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M= EJE (LCA : Life Cycle Assessment)

Manufacturing

h HI=

Raw materials

il
ey B ;J-.

Disposal m é% ﬁ Packaging

HES/ A zy

- "Ll
Use

AHE/2Y =5

Distribution

SHA=RIcITA https://ecosystemsunited.com
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HIS Sli=1IZ B dls, Product Life Cycle Stages
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Zeroppm.org http://www.dapco.cl/en/about-life-cycle-assessment-Ica-en.html




[t

Al L1 AP
o= i

Paper

https://www.forbes.com/sites/woodmackenzie/2020/08/24/is-paper-a-more-sustainable-flexible-packaging-material-than-plastic/?sh=4611abae12d4
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LCA =1

K Life cycle assessment framework

=

Goal and scope

definition

[

Inventory

analysis

=

Impact

assessment

P

TTT

\

-

\

Interpretation

ISO 14040:2006

Environmental management — Life cycle assessment — Principles and framework
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AL | CAQ| 2, #8IE), OISHZAIKE S0l ChaH BAl

HM2l(Scope) HE MuPd HA| 7|s 2 J1EEY 7=

=l BMEH 2| (System boundaries)

G|O|E{ £%&! #HQ| (Data category)
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HIZ0| S0t 715 £ T uH XS X}
JlgEL?'I I-”%Q-l 7I?I—-lI g%% IO-IECISFI—-!QE 4837” é)l-% 150’000 km _E_gcﬂ
(Functional Bisia =t S ©op 0=
Unit, fu)
JSESE SRR . DUCEao|ZAHDPE) W 827+ LII7|ZRIER} 1CH
(Reference B ISt =5 A=l S F- s s
flow) MH|AZ| O . Z0| 647

» H7|XtSAH 1T

(UKEA, 2011) (Burchart-Korol et al., 2018)
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M(LCI analysis)2 ST HISA|AH

INPUT OUTPUT

XM= (product)
HAE (co—product)

H=
HEEX =g P

HAE (by—product)

Obillljxl (unit process) -
2Z 7], EY HiESS

TS
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71 ot AR T B ™ (unit process)E £H =x1MO =2

» 22X (iron, polypropylene 5)
« OYX| (O™ M7 S)
« J|& 2=& Database A2

Zt I MIZEHAH On-site data £ (H7] & SAI2EF, QH ST

O O o

)

oln

o AH|XI2EE RH™XAL HEXF HA| Data & 231 £
- ANEIIs71Z, o XA, @E=E HiEFof
« 7|22 O0|H (RHEE, XA, 22 IHE S)

