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Product Category Templates (PCTs)

Conformance layers for upscaling life cycle models of the same product group

(Photovoltaic systems as an example)

Conrad Spindler, GreenDelta GmbH
LCIC 2026, Berlin
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* Horizon Europe project Hi-BITS
“High-efficiency bifacial thin-film chalcogenide solar cells”

* There is many ways on modelling photovoltaic systems or solar panels according to a
given standard/guideline

* Is the solar inverter and mounting included?

Is infrastructure (machinery, factory lighting and air conditioning ...) included?
Functional unit of 1 kWh of AC electricity delivered to the grid

Declared unit of 1 W, of nominal power for the solar panel only

Which installation location during the use phase? (solar irradiation varies)

* We also want to check or use result from different compliances, e.g. from already
existing, verified EPDs
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EPD Results A1-A3 for solar panels - Greenhouse gas emissions [kg CO2 eq. / Wp]
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Possible Standards & Guidelines
LCA EPD PEF PCF
' ' l
EN15804+A2 Commission
! Recommendation 1ISO 14067
PCR 2019:14 (EU) 2021/2279 A
| |
Product Category Templates to facilitate modelling, upscaling, comparability
Methodology c-PCR-016 PEFCR PV v1.2 Harmonised rules EPEAT Criteria
Guidelines on Life Photovoltaic Product for the calculation of the for the Assessment
Cycle Assessment modules and Environmental carbon footprint of of Ultra-Low
parts thereof Footprint (PEF) photovoltaic modules in Carbon Solar
of Photovoltaic the context of the EU Modules (2023)

of Photovoltaic
Ecodesign Directive (2025)

(2020) (2022)
Modules (2020)

Specific tools for one “end-point”, similar to e.g. GCCA tool, PEFCR tools, PCF tools for certain chemicals
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. PCT-standard modules
(Processes A1 Raw Materials, A2 ...)

PCT-specific modules
(Processes Al.1 Frontsheet, A1.2 ..

\ /{4} OLCA schema (JSON-LD)

LCIA default methods y Product Category

Template (PCT) \
(EF 3.1 PEF, EF 3.1 EN15804) @ ILCD schema (XML)
LCIA PCT—speC|f|c methods
(EPBT, GTP, ..
other schema

9 ISO 3166 Locations

E EN15804+A2 EPDs
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How would a normal workflow with PCTs look like?

1. Download the latest PCT in the right format (OLCA or ILCD) and the right reference
system (BAFU 2026, ecoinvent 3.12, etc.)

Example: “PCT Photovoltaics v1.0 — Nexus ecoinvent 3.12 (OLCA).zip”
2. Import the PCT into the background database

3. Set values for the minimum necessary parameters
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How would a normal workflow with PCTs look like?

If needed, calculate parameters with the integrated calculators
(e.g. the average annual specific yield can be automatically calculated from solar
irradiation, bifacial gain, first and subsequent yearly degradation rates)

Fill the template with your primary or secondary data with a fixed reference flow
Set the additional / optional parameters if needed

Calculate the product system with the correct method, depending on your
compliance needs
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Approximately 10MB zip-file with data elements in ILCD or OLCA format
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(background database is not included on purpose)

@] © ILCD

Bin GroBe

currences

daq_systems flowproperties
epos sources
flow_properties unitgroups
flows contacts

ica_catogories Processes

ey iciamethods
I eions

POttt flows

processes

resuits

unt_groups
B openica sson

PCT Photovoltaics v0.7 — Nexus ecoinvent 3.12 Nexus (ILCD).zip
PCT Photovoltaics v0.7 — Nexus ecoinvent 3.12 Nexus (OLCA).zip
PCT Photovoltaics v0.7 — Nexus BAFU 2025 (ILCD).zip

PCT Photovoltaics v0.7 — Nexus BAFU 2025 (OLCA).zip
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Minimum for flow properties and unit groups needed

v B Technical flow properties
5 ikt noms
2 Energy .
@ Mose * Can be taken e.g. from ILCD units
I Net calorfic value
—
S * More units and flow properties can come from background databases
+ B Unit groups
el Te-‘:):'r-ca! unit groups
£ Units of amount .
s of s * Necessary to keep compliance between results from the same PCT
" Units of energy
= ks o e
£ Units of power
£ Units of radwactvity
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Locations from ISO 3166-1, ISO 3166-2 and UN M49

N * Background database like ecoinvent typically add more
- locations for background data (aluminium industry, etc.)

