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Introduction GreenpeLTa ///Z/
SimaPro / One Click LCA

Companies use more

Configurable model for e-bike

and more parameterized !
and easy to configure
LCA models.

—B

Parts Commodities

New parameter values

e o e e e e e B i e

- Static process node - Parameter placeholder
- Configurable process - Modified parameter value
- Virtually inserted process Company-specific library

AM ILLUSTRATION OF A CONFIGURABLE LCA MODEL THAT 15 ENRICHED WITH INPUT DATA VIA API

Funded by
the European Union [1] https://simapro.com/insights/scalable-lca-configurable-models/




Introduction
SimaPro / One Click LCA

But often it is like a very
new tool or not
disclosed to the public

or company specific.

Funded by
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b Flori Footprint Tool - Grower Portal
9 Most important features and possibilities listed:

. Environmental impact at product- and location level, calculated
simultaneously

® calculate unlimited number of products
. Process data easily
@ visualinsightin results

. Footprint declaration document: your data at hand for questions from
customers

. Possibility for an APl connection with registration systems (not included)

. Create unlimited scenarios at product level

2.375

per year

the European Union [1] https://florifootprinttool.com/grower-portal/



Introduction
PARASOL_LCA / Brightway

Also Brightway
obviously has many
configurable models.
e.g. PARASOL LCA

But | want to take a step
back and create a more
general concept.

- The tool / model can
be shared in LCA formats

Funded by
the European Union

Parameters m

Electricity mix or
carbon content of electricity mix
Manufacturing efficiency gains fraction

Silicon electricity content (for

refining and for ingot production) KWh/kg

Installation

Parameters unit |

Powersystem [0
%

Panel efficiency

W

agreenbDelLTa

Recycling

Distance by lorry km
Distance by train km
Distance by boat km

-

TR | G -
g/m? Roofor groundmounted [ Z
Glassthickness R ‘ i ke/kw -
waertiiness (0 S ietotomium e PTAMNN c.in i o i |
Siconcarticerecyeeashare (o M Eecicatinstolationvweight (7 N rccrine e or copper
Boolean - kwh/t
fraction PV mounting system weight kg/m? KWh/t

“ total and by material ‘

' Parameters _ [unit |
CrTTE—T | ST

PV system lifetime year
Inverter lifetime year

Operation

[1] Besseau R, Tannous S, Douziech M, et al. An open-source parameterized life cycle model to assess the environmental
performance of silicon-based photovoltaic systems. Prog Photovolt Res Appl. 2023; 31(9): 908-920. doi:10.1002/pip.3695
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onlineLCA / GreenDelta

Also at GreenDelta we R
h ave d eve | 9) ped i i O n L I n e : '[\)A:tsaS:;lfeLélt?;:m of adapted models
. LCa " rovision of diffecant perspectives
On I | HELCA to Serve the i E - Configurable user interface
need from customers S I“J

for configurable models.  =emes 0 LCa § LECSIPY 18

Azure,

Energy E ; ‘ C S E E -

Monitoring...

! Suppliers
. — Master Database \ X
It can be private or - g e @@
, : S — OPeNLCa —= . O
disclosed to the public ; C )
Users
With IicenSing, but Serves ; Easy to use, powerful desktop LCA software

________________________________________________________________________________

a different purpose.

Funded by
the European Union [1] https://www.openlca.org/onlinelca/ 5




Introduction
Product Category Templates

For research projects
and public review or
improvements of such
configurable models by
the community, we
need a common

concept.

— Product Category
Templates (PTCs)

Funded by
the European Union

onLine
LCa
S
LCa

o . @Y CS

Q Product Category

—
eae Templates

[1] https://www.openlca.org/onlinelca/

OPE€NnLca-

_______________________________________________________________________

- Mass calculation of adapted models
- Data collection

- Userrights management system

- Provision of different perspectives

- Configurable user interface

Easy to use, powerful desktop LCA software

1
! Interfaces

User . .

1

1

1

. O
! »

e

1

1
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Product Category Templates GreenbDeLTa y |
Concept

“Everything
should be made
as simple as
possible. But
not simpler.”