o, L=,

OILAX] L 2 4| 20

=/ -
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B2-

electricity 1Tkwh LCI DB

(OI H dF
=T =

INPUT

MdE=

Product — |

OUTPUT

EE
= arst as 22 — =5
== = /HE iy
:1 INPUT  |Resource Soil BauxitelAl203) g 0.000549
2 INPUT Resource Soil Biomass g 0000001 11
5 INPUT Resource Soil Caliche g 000702
a INPUT Resource =oil Clay g 0.000177949
5 INPUT Resource =oil Coal g 17562527
5 INPUT Resource =oil Crude nil g 217520142
= INFUT  |Resource Soil Iran(Fe) g 0.000010924
B INPUT Resource =oil Limestone g 0.000454
5 INPUT Resource =oil Matural gas g 2250037
fin INPUT Resource =il =and g 6. 72874E-06
1 INPUT Resource =il Sodium chloride(MNalCl) g 0014255
iz INFUT  |Resource Sail Uraniumil} g .01 2305965
fa INPUT Resource =il YWood g 2.4971E-06
4 INPUT Resource Water Water g 20, 749252
15 QUTPUT  |Product Technosphere |Electricity kWh 1
16 QUTPUT  |Ermission Air Acetaldehyde g (. 00015231
h7 COUTPUT |Emission Air AmmonizaNH3) g 0.00112
fa QUTPUT  |Emission Air Aromatic matter g 0. 000000225
g QUTPUT  |Emission Air Benzene g 6.09E-03
=0 COUTPUT |Emission Air CadrniumiCd) g 3. 48E-09
1 QUTPUT  |Emission Air Carbon dioxzide(CO2) g 457,218
oo CUTPUT |Emission Air Carbon monaxidelCO) g 0. 04585
23 QUTPUT  [Emission Air ChlorinefCIZ) g (0.000000203
4 QUTPUT  |Emission &ir Dust g 0.1083
R QUTPUT  |Emission &ir Halogenated matter g 1.42083E-11
"R QUTPUT  |Emission &ir Halon-1301 g 1.14E-09
27 QUTPUT  |Emission &ir Hydrocarbons g 1.007
"a QUTPUT  |Emission Air Hydrogen chloride(HCI) g [0.00000475
o QUTPUT  |Emission Air Hydrogen fluoridelHF) g 4, 63653E-06
=0 QUTPUT  [Emission Air Lead(Ph) g 8.43E-09
=i CUTPUT |Emission &ir banganese(kin) g 1.53E-09
=z CUTPUT |Emission &ir bdercury(Hg) g B.77E-10
3 QUTPUT  |Emission Air ketals g 5.21E-08
g=r QUTPUT  |Emission Air kethane g 0.3530674
35 QUTPUT  [Emission Air Mickel(Mi) g 8. 46E-03
"R CUTPUT |Emission &ir MNitrogen oxzidesiNOx) g 1.193
=7 QUTPUT  |Emission Air Mitrous oxide(M20) g (0,001 530002
) QUTPUT  [Emission Air P&H g 5.E53321E-10
] QUTPUT  |Emission Air Phenol g 0.000001 72
"D QUTPUT [Emission Air Sulfur oxides(S0x) g 1.629
g QUTPUT  [Emission Air YOO g 0.0174307
Tz QUTPUT [Emission Air ZinclZn) g 0.000108
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Zeroppm.org

Ecoinvent

European
Commission

EU

AQA EMPA &
<% DB
EcoSpold format

4037l DB, Excel
format

* ELCD (European
reference Life
Cycle Database)

* Joint Research
Centre

* |ILCD format

“ucle Inventorv>

usS

« US Life Cycle
Inventory
Database

- DOE 7= (NREL)

* Excel, XML




ASZE AT XA DATA

(5-) ™7| AL8— 1 kwh

S A 2L

HDPEQIE A2 3 kg

|
COoO=ET =

Zeroppm.org

LCI &4

ASE HIX
HDPE ™ 1kg

LCI DB &3
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3. Hir8 a8l

Life Cycle Impact Assessment

39|

HAFEEEEA(LCI) SAMNM =58 FU/AES
HIO[EIS HIE2= MFSAIA”RL 2= eESE=
Htel= 2Hd

223 Classification)
E M3HCharacterization)
M3 Normalization)

715 X504 (Weighting)




QFAISE M |mpact Catego

- £hgH| - Acidification

« X2H2} - Climate change

- Xz * Depletion of abiotic resources
« MEi=Hd - Ecotoxicity (Aquatic, Sediment, Freshwater, Marine, Terrestrial)
- BEUz} 07| - Eutrophication

- QNI=SY - Human toxicity

- 0|22} &AM - lonising radiation

- EX|AIE2 * Land use

- QE=Z * Ozone layer depletion

« =OIMHX] 2 * Particulate matter

o Z3ISHSIE MM * Photochemical oxidation

- AZ - Noise

- + Odor

- SYXl= - Water consumption

—o/E=ET =

Zeroppm.org
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==y D aka > o & L nER R
ormalization
~

x5
CH; —— Giobal warmlng—l" CO,eq St
CFC11

JIrn

A3}

B0 T—,

™ ——» Eutruphlcahurr—l" Fﬂl-eq
.-_-____.--'

NO,
Weighed impact
/
:3 At:ldll' cation —» H'-eq
sox
voc
Phutuchemmal
co CH,eq
nxldant t:reatlnn

841 24810 LCIAZ RA-S2He] &
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= ulle
1) _.._._'E"J. Classification

