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GreenDelta background

Founded by Dr. Andreas Ciroth in
2004

10 employees (engineers, biologists,
business administrators)

Office in Berlin

Business world-wide: sustainability
research, life cycle assessments,
databases, software for life cycle
assessments and sustainability
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GreenDelta team

* Our mixed team helps us to provide users with a range of

perSF‘Jectlves and solutions
ol

Andreas Ciroth Michael Srocka Cristina Rodriguez Sarah Winter
Founder & Managing Director openlLCA Technical Lead vironmental Consultant  Client Relations, LCA Modeling

Martin Pluta Kathleen Kiehl
Web and Software Developer Client Relations, LCA Specialist

Sebastian Greve
Software Developer

agreenbeLta

www.openlca.org



GreenDelta for openLCA

+ Software expansion/adaptation
+ Case studies

» Guided case studies

* Data acquisition

» Database compilation

agreenbeLta



GreenDelta for openLCA (1)

Crititcal review (ISO 14040)

LCA, LCC, SLCA

Data management and hosting

openCLA Training

Service und Support

agreenbeLta
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A free & professional approach to
Life Cycle Assessment

* Completely open source
 Mac OS, Windows, and Linux
* Written in Java

* Atruly international system with an
established community of
contributors and about 300
downloads per week

agreenbeLta



> 1,000 Users +

* Scalability and performance of
leading software

* Customizable
* Intuitive user experience

« Upgrades keep you at the
forefront of LCA software
technology

* Quick, flexible, modern &
GagreenbelLTa
expandable



openLCA: open source

* Mozilla public license 1.1

 Transparent: source code can be viewed
and changed by anyone

« open source nature of the software
makes it very suitable for use with
sensitive data

* you can freely share both the software
and any models you create, as long as
the database license allows it

agreenbeLta



openLCA application

LCA, LCC, SLCA
Carbon & water footprints

Environmental Product
Declaration (EPD)

US EPA’s Design for the
Environment label

agreenbeLta
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openlLCA.org

Downloads (software, LCIA
methods, ...)

Vidoes, manuals, case studies

Services (service contracts,
training, critical reviews, hosting
& data management solutions...)

Forum

GgreenbDeLTa



openLCA.org/downloads

A Search.__. (=}
0 Pe n Lca Home Services Products Downloads Learn more LCA data Network About

./

openLCA files

Downloads

format converter files

In this section you find the latest installation files of the openLCA framework. Also available
are the format converter and other freely available software tools, with their source code.
You can also download the files from sourceforge. Here you can find older versions and
further information like the public bug tracker, too.

LCIA methods

openLCA case studies

documentation manuals Ij RSS feed

order forms, service and support openLCA

openLCA Version 1.4 is now available! (Release date: June, 2014) We recommend you install this
version. Our tests have not shown any issues but should you run into any, please let us know. Thanks
in advance!

Important changes include drastically improved performance of about 400%, numerous usability
improvements and many new features.

To see video tutorials on openLCA installation, click here.

Installation files

openLCA

Version 1.4
Windows 64 bit

openlLCA

Version 1.4
Mac 64 bit

openlLCA .

Version 1.4
Linux 64 bit

agreenbeLta



openLCA.org/learnmore

A Search...
0 Pe n Lca Home Services Products Downloads » LCA data Network

vikiarthistory, vsem.ec.tuvien.ac.at, cropped

Learn more Learn more

fﬂtures

Videos _ The following pages contain manuals and tutoring material and resources for openLCA
Manuals and for the openLCA format converter. All material is available free of charge.

Case studies
LCIA methods

Open source If you are interested in our instructing, consulting or software solution services, please
see our services page.

If you are lookoing for information or would like to ask a question, you can also check
the openLCA forum at www.openlca.org/forum.

agreenbeLta



openLCA.org/services

A Search.__. (=}
0 Pe n Lca Home Services Products Downloads Learn more LCA data Network About

./

Services Services
Training
Service contracts We and our partners provide a broad range of services in the context of openLCA:

= Service contracts: If you are using openLCA in a professional environment (a company, for
example) a service contract may make sense. With a service contract: we guarantee response
times, you are informed about changes in the software in due time, we are available for
answering technical support gquestions.

Training: GreenDelta provides regular training courses for openLCA in English, German, and
Spanish. We offer training for beginners and advanced users inhouse, online and in Berlin. All
courses contain theoretical as well as practical content, and illustrative case studies.

Guided case studies: Typically, both openLCA and Life Cycle Assessment case studies are
learned best in a practical application. Therefore we offer guided case studies, espedially for
those new to openLCA and to Life Cycle Assessment. A guided case study will be performed
mainly by you, but at important milestones, from software installation to definition of goal and
scope to inventory modeling to interpretation, we provide feedback and discuss modeling
decisions and conclusions and interpretation. Of course, a non-disclosure agreement makes
sure that you can share also sensitive information.