-Albert Einstein

. Funded by
MR the European Union




N

Product Category Templates %/Zq;/
I

Concept

Open data formats like JSON-LD or at least ILCD format

* Only essential database elements for data packages of a few megabytes

PCTs contains rigid base modules (unit processes) with functional / declared units

PCTs contain sub-modules (unit processes) that are specific to the product category

e Parameters are reduced to necessary minimum, plus optional dependent parameters

Important EPD and PEF methods included by default (ecoinvent or EF compliant)
Additional methods from guidelines / PCRs (e.g. EPBT, Material criticality ...)

Product group specific EPDs already included if needed (e.g. inverter, glass, ...)

* Main foreground exchanges categorized and pre-linked to latest ecoinvent or EF data

R Funded by
ML the European Union




N

Product Category Templates GreenbeLTa )

Concept

. Fixed modules
(Processes A1 Raw Materials, A2 ...)

|—_| PCR-specific modules
(Processes Al.1 Frontsheet, Al1.2 ...)

™~

L2
LCIA default methods =,

———
(EF 3.1 PEF, EF 3.1 EN15804) e Template (PCT) —~—
{8} oLca schema (150N-LD)
LCIA PCR- speC|f|c methods
(EPBT, GTP, ...
other schema

/ @ ILCD schema (XML)

Product Category

o ISO 3166 Locations

E EN15804+A2 EPDs

Funded by
the European Union
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Concept
LCd
Primary data
Version control
and updates / improvements 7
o Product Category
LV Template (PCT)

A

Background database
ec«invent

Updates and
improvements

European |
Commission

Simple editors or tools

Funded by
the European Union
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Product Category Templates
Basic EPD Schema for all PCTs

The base level is
always similar,
except for the
functional unit or
declared unit that
depends on the
product group.

Funded by
the European Union

[@ &) A1+A2+A3 Cradle-to-Gate

[ a A4 Transport

[@ &) A5 Construction

(5] Biuse

[@ a B2 Maintenance

[@ &) B3 Repair

[@ g'_] B4 Replacement

[@ 5] C1 Deconstrution

[ &) C2Transport

[ &) C3Processing

[ &) C4 Disposal

© @ E] A Product
Q
®

@ '5] B Use
©
e
Q
©

@ a CEoL
e

[ a D Benefits
®

agreenbelTa

/4

© &) PV System (kWh)

11



PCT for Life Cycle Assessment of PV Systems

agreenbelTa

Cradle-to-Gate

© &) A14A2+A3 Cradie-to-Gate

@1 A1 Materials
@ A2 Transport
@ A3 Manutacturing

v [ Global parameters
v [ PCT Photovoltaics N .
v [ Specific Yield . e
o] AICer
v [ Dependencies = ~ & Amicen 100 m2
e ® M2 Fronshent 100 m2
JX Bifaciality_Factor = S © A3 Backbest 100 m2
N 5] A13 Backsheet | SR [ S
Jf% Degradation_Rate_Year_1 @ Masrame 100 m2
; 8] mamme

ﬁ Degradation_Rate_Year_N s il

Jx performance_Ratio

o o 8 K2
Jfx Specific_lrradiation
ops . {[® &) A3 Manutacturing
Jx Specific_Yield_Calculator
JX Grid_Efficiency e 7 P 100 n2
. . 5] A3.2 Auxiliary S " @ A3.2 Auxiliary. 100 m2
fx Lifetime_Inverter I b g
Jx Lifetime_Module g it

. B 1 A3 Manufacturing 100 RF
f% Nominal_Power_Density e ==
JX Specific_Yield o
Q;] AS Instaflation e
i ——
@ As2 Bucris 160 emis
% (31 AS.3 Mounting 100 Rem(s)
1 AS installation 100 RF

1 A14A24A3 Cradie-to-Gate

Cradle-to-Consumption

(@ 8] A credieto-consumption o)

11 A14A2+A3 Cradie-to-Gate 100 RF

© A34Ad Assembly 100 RF

1 A Cradie-to-Consumption 100 RF
(© 81 ssom sssamtry )
! A4 Transport 100 RF
€1 AS Instaliation 100 RF
v Cradle-to-Grave
7 A3+A4 Assembly 100 RF
[© §] A+B4C Cradia-to-Grave )

@ &) B2 Maintenance [O) @ B1Use 100 RF

Blueprint:

RF - Reference flow:
DU - Declared unit:

FU - Functional unit:

PV Systems

Installation type: RT
Installation angle: S

Spectral technology: BF
Junction technology: SJ
Location coordinates: 41.41/2.22

1m2
1Wp
1 kWh

(RT - Roof, Bl — Building, OG — Ground, VI — Vehicle)
(S — Slanted, F — Flat, P — Perpendicular)

(MF — Monofacial, BF — Bifacial)

(SJ - Single junction , 2T — Tandem, 4T — Tandem)
(Latitude / Longitude)

System: 0.15 kWp
Module Efficiency: 15 % (Measurement STC AM1.5)
AC electricity for 25 years for a whole PV system

Annual Degradation:
Annual Solar Yield:
Annual Irradiation:
Performance Ratio:
Bifacial gain:

Conversions:

0.7 %

1773 kWh/kWp
1979 kWh/m2
0.85

10 %

1 RF [m2] & 200 DU [Wp] 2 6703 FU [kWh]

Funded by
the European Union

2 B2 Maintenance 100 RF
@ &) B3 Repar )\- .
@s © 83 Repai 100 R
@ &) B4 Replacement = @ 100 R

" &) 86 Energy oFr .
8] 87 vater [ @ Buse 100 RF

100 ®F
100 RF
100 RF

@ C1Deconstruction 100 RF

8] C2 Transport F——— @ C2Transpont 100 RF
e el
3 ¢4 Disposal 100 RF

—————

@ cEoL 100 RF

PR

) D1Reuse 100 RF

——
&) D2 Recovery

1 D2 Recovery 100 RF
N ————)

—_—
&) D3 Recycling

1 D3 Recycling 100 RF

@ A Cradie-to-Consumption

@ Buse

@ CEol

1} A+B4C Cradie-to-Grave

(© &) Cradie-to-Cradie

1 A+8+C Cradie-to-Grave

@ DBenefits

7 Cradie-to-Cradie

100 RF
100 RF

100 RF

v Cradle-to-Cradle

74
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PCT for Life Cycle Assessment of PV Systems

&) Al1Cell

&) A1.2 Frontsheet

&) A1.3 Backsheet

=N N €N )

&) A4 Frame

(@ &) AlMaterials

51 AL1Cell

51 A1.2 Frontsheet
{51 A1.3 Backsheet
51 A4 Frame

#1 A1Materials
_

( &) A2 Transport

(@ &) A3.1Energy

I~

( &) A3.2 Auxiliary

o—*

(@ &) A3.2Infrastructure

@}/

r@ &) A3 Manufacturing

51 A3.1Energy
51 A3.2 Auxiliary

51 A3.3 Infrastructure

51 A3 Manufacturing
X

1.00 m2
1.00 m2 |
100 m2 Cradle-to-Gate
1.00 m2
(@ &) A1+A2+A3 Cradle-to-Gate @1
1.00 RF
| @ A1 Materials 1.00 RF
e)_/-» 5t A2 Transport 1.00 RF
51 A3 Manufacturing 1.00 RF
S
{51 A1+A2+A3 Cradle-to-Gate 1.00 RF
A J
1.00 m2 ©
1.00 m2
1.00 m2 0!
@
100 RF
J
&

Funded by
the European Union

agreenbDelLTa
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PCT for Life Cycle Assessment of PV Systems GreenDeLTa %W

(@ &) Al Materials

5] Amacel @)\
& A1 Cel 100 m2

] A1.2 Frontsheet O— ©1 A1.2 Frontsheet 1.00 m2

ah Cradle-to-Gate
5] A1.3 Backsheet @)_/" {5 A1.3 Backsheet 1.00 m2

5t A1.4 Frame 1.00 m2
A1+A2+A3 Cradle-to-Gate
5] Al4 Frame @)/ (@8

#1 A1Materials 1.00 RF
. P 5 A1 Materials 1.00 RF

A2 T rt 1.00 RF
( &) A2 Transport @)/ @ ranspol

51 A3 Manufacturing 1.00 RF
(© 51 42 Manutacurng 9) Cradle-to-Consumption
51 A1+A2+A3 Cradle-to-Gate 1.00 RF
(@ &) A3.1Energy @)\ & AsiEnery GG N~ < (@ &) A Cradle-to-Consumption @)
(5] A3:2 Auiliary OfF—* @ A32 Auxiliary 1.00 m2

