openLCA past, present, future

1st openLCA conference, April 15 2024

Dr. Andreas Ciroth
GreenDelta GmbH



Topics

* openlLCA, how it started
* Developments over time
* Where we are now

* And what’s upcoming

creenbDelLTa






g3 Calculation and Assessment

maximum number of tiers (i.e. processes in the process chain)

Software, iterative LCA,
master thesis Andreas Ciroth,

system boundaries and impact assessment TU Ber“n’ 1998

main process tree, no energy providing processes, no transport processes, one
process type counts only once, ABC-assessment.

itetation step 2 Lng;rzm pn:sc-eas':sss gse;en:l et::nsport process may be included, no energy providing processes,

main process tree, ancillary processes with cut-off criterion of 3% in relation to the ;
functional unit, impact assessment for the categories GWP, ODP, acidification and
eutrophication potential and resources;

ABC-XvZ-assessment of flows not covered by the impact categories.

iteration step 3

s main process tree and ancillary processes without cut-off criteria. Impact assessment
kertionstep 4 with all available impact categories.

the system can be designed totally freely (transport processes, energy providing
processes, cut-off criteria for the main process tree and for ancillary processes and
impact assessment [ABLC, ABCKYZ-assessment, impact categories).
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Eacam— Wb Software, iterative LCA,

Impact assessment; interpretation master thesis Andreas Ciroth,
TU Berlin, 1998

excluded from KEA...

inventory

back to main menu to cutt-off criteria start impact assessment
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“trainEE” Software,

economic & environmental

life cycle calculation of trains over time,
Andreas Ciroth, 2000

<) start calculation
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Founded by Dr. Andreas Ciroth in 2004

Initially GreenDeltaTC, tools and consulting



GreenDelta

Michael Srocka joined as first employee, 2004
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Towards openLCA

* We need a software for LCA

* Why not make an own one

* The market is already full (SimaPro, GaBi, etc.)

* LCA software is expensive — this limits the application of LCA
* Selling LCA software licenses is demanding

- Why not make an open source LCA software
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Towards openLCA

* Presentation at the ecobalance conference in Tsukuba

A new

open source
LCA software

Andreas Ciroth
EcoBalance Conference
Tsukuba, 14-16 November 2006




Towards openLCA

* Presentation at the ecobalance conference in Tsukuba

The role of software 1n sust. assessment

software

data

model —— ‘“‘result” — decision
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Towards openLCA

* Presentation at the ecobalance conference in Tsukuba

Conclusions

- Aim of Open Source Project (2006-2008):
Develop high-performance, modular
framework for sustainability assessment
& life cycle modelling

—> Using Open Source, standard components
for language, components, database

- Two modules, uncertainty assessment and
format converter, will be implemented in
project course
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Towards openLCA

* Presentation at the ecobalance conference in Tsukuba

* PRé, ecoinvent, UNEP, and later also PE international (GaBi)
volunteered to support the project
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openLCA alpha
version, 2008
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I Navigation &2 l L) I'J Aluminium sheet o7 =a
Categories Inputs and outputs
i @ Metals and semetds@ E"change )
i [P) organic chemicals =
[P] Other materials [Jinput
[P] other mineralic materi.
i [F) Paper and cardboards Flow [ | |
[P] Plastics =
[F) Raw materials Flow property l E
[ﬂ Water
Unit
‘ [P) wood o I
@ [P] Other Services Aot
.01 Cuctame I l
el - l Description | "
Objects Exchanges
Eda Inputs Outputs
Flow! Flow components \_ Flow property ]”_lent \ Amc@ Flowl Flow components \7 Flow property - Unit !, A
= [f] air Mass kg 5.28~ | ® [f] Acenaphthene  Mass kg 1.78
[re] air Mass kg 528 | ® [F] Acenaphthene  Mass kg 6.14
1 = -- # [F] Acenaphthylene Mass kg 6.80
ERGE : =i kg 1.23 # [F] Acenaphthylene Mass kg 248
# [F] Basalt Mass kg 0.01 # [F] Acetaldehyde Mass ka 1.23
@ [F] Bauxite Mass kg 094 | ® [F] Acetic acid Mass kg 9.76
# [F] Bentonite Mass kg 000 | ® [F] Acetic acd Mass kg 4.31
@ [F] Blast furnace dust Mass kg 125 | ® [F] Acetic acd Mass kg 5.87
@ [F] Calcium chloride  Mass kg 1.26 | ® [F] Acetone Mass kg 121
#® [F] Carbondioxide Mass kg 003 | ® [F] Acid(calculated as Mass kg 215
# [F] Chromium (ore)  Mass kg 3.29 # [F] Acrolein Mass ka 1.56
] i | 2 # [F] Circuit material (Fe Mass kg 278 | ® [F] Acrylonitrile Mass kg 7.94
& [F Clav. Mass kn 4.94M| @ [F1 Aldehvres _Mass kn_ 1.n9l¥
Filter l ‘ [(_ | m | (&) [l m Y
Information | Inputs and outputs | Modelling and validation | Administrative information | Parameters |
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openlLCA
website, 2010

