOTEAEOUATWY TNG attoypa®pncs (LCI)
WOTE VA EKPPAOTOUV o€ OEIKTEC TTEPIBAAAOVTIKWY KaTnyopiwv (11.X. kg CO,

eq).




: AoKnon: UTOAOYIOHOG avOpaKIKOU ATTOTUTIWHATOG H

[eTpEAQIO
= 110 L MeBdvio = 0.1 kg & Yypaaia = 0.4 kg
, : t ,
AGOOC ATTéBANnTO SUAOU ATTOBRKEUON ATT00. UAO
l = 20 kg =19.5 kg
=0ho = 80 kg Peopa = 10 kWh — =Npavon
[CTENCTTTTE  Sneacogio 102k |

Pebpa 0.45 kg CO, eq/kWh
Metpélato 2.68 kg CO, eq/L
o oo 1
0, 1 kg CO, eq/kg CO, [MEAeT = 10.2 kg
29.8 kg CO, eq/kg CH,

mm [Tolo gival To avOpaKiIKo

=0ho = Buroe/ ATTOTUTTWHA VIO 1 KIAO TTEAET;
AntopAnto 0Aou 0 Euros/kg 24

Pelpa =5 kWh — [MeAeToTTOINON




2TV 6KN61 VTOAOYIGUOV OVOPUKIKOD

.‘ OTTOTVTTOUOTOS, TOLY TV 1) AELTOVPYIKT)

- povaoa;

1 kg 1TEAET (pellet).




T emuwAiéov TAnpo@oplo TPoGPEPEL N

.‘ KOVOVIKOTTOIN 61 TOV avOpoKIKOU

- QTOTVTONUTOS;

Agixvel TO ATTOTUTTWHA AVA KATOIKO 0TNV EANGDQ- ETTITPETTEI CUYKPIOEIC UE
EOVIKEC N TTEPIPEPEIOKEC METEC TIMEG.




YTMOAOYIOHOC EMMTWOEWV (3)

http://michaelminn.net/energy/life-cycle-analysis/

CO:

NO,
SO,

PM2.5

NMVOC

Oil

Coal

Iron

Copper

Water

Etc...

Environmental
interventions

L

'&(i_n'-_éfir,'w'aterand soil)

| ® Physical modification

of natural area
(e.g., land conversion)

@ Noise

® Human toxic effects
e Ozone depletion

® Photochemical
ozone creation

e Ecotoxic effects
e Eutrophication
e Acidification

® Biodiversity

Resource depletion

Ecosystem quality

u01109101d JO Sealy



AnoteAEocparta

« AnoteAeoparta Anoypagpnc Asdopevwv AKZ:
« E&aywyec npwTwv UAWV ano 1o nepiailov
« KaTtavaAwon
« Exnopnec

« AnoteAeoparta a&loAoynonc ennTwoswv AKZ:
* (emAeypeva) BaBuoAoyiec kaTnyopiwv
NePIBANOVTIKWV EMNTWOEWV.



IHowx gival 1 oL0@oPa HETACY

' ' COTOTELEGUATOV UTOYPOPNS OEOOUEVOVH

.- KOl €OTTOTEAECUATOV ASL0A0YNIONG

EMNTOCEOV» 6TV AKZ;

* AvAAuon OedOUEVWV = POEC EI0POWV/EKPOWV (TTPWTEC UAEG, EVEPYEIQ,
EKTTOUTTEG)

* ACIOAOYNON EMTITWOEWY = PHETATPOTIN AUTWYV O€ DEIKTEC
TTEPIBAAAOVTIKWV KATNYOPIWV.