Critical reviews: We perform critical reviews of LCA case studies according to ISO 14040 and
14044. With openLCA you can easily share your complete LCA models with your clients, as well
as within the review panel.

Hosted solutions: openLCA can interact with a ILCD database that serves users as a central
repository for exchanging process data sets and also complete product system models

(see openlLCA features for more information). We offer hosting solutions for this database, so
that you do not need to care for the technical hosting requirements.

agreenbeLta
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OPENLCa

ser forum

{"; Board index

View unanswered posts » View active topics

orum

|OQ Search...

@FAQ vElRegister (U Login

It is currently 02 Sep 2014 14:05

openLCA 1.4 by aciroth G

23 73 11 Aug 2014 13:46
Installation by aciroth [

@ 25 103 02 Sep 2014 13:18
Modelling by aciroth G

. 78 =5 27 Aug 2014 16:30

Data and Data Exchange 66 233 by aciroth G

(=) 23 Aug 2014 09:17

Developer by aciroth G

. 13 g 26 Jun 2014 17:09
Other by MartinaZ [

L 2 11Jun 2014 11:19

e Version 1.2 test 6 17 by aciroth [
Forum for the July 2010 (+..) test round of openLCA

01Jun 2013 12:48

LOGIN = REGISTER

Username: Password:

WHO IS ONLINE

In total there are 2 users online ;; 0 registered, 0 hidden and 2 guests (based on users active over the past 5 minutes)
Most users ever online was 54 on 30 Jun 2013 00:22

| | Log me on automatically each visit
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Graphical modelling of product systems

= Process networks

* Process networks can be created
automatically and manually

 graphical modeling based on the
Eclipse Graphical Editing
Framework (GEF)

- Different product systems can be
compared (=> project)

agreenbeLta



Graphic modelling of process

networks based on Eclipse GEF
EXTh — e ——

File Window Help

BHEE R BV a

s & PET bottes at POS 2 ] =B .

i - gz
polyethylene tereph.. =Granulate productio... 8 Plastic Component ...

polyethylene produ...

polyethyl... | Granulate — Granulate |Plastic Co...
transport, ...
| transport, ... B bottle filling

),

polyethyl...

Plastic Co... |Filled bott...
8 tap water productio... f—\. tap water,...

polypropylene prod...

Btransport, freight tra...

8 Bottle at point of sa...

Filled bott...| Bottle sale

Btransport, freight, se...

Btransport, freight, lo...

diesel, lo...
diesel, lo...
lorry, 28 ...

maintena...

General information | Parameters | Model graph
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Allocation and system expansion for
modelling
multi-output processe

N CATE i e S S — & x |

File Window Help

I HEER A E © milk Q
& Navigation 83] & ~ = B||[F Ethanol, denatured, corn dry mill - RNA &2 =8 5
4 [P Processes - = =

- Allocation o=

» [P AcAgriculture, forestry and fishing
[P Air Transportation
» (B Allocation Default method | Causal -
» [P B:Mining and quarrying
4 [P biomass

[ ¥ Calculate default values

a [P fuels
[F] Ethanol, 85%, at blending terminal, 20 ~ Physical & economic allocation
[F] Ethanol, 85%, blended, at service stati - .
[F] Ethanol, denatured, at refueling statio RroducE Physical Ecanomic
[F] Ethanol, denatured, corn dry mill - RN|— #* Ethanol, denatured, corn dry mill - R... 1.0 1.0
[l Ethanol, denatured, corn stover, bioch I w*distillers dried grains with solubles, .. 0.01 0.01

[F] Ethanol, denatured, forest residues, th
[Pl ethanol, denatured, mixed feedstocks,
[F] Ethanol, denatured, switchgrass, biock
[Pl Ethanol, denatured, wheat straw, biocl |
i [P others
I [P production

