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Methodology Analysis for the EU Ecodesign Directive
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Ecodesign DIRECTIVE 2009/125/EC of the European Parliament
Objective

Mandatory carbon footprint label for photovoltaic modules belonging to the categories:

Multicrystalline Silicon photovoltaic modules (multi-Si)

Monocrystalline Silicon photovoltaicmodules (mono-Si)

Cadmium-Telluride photovoltaic modules (CdTe)
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3. Davide Polverini, Nieves Espinosa, Umberto Eynard, Enrica Leccisi, Fulvio Ardente, Fabrice Mathieux, Assessing the carbon footprint of photovoltaic modules through the EU Ecodesign
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Motivation

o Ecodesign directive will be mandated for all electronic products within EU.
o Photovoltaic (PV) modules expected in the EU market — 320 GW by 2025 and ~600 GW by 2030. '
% It is important to ensure if the methodology chosen for this directive can achieve the desired goal.

Life cycle assessment (LCA) conducted on the same PV module using methodologies:
1. 2
2. Ecodesign adaptation of Product Environmental Footprint Category Rules (PEFCR) 3

This analysis highlights where
1. each of the methodologies fail to fulfill the goals of Ecodesign and
2. the EU PV manufacturers are vulnerable or at a disadvantage.

» Aim: Enable EU Commission policy makers and European PV manufacturers visualize the pros and cons of choosing one over
another and stimulate discussions.

Slide 4 1. EUSolar Energy Strategy (2022), Communication from the commission to the European parliament, the council, the European economicand social

committee and the committee of the regions. %
10.09.2023 2. Green Electronics Council dba Global Electronics Council (GEC), EPEAT (2023), Criteriafor the Assessment of Ultra-Low Carbon Solar Modules. % Frau n hOfer
© Fraunhofer ISE 3. FirstSolar Proprietary (2020), Product Environmental Footprint Category Rules (PEFCR), Photovoltaic modules used in photovoltaic power systerrs for ISE

electricity generation, Version: 1.2.
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Methodology Comparison
EPEAT vs. PEFCR (Ecodesign adaptation)

Global warming potential (GWP) or carbon footprint can be calculated through different impact assessment
methods:

» PEFCR: IPCC2013 GWP 100a
» EPEAT: IPCC 2013 GWP 100a or later

Calculation method:

Ecodesign Directive

EPEAT (kWp) PEFCR (kWh)
Energy yield of first year
Lifetime
T
G; [_kg;oz] =2 (GWP; x X;j) X Q; EYuoweyir = E¥moeyvy Tor - (1 — Tdegm ° ( LT/z))
P
Area x Power Conversion Efficiency x £y c Degradation rate
. . M(DCO)Y1 © f
Light Intensity (STC) kWp=A-n-E CSER = ﬁ Solar irradiation of installation
man i location
Slide 5 _
| ——A
10.09.2023 % Fraunhofer

© Fraunhofer ISE ISE



System Boundary
EPEAT vs. PEFCR (Ecodesign adaptation)

System Boundary: Cradle-to-gate (i.e. till module) Functional Unit: EPEAT. g CO,-Eq./kWp,
PEFCR (Ecodesign adaption): g CO,-Eq./kWh
e g CO,Eq./Wp g CO,-Eq./kWh N
! 4 A Y
! ! I \
| - -~ -------------------------=--=-=-=-=-=-=-=-==-==c=l- |
: ; | :
! y !
! silica  MG-Si Poly-Si Czsi  Bricking  Wafer Cell Module I'1 Balance of : :
! I _Syst&m . !
i B = ﬁi& = a = I I = I ERNCES IF:D E’r => Use Phase r-""““>: End of Life i
1 I :
i J ! : :
N ! I |
i e e e e e e e e e e e e e e e e e e e = === -+ 1 I i
| ' ' |
' EPEAT --- 25 years lifetime, | 30 years lifetime shall be used
i =20% lifetime performance degradation 1% annual degradation rate should be used !
! Ecodesign adaption of PEFCR - - - (=1.9% annual degradation rate) ;
Minimum requirements
T N e Balance of system includes PV mounting strudture, inverters, cabling and battery. _..-
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Methodology
EPEAT vs. PEFCR (Ecodesign adaptation)