AoKnon: Kavovikomoincn avopaxktkou=-amoTumwpHaToC

[eTpEAQIO
= 1l0 L MeBdvio = 0.1 kg & Yypaaia = 0.4 kg
, : t , ,
Adoog ATIOBANTO SUAOU —p ATT0OAKEUON (= ATIOBANTO SuAoU
l = 20 kg =19.95 kg
=UAo = 80 kg PeUua = 10 kWh — =npavon
=npauévo ¢uho= 10.2 kg l
PeUpa = 5 kWh ——{ [leAeTotroinon
[Tolo gival To avOpaKkIkKG atroTuTTwua , 1
; . [MeAeTr = 10.2 kg
via 1 KINO TTEAET ava KATOIKO TNV
EAAGOQ;
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Ry,
®aon 3: Epunvela KukAou
Zwng



I
Epunveia KukAou Zwng (1)

® Conmpleterness Check
® Senativity Check

® Comsistency Check
e Other Checks

32
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R
Epunveia KukAou Zwng (2)

H epunveia ival enavaAnnTikn YE TIC AAAEC TPEIC PATEIC

 Mapouaciaon Twv anoteAeopaTwv NG HeAETNC AKZ ouppwva
LE TN paocn ZToxou Kai Mediou

 [poadlopiouoc «ZnuavTikwyv nTnuatwv» (Hotspots)

 Mapouciaon unoBeoswv kal NPOadIOPIGUOC NEPIOPICHWV
(daon 1)

« 'EAeyXOC €av Ta OpIa TOU CUCTNMATOC €ival KATAAANAa
(®aon 1)

34



‘ T onuaiver «epunveio KOKA0V (NS Kot

.- YO TL ELVOL EXOVUANTITIKT] OLOOLKOGLO;

Eivai n @aon 6trou mrapoucialovTal Ta atroteAéouara, evrotriovral
hotspots, eTaveAéyxovTtal Opia/uTToBECEIC

Eival eTTavaAnTrTIKn yIaTi CUVOEETAI CUVEXWC HE TIGC TIPONYOUUEVES
PACEIC.




I ———.
Epunveia KukAou Zwng (3)

« A&oAoynon MoloTnTag AcdopeEvwY

« To npotuno ISO dev anaiTel CUYKEKPILEVA Gevapia n/kai
availuong euaiobnoiag

- Ennpealeral £éva NOIOTIKO CUHUNEPACHA AMNO NMOCOTIKEG
aAAayEC OTIC NAPAHETPOUGC TNC HEAETNG;

« 0 «kavovac 20% > OTIC CUYKPITIKEG AEI0OAOYNOEIG
OEIXVEI ONHAVTIKO

36



‘ ‘ T onuaiver «kavovaog 20%» otig

.- CUYKPLTIKES NEAETEG;

O diagopéc >20% BewpouvTal ONUAVTIKEG

Katw atrd autd 10 6pI10, oI aANayEC UTTOPEI va BewpouvTal pun
OUCIWOEIC.




Katataén kpitnpiwv Kata 1SO

1. To mo onuavtiko, ernpeadlel >50%
2. oAU onuavTikd, etTnpeddlel atrd 25% £we 50%

3. 2nMavTiko, etTnpeadel, eTnpeddel atmdo 10% £wg
25%

4. Niyo onuavTiko, etTnpeadlel atmo 2.5% £wg 10%
5. Mn onuavTiko, etTnpeadlel £wg 2.5%

38



E———
A&loAoynon Molotntac AedopEvwy

« AvaAuon cuveio@opac (contribution analysis)

EmAe€Te dedopeva kal unobECeIC yia:
 AvaAuon euaiocbnaoiac
« AvaAuon afefaiotTnTac

Avaluon diatapaxwv

Avaluon pe ogvapia

39



I
Hotspots -“Znpavtika {ntnuata”

« Aedopeva (LCI) onwc n katavaAwon evepyeiac, ol
KUPIEC POEC UAIKWV, Ta anoBANTa Kai ol EKMOMNEC
K.A.

 AsiKTEC KATNyopiac ENINTWOEWV Nou napouaialouv

101AITEPO EVOIAPEPOV N TWV ONOIWV TO UYOC NPOKAAE
avnouxida

 Baoikeg ouvelopopeg Twv oTadiwv Tou KUKAOU {wnC
ota anoteAeopata LCI n LCIA, onwc diepyaadiec
LMEMOVWUEVWV HOVAOWV N OUADEC DlEpyariiny



‘ T evvoovpe ne Tov 0po «GNUAVTIKA

.- cntquoto (hotspots)»;

Kpioiua dedopéva LCI (evEpyela, EKTTOUTTIEG), KATNYOPIES ETTITITWOEWY
TTOU ¢eXwpilouv Kal dIEPYATiEC JE HEYAAN CUVEIOPOPA.