15

7\

0 P e n Lca Meodular Open Source Software for Sustainability As
-/

The openLCA project  Corverter

fou are here! The openlCa project »

The openLCA project
Idea & need
Homy it 15 organised
License concept
Schedule

Project outcomes

B B b &3 g B2

Participation

[ fae]

User login

Enter your username and password
here in order to log in on the
website:

Username:
Password:
Login

Community & organisation  Resources & download Q& 4  Contact us

Welcome to the project website of openLCA!

The openLCA project will create, in the coming 1.5 years, a modular software for life
oycle analysis and sustainability assessments. The software will be available as open
source, and will be available for free,

Initially, a basic framework for life cycle assessment (LCA) calculation and two plugins
will be implemented, a format converter and an uncertainty module. The format
converter serves to convert relevant LCA data formats from one to the other, in a
loss-less manner, The uncertainty module will help to specify, calculate, visualise and
interprete uncertainty in LCA product systams,

This site provides you an overyiew of the project; you are invited to browse through
background information and to say vour opinion; you might be interested to join, as a

tester, cantributor, or funder - and we are keen to explain why you should! You will also

find download resaurces, and some words about us. We expect the site to grow with
project schedule - you are invited to join the project newsletter to stay informed,

Open-10 database for use with openLCA
January 7 2010: Two notes;

First, our friends from the Open-1Q project [www.open-io.org) have made a US Input-
Output database available specifically for openLCA [note the different writings of

open..) - thanks!. As the current release of openLCA has no money currency, but the 10

database contains money flows, you will need to create a unit and flow property before
the import, then everything runs smoothly, We have written a short docurnentation
about the import should you need help.

Database download:
Website: http:/ /was, open-io.org/
Dowenload link: http:/ fwew. open-io.argd O1O_UnitNonHybrid.zip

Docurnentation download here,

Second, you may have noticed that openLCa does not directly support \Windows 7
[reason: we need to state each operation systerm explicitly for the embedded sySQL
server]. We will fix this in the next couple of days with a new release.

Beta 1.1.1 released

December 17 2009 We released todaw 3 new vercion of openl C& with onhb: two

Legal | Site map

Search & Find

Enter search word...

1162010 ; 4:26 am : 0100 BR S,

Project supported by

PRé Consultants, S
since January 2007,

as member of the Funding

Consortium.

Project supported by PE International
GmbH, since March 2007, as new
member of the Funding Consortium.
Welcome!

The Green Standard has funded
integration of data in Earthster and
openLCA, in order to enable
ranufacturers who are doing LCA to
publish, share, and use life cycle
results with suppliers and customers,
and purchasers to have access to
better information that helps them to
purchase mare sustainably.

g

THE GREEN™

STANDARD

@ Sylvatica
GgreenbpeLrarTe

Format converter project A
w

supported by the

SETAC/UNEP Life Cycle HI_{EP




openlLCA, developments over time
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openLCA, developments over time

* Support from US EPA, from 2010 onwards
* ..and later USDA and other agencies

« openlLCA Nexus as “webshop” for data for openLCA, started 2014,
nexus.openLCA.org

* Many technical and Ul revisions over time, additional features,
and usability improvements
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openLCA - growing interest each year
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70000
60000
50000
40000
30000
20000

10000

Unique downloads for openLCA

2019

2020

2021

2022
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openLCA, Ul developments over time

<2 openlCA14
Window Help

Eile

b=
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% Navigation i% }
4 () €3_alloc_default_u

[ Projects

ik Product systems

[ Impact methods

|7 Processes
b [ AcAgriculture, forestry and fishing

P

B:Mining and quarrying

7] C:Manufacturing
[P} 10:Manufacture of food products

P 13:Manufacture of textiles
4 [P 131:Spinning, weaving and finishing of textiles
4 [P} 1311:Preparation and spinning of textile fibres
[F] market for spinning, bast fibre - GLO
[F] market for yarn, jute - GLO
[F] market for yarn, kenaf - GLO
[2] spinning, bast fibre - IN
[#] spinning, bast fibre - Row
[F] yarn production, jute - IN
[F] yarn production, jute - RoW
[[e] yarn pr -
[B) yam prd
b [P 1312:Weavip ¥ Delete
& [P 13%Manufactu
P 16:Manufacture of
-P) 17:Manufacture of Copy