XE2ust @EnZ thgH| S2FYs} Fslehy Xud

Characterization categories
parameter e oD " ™ i —
—  Crude oil v
Coal v
INPUT h Chromium v
__ [ron v
— CO, v
Methane v v
Cco 5
OUTPUT - voC ,
NO, (4ir) V Y v
im0y SO, (Air) v 23

Zeroppm.org -



S

o T o
- ~~

igretE: xR 2L \, Bpes ZA &
- - ~ ] X724 3HGlobal warming) GWP g CO.-eq/g
2= LCIAM E4dsA(CF) *72H= 4 i _ _
! 2 &S Z(0zone layer depletion) ODP g CFC11-eq/g
[0-CO,ea/gl  [0-CO,eq] i S
] 4k 2H(Acidification) AP g SO,-eq/g
Coz 23 d 1 23 : £ & 2 3H(Eutrophication) EP g POs™-eqlg
CH4 1 g 23 23 ; H3tetE ArehE 444 (Photochemical Oxidant) POCP g C.Hs-eqig
i 4 =2 X2 10 Z(Abiotic resource depletion) ADP Uy/D;
46 ! S U=9 umol TAAE NS kgl
\\\\\\\ D=j8 M Ao ¥, ZHECZ M=Jts8t 2 kg
Characterized Impact (Cl) = Load x CF
24

o=l T =

Zeroppm.org




o] izt 7Izat(H+)2= L AP

HNSAMARS E=H2 7[0S LEE

Ni
Geographical Value Unit

boundary

Global 5.66E+06 g CO,eql/PE-yr
Regional 5.64E+04 g SO, eq/PE-yr
Regional 8.90E+03 g PO eqlPE-yr
Regional 7.37E+03 g ethene eq/PE-yr

Global 1.87E+04 g/PE-yr?

References

1. Reference year = 1995

2. World population = 5,675,675,676

3. Regional population (certain region in Western Europe) = 45,093,000

Normalized Impact (NI) = Cl / 817shI=z;

SIA= 01

Zeroppm.org
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CML-IA (Center of Environmental Science of Leiden
University)

Ecological footprint

Ecosystem damage potential

EDIP —Environmental Design of Industrial Products 2003
ILCD

TRACI

USEtox

Eco—-indicator

ReCipe Midpoint and Endpoint

LIME

IMPACT 2002+

LUXE S8, d=tEiix




Life Cycle Impact Assessment_ ReCiPe

Life Cycle Inventory

Life Cycle Impact Assessment

Damage Categories / :
Areas of Protection Weighted Total

Impact Categories /
Footprints

Climate change /

Carbon footprint RN

Elementary
Exchanges

Toxic emissions

Human toxicity

: Land use
transformation

: Water use / /
Water inputs : SR S
P Water footprint K

!
]
!y,
!y
Iy

-
-

Other impact v,
categories / footprints

Other resource M id POi nt

inputs

Other emissions

EndPoint

27




I Ditferences

Midpoint approach
Endpoint approach

2,
<)

P

Regions (spatial differentiation) =

=

= =T =

Zeroppm.org




LCA Software O

 SimaPro €y SimaPro
: GaB & L
« Umberto

« CMLCA

* OpenLCA

. SIAMNEFEX| TOTAL
« MS-Excel O|&

Zeroppm.org






ISO 14043:2000
Environmental management — Life cycle assessment — Life cycle interpretation
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- B L.10M HMSAIAR CHet X[F2H=te] & 2EFek2 70,987 gCO,-eq/fu

« 7MY &2 XH2Hs 7|0EE H0|= 82 EF0|E Hx A, =2 CFC11

H5.1 Jtato] MSAIAE0 et XIR2Hete] E4dstaE #E (Sl g COz-eq/fu)

HASEH(ES)
S=Es | HoE | Z=01 | ZEY A& 3] =5
o x
AZ0|E HE HASHUM S i
oo (1] M= = Ml = M Z= CHA| CHA|
CFC119] 7|0{&2 @
(At 28.800/70,987 %100 = 40 52 % ) CcO, 4 1,370 1,240 53 74 39 2,780
CHgy 0.22 120.05 58.8 22.05 22.05 2.45 226
A—-L
CFC11 31.5 1 28,800 " 27,450 450 11,250 0 67,981
,.1
= Al 36 30,290 28,749 525 11,346 41 70,987
SlB= 20 33

Zeroppm.org
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Paper

https://www.forbes.com/sites/woodmackenzie/2020/08/24/is-paper-a-more-sustainable-flexible-packaging-material-than-plastic/?sh=4611abae12d4
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Paper or Plastic ?