[TiBava hotspots;
Eival dla@opeTika ava

CC ODP HT-c HT-nc PM IR-HH POF AP EuT EuF EuM FE LU WD RD

- ® Mineral water Beer u Coffee u Apple ®m Oranges
m Potato m Bread m Olive oil m Sunflower oil m Sugar from beet
m Milk m Cheese m Butter m Meat - beef m Meat - pork

u Meat - poultry m Pre-prepared meal https://doi.org/10.1016/j.jclepro.2016.05.078



https://doi.org/10.1016/j.jclepro.2016.05.078

Helative contnbution

70%

60%

50%

40%

20%

10%

[TiBava hotspots;

Eival dla@opeTika ava
TTEPIPAAAOVTIKN ETTITITWON;

m Manufacturing
¥ Use phase

B Transportation
mEnd of Life

5% opio (threshold)

Climate Change [kg CO,-eq)

Hot spots (2 5%) for manufacturing

Eutrophication Eutrophicatior




AvaAuon ocuvelopopdac



AvaAuon ocuveloWopdac

« Algpevvnon TNS cUupBOANC dIapOpwV NApayovTwy oTa
anoTEAEONATA TWV OEIKTWV

Aladikaoiec (O1epyaciec)
MpwTEC UAEC
MepIBAAAOVTIKEC EKMOUNEC
Xpovocg

Xwpog

« H ouveiopopa ekppaleTal G€ NOCOCTO £MNi TOU GUVOAIKOU
anoTEAEONATOC
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Mapadeiypa avaAuong cuvelowopac (1)

Raw natural gas Water

\

——> Emissions
[

—>

S L _ |

Heat

||l Biomass co-firing Transport [ f  Ashes
H.ard coal—3 Collection [>| Transport s> Electricity
Biomass .
. Coal combustion I
|'\ X~ Gypsum
o N /
D S N B = g I /.
( Emissions Emissions Waste water
Heat .
2.T0 EPYOOTACIO
TTAPAYWYNG EVEPYEIQG
46
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Mapaosiypa avaAuong CUVEIGYP

M Harvest and storage W F'retreatrnel Transport MMining and processing W Rest 1 Biogenic CO2

1.2

0.8

0.6

0.4

0.2

Pelletisation Torrefaction TOP (NL) 20% Pelletisation Torrefaction TOP (CN) 20% Coal 100%

(NL) 20%

(NL) 20%

(CN) 20%

(CN) 20%
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Moot dtadopetikol etaipol/popeic
Ba evoladEpovTav ylo  ta
aTMoTEAECUATA,

Acidification Eutrophication

Kol moleg emumtwoelg 6o ATav mLo
evoladpEPOUOEC yLo auToUC;

- Iron inceneration - Iron inceneration
[ Hydrogen peroxide [ Hydrogen peroxide
[] Hazardous waste incineration facility [ Hazardous waste incineration facility

B Elccrricity B Elecrricity
B Oher B Other

Fresh water aquatic ecotoxicity Global warming (GWP100)

Human toxicity Marine aquatic ecotoxicity

=) g
I Hydrogen peroxide I Hiydrogen peroxide
- Hydrogen peroxide - Hydrogen peroxide Hazardous waste incineration facility Hazardous waste incineration facility
Hazardous waste incineration facility Iron inceneration = L"",' ‘I""c""'“"l"m L] Stainless steel
- Stainless stee - Electricity

[ stainless steel [ Hazardous waste incineration Facility B Other B O
- Electricity - Electricity, medium voltage

- Other - Other

23-Mar-26

DOI: 10.1007/s11705-024-2408-2



ZeeFlex Conventional mattress

Marine Eutrophication 300 289 mPt

M Freshwater Ecotoxicity

255 mpt

W Human Toxicity - Soil 250 237 mPt
B Human Toxicity - Water 18%
B Human Toxicity - Air 200 192 mPt