« Technology used: p-type M6 (Cz-Si) wafer and Passivated Emitter and Rear Contact (PERC) PV module *
« LCA methodology: ISO standards 14040-4 2.3, IEA PVPS 12 ‘Methodology Guidelines for LCA on PV’ 4
» Database: Ecoinvent 3.8 database >

« Software: Umberto 11 ©

Khan et al., (2023) Global warming potential of photovoltai ith state-of-the art silicon solar cells: Influence of electricity mix. installation location and lifetime. Submitted.
ISO 14040 (2009) Environmental management — Life cycle assessment — Principles and framework., 2009-11

ISO 14044 (2006) Environmental management — Life cycle assessment — Requirements and guidelines., 2006-10

Frischknecht, R.P. Stolz, G. Heath, M. Raugei, P.Sinha, and M. de Wild-Scholten (2020) Methodology Guidelines on Life Cycle Assessment of Photovoltaic 2020: Task 12-18 % Frau n hOfer
Wernet G, Bauer C, Steubing B, Reinhard J, Moreno-Ruiz E, Weidema B (2016) The ecoinvent database version 3 (part I): overview and methodology. Int J Life Cycle Assess 21(9):1218-1230.

doi:10.1007/511367-016-1087-8 ISE
Hamburg: ifu Institut fir Umweltinformatik Hamburg GmbH Umberto 11
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Scenario Assumptions
EPEAT vs. PEFCR (Ecodesign adaptation)

EPEAT (GWPin g CO,-Eq./Wp):
Sensitivity analysis of GWP to
1. Module peak power (Wp)

2. Production electricity mix and share of Power Purchase Agreement (PPA) used.

PEFCR (GWP in g CO,-Eq./kWh):

Sensitivity analysis of GWP to

1. Module peak power (Wp)or module efficiency (%)
2. Module lifetime (years)

3. Module degradation rate (%/year)

A

Production electricity mix and share of Power Purchase Agreement (PPA) used.
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Upstream: Production Electricity Mix
Composition and Carbon Footprint

Production Net Electricity Mix

2.0% 3.0% 5.4%

ip 4>

8.4%
' 9.2%
Chinese Grid 3.6% German Grid
1087 g CO,-Eq./kWh \‘ 537 g CO,-Eq./kWh

Assumed PPA Electricity Mix
25 g CO,-Eq./kWh

Biogas B Biomass m Geothermal m Hard Coal
® Hydro m Lignite Natural Gas m Nuclear
Oil Photovoltaic m Waste = Wind %1
Slide 9 1. Khanetal,, (2023) Globa
11.09.2023 lifetime. Submitted.
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To show a wide range of carbon footprint, the net electricity mix used for
production is categorizedinto three:

1. HighFossil Share (HFS) Electricity Mx

China 10879 CO,-Eq./kWh Poland 1035 g CO,-Eq./kWh
India 1491 g CO,-Eq./kWh Malaysia 839 g CO,-Eq./kWh

2. Moderate Fossil Share (MFS) Electricity Mx

Germany 537 g CO,-Eq./kWh Average European 392 g CO,-Eq./kWh
USA514 g CO,-Eq/kWh Italy392 g CO,-Eq./kWh

Portugal414 g CO,-Eq./kWh Spain 329 g CO,-Eq./kWh

3. Assumed PowerPurchase Aggreement (PPA) Electricity Mx
PPA25 g CO,-Eq./kWh
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EPEAT

Diagram Orientation

1. Y-axis: GWP/Wp
2. X-axis: PPA allowance
3. GWP/kWh of electricity mix

4. Module production location and peak
power

5. PPA allowance in EPEAT

6. EPEAT Bronze requirement
630 g CO,-Eq./Wp (Required)

7. EPEAT Gold and Silver requirement
400 g CO,-Eq./Wp (Optional)
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PPA 0% PPA 25% v PPA 50% PPA 75% PPA 100%
= HFS 1087 822 556 291 25
5 MFS 537 409 281 153

Power purchase aggreement scheme use as production electricity mix

380 Wp =390 Wp —=@=100 Wp —=0=110 Wp

370 Wp 380 Wp 390 Wp =@==400 Wp === 410 Wp

HFS: High Fossil Share; MFS: Moderate Fossil Share; PPA: Power Purchase Agreement
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EPEAT

Observations

1.