Energy to produce bags: Energy used to recycle bags:
Plastic [Jjj5%4 BTUS* Plastic | 17 BTUS

rper ENEETCIT P

Air pollutants
. ) —

Recyclable?

w

Water pollutants 5

. § 50-75%

Plastic I A o
<]

paper | r
& 25-50% | Plastic | Plastic | Plastic | Plastic
iy
-
§ 0-25% | Plastic | Plastic | Plastic | Plastic L

0-25% 25-50%  50-75%  75-100%
Recycling Rates for Plastic Bags

l@

SIA=LI0I Al Source: Washington Post, 2007

o=l T =

Zeroppm.org
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HilkS SEJIA HES Hiw
LHO1J|Zt RIS XF vs ZIIXIS At

ICEV : Internal Combustion Engine Vehicle BEV : Battery Electric Vehicle
Europe United States China India

200 B Fuel/electricity production W Maintenance B Vehicle manufacture
B Fuel consumption [0 Battery manufacture
I Current policies vs Paris Agreement-compatible electricity mix

250

200

150

100

50

Life-cycle GHG emissions (g CO, . /km)

1

ICEV BEV ICEV BEV ICEV BEV ICEV BEV ICEV BEV ICEV BEV ICEV BEV ICEV BEV
2021 cars 2030 cars 2021 cars 2030 cars 2021 cars 2030 cars 2021 cars 2030 cars

Bieker G., 2021, A GLOBAL COMPARISON OF THE LIFE-CYCLE GREENHOUSE GAS EMISSIONS OF OMBUSTION ENGINE AND ELECTRIC PASSENGER CARS 37



Environmental life cycle assessment of electric vehicles
in Poland and the Czech Republic

LH p:l jl'-l_'l'l- Il'%xl' (ICEV) VS x|_-I j | Il'%xl' (EV) Burchart-Korol et al., 2018, J. Cleaner Prod.

Table 9
Comparative analysis of EV and ICEV.
e e e e e e e e ———— 1
Impact category Unit : ICEV : : EV PL 2015 EV PL 2050 : EV CZ 2015 EV CZ 2050
Greenhouse gas emission ke CO, eq | 42614 | ! 41453 25837 | 32100 21988
Fossil fuel depletion kg oil eq : 14166 : : 11205 7536 : 7798 5991
Terrestrial acidification kg SO, eq : 107 : 1 234 134 I 127 101
Freshwater eutrophication kg P eq : 8 : : 49 26 : 46 26
Human toxicity kg 1,4-DB eq 1 12809 I | 49686 35146 ! 45895 35056
Particulate matter formation kg PMyp eq : 51 : : 90 64 : 58 54
L_________.E L o o o e e o e e d
FU : 150,000 km 3
40000 =14t 30 9151
35000 >t
S 25000 220
o 20000 S 15
) s ylinl:
< 15000 LH1 D2t o Lot T2
— 10000 12809
0 0

38

Human Toxicity Freshwater Eutrophication
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Weber et al., 2010, ES&T

“The generation and distribution of electricity
comprises nearly 40% of U.S. CO, emissions”

Electricity in C:Jps
LCA &Y

“Correctly accounting for these electricity—related
environmental releases is of great importance in life
cycle assessment of products and processes.”