W Fossil Fuel Depletion 24’7%

W Freshwater Eutrophication o

W Mineral Depletion % 120

M Land use

m Water Use 100

W Acidification

B Photochemical Oxidation 50

B Respiratory Inorganics

B Ozone Depletion 0

M Climate Change (GWP)

Baseline Recycling PE/Steel Baseline Recycling steel



‘ ‘ Th octyver  «avdAvon GUVELGPOPIS);

[MOOOTIKOTTOIEI TN CUMMPETOXN OIEPYATIWV, TTIPWTWYV UAWYV 1 EKTTOUTTWV
OTA OUVOAIKG aTTOTEAEOUATA EVOG OEIKTN.

IIowot €ival aVTOL O OEIKTES;

 Méoou onpueiou (Midpoint)
 End point




AvaAuon olatapaxwy



AvaAuon olatapaxwy
- Enidpaon oe pia pikpn (oxeTikn %) aA\ayn ota dedoueva vyia:

« AnoteAeopaTta LC Inventory
« AnoTteAeopaTta dsikTwv (anoOAUTa, KavoviKonoinueva n

0TC|9|J|O'|J<C':VC|) 50 a) Annual embodied emissions per m2

40
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=
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AvaAuon suaioOnoiac



AvaAuon suaioOnoiac
« Enidpaon piac ahAhayng o pia emAeyuevn diadikaaia

Enidpaon Tnc katavounc (allocation)
MeBodoc xapakTnpIGHOoU

KpITripia anokornng

Kar Ta Aoina.

 Ta napadeiypa 100x "anooTaon peTagopac”

« EmA&gETe pia dlapopeTikn PEBODO dIaxEIpIoNC KATAVONNC

54



AvaAuon suaicOnoiacg - NMapadsiyua

Lipid wt9%, (12.5, 25, 50)
Pumping to/from Pond, KWh/L, (2.4, 4.8, 9.6)x10-5 |
CH4 Yield, L/g-TS, (0.20, 0.30, 0.40) |
Productivity, a/m2/d, (12.5, 25, 50) |
CHP Electrical Efficiency (28%, 33%, 38%) |
Extraction Without CHP Heat Recovery |
Wet Gassification, 95%N, (0%FP, 90%F) |
Mixing Power, KWh/ha/d, (25, 48, 83) |
Fraction of Total CH4 Emitted, (0.2%, 2%, 4%) |
Hexane Extraction Power. (See Table 6) ]
No Additional N20 from Digestate Solids ‘
Fraction of N Recoved to Culture (66%, 76%, B6%) ]
Fraction of C in Solids Sequestered, (0%, 8%, 16%) |
Internal Combustion Engine CHP instead of turbine = Low
Total Loss of N by Volatilization, (0%, 5%, 10%) W High
CO2 Retention Efficiency in Pond, (25%, 15%, 5%) | S Alternative Scenario

-30000 -20000 -10000 0 10000 20000 30000
Emissions - 55,440, gCO2-e / mmBTU-BD

Figure B.10: LCA sensitivity analysis.



‘ ‘ IHowo €ival N 0L POPa «OVAAVONS
.- £VULeONGLOC) 0TT0 «KOVAAVGT] OLUTUPAYOVY;

» H euaioBnoia e¢eTalel eTIAEYUEVES TTAPAPETPOUG (TT.X. ATTOOTACN
METAPOPAC, HEBODOC KATAVONNC)

> H avaAuon diatapayxwyv eCeTalel MIKPEC % aAAayéc o€ OAa Ta
dedopéva.




AvaAuon aBeBaiotntacg

Enidpaon nepioxwv aBeBaioTnrac dedopeEVWY Yid
UMNOAOYIOUO OPAALATWV
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AvaAuon pe ogvapia

« Enidpaon nepioxwv aBeBaiotnTac dEOOUEVWY YIA UNOAOYIGHO
OPAAUATWV
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AvaAuon pe ogvapia

100%

90%

80%

70%

60%

50%

40%

Percent share of articles

30%

20%

10%

0%

Time horizon (years) Future scenario Time horizon (years) Future scenario Time horizon (years) Future scenario
development development development