The 25% PPA allowance limit benefits

manufaturerslocatedin a region of moderate

and low fossil electricity grids.

» Creates stongmotivation forthe high
fossil share grids to decarbonise.

With the assumed PPA, manufacturerswith a
high fossil share national grid need at least
~60% PPA to break-evenwith the moderate
german grid.

Simplified calculations - does notinvolve
relyingon certificates for parameters such as
lifetime and degradation rate.
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Global Warming Potential (g CO,-Eq./Wp)

800
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GWP
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HFS
MFS

EPEAT PPA Allowance

Low Carbon Solar
EPEAT Bronze

PPA 0%

1087
537

PPA 25% PPA 50% PPA 75% PPA 100%

822 556 291 25
409 281 153

Power purchase aggreement scheme use as production electricity mix

370 Wp
370 Wp

380 Wp =390 Wp —=@=100 Wp —=0=110 Wp

380 Wp 390 Wp =@==400 Wp === 410 Wp

HFS: High Fossil Share; MFS: Moderate Fossil Share; PPA: Power Purchase Agreement
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800

EPEAT - EPEAT PPA Allowance
Observations g 700 f
<
| o
u'i, 600 Low Carbon Snilar
@] i EPEAT Bronze !
4. Globalscale label < i :
> EPEATmethodologyis the basis of the g 0 r “ 9
Global Ecolabel. & b S |
S 400 | l
»  Cost+time savingopportunity if s i =
Ecodesign alsofollows EPEAT. £ i
S 300 [
> Levelplayingfieldachievedfor EU 3 [
manufactured modules comparedtothe & .t
imported modules which currently do g [
n rbontax. :
ot pay carbonta 100 ©
5. Potential marketentry limitfor Ecodesign ol : - . . . .
could be adjusted and differentto e.g. < PPA 0% PPA 25% PPA 50% PPA 75% PPA 100%
EPEAT bronzelimit. as HFS 1087 822 556 291 .
5L MFS 537 409 281 153
Power purchase aggreement scheme use as production electricity mix
HFS 370 Wp 380 Wp =0==390 Wp == 1400 Wp ==110 Wp
MEFS 370 Wp 380 Wp 390 Wp =400 Wp =110 Wp
Slide 13 HFS: High Fossil Share; MFS: Moderate Fossil Share; PPA: Power Purchase Agreement
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EPEAT

Observations

6. Lifetime and Degradationnot accounted
as carbon foortprint of module only upto the
marketis intended to be shown.

Minimum requirements set:
25 year lifetime and

less than 20% performance
degradationover lifetime.
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Global Warming Potential (g CO,-Eq./Wp)
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M

HFS
MFS

F

HFS

S

PPA 0% PPA 25%

1087 822
537 409

PPA 50% PPA 75% PPA 100%

556 291
25
281 153

Power purchase aggreement scheme use as production electricity mix

370 Wp 380 Wp
370 Wp 380 Wp

=390 Wp —=@=100 Wp —=0=110 Wp
390 Wp —=8=—400 Wp —8— 110 Wp

HFS: High Fossil Share; MFS: Moderate Fossil Share; PPA: Power Purchase Agreement
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EPEAT

Observations

6. Lifetime and Degradationnot accounted
as carbon foortprint of module only upto the
marketis intended to be shown.

Cateqgorizes450 Wp 25 y warranty LT
modulesand 450 Wp 40 y warranty LT
modules as same.

Does notincentivize LT and DR
improvement through R&D.

OverallkWh footprint needs to be
calculated by customerbasedon
provided LT and DR valueslike donein
costcalculations.

