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1. OpIOPOC OTOXOU Kdl TTEOIOU EPAPHOYNG

«  OpIOUOC Kal MEPIYPAPn Tou NPoiovToc, TNG O1adikaaiac n Tne
unnpeoiac. KaBopiopog Tou nAaiciou Peoa oTo ornoio Ba yivel n
a&loAoynon

ZTOXOG : MOIOC €ival 0 OKOrMoc;

ZUoTNHa avaeopdac : noia sival n cUykpion;

AsiToupyikn govada (functional unit): noia 6a sivai;
‘'Op1a oUCTNHATOC : TI 6a cuunePIANPOEl OTNV PEAETN;
Aedopeva: nnyec kal UNOBETEIC ;

[oIEC KATNYOPIEC ENINTWOEWV £ival OXETIKEC YIA TNV HEAETN;
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 [olo €ival To avTikeipevo TNG Anoypagpngc;
* [poiov
* Ynnpeoia
- Ene&epyalopal, diadikacia

« TiI YAayxvouue;
 A&loAoynon/ouykpion
« BeATiwon
« XWPIKEC KAl XPOVIKEC MTUXEC
» Anyn anogaong
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2T0X0¢G (2)
* MeiwaTe TIC apVvNTIKEG ETTITITWOEIG TOU AVTIKEINEVOU ATTOYPAPNG
» [lpoaodiopioTe yEPN Yia BEATIWON
o ATTOQUYETE TNV AUPBAUVON TWV APVNTIKWY ETTITITWOEWV

* 2UYKPIVETE TIC TTEPIBAAAOVTIKEC ETTIOOCEIC TTAPONOIWYV
QVTIKEIMEVWY ATTOYPAPNC

e AVATITUCN VEWYV TTOANITIKWYV =2 2UVETTOKOAOUON TTPOCEyyIoNn



1. OpIOPOC OTOXOU Kdl TTEOIOU EPAPHOYNG

« OpIoPOC Kal NEPIYPAP TOU NPOIOVTOC, TNC
d1adikaociac n Tnc unnpeoiac. Kabopiopocg Tou
nAaiciou peoa oo onoio Ba yivel n a§loAoynon

« ZTOXOG:

- ZuoTnua avagopac: dataset ano Ecoinvent
database "n diapopeTikO design

 'Opia CUCTHHATOG:

« Aedopeva: NNYEC KAl UNOOECEIG
* [MolEC KATNYOPIEC ENINTWOEWV £ivVal OXETIKEC YIA
TNV JEAETN 1
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1. OpIOPOC OTOXOU Kdl TTEOIOU EPAPHOYNG

« OpIoPOC Kal NEPIYPAP TOU NPOIOVTOC, TNC
d1adikaociac n Tnc unnpeoiac. Kabopiopocg Tou
nAaiciou peoa oo onoio Ba yivel n a§loAoynon

e ZTOXOG: Napaywyn NAEKTPIKOU PEUPATOC

- ZuoTnua avagopac: dataset ano Ecoinvent
database "n diapopeTikO design

« 'Op1a oUCTAHATOG: AIKVO PE MUAN/TAPO

« Aedopeva: NNYEC KAl UNOOECEIG
* [MolEC KATNYOPIEC ENINTWOEWV £ivVal OXETIKEC YIA
TNV JEAETN 1



1. OpIOPOC OTOXOU Kdl TTEOIOU EPAPHOYNG

- AsiToupyikn povada (functional unit):
>1 kWh nAekTpikoU peupaToc
>1 MJ NAeKTPIKOU PEUHATOC

MNarti eival onpavrikn n Asiroupyikn govada;
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‘Opla cuotNUAToC

UPSTREAM

Materials Extraction
& Manufacturing

» Materials Extraction

S5
==
» Component Manufactiring

+ PV Panels, Wind Turbines
* Pipes, etc.