1

Causal allocation

» P C:Manufacturing Flow Direction Category Amount distillers ... Ethanal, ... i
» [P Case study Li-ion battery L.Water, cooling, unspe.. Input resource/l.. 6.23000E4.. 0.01 1.0 B
» [P Chemical Manufacturing #*Gasoling, at refinery - .. Input Product fl.. 266.000001 0.01 1.0
1P chemicals @*Energy, output - RNA  Input Product fl..  3.95000E5.. 0.01 10
& [P Crop Production L.Water, unspecified nat.. Input resource/i.. 1830.0000.. 0.01 1.0
» [P D:Electricity, gas, steam and air conditioning #*Energy, output - RNA Input Product fl.. 8440.0000.. 0.01 1.0
© [P EWater supply; sewerage, waste managemt o*dummy_yeast paste, fr.. Input Product fl..  60.00000.. 001 10
» [P F:Construction #*Electricity, at grid, US, .. Input Product fl..  3310.0000.. 0.01 10 |
» [P Fabricated Metal Product Manufacturing #*Natural gas, combuste.. Input Product fl..  219.00000.. 0.01 10 I
» [Pl Forestry and Logging #*Electricity, at grid, US, .. Input Praduct fl.. 436.00000.. 0.01 10 L |
[P G:Wholesale and retail trade; repair of motc cotens e =+ e meonooaa == ==
i [Pl H:Transportation and storage 4
< w1 3 General information | Inputs/Outputs | Administrative information | Modeling and validation | Parameters AIIocation]C05t5|
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Modeling with parameters

 Parameters can be used instead of concrete values for
inputs/outputs

 Define as simple value, formula or complex funtion
* Parameters can overwrite each other
* Available on different levels

* process

* product system

* project

impact method
database

GgreenbDeLTa



Local and global parameters

[F] Excavator, technology mix, 100 kW, Construction - GLO 2

Parameters
@ Preferences - O
» Global parameters
type filter text | Global parameters Py vy
~ Input parameters @Configuration
Experimental features © %

Name Value » Field Assist Mame Amount Uncertainty Description

Benzene_h 0.021 Global parameters 10 none

bucket_volume 1.1 ILCD Network

CH4 h 072 Locations

COh 1500 Il;lc:frl:llllg: format

cycles_min 0.75 Updates

density 1.8

Dust_h 16.0 none U9 (€

fuel_h 255 none [05] [k

load_factor 0.6 none [04] [-

N20_h 3.0 none [10] [c

NMVOC_h 29.0 none [12] [c

NOx_h 520.0 none [08] [c

sulphur_ppm 200.0 none (03] [k

Toluene_h 0.003 none [14] [c

Xylene_h 0.264 none [15] [c
~ Dependent parameters

Name Formula Value Descri

Benzene_t Benzene_h*load_factor/performance*d.. 4.58181818181818E-4 [24] [c

CH4 t CH4_h*load_factor/performance*densi.. 0.0157090909090909 [22] [c

Cot CO_h*load_factor/performance*density  3.27272727272727 18] Ic GgreenbelLTa



Calculation of the inventory

* Calculation of life cycle inventory
(using the “matrix method”)

» Results are clearly presented in two
tables

* Result can be exported to Excel

GgreenbDeLTa



Calculation methods in openLCA: matrix
method

Die=sel [kg]

Bauxite, at plant [kdg]
Alumina [kl

hnode [kg]

Aluminium (licquid metal) [kg]
Ingot [ko]

> B

Diesel prod. Bauxite mwining Aluwina prod. Anode prod. Electrolysis Ingot casting
-1.993 -0. u} -0.1
1000, 000 -2685. u} 0.0
0.000 1000. -1925 0.0
0.0o0o0 o. —441 0.0
0.0o0o0 o. 1000 -874.0
0.000 O. u} 1000.0

[ e e R RS
[ e W B Y-
=
[}
]
[=]
oo ooorm

Diesel prod. Bauxite mining Alumina prod. Anode prod. Electrolysis Ingot casting
Crude o0il [kg] -1.500000 u] 0.00 0.oo0 0.00 0.00
Bauxite [kg] 0.000000 -1000 0.0o0 o.oo 0,00 0.0o0
co2 J COZ edqu. [ko] O.30z2o000 45 991.00 849,00 9789.00 368.00
NOx [kg] 0.000875 u] 1.17 o.z9 0.35 0.18
302 [kal 0.001700 u] 5.30 1.70 13 .40 0.z29
= £

[,1]

Diesel [kg] ]
Bauxite, at plant [kg] u}
Alumina [kl ]
Anode [ko] ]
Aluminiumn (liguid metal) [kg] u]
Ingot [ko] 1000
> 8

[, 1] _ -1
Diesel prod.  11.345994 S —_— *

1
Bauxite mining 4.517378
Alumina prod. 1.652450
Anode prod. 0.3585434
u]
1

Electrolysis .874000 —_— B . S
Mulululululul —

Ingot casting
[,1]

g

crude oil [kg] -17.018990
Bauxite [kg] —4517.53768250
coz [/ CoZ egu. [kg] 111368.338062
Nox [kl 2.556104
solz [kg] 21.593111
-



Example: inventory results

124 ppenlLCA framework 1.2

File Edit Window Settings Help
Bl R ]

& organic viticulture [53"' organic viticulture - IPCC 2007 i3 ]

Inputs

Life cycle inventory of organic viticulture (ecoinvent_n)

Outputs

Flow

[l Anhydrite, in ground

[F] Barite, 15% in crude ore, in ground
[F] Basalt, in ground

[F] Borax, in ground

[] Bromine, 0.0023% in water

[F] Calcite, in ground
[FI Carbon dioxide, in air
[] Carbon, in organic matter, in sail

[F] Chrysotile, in ground

[¥] Cinnabar, in ground

[£] Clay, bentonite, in ground

[¥] Clay, unspecified, in ground

Coal, brown, in ground

[F] Coal, hard, unspecified, in ground
[F] Cobalt, in ground

[F] Colemanite, in ground

[F] Diatomite, in ground

Aluminium, 24% in bauxite, 11% in crude ore...