@)

X o Y )

51 A1+A2+A3 Cradle-to-Gate 1.00 RF

51 A3.3 Infrastructure 1.00 m2
(@ &) A3.2Infrastructure )

51 A3 Manufacturing 1.00 RF

51 A3+A4 Assembly 1.00 RF

, &
( &) A4 Transport 9}\ (@ 8 A3+As Assombly G]
(@ &) AS Installation @] 51 A4 Transport 1.00 RF

(@ ) 5 51 A5 Installation 1.00 RF
&) AS5.1Inverter )\
51 A5.1Inverter 1.00 Item(s)
(® &) As2Etectrics Of—*| © As2Electrics 100 em(s) 51 A3+A4 Assembly 1.00 RF
A

{51 A Cradle-to-Consumption 1.00 RF
.\ 7

\/

%t A5.3 Mounting 1.00 Item(s) ~
(® 5] A5.3 Mounting D) (@ &) A+B+C Cradle-to-Gray
&) BlUse S (@ & s G)
1 AS Installation 1.00 RF )
' . 51 A Cradle-to-Consumption
(® &) B2maintenance @)\ ©1 B1Use 1.00 RF y| @ BUse

Funded by
the European Union



PCT for Life Cycle Assessment of PV Systems

From a PCT, we can
much easier derive
harmonized Sankey

diagrams.

Here shown for a CIGSe
PV panel and the
relative PEF single score

normalized to 100%.

Funded by
the European Union

CIGSe PV Panel
(PEF Single Score)

100.00

|

GreenpeLTa %%/

A1.2.1 Selenium

13.40
]
A1.1 Thin-film materials
] 21.08 0O A1.2.1 Copper
u 3.27
A1 Materials A1.2.1 Indium
37.62 ] 255
U A1.2 Glass .
i 11.87 _ A1.2.1 Molybdenum
1.50
m A2 Transport H A1.3 Other _ A1.2.1 Gallium
3.29 4.73 0.33
_ A1.2.1 Zink oxide
M 0.03
. I Production
A3 M;gjfsazmrmg A3.1 Energy I 31.63
' 48.65 A3.1.1 Electricity
I 46.84
I Facility
A4 Transport A3.2 Auxiliari 15.21
2.55 O 3.2 Awndleges A3.1.2 Heat
3.89 = 181
__ A5 Assembly )
0.59
_ B2 Maintenance
0.03
__ C1 Deconstruction
0.35
C2 Transport
2.48
C4 Disposal

~0.55



PCT for Life Cycle Assessment of PV Systems

Parameters for PCT

* Reducing parameters to an absolute
minimum =2 “the less the merrier”

* Additional dependent parameters should
be grouped as “calculators” = users can
decide to use the minimum amount of
parameters or use additional ones

e Parameter calculations should be reviewed
and updated/improved over time

Funded by
the European Union

Y o/
y 7///

Mandatory

X% Grid_Efficiency

X Lifetime_Inverter

fx Lifetime_Module

#% Nominal_Power_Density
fx Specific_Yield

Optional

v [ Specific Yield
v [ Dependencies
fx Bifaciality_Factor
fX Degradation_Rate_Year_1
X Degradation_Rate_Year_N
X Performance_Ratio
X Specific_Irradiation
Jx Specific_Yield_Calculator

And many more optional parameters

16



PCT for Life Cycle Assessment of PV Systems

Process Provider in PCT

* |t is a bit like a tool inside a tool
as LCA data sets (here openLCA)

* From categorized products you can
select all process provider or EPDs
that fit the purpose

* Of course you can and should also
add your own primary data processes

Funded by
the European Union

GreenpeLTa %%7

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

v Inputs

Flow Category

51 A1.1 Frontsheet PCT Photovoltaics
{51 A1.2 Encapsulation PCT Photovoltaics

51 A1.3 Cell PCT Photovoltaics
51 A1.4 Backsheet PCT Photovoltaics
5 A1.5 Diode PCT Photovoltaics
51 A1.6 Frame PCT Photovoltaics
51 A1.7 Auxiliary PCT Photovoltaics
51 A3.1 Energy PCT Photovoltaics