Prospective (what-if, 211 articles) Explorative (scenarios, 252 articles) Normative (policy, 35 articles)

Future scenario type

Time horizon ‘ mmm Short (< 10) =3 Medium (10 - 30) —Long (30 - 50) == Very long (> 50) == Not stated |

Future scenario development mm Already available (models, reports) =R Policy-based = Expert-based (or authors)

== Model-based = Product or technologies alternatives mmm Other




AvaAuon pe ogvapia

120
100
80
B FOX Apple Juice, Present
B FOX Apple Juice, Policy Scenario
2 60 = FOX Apple Juice, Society Scenario
FOX Apple Juice, Retail Scenario
B Conventional Apple Juice, Present
® Conventional Apple Juice, Policy Scenario
40 — | Conventional Apple Juice, Society Scenario
Conventional Apple Juice, Retail Scenario
20 —
0

Climate change Ozone depletion

Comparing processes;
Method: ILCD 2011 Midpoint+ V1.11/ EU27 2010



2€ TLYPNGLUEVEL 1] «OVAAVCT UE GEVAPLOY;

AlgEpeUVA DIAPOPETIKEC TTAPADOXEC/ETTINOYEC
(T1.X. TEXVOAOYIQ, EVEPYEIAKO Miyua) yia va
aclohoynBei n otaBepoTnNTA TWV
OUUTTEQOOUATWV.




IHowr ival To mévte Pacika gpyareia

- aSLoA0YNoNS TOLOTNTOS OEOOUEVOV;

AP ODN -

. AvaAuorn
. avaAuon
. QvaAuon
. avaAuon
. aQvaAuor

OUVEIOPOPAC,
geualobnaiag,
dlaTapayxwy,
apefaioTnTac,
UE OEVApPIQ.




2upnepaopata Kat MNpotaoceig

« EEayovTal cupnepaopaTa

« Kal yivovTal CUCTAOEIC YId TO KOIVO TNC HEAETNC

 Na €ioTe KPITIKOI OTIC EMAOYEC Kal TIC UNOBECEIC
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I
Avagopa - Reporting

« To ISO 14044 anaitei diagpaveia

1. AloiknTIkeC MANPOPOPIEC

2. OpIooOC 0TOXOU Kal nediou

3. Avaihuon AnoBguatoc KukAou Zwnc
4. EkTipnon Emntwoewv KukAou Zwnc
5. Epunveia KUkAou Zwnc

6. KpITIKN KPITIKN (E0WTEPIKN KAl EEWTEPIKN)
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KpITIKN (E0WTEPLKN Kal EEWTEPIKN)
a. ‘Ovopa kai Etaipia Kpitwv
b. Avagpopec KpITikng Avackonnong

c. AnNavTnNOoEIC OTIC CUOTACEIC
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[MANPOWOPIEC YIA EYKATACTACN
OpenLCA AoyiopiKoU Kal
gloaywyncg Baonc 0e00HEVWY



oPeNLca
.

KAVETE

EYKOTAOTAON
10 OpenLCA

openLCA

Stable versions for Windows, macOS, and Linux, development versions (if any), some
previous versions, sources, and a changelog for the openLCA LCA and sustainability

modeling software are provided below.

Release notes for openLCA 2.0 can be found in our blog.

Windows macOS Linux Changelog Other

To use openLCA on Windows, download the zip-archive below: Unzip the
archive and start coenLca . exe. To uninstall it, delete the created folder. You
can have several versions of openLCA in different folders on the same

computer.

openLCA 2.5.0 zip-archive: openLCA_Windows_x64.zip

Alternatively, you can install openLCA with the installer below. If you have an

older openLCA version installed (via the installer) you should uninstall it first.

openLCA 2.5.0 installer: openLCA_Windows_xB64.exe




R
Eykataotaon OpenLCA

How to oéiéﬁg‘ca
install
openlLCA?

Beginner Tutorial #1




OpenLCA - NEXUS - Databases

openLCA Nexus Databases Services Models Utilities LCAdatasearch Map Documents FAQs About Register Login W0

N
OPENLCa

\ Nexus Your source for LCA and sustainability data.