@ eL_Jn * For the PCT foreground, only a “compliant” minimum of
h“i\ countries, global regions and its subdivisions needed
f

v Locations

> [ Countries
> [ Global regions
~ B Subdivisions
> I Australia
2 > W Brazil
A \‘.. » I Canada
\-\ * f > BB China
rl S 7 Il India
(L2 ) > W Oversea
, 'u\\.'\\r\‘/hﬁ.\) > [ United States of America
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Data quality systems for the standards/guidelines used

B Ceneral information « PCR Data Quality System
® Cevers il watine
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e e |
Sowte o
v Data quality systems
e {## ecoinvent Data Quality System
cesioea ot e P Yoy o f## ILCD Data Quality System
et e e T The prasenies
T mchised » Pu e o roed v the Inckuded i the fH PCR Data Quality System
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LCIA methods for the different standards/guidelines

_ Impact categories

. o o B ecorvent 3.12 Categories
* LCIA methods compatible to specific reference system - I PcT phseotais
- 1
: - Climate change
: - Climate change (biogenic)
—> PCTs available for different background databases o orsvoutnb b
[~ 50 impact assessment methods | ' Eutrophication, fresteater
B ecoirvent 312 Methods : :u'.roo:tca:icn, :rwmc
o ope . . PCT Photovoltaics : = Eutrophication, terrestrial
- Availability for different background database allows to i [ fiman oy, Canir
(¥ EN1S8044A2-EF31 : - lonizing radiation
also set some default product/waste flows {8 EN1S5044A2-EF31 (Environment) - Lang use
(W EN15804+A2-EF3.1 (Focus) : - Ozone depletion
® Energy payback time : - Particulate matter
(% IEA-PVPS 2020 (Complete) : = Photochemical ozone
 Different LCIA methods for different standards KRV suRs 2t et B Lemmstombemelin R
e EN15804+A2 (EF 3.1) for EPDs e ; _.F;‘?;;;;t;', e
« EF 3.1 for PEF and standards LCA AT Can e 1= Chnone cnge Bopaok
. : - Climate change (fossil)
 |EA-PVPS 2020 is EF 3.1 plus NR-EPBT - Clmute change )
: - Climate change 19
e |PCC 2021 (incl. biogenic CO2) for PCF, ISO 14067 Aot
e Custom methods to focus on few relevant indicators S sdyeisylesy g
BB inventory indicatee
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PCT specific impact method to e.g. automatically calculate the PV energy payback time