51 A3.2 Infrastructure PCT Photovoltaics

Amount Unit

1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

™ m2
M m2
MM m2
™ m2
MM m2
M m2
™ m2
™ m2
MM m2

v Outputs
Flow Category ~  Amount Unit
51 PV Panel PCT Photovoltaics 1.00000 ™™ m2

Provider

EJ Frontsheet | Glass 2.0mm | Custom - RER

a Frontsheet | Glass 2.0mm | Custom - RER

O'—.l Frontsheet | Glass 2.0mm+AR | Custom - RER
EJ Frontsheet | Glass 3.2mm | Custom - RER
a Frontsheet | Glass 3.2mm+AR | Custom - RER
5] Frontsheet | Glass 4.0mm | Custom - RER
a Frontsheet | Glass 4.0mm+AR | Custom - RER

m Energy | CIGSe | ecoinvent 3.11 - RER
a Infrastructure | Generic | ecoinvent 3.11 - GLO

Provider




PCT for Life Cycle Assessment of PV Systems
EPDs can be directly included in the PCT for modeling

v W EPDs
> W EPD Denmark
v~ I EPD International
> WM PV Glass

* Even product group specific EPDs can be St

. . . . v W PV Inverter
a I rea dy INC I u d ed Ta th e PCT fl Ie |f Wwa nted 1 ASW LT Series (Three phase inverters 75 to 110 kW)
.. ASW LT-G3 Series (Three phase inverters 25 to 40 kW)

_ ASW LT-G3 Series (Three phase inverters 45 to 60 kW)

EnergyHub Wall 14kW

EnergyHub XL 28kW

Solar String Optimizer (SSO)
SolarEdge Power Optimizer S440
SolarEdge Single Phase Inverter SE6G000H with HD-Wave Technology

e Can be imported and exported with _
SolarEdge Three Phase Inverters with Synergy Technology SE66.6K
.. SolaX X3 FORTH 40K-75K Invertors
I LC D + E P D .| SolaX X3 FORTH 75K(L)-150K(L) Invertors

.| SolaX X3 FORTH 80K-150K Invertors
.. SolaX X3 MEGA 20-35K Invertors
.| SolaX X3 MEGA 40-60K invertors
... X3-Hybrid Series
0 PV Module (CdTe)

* Can be connected as provider to exchanges > 8PV Mo (€15

v~ M PV Module (MonoSi)

mimint

i

!

. .. 3S Solar Roof based on TeraSlate Black (Glass-Backsheet-Module)
a S W It h a ny Ot h e r p ro C e SS .. Astronergy Photovoltaic Modules CHSM54M-HC and CHSM54M(BL)-HC
.. Astronergy Photovoltaic Modules CHSM72M(DG)/F-BH
... Astronergy Photovoltaic Modules CHSM72M-HC
.. Bi-55- (520-550 Wp) Glass to Glass Bifacial Module
... Clearline Fusion PV16 Solar Photovoltaic Modules
. EPD of WIN WIN Mono Crystalline Silicon Photovoltaic (PV) Modules

Limitation that LCIA method used must be e

. .. LONGi Solar Monocrystalline Silicon Photovoltaic Modules
E F 3 . 1 E N 1 5804 W h e n u SI ng E P DS .. LONG:i solar photovoltaic module

... N-type Bifacial Double Glass Photovoltaic Modules JW-HD144N-182 JW-HD156N-182
... Photovoltaic modules of NEG18R.20 and NEG18R.28
... Photovoltaic modules of NEG9R.25, NEG9R.28 and NEG9RC.27
.. Photovoltaic solar panel - SPICN6(LAR)-66-420-440/IH
.. Solartag active BIPV

Funded by
the European Union




Summary %‘%rf/n

Building a new PCT from scratch:

Modularization

e Creating main modules (= unit processes) that are equal for all PCTs

* Creating sub-modules (= unit processes) that are specific to PCTs
Parameterization

* Creating linking and parameters needed for the PCT

Categorization

e Categorizing product flows of main providers into single flows for quick modelling
Interoperatbility

e Export into ILCD or JSON-LD and make publicly available

R Funded by
ML the European Union
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Thank you for your attention!

Dr. Conrad Spindler

Sustainability Researcher & Consultant
GreenDelta GmbH

spindler@greendelta.com

“Everything
should be made
as simple as
possible. But
not simpler.”

-Albert Einstein
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@ Empa

Materials Science and Technology

midsummer

N
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