Open in editor L

Cut

P

P

P 1EPintingendrep

P 1%:Manufacture of ducts
7 20:Manufacture of | £ EXport.. ks
7 22Manufacture of | & ey database

F) Z3:Manufacture of ucts
P

P

P

P

P

P

%

2:Manutacture of |0 ImeSH databess

7] 26:Manufacture of computer, electronic and optical products

7] 27:Manufacture of electrical equipment

7] 28:Manufacture of machinery and equipment n.c.c.
29:Manufacture of motor vehicles, trailers and semi-trailers

Sl

30:Manufacture of other transport equipment
7] 33Repair and installation of machinery and equipment

7] Diflectricity, gas, steam and air conditioning supply
7] E:Water supply; sewerage, waste management and remediation activities
P} F:Construction

G:Wholesale and retail trade; repair of motor vehicles and motorcycles
H:Transportation and storage

JiInformation and communication

L:Real estate activities

P M:Professional, scientific and technical activities
P) N:Administrative and support service activities
P} 5:Other service activities

% Flows

% Flow properties

Unit groups

Sources

;
& [ Actors

<

i

nd cork, except fumiture; n

P} 25:Manufacture of fabricated metal products, except machinery and equipmen

r

[F] yarn production, kenaf - IN 52

Process: yarn production, kenaf

~ General information

Name yam production, kenaf
Description Inventory refers to 1 kg yam produced from ckenaf fibres;[This is a dataset that was already contained in ecoinvent database version 2 that was not extensively ~
or individually updated during the transfer to ecoinvent version 3. It was generated following the ecoinvent quality guidelines for version 2 and it may notin | |
all aspects meet the additional requirements of the ecoinvent data quality guidelines for version 3. It was updated in a series of central changes described in
the ecoinvent version 3 change report (http://www.ccoinvent.org/database/ ecoinvent-version-3/reports-of-changes/) that were aiming to fulfill most new
requirements, and the results of the central updates were reviewed extensively. The documentation of this dataset refers to the ecoinvent reports of version 2,
which are still available via the ecoinvent website, and the change report linked above covers all central changes that were made during the conversion

i

Category [P C:Manufacturing > 13:Manufacture of textiles > 131:Spinning, weaving and finishing of testiles > 1311:Preparation and spinning of textile fibres

Infrastructure process [

~ Quantitative reference

Quantitative reference | £ yarn, kenaf (IN) bt
~ Time

Start date  01.01.2003 @~

End date  31.12.2013 @~

Comment -
~ Geography

Location India -

Comment  kenaf fibres are praduced and pracessed mainly in Asia. Praduction and processing in Inda were considered in this study. -
~ Technology

Comment  Cultivation, harvest and retting of bast fibres and the further opening, batching, cardening, combing and spinning are the main processes of the yarn production. -

General information | Inputs/Outputs | Administrative information | Modeling and validation | Parameters | Allocation | Costs|

= Properties &% I

Property Value

Tnventory refers ta 1 kg yarn produced from ckenaf fibres:[This is  dataset that was already contained in ecoinvent databas...ories include the cultivation of kenaf fibres and it processing to yarm (apening, batching, cardening, combing, spinning).

 openLCA1.4

beta, 2013
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openLCA, Ul developments over time

L4 ppenLCA14
Eile Window Help
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4 [ P} 131:5pinning, weaving and finishing of textiles
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T
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[F] mnarket for spinning, bast fibre - GLO
rarket for yarn, jute - GLO
market for yarn, kenaf - GLO
spinning, bast fibre - IN
spinning, bast fibre - RoW
yarn production, jute - IN
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[F] yarn pr

[F] yarn pro

> [P 1312 Weavi
[Pl 13%:Manufactu
| 16:Manufacture of
| 17:Manufacture of
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| 19:Manufacture of
| 20:Manufacture of
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e

5]
i}

Open in editor %
Delete

Cut

Copy

Import...

Export...