Overall providing ~ 300,000 data sets.
e.g. for Switzerland: 95677 data sets found.

call for abstracts open for openLCA.conf 2026!

Chiara De Grandis | Oct 8, 2025 | Dalabases

After the

A 4.0, a new webinar dedicated fo Social LCA databases is on the way. On October 29th
at 11:00 AM CET, pariicipants will be guided through the updates of soca 4.0, the social data add-on to ecoinvent
Based on ecoinvent 3.11 and with the.

=viobase 3.9.4 now available for openL.CA
by Julia Cileruelo | Oct 8, 2025 | Uncategorized
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OpenLCA - Database

O@a oT1eiAw TNV Baon dedouévwy Ecolnvent pe
Google Drive
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Eicaywyn Ecoinvent oto Aoyiopiko (1)

Download
and import
databases
in openLCA

Beginner Tutorial #2

oPenLca




Eicaywyn Ecoinvent oto Aoylopiko (2)

Database  orenic
elements
in openLCA

Beginner Tutorial #3




OpenLCA - Impact methods - Bpioketal oti¢ Baceig EO0UEVWY
oto NEXUS -
https://nexus.openica.org/database/openLCA%20LCIA%20Metho

d S openLCA Nexus Databases Services Models Utiiies LCAdatasearch Map Documenis FAQs About Downloads George Tsalid
_J OpenLCA LCIA Methods v 2.1 1 JSON-LD Show licence info
Show licence info
O openLCA LCIA Methods v2.3.0 1 JSON-LD

Show release notes

openLCA LCIA Methods v2.3.1 1 JSON-LD Show licence info
openLCA LCIA Methods v2.3.2 1 JSON-LD Show licence info
Show release notes
O openLCA LCIA Methods v2.4.0 1 JSON-LD Show licence info
(] openLCA LCIA Methods v2.4.2 1 JSON-LD Show licence info
(] openLCA LCIA Methods v2.4.3 1 JSON-LD Show licence info
(] openLCA LCIA Methods v2.4.5 1 JSON-LD Show licence info
Show licence info
= openLCA LCIA Methods v2.5.0 1 JSON-LD
Show release notes
Show licence info
U openLCA LCIA Methods v2.6.0 1 JSON-LD
Show release notes
Show i infi
O openlCA LCIA Methods v2 7.0 1 JSON-LD oW ieEnee 1o
Show release notes
Show licence info
U openLCA LCIA Methods v2.7.2 1 JSON-LD
Show release notes
O openLCA LCIA Methods v2.7.3 1 JSON-LD Show licence info
Show release notes
Show licence info
U openLCA LCIA Methods v2.7.4 1 JSON-LD

Show release notes

Show licence info
Show release notes 77

openLCA LCIA Methods v2.7.5 JSON-LD




2uvowilovtacg Kal HEPIKEC BACIKEC
eappoyec tou OpenLCA

Building an
LCA Model
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Apaoctnplotnta: Makapovia Je Kipd

AC UTTOAOVYIOOUUE TO TTEPIBAAAOVTIKO
ammoTUTTWHA!

23-Mar-26




1. Goal and Scope definition

T1 Ba ypawouue e0W;



1. Goal and Scope definition

T1 Ba ypawouue e0W;

v 2T1OX0C MEAETNC

v Original cuoTnua

v 200TNua ava@opag

v Opla peNETNC

v A&ITOUpPYIKN povada

v [epIBAANOVTIKEC ETTITITWOEIC TTOU Ba
UTTOAOYIOTOUV



Goal and Scope definition

O okoT1rd¢ TNC TTapoucag AgloAoynong KukAou Zwnic (AKZ) gival va agloAoynBouv ol
TTEPIBAAAOVTIKEC ETTITITWOEIC TTOU OXETICOVTAI JE TNV TTAPACKEUN EVOC YEUUATOG
MAKOPOVIWV UE KIMA o€ £va oTTiTl oTnv EAAGDQ.