CORE INFRASTRUCTURE

Plant Construction
& Installation

» Power Plant Build

PV, Wind, Nuclear, Hydro,
Natural Gas

E . |
. Site Installation

« Decommissioning
(End-of-Life)

CORE PROCESS

Energy Generation
& Operation

DOWNSTREAM

INFRASTRUCTURE

Grid Connection
& Transmission

DOWNSTREAM
OPERATION

Distribution &
Decommissioning

« Electricity Production
PV, Wind, Nuclear, Hydro,
Natural Gas ‘

« Plant Operation

il X’

« Electricity Grid

« Transmission Systems

+ Decommissioning
(Transmission & Distribution)
End-of-Life)

« Transport & Logistics

B ot
AW

« Energy Distribution

~— Cradle to Grave
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‘Opla cuotNUATOC

Extraction and processing of raw materials
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from flooded terrestrialbiomass | B

B: decomposition emissions *

occur only in reservoir based -
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Amoypawgn AedopEvwy

« OpIOPOC TOU GUOTNHATOC

* [poadiopIoPOC KAl MOCOTIKOMNOINGN TNS XPNong
EVEPYEIAC, VEPOU Kal UNIKWV Kal NEPIBAANOVTIKWV
EKMOMUNWV

« 'OAa Ta anapaitnTa dedopeva GUAAEYOVTAl Kal
opyavwvovTal g€ gopepn diaypappaToc ponc



Ry,
Amoypagn AsdopEvwy

» AuTn n @aon BacieTai o€:
 MpwTeC UAeC (UAIKA Nou €Eayoupe ano Tnv ¢uon)
 Evepyeia
* MepIBANOVTIKEG EKNOMMNEG
* MNpoiovTa

» BaoiCeTal o€ 3 (pUOIKOUG VOUOUG:
« AlaTnpnon TnG pacag > M, = My,
« AlaTnpnon TngG evepyelag > E;, = E
 AUENON evTponiac



Amoypawgn AedopEvwy

* YAIKG KATAOKEUNC
Evepyeia/kauoiua yia KaTaokeun
EKNoPnEC KATAOKEUNC

YAIKa AsiToupyiac
 Evepyela/kauoipa yia AsiToupyia
« Eknopnéec AsiToupyiac



Amoypawn Asdopevwy - Kataokeun

« Eiopogc UNIKWV — XNMIKG
« ElopoEc evepyelac — NAEKTPIKO peupa / kauolua
KATAOKEUAOTIKWV UNXavnuaTwyv



Amoypapn Asdopevwy - Asitoupyla
EiopoEC UNIKWV — XNMIKG = KaBapiopog



Amoypawn Asdopevwy - End of life

 EI0poEC evepyEIaC — KAUOIUA KATAOKEUAOTIKWV
uNXavnuaTwyv
« Ekpogc UNKwV — AVaKUKAWOTN UAIKWV
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Ga Combustion
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daon 3 YMOAOYIGHOC EMMTWOEWY

KAIMaTIK aAAayn

[ToI6TNTA OIKOCUOTHAUATOC I ,

Mn avavewaoiueg TTNYEC

AvBpwTTIVN eunuepia

26



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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Moita mepiBaAAovtika povteEAa/pedodoucg
HUTTOPW VA XPNOIUOTIOINCW;

. ——0| Particulate matter l (;ncrease in
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Moita mepiBaAAovtika povteEAa/pedodoucg
HTTOPW VA XPNOILOTOINoW;

‘ J IMPACT World+ framework

Emission
co,
CFC10
Phosphate
Nitrogen dioxde

Chrormum
Pesticide

Particles
Uranium 238

Cooling water

Iron ore
Crude ol
Groundwater

Arable land

& hundreds
more...

(e
Extraction

Damage level indicators

Damage on
AoP AoC

Damage on

Climate change,
Midpoint level indicators human heaith
)/'{ Climate change,
Climate change short term ecosystem quality
Climate change term Marine acidification
Ozone layer depletion Ozone layer depletion
Freshwater acidification Freshwater acidificati '

Terrestrial acidification

Freshwater eutrophication

Freshwater eutrophication

Ll

Human
health

Ecosystem
quality

esources &

ecosystem
services

Marine ication Marine eutrophication
Freshwater ecotoxicity Freshwater ecotoxicity
Human toxicity cancer Human toxicity cancer
Human toxicity non cancer Human toxicity non ca
Particulate matter formation | Particulate matter formation
Photochemical oxidant Photochemical oxidant
formation formation
— ) | lonizing radiations,
fonkdng ";‘;(M human health
Mineral resource use ] [ lonizing radiations,
— Fcosystem quality
Fossil energy use ) Thermally polluted water
Water scarcity human health '
Water availability,
terrestrial ecosystem
Water Ty,
Land transformation, Land transformation,
biodiversity biodiversity
Land occupation, | [ Land occupetion,
plodaniy bisghe