New database

Import database

and cork, except furniture; n

ducts
its

ucts

.-w [1' l.-u l--:l l.-u l--w l.-u l.-u l--:l l.-u l--w l.-u [1 7

| 2I:Manufacture of electrical equipment

| 25:Manufacture of fabricated metal products, except machinery and equipmen
| 26:Manufacture of computer, electronic and optical products

| 28:Manufacture of machinery and equipment n.e.c.
- 28:Manufacture of motor vehicles, trailers and semi-trailers

¥ General information

Name

Description

Category

2= MNavigation ES] = % ¥ = 8| [F] yam production, kenaf - IN i3
4[] ei3_alloc_default_u ®
_alloc_ 3 . : °
& Projects Process: yarn production, kenaf

beta, 2013

yarn production, kenaf

Inventory refers to 1 kg yarn produced from ckenaf fibres;[This is a dataset that was already contained in ecoinvent database version 2 that was not extensively
or individually updated during the transfer te ecoinvent versien 3. It was generated following the ecoinvent quality guidelines for version 2 and it may not in
all aspects meet the additional requirements of the ecoinvent data quality guidelines for version 3. It was updated in a series of central changes described in
the ecoinvent version 3 change report (http://fwww.ecoinvent.org/database/ecoinvent-version-3/reports-of-changes/) that were aiming to fulfill most new
requiremnents, and the results of the central updates were reviewed extensively, The documentation of this dataset refers to the ecoinvent reports of version 2,
which are still available via the ecoinvent website, and the change report linked above covers all central changes that were made during the conversion

[Pl C:Manufacturing » 13:Manufacture of textiles » 131:Spinning, weaving and finishing of textiles » 1311:Preparation and spinning of textile fibres

Infrastructure process [

’ a=w, Create product system

* Quantitative reference

Quantitative reference

* Time

Start date

End date

Comment

01.01.2003

31122013

% yarn, kenaf (IN)



openLCA, Ul developments over time

 New icons with version 1.5

P *Production of wood_example &2 |

Allocation

Default method ‘ Economic :‘

® Calculate default values

~ Physical & economic allocation

Product Physical Economic
Febark (0.30 kg) 0.23076923076923075 0.10714285714285712
F2 Wood (1.00 kg) 0.7692307692307692 0.8928571428571428

v Causal allocation

Flow Direction Category Amount bark Wood
Fssawlog and veneer log, hardw... Input 022:Logging/0220... 1.00000 m3 04 0.6
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openLCA, Ul developments over time

* Dark mode and again new icons
with version 2.0

Welcome tube factory construction

tube factory | Cutoff, U ults o g
el | buildir
| buildi

truction| o

tube factory construction Cutoff, U
construction, multi-storey | buildit
| buildi

building 11| buil

1 building, hall | buldi...

building

glass tube fac

s Model graph

tem(s)
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openLCA, technical changes over time

* E.g.
* Switch to matrix calculation version 1.0

 Replace mysgl as database (startup often blocked by
security guidelines), with 1.5

* Many changes and advancements on the calculation,
for some time calculation libraries needed to be
downloaded separately due to license restrictions,
since 2.0.4 Intel Math Kernel (MKL), integrated

* API, since version 1.10, heavily extended since then
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openLCA, organisational over time

* Funding consortium 2007-2009 (with PRé and PE
international etc.)

 Afterwards no further organisational “complications”:
GreenDelta develops and hosts openLCA, so far:

* Organic growth
* No venture capital
* Full independence

* Partners in several countries, (IT, US, ..), some also here
present

creenbDelLTa






26

openlLCA, now

 We think the most
widely used LCA and
sustainability
software worldwide

OPENLCA.ORG WV

102,194 visits

2024 B9

O Countries

ALL VISITS &

Brazil
1.634 visits
(1.6%)

\
N

-
A S B
> 1 s S N %
> -, Y —> ) | ~
,‘i.a' £ \-_';2_‘ —=t G /e ¢
2 A }“\ L O &
e A | N\
c- e ‘_,.-’ \:\‘?_ > )
3 S ¥
L 3*

25%

9.0%
5 .
. 30.0%

Worldwide v Visits
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openLCA, now: openLCA Nexus

* > 110,000 Nexus users
* ~500 downloads per day

Visits Over Time

A — vici e
7.840 o] Visits Dc
3,920 ; .
|9 1 ‘ -
"
1 LA q, :
L
1)
Jun 814, 2015 Nov 6-12, 2017 Apr6-12, 2020
[ E 0 B o
27
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openlLCA, now

* A full, mature LCA and sustainability assessment
software

» Still open source and free

e Features:

* Fast calculation also of large systems

* Broad import and export capabilities

* Environmental, social, and economic calculations
* Natural modelling of life cycles in a model graph

* Flexible reference system & nomenclature, broadest support
for LCA databases...
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openlLCA, now

* Features, 2:

Powerful API allows integration in web applications

In-App Scripting -> inspect your database, modify it, mass-
import or export, via SOL or Python