7. Bifaciality benefitsare notshown.
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‘COMPREHENSIVELY CERTIFIED

AAEG solar modules and production facilities are
compliant with the the latest standards to guarantee
safety and reliability. Production facilities are certified
according to IS0 9007, 1SO 14001 and OHSAS 18001
AEG solar products are certified among others by:

Bloe

PHOTOVOLTAIC MODULE

AS-M1443 e ceiis

445 - 455 Wp ?
144 MONOCRYSTALLINE HALF-CUT CEl

AEG solar modules combine the m

AEG solar modules with half-cut cells (M&) and

9 busbar technology are designed to maximize
efficiency and plant performance. The 130 cm
extra-long cables allow more installation flexibility

CAREFUL SELECTION,
PREMIUM LOOK

The careful selection of components (cells,
backsheet and frames) ensures a premium
product look and provides extra aesthetical value.

'YOUR ADVANTAGE AT A GLANCE

Premium solar panel with quality components
High eff iciency - up o 455 Wp.

Product certified IEC 612152016, IEC 617302016
15 years Product warranty

25 years linear Power warranty

EaE
www.aeg-industrialsolarde 3
i

SUNPOWER | it
SOLAR TECHNOLOGIES

MAXEON 6 SOLARMODUL
450-475 W | Wirkungsgrad bis zu 22,3%

Weile Rilckseite,
ﬂ Ideal fur Gewerbe veloe BHckselle
Silberrahmen

Héherer Energieertrag

Entwickelt fir maximale Energieerzeugung mit marktflhrendem Wirkungsgrad,
besserer Leistung bei hohen Temperaturen und hdherer Energieumwandlung in
lichtschwachen Stunden wie morgens, abends oder bei Bewdlkung.

Kompromisslose Lebensdauer

Gebaut filr eine Stromversorgung unter allen Wetterbedingungen - von SCHUTZVOR.
bruchbestandigen Zellen und verstérkten Verbindungen, die vor Verschleiz  HOTSPOTS
und Korrosion schiitzen, bis hin zu einer elektrischen Konstruktion, die den

Einfluss von Verschattung minimiert und der Bildung von Hotspoats

vorbeugt

Uberlegene Nachhaltigkeit

Saubere Komponenten und Materialien, verantwortungsbewusste Fertigung und
eine extrem lange Energieerzeugung von mehr als 40 Jahren machen SunPower
Maxeon-Module zur nachhaltigsten Wah! in S5achen Solartechnik.

SUNPOWER Langste Garantie der Branche
Auf SunPower Maxeon-Module gibt es bis zu 40 Jahre
Garantie' - die umfangreichen unabhangigen Tests sowie

Praxisdaten von mehr als 33 Millionen installierten Modulen ‘
sprechen fur sich
il

Produkt- und Leistungsgarantie 40 Jahre
Garantierte Mindestleistung im 1. Jahr 98,0%
Maximale jahrliche Degradation 0,25 %

BEE weitere Informationen Gber SPR-MAX6-XXX-COM

% . sunpower.maxeon.com

AEG AS-M1443-H module
450 Wp peak power
25 year power warranty

SPR-MAX6-450-COM

450 Wp peak power
40 year power warranty

\
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EPEAT

Observations

Fulfillment of Ecodesign goals:

@ Minimized Green-Washing Scope

»  Simplified calculation.
» Warranty (for LT, DR) avoidance, limited use PPA or
equivalent certificates.

Comparable Labels

» Comparableimpactwhen modules are characterized by peak
power only.
If the Ecodesign directive aims to portray the impacts

throughout the lifetime then comparison may be incomplete
as IT and DR is not considered.