Legend:

identified by a

[ Temporally resolved indicator are

small clock

=t

orange box

Plain blue and grey arrows are linking the endpoint indicators to the area of concern to which
they contribute (blue for water, grey for carbon)
' Reglonalized indicator are underlined in an J ———) Dotted blue arrows are used when only a fraction of the impact contributes to the damage on

the water area of concern




Moita mepiBaAAovtika povteEAa/pedodoucg
HUTTOPW VA XPNOIUOTIOINCW;

Climate change Ozone depletion Human toxicity, cancer Human Toxicity, non-
cancer

000000 —
Particulate matter lonising radiation Photochemical ozone Acidification
formation
Eutrophication, marine Eutrophication, terrestrial Eutrophication, Ecotoxicity, freshwater
freshwater

U\

Land use Water use Resource use, fossils Resource use, minerals
and metals




Molec Katnyopieg MEPIBAAAOVTIKWY
EMMTWOEWYV EIVAl OXETIKEG;

Sustainability
issue

Global El{ylli- Global warming potential g CO, eq.kWh!

M Acidification potential g SO, eq.kWh-?

Eutrophication potential g PO, 3-eq.kWh

Freshwater ecotoxicity g 1,4 Dichlorobenzene
ecotoxicity potential eq.kWh-1
-Marine ecotoxicity g 1,4 Dichlorobenzene
potential eq.kWh-1
Human toxicity potential g 1,4 Dichlorobenzene
eq.kWh- ‘
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Hydropower

Wind power
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Molec Katnyopieg MEPIBAAAOVTIKWY
EMMTWOEWYV EIVAl OXETIKEG YIA PwTOBOATAIKA;

GWP ranges by photovoltaic technology

Not specified - '——.——'
care{  j—a—o
Poly-Si - |—.—|
TS [ I —
Micromorphous - +
CIGS - |+
a-Si 4 +

0 25 510 75 100 125 150 175
Global warming potential (gCO.eq/kxWh)

Technology




Molec Katnyopieg MEPIBAAAOVTIKWY
EMMTWOEWYV EIVAl OXETIKEG YIA PwTOBOATAIKA;

Average (%) Range (%)

100 -
4.82% Downstream 0.01-16.24%

4.25% Core process 0.22-21.30%

80 A
60 1 60.02% Core infrastructure 0.83-98.26%
40 A

Contribution to total GWP (%)

20 A

27.34% Upstream 0.01-99.64%




[Molec Katnyopieg MEPIBAAAOVTIKWY EMMTWOEWYV €ival
OXETIKEG YA UOPONAEKTPIKA;

Not specified 1—.—'

Pumped storage {—.—'
Run of river +.-I

Reservoir H

Canal based -_H

0 200 400 600 800 1000
Global warming potential (gCO;eq/kWh)

Technology




[Molec Katnyopieg MEPIBAAAOVTIKWY EMMTWOEWYV €ival

OXETIKEG YIA UOPONAEKTPIKA;

Contribution to total GWP (%)

100 -

80 -

60 -

40 A

20 -

Average (%)

13.41%

20.62%

68.66%

0.03%

Range (%)

Downstream 0.00-40.36%

Core process 0.55-82.24%

Core infrastructure 4.41-96.83%

Upstream 0.00-0.09%




[Molec Katnyopieg MEPIBAAAOVTIKWY EMMTWOEWYV €ival
OXETIKEG YlA AIOAIKN EVEPYELQ;

N=$§ N=3 N=45 N=29 N=] N=83
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200 +
; 150
6 100 -
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L
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Small Medium Large Offshore Vertical Total



Molec Katnyopieg MEPIBAAAOVTIKWY EMMTWOEWYV Elval
OXETIKEC Yid AlOAIKN EVEPYEIQ;

100%

80% [ e ‘ .

0%

N
(=]
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GHG emissions by step
o
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°
(=]
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Published LCA Studies

B Wind Turbine Manufacturing ® Substructure Installation ® Operation and Maintenance
W transpostation ® End-of-life Recycling H Other

-20%



Moita mepiBaAAovtika povteEAa/pedodoucg
HUTTOPW VA XPNOIUOTIOINCW;
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