CEDmat +CEDmanuf CEDtrans + CEDinst + CEDEOL 77grid
~ CED¢ot E___

E
(i) ~ CEDue

EPBT =

Characterization factors - Energy payback time
v Characterization factors
Flow Categery Focter Unt Uncertainty
L Coal, beown Bemantary BowsResowcefin ground 9.9/ 3.6 * Grid_Efficiency / (Annual_Specific_Ywld [ 1000) yealvg notw
&) Coal, hard Bementary Mows/Resowcefin ground  19.17 36 * Grid_Eficiency / (Anmwal_Specific_Yield [ Y000) yearfig none
¢ Energy. geothermal, comvertied Deomantary FowyResowcefinground 10736 * Grd_Efciency | (Anmal_Specific_Yweid [ 1000) yearMJ nome
L Enecgy, grons caloriic welue, In Blomass Beomentary fowaMesowrca/bictic 10/ 318 * Grid_EMciency | (Anraal_Specific_Ywld [ 1000) yoar M) nose
() Energy, 9roas calorfhe value, In Diomass, primary forest  Blomentary Mows/Resouwr ce/biotic 10/ 36 * Grig_Ericiency / (Anmual_Specific_Yield [ 1000) yoarMJ nome
(U Enecgy, kinatic On wind), converted Bemantary flows/Resowrce/in ar 10/ 36 * Grid_EfMiciency / (Anmal_Specific_Yield [ 1000} yoarM) nome
O Enecgy, potential {in hydropower reservol ), converted Demantary MowyResowrcefin water 10736 * Geid_EMiciency | (Anngal_Specific_Ywid [ 1000} yoar ) nose
U Energy, solar, comveried EBemantay NowyResourcafin ar 10/ 38 * Grid_Erciency | (Annual_Specific_Yield [ 1000) yoar) nose
U Gas, mine, off-gas, process, 0oal mining Bementary fows/Resouwrcefn ground 400 / 3.8 * Grid_EMiciency / [Annual_Specific_Ywld [ 1000} year)m3 nome
) Gas, natural Bomantary flowy/Resowrcefin ground 400/ 3.6 * Gerid_EfMiciency | (Annual_Specific_Yeeld / 1000) yearim3 nore
CJ O, ctude Demantary fowyResowrcalin ground 46071 3.8 * Grid_EMiciency J (Annsal_Specific_Yald |/ 1000) yearhg noce
<) Pt Eerentery MowsMesow oo bwebc 0.9 /38 * Grid_EMiciency /| (Annual_Specific_Ywid / 1000} yoarhy nose
O Uranium Bementary flows/Resowce/in ground 5600000 /36 * Grid_EMiciency / (Annwal_Specific_Yield [ 1000}  yearsg nome

Example here for declared unit of 1 Wp and an annual specific yield given in kWh/kWp/year
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Parameterized calculation of PV energy yield to fulfil different standards

Erst, = MuAmlstcPrYrqa(1 — 1) (1 +

ERSL
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L-1
(1- Tx)n> = NmAyIsrcEpyLgsy

n=1

Total energy yield in the reference service life [kWh]

Specific average annual PV system energy yield [kWh/kW,/year]

Specific annual solar energy yield [kWh/kW,]

Module efficiency [relative]

Module area [m?]

Irradiance at standard test conditions, usually AM1.5 with 1000 W/m?2 [kW/m?2]
Performance ratio [relative]

Degradation rate first year [relative]

Degradation rate subsequent years [relative]

Reference service life [year]

=
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All existing digital EPDs for photovoltaics can be used (modules, inverters, solar glass)

« 1 PO Denmank
B0 PV Wiegrsea
v 1B IPO Globat
BV Medde
v B PO termatonsl
B PV Glam
B PV ntegrates
B9 PV breerter
BV Mod e
- Aatrosergy Photovoltaic Modules OHSNEAN-NC and OHSAMSANEL)-C
- Alrosergy PRoSovOme MOSses CHENTIVIDO | -84
- Mtrosergy Phonovoltaic Modules OHENT M- HC
- A5 (520550 W) Class 10 Glass Blecial Module
o BN-08-(565-400 Wi) Glass 10 Glass Bfacia! TOPCon Module
= Owartine Fosion PV Solar Photovoltac Modues
- B ormraniat Froduct Dectanston 1o PRatovedtass NModsies
w TPO of WIN WIN Mono Crystaline Sicon Photovolasic |PY) Madules
- Ol Olass- V- Modue TeraSute Black
~ LONGE Prosovaltaic Modules (LR7-54MTH)
- LONGE Prhotoveliac Moduies (LK) 72WVD4
« LONG Prosovetac Modules [LRA-E44VD)
w LONG Solar Mosccrysteline Siicon Photovoitaic Nodules (LRS- S4r004
- LONGH sofar photowolia medle (LRS: T2:TH)
- N-type Blaced Dostie Glass Photovoltaic Modubet JW-HDAN-TZ JW-HOWSEN- N2
= Photeveiiaic meoules of NEGIER 20, NEG1SR 25 NECGIBRC 27 and NEGISR 24
- Photowcitac moddies-Changahos Meayeo Phatovoltac Technclogy Co, Ltd
- Photowoiiai solar panel « Midsurerer BOLD
- Photovoitac solar panel - Midsumemer 5LV
- Photovollac sclar paret - Mdhwurremer WAVE
- POOtevoltan sola pared - SPCNA(LAR) -66-420- 4800
- Toogwel N type hait-piece double-glass photovolac module
| PV Moty
v 1N EPO Kwa
B PV Medse
v 1 EPO Polang
B OV nteg ntes