Dedicated Social LCA calculation

~ Indicator results

» [ Local Community
~ W Society
» I Contribution to economic dew
» I Health and Safety
~ M value Chain Actors
~ [ Corruption
» &% Active involvement of enter
~ 2% Public sector corruption

Activity valu Raw value

314.73037
314.73037

%] hard coal mine operatior == 118.51449
&) market For hard coal, run == 118.51449

2] industrial furnace produc
&) market for industrial furr |
%] building construction, ha |
4] fish canning plant constr |
2] hard coal mine operatior
&) hard coal mine operatior

&) market For industrial Furr
o Lok Fee kil o bl

8.98497
6.49665
5.38133
4.79410
2.91603
2.74047

2.59762
- AR

2.57385 [%)
59.15187 [Inde
60.00000
60.00000
58.54545
58.54545
55.48227
62.59091
57.00000
57.00000

56.83486
CC AR T

HO

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

NoL

MO
0%

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

NoL

LO
0%

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

NoL

NOP

NOR
%
0%

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

NoL

VLR

0%

0%
0%
0%
0%
0%
0%
0%
0%
0%
0%
0%

NoL

0%
0%
0%
0%
0%
0%
0%
0%
0%

NoL

0%
0%
0%
0%
0%
0%
0%
0%
0%

oL

LR MR

HR
0%
0%

ND

0%
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openLCA, now

* Features, 2:

Powerful API allows integration in web applications

In-App Scripting -> inspect your database, modify it, mass-
import or export, via SOL or Python

Dedicated Social LCA calculation
Dedicated regionalised calculation, improved

Dedicated EPDs (Environmental Product Declarations) - » as
data input but also to create EPDs
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openlLCA, now

e Features:

The role of software 1n sust. assessment

software

data

model —— ‘“‘result” — decision

31 agreenbelTa



openlLCA, now: a growing ecosystem

LCd
s
/f\
o A
openLca /’ a oo
LCIA methods i 5 P /=
™S oenica e
o
\_hexus LCa a
software | o =
databases -
o A
/ L\ =

LCC LCA SLCA
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https://www.openlca.org/download-form/

Collaboration

33

The LCA Collaboration Server (for
openlLCA)

Share, synchronize, review, safely
store and publish LCA datasets, life
cycle models, impact assessment
methods. Similar to modern software
code repositories.

Developed by GreenDelta for the
USDA, free software since 2017, first
release 2019.

Public use cases e.g. lcacommons.gov

OPENLca
CS

L @ D ‘ 1 LCA Collaboration Server % ‘ + o
& @] ) httpsy//www.lcacommans.gov/lca-collaboration/ - [ui] o= @
E An official website of the United States government. Here's how you know. w
FEDERAL
L% Home About Us ~ Documentation - Contact m
COMMONS

Welcome to the LCA Commens data repository, a service of the National Agricultural Library. Here you will find LCA process data that is free to download, no login or account is
necessary. These data products are intended to be used in Life Cycle Assessment studies and require further analysis and modeling to produce LCA results.
Search

Federal LCA Commons/ReCiPe
167897 data sets | @

Search across all public repositories

Federal LCA Commons/US electricity
baseline

Federal LCA Commons/Elementary
flow list

2990 data sets @

Browse

290616 data sets |@

Browse

Browse
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Solution for Enterprises

 Specifically configured solution for sustainability,
at company level

« openlLCA, the LCA Collaboration Server, and a new
openLCA webtool that talks to openLCA in a
Docker container

* -> Mass-creation of LCAs, in corporate and large
organisations, maintaining model validity

34
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openLCA, what can you expect in future



openLCA, future

* No plans to change openLCA being open source

* We want to enable and support more contact with
openLCA users and more connections across openLCA
users (hence this 15t conference)

* We do not have one overall master plan (and never had),
it was good to listen to users and their feedback and
ideas for projects, and we wish to main this -> input
welcomel

36
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openLCA, future, technical pathways

* Modeling time, more interaction with system dynamics
models (-> much more powerful and elegant than LCA
alone for sustainability modeling)
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openLCA, future, technical pathways

» Data for LCA and sustainability: so far we have typically
used other existing databases and adapted them to
openLCA (e.g. ecoinvent) or developed additions to
existing databases — openLCA has a more flexible
architecture nicely suited for database development ->
massive sustainability database, presentation tomorrow

MSDB

38

creenbDelLTa



39

openLCA, future, technical pathways

* Continue development of a web-based LCA tool based
on openLCA: onlineLCA

onLine
LCa

[ Life cycle models
- Comparisons

®© Admin v
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GreenbeLTa

sustainability consulting + software