UNITED NATIONS ECONOMIC COMMISSION FOR EUROPE

2021

Life Cycle Assessment of
Electricity Generation Options

Coal

Natural gas

Wind power

Solar power : Photovoltaics
Solar power : Concentrated solar

Hydropower

Nuclear power : conventional

e EXEE cut O[0JX] S 47| HTIAY @ UNECE 41
————

o/ =T 2

Zeroppm.org
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Zeroppm.org

Global electricity production, TWh, 2019

20000
16951
15000
Natural
Gas
10000
X}
5000
2789
0
Fossil Nuclear

Source: International Energy Agency [4]

7168

Wind

® Marine

= Solar CSP
Solar PV

® Geothermal
Wind

B Bioenergy

® Hydropower
Nuclear
Natural gas

= QOil

W Coal
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w —
CATEGORY UNIT REFERENCE

The delivery of 1TkWh of electricity to a grid, on a global average,

Climate change kg COz eq. IPCC (2013)
for the year 2020.
Freshwater k EUTREND, Struijs,
- eutrophication gPeq. Beusen [16]
LCI modelling
. . 5 . . Frischknecht,
- Regionalization is performed: MAgPIE-REMIND integrated assessment onisingradiation  kBq™Ueq  Braunschwelg
model: 107} X|2i(=27}) L& [17]
- HXET global data ALE. 109} X|Y(=21) chd
CTUR USEtox 2.1. model
= -~ = = REMIND REGIONS CODE . i
- AEaPy et 8N 2 xhgE Al e cunit) . Bachmann (19
Canada, Australia & New Zealand CAZ
LCIA China CHA
European Union EUR
. . . LANCA model,
« Endpoint, ReCiPe, Human health DALY Japan PN Land use points Bos, Horn [20]
Ecosystem service species-year — "
* Normalization and weighting Non-EU member states NEU S Swiss Ecoscarcly
i m? Frischknecht,
Other Asia 0AS depletion Steiner [21]
« All indicator scores the footprint of a
. . . . Reforming countries REF ) )
S|ng|e |nd|\[|dua| Mineral, fossil and Van O D
. renewable re- kg Sbeq. an ters, Ve
Sub Saharan Africa SSA source depletion Koning [22]
United States USA 43
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Environmental impacts of Coal power production

Life cycle impacts from 1 kWh of coal power production, pulverised coal, Europe, 2020

Hard coal, pulverized, without CCS

Minerals and metals - 0.525 mg Sb-Eq
Dissipated water - 2.86 | water
Land use - 2.43 points
lonising radiation - 9.07 g 2°°U eq.
Carcinogenic effects 7.34e-06 mCTUh
Freshwater eutrophication A 489 mg P-Eq
0% ZC;% 40|% SOI% Sd% 106%
Coal extraction B Power plant B Electricity production
=5 UNECE, 2021 Coal transport B Grid connection Decommissioning

44

SIA= 01

Zeroppm.org




Life cycle impacts from 1 kWh of coal power production, pulverised coal with CCS , Europe, 2020
(Carbon dioxide capture and storage processes are shown in red when positive, in hatched lines)

Hard coal, pulverized, with CCS

Minerals and metals 1 _ - 0.783 mg Sb-Eq
Land use A - - 3.45 points
lonising radiation - - 13.2 g 23U eq.
Freshwater eutrophication - .t 690 mg P-Eq
Climate change total 1 369 g CO; eq.
0% 20% 40% 60% 80% 100%
Coal extraction B CCS pipeline Carbon capture
Coal transport CCS well Decommissioning
B Power plant B Grid connection /7, Carbon capture

EX: UNECE, 2021 B CCS on-site infrastructure Il Electricity production

A coal power plant can reduce its direct emissions significantly, which translates into a cut in lifecycle GHG emissions from 1020 to
367 g CO2 eq./kWh, i.e. -64%. On the other hand, other environmental impacts rebound, from +41% (eutrophication) to 78% (water
use) - due to an increase in hard coal consumption and use of chemicals for the capture process, as well as the downstream

processes of transportation and storage of CO2 storage in deep geological well 45




HEJLA B

Life cycle impacts from 1 kWh of natural gas power production, NGCC without carbon dioxide
capture and storage, Europe, 2020