C Reswms

- ODscumestation - LONG Mrateesdiow Madules (A RE- SANVID

 Tome ond - ptsan

Albiatus o
e

- L]

o Touhmtogy

Mot m b srg Wyt Ron et et o e P Sty it bl B o o S wa e g
B bt b b apy

ot wnage dumgtion 10 PV Padan (00 Do Sated Bt oy e S8 il Serred e
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D
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Unfortunately most digital EPDs
not allowed to be freely distributed

- direct import of EPDs into
openLCA over the soda4LCA API
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Global parameters for automatic calculations (the less the merrier)

mandatory minimum

+ [ Global parameters
v B PCT Photovoltaics
+ [ Mandatory
+ [ Dependencies
I Module_Area
Ix Module_Power
Ix Module_Power_Density
IX Inverter_Lifetime
Jx Module_Etficiency
Jx Module_Length
Jx Module_Lifetime
Jx Module_Mass
Ik Module_Width
v [ Mandatory (EPBT)
Jx Grid_Efficiency

Funded by
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calculators

A 4
~ I Mandatory (kWh)
v W Calculator
v [ Dependencies
Ix Total_Degradation_Factor
Jx Total_Specific_Yield
JIx Total_Yield_Density
v Il inputs
Ix Annual_lrradiation
Jx Bifacial_Gain
Jfx Degradation_Rate_Year_1
Ix Degradation_Rate_Year_N
Jx Performance_Ratio
I Annual_Specific_Yield_Calculator

optional modelling parameters

v I Modelling
Jx PV_System_Module_Rejects
Ix PV_System_Module_Repairs
Ik PV_System_Water_Maintenance
Jx Switch_Electrics_3kWp
I Switch_Electrics_570kWp
I Switch_inverter_S00kW
Ix Switch_inverter_500W
Ix Switch_inverter_2500kW
X Switch_Mounting_Facade
Jx Switch_Mounting_Ground
Ix Switch_Mounting_Roof_Flat
X Switch_Mounting_Roof_Slanted

+ CFF Parameter
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Base modules (taken from EPDs) and conversions for declared or functional unit

(® &) A1-A3 Product o
C—wv—-— (® &) AUpstream
(3) o] A4-A5 Construction )

o) PV System (kWh)
o] PV System (kWp)
&) PV System (m2)
&) PV System (Wp)

&) PV Systom + Bacafits (kWh)

(3] Bruse ) ?’_}wsmmoo.mump
o) PV System + Benafits (m2)
[G) 2] B2 Maintenance 1//(; 5] PV System + Banefits (Wp)
{_..4 — © &) PV System (kwh)
=) o) B3 Repar
-/

£ AUpstream X 1556-4 m2
@ BUse & 15504 m2

@ cea F KT

1/ (Anaual Specific_Yielkd * Module_Power_Density * Module_Lifetime)
L1 PV System (kWh) 100 mJ
"

(@ o) C1Deconstrution

(8] c2 transpont

® &) Cest

(&) caprocessing

(&) canspesa

Funded by
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PCT specific modules (left) to guide the modeller and to simplify analysis groups

