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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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LCA

!

Methodology
Guidelines on Life
Cycle Assessment

of Photovoltaic

(2020)

Tool
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EPD

1SO 14040/44
PEF PCF

! '
EN15804+A2 Commission
! Recommendation ISO 14067
PCR 2019:14 (EU) 2021/2279 A
| |
Product Category Templates to facilitate modelling, upscaling, comparability
c-PCR-016 PEFCR PV v1.2 Harmonised rules EPEAT Criteria
Photovoltaic Product for the calculation of the for the Assessment
modules and Environmental carbon footprint of of Ultra-Low
parts thereof Footprint (PEF) photovoltaic modules in Carbon Solar
(2022) of Photovoltaic the context of the EU Modules (2023)
Modules (2020) Ecodesign Directive (2025)
Tool Tool

Tool Tool

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 ..

\ / OLCA schema (JSON-LD)

LCIA default methods Product Category

Template (PCT)
L0 (EF 3.1 PEF, EF3.1EN15804) ILCD schema (XML)

LCIA PCT—speC|f|c methods
L (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?

4. 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)

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

7. 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
(background database is not included on purpose)

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

* Can be taken e.g. from ILCD units
* More units and flow properties can come from background databases

* Necessary to keep compliance between results from the same PCT
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Locations from ISO 3166-1, ISO 3166-2 and UN M49

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

* For the PCT foreground, only a “compliant” minimum of
countries, global regions and its subdivisions needed
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Data quality systems for the standards/guidelines used
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LCIA methods for the different standards/guidelines

LCIA methods compatible to specific reference system
PCTs available for different background databases

Availability for different background database allows to
also set some default product/waste flows

Different LCIA methods for different standards
e EN15804+A2 (EF 3.1) for EPDs
e EF 3.1 for PEF and standards LCA
 |EA-PVPS 2020 is EF 3.1 plus NR-EPBT
e |PCC 2021 (incl. biogenic CO2) for PCF, ISO 14067
 Custom methods to focus on few relevant indicators
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PCT specific impact method to e.g. automatically calculate the PV energy payback time

EPBT = CEDmat +CEDmangf CEDtrans + CEDinst + CEDEOL ~ CEDtot 77grid
( year) — CED Eyear
77g7‘id use

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)

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 optional modelling parameters

calculators

+ CFF Parameter
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Base modules (taken from EPDs) and conversions for declared or functional unit
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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
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Depending on the goal & scope or the supplier data, user can also connect EPDs
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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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Shaping Energy for a Sustainable Future

Thank you for your attention! Plisrerecs

Dr. Conrad Spindler rﬂn
Sustainability Researcher & Consultant
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