Natural gas, NGCC, without CCS

Minerals and metals - 0.243 mg Sb-Eq
Dissipated water - 1.17 | water
Land use A 0.195 points
lonising radiation 9.24 g 33U eq.
Carcinogenic effects - 1.33e-06 mCTUh
Freshwater eutrophication - 19.7 mg P-Eq
Climate change total 1 N <34 g CO: ca
0% 20% 40% 60% 80% 100%
ZX: UNECE, 2021
Natural gas production . Power plant I Electricity production
Natural gas transport B Grid connection Decommissioning

SIA= 01

Zeroppm.org
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S5

018 W. Life cycle impacts from 1 kWh of onshore wind power production, Europe, 2020

Wind, onshore

Minerals and metals Generator 0.658 mg Sb-Eq > A€ 0.525

Dissipated water . 0.175 | water

Land use -- 0.107 points
lonising radiation 1B 103g75Uueq.

Carcinogenic effects 6.55e-06 mCTUh
Freshwater eutrophication . 6.62 mg P-Eq
Climate change total Generator Blades -# 12.4 g CO; eq.
0% 20% 40% 60% 80% 100%
. UNECE. 2021 B Foundation Blades B Grid connection
=7 UNECE, 20 . Tower . Assembly B Operation and maintenance
Generator M Construction Decommissioning
Hub Internal cabling

47




FE01EREY Mineral intensity for wind power by turbine type

Gearbox

Direct drive

Overall mineral intensity (kg/MW)

0 3000 6 000 9000 12 000 15 000 0 100
= Copper ' Zinc = Manganese » Chromium = Neodymium
Nickel = Molybdenum u Rare earths Others Dysprosium

Source:international Energy Agency [24], Carrara, Alves Dias [69], Elia, Taylor [70]

Z£X: UNECE, 2021

DFIG = double-fed induction generators;

PMSG = permanent-magnet synchronous generator;

EESG = electrically excited synchronous generator.

*The intensity numbers are based on the onshore installation environment. More copper is needed in offshore applications due to much
longer cabling requirements

Use of rare earth elements (kg/MW)

200 300

» Praseodymium
® Terbium

IEA. All rights reserved.
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S=(01=w¥A Life cycle impacts from 1 kWh of poly-Si, ground-mounted, photovoltaic power production,

Europe, 2020
PV, polycrystalline silicon, ground-mounted
Minerals and metals Inverters [ 4.45mg Sb-Eq > sljatE21 0.967> AEFH0.525
Dissipated water 0.579 | water
Land use . 1.87 points > 453 0.107
lonising radiation 9.14 g¥* eq.
Carcinogenic effects _ 4.12e-06 mCTUh
Freshwater eutrophication 28.4 mg P-Eq
Climate change total ] -I 36.7g CO; eq.
0% 20% 40% 60% 80% 100%
=X UNECE, 2021 Il Silicon production Ground system I Grid connection
[ Cell manufacturing B Construction B Operation and maintenance
. Module assembly Inverters Decommissioning

49
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S01-pk)  Life cycle impacts from 1 kWh of poly-Si, roof-mounted, photovoltaic power production,

Europe, 2020
PV, polycrystalline silicon, roof-mounted
Minerals and metals Inverters -7.21mg Sb-Eq > X|&} EfYE 4.45
Dissipated water - 0.633 | water
Ex|0|.g. El'ol"él Land use - 0.857 points < X|[4 E{¥2F 1.87
lonising radiation -9.76 g¥*®  eq.
Carcinogenic effects - 1.63e-06 mCTUh
Freshwater eutrophication - 39.3 mg P-Eq
Climate change total F137.2g CO; eq.
U‘I% ZDI% 46% 66% 81::% 100%
B Silicon production [ Module assembly Inverters
[ Cell manufacturing Roof system

Z£X: UNECE, 2021

Under European conditions (region “EUR"), photovoltaic technologies show lifecycle GHG emissions of about 37 g C02 eq./kWh both
for ground- and roof-mounted system - the global average is 52/53 (ground-/roof-mounted).
About 40% of this climate change impact is due to the electricity consumption for solar-grade silicon refining. 50




A BIurxy

01k yA Life cycle impacts from 1 kWh of hydropower production, based on a 360-MW plant design,