Modules can be easily removed depending on the system boundaries of the needed standard/compliance

|3 &) A111Frontsheet

(@) &) A112 Encapustation

(@ &) AL13 Solar celt

:('_'jn o) ALl Solar panel

(D &) ALLS Backsheet

/

\

N

&) ALY Manutacturing energy

=) @) A1-A3 Product
o] A3.2 Auxiliary materiats — > O ) AS Production : o) AUpstroam
:':‘:.' o) A3.3 Factory infrastructure 'r/ (® &) Buse
e Ve [ &) At Transport - - ) e
) 0} A4-AS Construction )i \. o) CEotL

P~ 1
]_li_f._f 6-: A118 Frame ) >- "?" ;, AT Materials )
!I-; o) ALLY Jnction box
{ o) AZ Transgon | G
./
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Depending on the goal & scope or the supplier data, user can also connect EPDs

£ Photovoltaic solar panel - Midsu..

—o{@ o) A1-A3 Product

\

— =)
f@ 5] PV System (kwh) ]
/@ &) A Upstream @}\‘ ¢

Photovoltaic solar panel - Midsummer BOLD - A1-A3 (® 5] AS-AS Construction = g @ AUpstream X 1556-4 m2

@g} B Use Jb————. ] BUse # 1.55E-4 m2

/ &) CEol X 1556-4 m2

(® &) ceo )
1 PV System (kWh) 100 kwn
\
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How does it differ from already existing, more specific tools?

* Open-source templates that can be verified/improved/corrected by the community
(not proprietary, since all modules included are simply unit processes)

* Open data formats like OLCA (JSON-LD) or ILCD (XML) format
* All needed database elements are included in one package, except background data

* Wish of ongoing and dynamic system for updating and distributing PCTs (Product
Category Templates) that is similar to e.g. the ongoing and dynamic developments of
PCRs (Product Category Rules) for EPDs
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How does it differ from already existing tools or compliance packs?

&) Inputs/Outputs - PV Panel | CIGSe | Hi-BITS Standard

v Inputs

Flow Category Amount Unit

31 A1.1 Frontsheet PCT Photovoltaics 1.00000 £ m2
©1 A1.2 Encapsulation PCT Photovoltaics 1.00000 ™ m2

] A13 Cell PCT Photovoltaics 1.00000 ™ m2
1 A1.4 Backsheet PCT Photovoltaics 1.00000 m2
] A1.5 Diode PCT Photovoltaics 100000 ™ m2
1 A1.6 Frame PCT Photovoltaics 1.00000 &M m2
{21 A7 Auxiliary PCT Photovoltaics 1.00000 &9 m2
51 A3.1 Energy PCT Photovoltaics 1.00000 M m?2

1 A3.2 Infrastructure PCT Photovoltaics 1.00000 ™M m2

« Outputs
Flow Category ~  Amount Unit
L1 PV Panel PCT Photovoltaics 1.00000 ™ m2

Provider
s Frontsheet | Glass 2.0mm | Custom - RER

Yo

a Frontsheoi | Glass 2.0mm | Custom - RER
0—1 Frontsheet | Glass 2.0mm+AR | Custom - RER
5] Frontsheet | Glass 3.2mm | Custom - RER
o) |Frontsheet | Glass 3.2mm+AR | Custom - RER
a Frontsheet | Glass 4.0mm | Custom - RER
g] Frontsheet | Glass 4.0mm+AR | Custom - RER

&) Energy | CIGSe | ecoinvent 3.11 - RER
&) Infrastructure | Generic | ecoinvent 3.11 - GLO

Provider

Funded by
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Specific tools usually limit already
the possible providers

- less freedom to model

— usually only 1 compliance

PCTs are step before this, so that
different compliances can be
modelled

- more modelling tasks

PCTs could also be limited further
to create a specific tool if wanted

22