@ MarketEntry Regulation

» Itis possible torequlatethe marketentry even if modules are
onlycharacterized by peak poweras longas the minimum
requirements for lifetime and degradationare set.
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Global Warming Potential (g CO,-Eq./Wp)

800

700 [

EPEAT PPA Allowance

—

600 |
500 |
400 |
300 |
200 |

100 |

Low Carbon Solar
EPEAT Bronze

PPA 0% PPA 25% PPA 50% PPA 75% PPA 100%

1087 822 556 291
537 409 281 153

25

Power purchase aggreement scheme use as production electricity mix

400 Wp ——410 Wp

370 Wp 380 Wp —=8==390 Wp

8 400 Wp ——410 Wp

370 Wp 380 Wp 390 Wp

HFS: High Fossil Share; MFS: Moderate Fossil Share; PPA: Power Purchase Agreement
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Downstream: Sensitivity of Energy Yield (kWh)
To Lifetime, Degradation Rate and Module Power

|
Cron : - g
PERC module energy yield ifetime (years) The overall energyyleld of a module can vary significantly
15 30 40 basedon the following parameters.
1.50 6123 10693 12878
20.11%, 370 _ i
° 0.70 8237 12349 15820 o Lifetime 15 to 40 years: +142% approx.
w, 0.25 6770 13280 17477
0.00 6899 13798 18397 .
150 6454 11271 13574 o DegradationRate 1.5% to 0%: +29% approx.
21.2%, 390 Degradation rate 0.70 6890 13017 16677
Wp (%/a) 0.25 7136 13998 18422 o Module Power370Wpto 410Wp:+11% approx.
0.00 7272 14544 19392
1.50 B 11849| 142701 & Highlydependenton locationdriven factors likeinsolation,
0 . . 0 ap e 0
22.28%, 410 0.79 1245 13684 1753 soiling/maintenance, probability of storm damage (e.g. hail),
Wp 0.25 7501 14716 19367 ;
0.00 7645 15290 20386 ete.

PEFCR (Ecodesign adaptation) climaticlocation requirement:

I. Subtropical arid, ii. Temperate continental and iii. Temperate coastal. EYune)ur = EYuioerys - Tor - (1 S (TLT/Z))

Only Temperate Continentalis shown here.

EYM(DC)Yl ' Gref

In-planesolarirradiance 1266 kWh/m?a. CSER = )
Pmax,STC Hp
Slide 17
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PEFCR

Diagram Orientation

1. Y-axis: GWP/kWh
X-axis: Energyyield (kWh/panel)

Module production electricity mix

oW N

GWP/kWh of production electricity mix

5. Lifetime:assumed *30Y shallbe used
for PEFCR and Ecodesign'!

6. DR:*0.7% recommendedin PEFCR, 1%
shouldbe usedfor Ecodesign'

7. Initial marketentryrequirement
25 g CO,-Eq./kWh

8. Ultimate marketentryrequirement
18 g CO,-Eq/kWh
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Global Warming Potential (g CO,-Eq./kWh)

30

25

20

| Lifetime (years)

15
. 30*
L 40

®)

| Degradation (%)

'O15
O 0.7%
| © 025
| ° 0.0

Q
O °,

@

Initial limit

O

Ultimate limit

i O
15 o,
Z O
i e,
10 | o -
: O O°o
5 -
0 I I I I I 1 I I I 1 I I I I 1 I /\ I 1 I I I I 1 I I I I 1 I I I I 1 I I I I
4000 6000 8000 10000 w 12000 14000 16000 18000 20000
Energy yield (kwh/panel)
O HFS, PPA 0% HFS 50%, PPA 50% MFS, PPA 0% MFS 50%, PPA 50% PPA 100%
GWP
1087 556 537 281 25

(g CO,-Eq./kWh)

1. Ecodesign requirements for photovoltaic modules and photovoltaicinverters, Working document, version 2. This methodology is under devdopment; values
may be differentin the latestversion.