Europe, 2020
Hydro, 360MW
Minerals and metals - 0.0606 mg Sb-Eq
Dissipated water - 0.0386 | water
Land use - 0.211 points
lonising radiation - - - 0.84 g*®  eq.
Carcinogenic effects - -- 3.54e-07 mCTUh
Freshwater eutrophication - _|- 1.33 mg P-Eq
Climate change total 1 - -10.7g CO; eq.
0% 20% 40% 60% 80% 100%
Roadworks I Construction Decommissioning
=3: UNECE, 2021 Transportation I Grid connection Dam
Dam B Electricity production

The main contribution to lifecycle GHG emissions are from transportation during construction.
Overall, impacts are generally low in absolute terms, due to the long lifetime assumed for the dam, of 80 years.
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F{01-kEY Lifecycle impacts of nuclear power, global average reactor, per kWh and activity

Nuclear, PWR

Minerals and metals -
Dissipated water I
Land use
lonising radiation

Carcinogenic effects

- 0.331 mg Sb-Eq
- 2.42 | water

| - 0.0577 points

E m  5.12¢.07 mcTU

Freshwater eutrophication - - - 5.84 mg P-Eq
Climate change total F _ - 5.13 g CO; eq.
0% 20% 40% 60% 80% 100%
B Mining, open pit B Enrichment Decommissioning
Mining, underground Bl Fuel fabrication Grid connection
Mining, ISL Construction W Transportation
EK: UNECE, 2021 Milling Electricity production Spent fuel management

Il Conversion
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Life cycle GHG emissions of 1TkWh Generation

SE(1kyd Lifecycle greenhouse gas emissions’ regional variations for year 2020. Variability is explained
by several factors: electricity mix (all regions), methane leakage rates (fossil fuels), load factors
(renewables). Nuclear power is modelled as a global average except for back-end.

Lifecycle GHG emissions, in g CO: eq. per kWh, regional variation, 2020
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Life cycle eutrophying emissions of 1MWh Generation

FEOICERER Lifecycle eutrophying emissions’ regional variations for year 2020. Variability is explained by
several factors: electricity mix (all regions), methane leakage rates (fossil fuels), load factors
(renewables). Nuclear power is modelled as a global average except for back-end.

Lifecycle eutrophying emissions, in g P eq. per MWh, regional variation, 2020

1800 1654 1525
1600 $ 1378 —
1400 1175 1100
1200 1022  CHA
1000
800 ® EUR
600
400 l l 96 IND
200 & 4 & 29 ) 3% |13 13|71 37 41 69 21 35 2 3B gs 1M1 1Mo
0 —177 151 166 @ 251204 232 &= @ e B B B g B e B o
-200 5.((,))2 68 172 07659 51 76715 22 52 89 53 90 4&;1 6.3 6.1 ® LAM
2} 1] ) 1] v w0 1] ; g @ e = O ie ‘8 O '8 '8 et = c
O Q Q O O Q O O 1 .| & L 2 2 2 2 i) S
e 8 8(8|8 8 8|82 =|Bl3 | £ £ £ £ |2 § §| ™=
5 5 3| 5| £ £ £ £ @ o > = o o o o o o € £ £ ® NEU
o [s] <] o ' s 3 © ™ w9 E E E £ E £ o 3 3
E £ £ | & = » * = 5 = : e 5w e @8
3 3 3 3/ ¢ ¢ ¢4 c 8 £ 8 ¢ 8 g § | *9%
g g olal®™® 8 2|8 8 = B8 = 8 = ® 2
a6 O » | O = z o @ 5 2 5 & g " ® REF
E 2 » = & 8 v & S o
z @ o) = (&) o O o o ® SSA
2 2 5 % | eUsA
w
= - Average
=H: UNECE, 2021 Hardcoal Naturalgas Hardcoal Naturalgas Hydro Nuclear CSP PV Wind

FLUHPIEX2] : 15kg WP [=/1kg MFl : 25; 5kg MPA'EZ: Ecoinventd] 522 PHllE gl= 222 L7HE

o
MEtwith CCS U= B O =2 54




Life cycle human toxicity potential(non-carcinogenic) of 1TTWh Generation

SRS Lifecycle human toxicity (non-carcinogenic)’ regional variations for year 2020. Variability is
explained by several factors: electricity mix (all regions), region of extraction rates (fossil fuels),
load factors (renewables). Nuclear power is modelled as a global average except for back-end.