H dpaoTtnpdTnNTa OTOXEUEL:
1. Na gvroTtrioel Ta oTAdIA TNG TTPOETOINACIAC (TTapaAywyn TPOYIUWY, EVEPYEIA

HayEIPEUATOC, XPAON VEPOU, ATTOPPIMMATA) TTOU CUMPBAAAOUV TTEPICCOTEPO OTIC
OUVOAIKEG ETTITITWOEIG

2. Na mpooépel Eva TTapadelyua AKZ yia eKTTaideUTIKI XpPAoN

23-Mar-26



Agitoupyikn povada

«H TTpoETOIMOCIa KAl KATAVAAWGON EVOC UIAC UEPIOAC
YEUUATOC Jakapoviwy PE Kiua, = 0.460 kg N yia yepidaq,
o€ Jia olkiakn koudiva otnv EAAGOQ.»
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Mapaywyn MeTtagpopd oT1O
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Alaxeipion atmroBAATWY ]
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Mapaywyn MeTtagpopd oT1O
TPOYiUWV OOUTTEP MAPKET
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2UAAoyn OEOOUEVWYV:
1. Napaywyn {ugapikwy

Pon Noocotnta Movada

Elopo<g
HAektp pevpa 0.179 kWh
Nepo 1.8 L
AAeUpL 4.5 kg
I'Io)\unpom’))\swo 0.012 e
(ovokevooia)

EKpPOEC
ZUpopLKA 3.55 kg
AntopBAnta 2.75 kg




2UAAoyn OEOOUEVWYV:
2. Bpacipo pakapoviwyv

Pon Noocotnta Movada
Elopo<(g

HAektp pevpua 1.40 kWh

Nepo 4.00 1

(Bpaopog)

Ahdrt {oto 0.010 ke

VEPO)

ZupapLKA 0.400 kg
EKpO£G

Bpaocpueva 1.05 kg

(upapLKa

Nepo 3.9 1

otTpayylopatog




2UAAoyn OEOOUEVWV:
3. Etolpacia ocaAtoag

Pon MNoocotnta Movada
ELopoEC
HAektp pebua 0.70 kWh
Nepo Siktuou 0.10 L
Coconut oil 0.030 kg
Kuuag 0.400 kg
2 AATOO VIOLATOLG 0.400 kg
EKpOEC
ZaAtoa 0.80 kg — —




2UAAoyn OEOOUEVWYV:
4. AvapeiEn/oepBipiopa

Pon MNocotnta| Movada
ElopoEc
HAekp 0.1  kwh
pevua
Bpaséva 10s| kg
(uLapPLKOL
ZOL?\'TGOL 0.80 e
KLU
EKPOEC
‘Etowpo
yeUQ 1.85 kg
(4 nepideg)
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YTOAOYIGHOC MEPIBAAAOVTIKWY EMTITWCEDY

[wg;



YToAOYIOHOC TEPIBAAAOVTIKWY ETTTWOE@Y

Create product system (cuoTnua TTPOIOVTOC)
Auto-link providers

Cut off > 1E-5

To ocuoTnua TTPOIOVTOC OO £XEI ONUIoUPYNOEI
[TavTa KaveTe “save” and

[Tavta check the linked providers in “Model
graph” kapTteAa

VVVVYVY

£3-IViar-Zo



& Navigation 5§ & O

L

openlcadstudents_10 ~

> I Projects
~ [ Product systems

— -
'

e
bt

> @ Case Study Car Ti

i Battery Pack
- Battery Pack_weit
i co-generation di
& COmparison co-g
= Transport person
= Transport person
o use_Transport pe

B8 Processes

@ Flows

M EPDs
Results

# Indicators and parar

i Background data

>

L

= Battery Pack X

& General information: Battery Pack

Name Battery Pack
Category - none -
Description
Version: 00.00.004 Last change
Tags Add a tag
® Calculate

General information | Parameters | Model graph| Statistics‘
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YToAOYIOHOC TEPIBAAAOVTIKWY ETTTWOE@Y

» Calculate (uttoAoyioe)

» NAIOAECTE nEBOOO UTTOAOYIOUOU
TTEPIBAAANOVTIKWYV ETTITITWOEWV
(environmental impact method)

» CML 2001 Baseline LCIA method

» EmAgcTe “lazy/on demand”