Module Efficiency21.2%, Energy yield (kWh/panel) including lifetime and degration.
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Slide 19 1. Ecodesign requirements for photovoltaic modules and photovoltaicinverters, Working document, version 2. This methodology is under devdopment; values

PE FCR | Lifetime (years)
L 15
| | L 30*
Ecodesign adaptation ¥
— 25
Observations: s | ge’f: dation ()
1. Showstheimpacts over the complete f_ 2 -? 8;;5
lifetime as 30 years ' shall be used for g L 00
assessment. w |
» Equalizinglifetime for all modules; £ 5 |
, : 2
differencein module performance 3 -
quality not reflected. é" i
» Should power warranty be used S 0|
instead? 4 I
3 I
» Greenwashingscope formodules o I
with power warranty less than 30 5 ¢
years. I
% Ecodesign aims to set marketentry :
barrier. Premium performance can 04000' — Isoloo
be presented through Ecolabel
directive.
GWP
(g CO,-Eq./kWh)
10.09.2023 may be differentin the latestversion.
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30

Initial limit

Ultimate limit

— HFS, PPAO0%

Energy yield (kwh/panel)
— — HFS 50%, PPA 50% MFS, PPA 0%

1087

18000 20000

MFS 50%, PPA 50% PPA 100%

25

Module Efficiency21.2%, Energy yield (kWh/panel) including lifetime and degration.
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30

PE FCR | Lifetime (years)
L 15
| | L 30%*
Ecodesign adaptation o
— 25 a Initial limit
—_ | Degradation (%) SR R S .. A S . .
= I
. O1L5 ! i i
Observations: E O o7 o ‘ i |
, g 5 [°025 . i i
2. Degradationof 1%/year ! shouldbe g [ © 00 . | |
Used ::9 - ; ; Ultimate limit
» Equalizing degradahonfora“ 2 5| | |
modules; can be changed with 5 5 5
justification. |
£ - i
S 10 ¢ i
> GWP difference from0% to s
exemplary 1% DR is one of the © i
missing picture on EPEAT if the 5 t
scope of the label includes the i
complete lifetime. -
0 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
4000 6000 8000 10000 12000 14000 16000 18000 20000
Energy yield (kwh/panel)
— HFS, PPAO0% — — HFS 50%, PPA 50% MFS, PPA 0% MFS 50%, PPA 50% PPA 100%
owP 1087 556 537 281 25
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(g CO,-Eq./kWh)
Module Efficiency21.2%, Energy yield (kWh/panel) including lifetime and degration.

1. Ecodesign requirements for photovoltaic modules and photovoltaicinverters, Working document, version 2. This methodology is under devdopment; values
may be differentin the latestversion.
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PEFCR

Ecodesign adaptation

Observations:

3. Supplier-specific electricity prioritized:
Power purchase agreement (PPA) or
equivalent certificates allowance 100%
when the set of minimum criteria to ensure
the contractualinstruments are reliable is
met.

»  Manufacturers can improve ecological-
profile of their production irrespective
of their region.

» Creates motivation for national grid to
improve.

»  EUmanufacturers are vulnerable if
global certifications can not be trusted.

% Serious concernis observed
throughout the European photovoltaic
industry regarding the credibility of
global certificates such as the PPA (or
equivalent) and those certifying the
raw material purchase.
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Global Warming Potential (g CO,-Eq./kWh)

30

| Lifetime (years)
L 15
L 30%*
L 40
25 o Initial limit
| Degradation (%) SR R S .. A S S N S| .
Qs i s |
Oor Q. s |
50 |° 025 ‘ ; ;
- 00 " s |
\ i i Ultimate limit
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Module Efficiency21.2%, Energy yield (kWh/panel) including lifetime and degration.
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PEFCR

Ecodesign adaptation

4. Therequirements 25 g CO,-Eq./kWh
and 18 g CO,-Eq./kWh are relaxed for
a module.!

Which moduleswill be excluded from
the market?

5. Includesprovision for bifaciality.

30

Slide 22
10.09.2023
© Fraunhofer ISE

| Lifetime (years)
L 15
L 30%*
L 40
25 a Initial limit
—_ | Degradation (%) SRR AR S . | S oo S S .
S Q15 | | |
£ [sor PO | |
S 20 | o (0.25 ‘ i i
N | ° 0.0 . i i
8 i i Ultimate limit
&0 I i i
® I ; i
P H H
g 15 | |
5 | = ’
o H H
-1] B I I
£ L i H
£ i !
2 10 | i
E -
2 L
2
w -
5 -
0 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
4000 6000 8000 10000 12000 14000 16000 20000
Energy yield (kwh/panel)
— HFS, PPAO0% — — HFS 50%, PPA 50% MFS, PPA 0% MFS 50%, PPA 50% PPA 100%
GWP
(g CO,-Eq./KWh) 1087 556 537 281 25

Module Efficiency21.2%, Energy yield (kWh/panel) including lifetime and degration.