Lifecycle human toxicity potential, non-carcinogenic, in CTUh per TWh, regional variation, 2020
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Life cycle human toxicity potential(carcinogenic) of 1TWh Generation

{1 YA  Lifecycle human toxicity (carcinogenic)’ regional variations for year 2020. Variability is ex-
plained by several factors: electricity mix (all regions), region of extraction (fossil fuels), load
factors (renewables). Nuclear power is modelled as a global average except for front-end.

Lifecycle human toxicity potential, carcinogenic, in CTUh per TWh, regional variation, 2020
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Life cycle land use of 1kWh Generation

SEOTER RS Lifecycle land use regional variations for year 2020. Variability is explained by several factors:
electricity mix (all regions), methane leakage rates (fossil fuels), load factors (renewables).
Nuclear power is modelled as a global average except for back-end.

Lifecycle land use, in points per kWh, regional variation, 2020
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Land occupation (or use) includes both agricultural and urban land occupation, direct and indirect. 57




Life cycle water requirement of 1kWh Generation

FEOIEREY  Lifecycle water requirement regional variations for year 2020. Variability is explained by
several factors: electricity mix (all regions), methane leakage rates (fossil fuels), load factors

(renewables). Nuclear power is modelled as a global average except for back-end.

Lifecycle dissipated water, in | per kWh, regional variation, 2020
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This indicator indicates scarcity of the water resource. Thermal power plants show high requirements of
For renewables, solar technologies have a moderate water dissipated water as they deprive their immediate
footprint, which is mostly due to the use of electricity as backup environment of readily available water for cooling 58

(CSP) or the manufacturing of silicon cells (PV).




Life cycle resource depletion of 1IMWh Generation

LIRS Lifecycle water requirement regional variations for year 2020. Variability is explained by
several factors: electricity mix (all regions), methane leakage rates (fossil fuels), load factors
(renewables). Nuclear power is modelled as a global average except for back-end.

Lifecycle mineral and metal requirement, in g Sb eq. per MWh, regional variation, 2020
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Z%: UNECE, 2021
Photovoltaics appear as the most copper-intensive technology of the portfolio, because of electric equipment
(general installation, inverter).

Wind turbines are relatively steel-intensive and show a demand of 60-70 g of chromium per MWh, 59




Life Cycle Impact Assessment_ ReCiPe

Life Cycle Inventory Life Cycle Impact Assessment
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ENDPOINT
Life cycle impact on ecosystems of 1IMWh Generation

FrATEEY  Lifecycle impacts on ecosystems, in points, including climate change.
Note on unit: 1 point is equivalent to the impacts (in species-year) of 1 person (globally) over

one year.
Lifecycle impact on ecosystems, per MWh, in pointes
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ENDPOINT
Life cycle impact on human health of 1IMWh Generation

Life cycle impacts on human health, in points, including climate change.
Note on unit: 1 point is equivalent to the impacts (in disability-adjusted life years, DALY) of 1
person (globally) over one year.

Life cycle impacts on human health,per MWh, in pointes
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Environmental impacts of 1TWh Generation

JATEY Normalised, weighted, environmental impacts of the generation of 1 TWh of electricity

Normalised lifecycle impacts, weighted, of the production of 1 TWh, per technology, Europe, 2020
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LCIA of Electricity Generation Options

Regarding GHG emissions, coal power shows the highest scores, with a minimum of 751 g CO2
eq./kWh (IGCC, USA) and a maximum of 1095 g CO2 eq./kWh (pulverised coal, China).

2014 MEMITO| AL 911 g CO2/kwh E1. IPCCE 910 g eq./kwh
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LCIA of Electricity Generation
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https://terms.naver.com/entry.naver?docId=931232
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EX: ESGEH https://esg.krx.cokr/

MOVE

Kia Sustainability Magazine 2022
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