[TepIBAAAOVTIKEC EMMTWOEIC

T1 ernpeddel TNV ETTITITWON;
Largest contributors

Impact category Climate change

2,825 kg CO2-Eq: beef cattle production on pasture | cattle for slaughtering
0.158 kg CO2-Eq: electricity production, lignite | electricity, high voltage | C
w120 kg CO2-Eq: heat and power co-generation, lignite | electricity, high v
0.047 kg CO2-Eq: electricity production, natural gas, combined cycle powe
0.046 kg CO2-Eq: electricity production, oil | electricity, high voltage | Cuto

0.229 |

0.229 kg CO2-Eq: Other

23-Mar-26




[TepIBAAAOVTIKEC EMTMTWOELC

Largest contributors yia pia digpyaacia (process input)

& Impact analysis - ReCiPe 2016 v1.03. midpoint (H)

Sub-group by @ Flows Q Processes | Don't show <

Mame

-

| Category

Inventory resultl

Characterization facto Impact assessment resultl

Acidification: terrestrial
v Climate change

electricity production, lignite | electricity, high voltage D:Electricity, gas, steam and air conditioning supp...
heat and power co-generation, lignite | electricity, hig D:Electricity, gas, steam and air conditioning supp...
electricity production, natural gas, combined cycle pc D:Electnicity, gas, stearm and air conditioning supp...
electricity production, oil | electricity, high voltage | C D:Electricity, gas, steam and air conditioning supp...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
Photochemical oxidant formation: terrestrial ecosysterns ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...

Ecotoxicity: freshwater

Ecotoxicity: marine

Ecotoxicity: terrestrial

Energy resources: non-renewable, fossil
Eutrophication: freshwater
Eutrophication: marine

Human toxicity: carcinogenic
Hurnan toxicity: non-carcinogenic
lenising radiation

Land use

Material resources: metals/minerals
Ozone depletion

Particulate matter formation

Photochemical oxidant formation: human health

Water use

ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
ecoinvent 3.11 LCIA Categories/ReCiPe 2016 v1.03...
beef cattle production on pasture | cattle for slaughte A:Agriculture, forestry and fishing/01:Crop and an...

0.01960 kg 502-Eq
3.42450 kg CO2-Eq
2.82492 kg CO2-Eq
0.15817 kg CO2-Eq
0.11963 kg CO2-Eq
0.04704 kg CO2-Eq
0.04578 kg CO2-Eq
0.06674 kg 1,4-DCB-Eq
0.06736 kg 1,4-DCB-Eq
0.87275 kg 1,4-DCB-Eq
0.17226 kg oil-Eq
0.00134 kg P-Eq
0.00308 kg N-Eqg
0.07437 kg 1,4-DCB-Eq
460.09272 kg 1,4-DCB-Eq
0.00016 kBq Co-60-Eq
9.97736 m2*a crop-Eq
0.00013 kg Cu-Eq
2.61411E-5 kg CFC-11-Eq
0.00316 kg PM2.5-Eq
0.00155 kg NOx-Eq
0.00156 kg NOx-Eq
0.45299 m3




[TepIBAAAOVTIKEC EMMTWOEIC

FU 0.46 kg of bolognese

Name Impact assessment result Unit
acidification (incl. fate, average Europe total, A&B) kg SO2 eq.
eutrophication (fate not incl.) kg PO4--- eq.
Freshwater aquatic ecotoxicity (FAETP inf) kg 1,4-dichlorobenzene eq.
global warming (GWP100) kg CO2 eq.

human toxicity (HTP inf) kg 1,4-dichlorobenzene eq.
Marine aquatic ecotoxicity (MAETP inf) kg 1,4-dichlorobenzene eq.
photochemical oxidation (high NOx) kg ethylene eq.
Terrestrial ecotoxicity (TETP inf) kg 1,4-dichlorobenzene eq.
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Ava@opa (TTEpIyPAPr) ATTOTEAECTUATWY
AVAAUCN QTTOTEAECHUATWV



AHMOKPITEIO MANENIZTHMIO ©OPAKHZ NMOAYTEXNIKH 2XOAH

TMHMA MHXANIKQN NMEPIBAAAONTOZ
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