1. Ecodesign requirements for photovoltaic modules and photovoltaicinverters, Working document, version 2. This methodology is under devdopment; values
may be differentin the latestversion.
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PEFCR

Ecodesign adaptation

Fulfillment of Ecodesign goals:

Minimized Green-Washing Scope

Canglobal certificates (PPA, material purchase, etc) be reliably
verifiedandtracked?

Comparable Labels

If certificates are credible, comparable impact of modules on
kWh.

Comparison may be inaccurate asoverall performance of the
module (LT and DR) is considered same for all, which could
even leadto false impression.

Market Entry Regulation

Will be decided by the success of the two points above.
If LT and DR are fixed, EPEAT methodology will be preferable

for the EU manufacturers due to the 25% PPA allowance limit.
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Global Warming Potential (g CO,-Eq./kWh)
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Ecological Requlation Methodology
Fulfillment of Ecodesign Directive Goals

Electronic Product Environmental Assessment Tool
(EPEAT)

@ Minimized Green-Washing Scope

»  Simplified calculation.
»  Warranty (for LT, DR) avoidance in calculation, limited use PPA or
equivalent certificates.

Comparable Labels

»  Comparable impact of modules characterized by peak power only.

If LT impacts are desired by Ecodesign directive — comparison may
be incomplete as LT and DR is not considered.

@ MarketEntry Regulation

»  Possible to regulate the market entry as long as the minimum
. for lifet I at] .
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Product Environmental Footprint Category Rules (PEFCR)
(Ecodesign adaptation)

Minimized Green-Washing Scope

Can global certificates (PPA, material purchase, etc.) be reliably
verified and tracked?

% Serious concern is observed throughout the European
photovoltaic industry.

Comparable Labels

If certificates are credible, comparable impact of modules on kWh.

Comparison may be inaccurate as LT and DR are considered same

for all, which could even lead to false impression.

Market Entry Regulation

Will be decided by the success of the two points above.
If LT and DR are fixed, EPEAT methodology will be preferable for the
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Conclusion

Both methodologies show advantages and disadvantages.

Minimized Green-Washing Scope:
o EPEAT: Limited green washing opportunity as 75% of electricity is national grid. Minimum requirements set for lifetime and degradation based on industry standards,
updated every 3 years.

o Adapted PEFCR: More detailed calculation showing the carbon footprint of electricity produced by the module through out its lifetime.
The lifetime and degradation shall be 30* years and 1%* for all modules and supplier-specific electricity (with certificate) will be prioritized.
If certificates are not credible, EPEAT may be preferable by the EU manufacturers as it offers the protection of the 25% PPA allowance limit.

Comparable Labels:

o EPEAT: Comparable labels. If the Ecodesign directive aims to portray the impacts throughout the lifetime then comparison may be incomplete as overall performance
of the module (lifetime and degradation) is not within scope.

o Adapted PEFCR: Label comparison may be inaccurate as overall performance of the module (lifetime and degradation) is considered same for all modules.

Market Entry Regulation:
o EPEAT: Market entry regulation possible. Leads to significant CO,-gap between HFS and MFS due to 25% PPA limit — No buy-out opportunity .

o Adapted PEFCR: The success of the Ecodesign directive will depend highly on the credibility of the certificates and its verification processes for flexible

parameters like PPA use — buy-out opportunity.
The market entry requirements set by Ecodesign currently (25 and 18 g CO,-Eq./kWh) are very relaxed — almost no exclusion.

Slide 25 *Ecodesign requirements for photovoltaic modules and photovoltaicinverters, Working document, version 2. This methodology is under development; values

10.09.2023 may be differentin the latestversion. % FraunhOfer
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