[F] Cadmium, 0.30% in sulfide, Cd 0.18%, Pb, Zn,...

[F] Chromium, 25.5% in chromite, 11.6% in crud...

[ Copper, 0.99% in sulfide, Cu 0.36% and Mo 8...
[F] Copper, 1.18% in sulfide, Cu 0.39% and Mo 8...
Copper, 1.42% in sulfide, Cu 0.81% and Mo 8...
[ Copper, 2.19% in sulfide, Cu 1.83% and Mo §...

Category
resource/in ground
resource/in ground
resource/in ground
resource/in ground
resource/in ground
resource/in water
resource/in ground
resource/in ground
resource/in air
resource/in ground
resource/in ground
resource/in ground
resource/in ground
resource/in ground
resource/in ground
resource/in ground
resource/in ground
resource/in ground
resource/in ground
resource/in ground
resource/in ground
resource/in ground
resource/in ground
resource/in ground

Flow property Ar
Mass 8.
Mass 1]
Mass 0.
Mass 8.
Mass 9.]
Mass 3.
Mass 1
Mass 0.
Mass 0.
Mass 1.
Mass 34
Mass 3.
Mass 3.
Mass 0.
Mass 0.
Mass 0.
Mass 0.
Mass 1]
Mass 5.
Mass 3.
Mass 14
Mass 5.
Mass 2.4
Mass 6.4

FEFFFFPRFPFEBPEBEBPDPEPRPEPEBEBRER

=)

]

Flow

[F] 1,4-Butanediol

[F] 1,4-Butanediol

[F] 1-Pentanol

[F] 1-Pentanol

[F] 1-Pentene

[F] 1-Pentene

[F124-D

[F] 2-Aminopropanol

[F] 2-Aminopropanol

[F] 2-Methyl-1-propanol
[F] 2-Methyl-1-propanol
[F] 2-Methyl-2-butene
[F] 2-Methyl-2-butene
[F] 2-Nitrobenzoic acid
[F] 2-Propanol

[F] 2-Propanal

[F] 4-Methyl-2-pentanone
[F] Acenaphthene

[F] Acenaphthene

[F] Acenaphthene

[ Acenaphthene

[F] Acenaphthene

[F] Acenaphthylene

[F] Acenaphthylene

Category

emissions/air/high population de...

emissions/water/river
emissions/water/river

emissions/air/high population de...
emissions/air/high population de...

emissions/water/river
emissions/soil/agricultural
emissions/water/river

emissions/air/high population de...

emissions/water/river

emissions/air/high population de...
emissions/air/high population de...

emissions/water/river

emissions/air/high population de...
emissions/air/high population de...

emissions/water/river
emissions/water/unspecified

emissions/air/low population den...
emissions/air/high population de...

emissions/air/unspecified
emissions/water/ocean
emissions/water/river
emissions/water/ocean
emissions/water/river

Flow property An
Mass 3.9
Mass 15
Mass 3.7
Mass 15
Mass 1]
Mass 2.8
Mass 2.7
Mass 3.€
Mass 14
Mass 1.0
Mass 4.3
Mass 2.€
Mass 6.2
Mass 2.€
Mass 5.5
Mass 11
Mass 5.4
Mass 6.8
Mass 1.g
Mass 1.2
Mass 9.C
Mass 2.]
Mass 5.€

I FERFFEREEREEREEEEEEEREREEEREEER

Mass

<

(1L}

General information |Life cycle inventory | Characterization

DelLTa



Impact assessment methods

» There are no impact assessment
methods included by default in
openLCA, but methods are available
for free and can be easily imported

* Itis possible to modify existing
impact assessment methods in
openLCA (impact categories and
flows can be added / deleted;
equivalence factors can be altered)

* Itis also possible to create new
impact assessment methods

GgreenbDeLTa



Analysis and interpretation

* In openLCA many functions are
available to evaluate the results and to
track the origin of environmental
effects:

 Various result and influence analyses
* Sankey Diagram

« Representation of the spatial
distribution of emissions and resource
consumption

 Grouping of processes is possible (e.g.
by life cycle phase)

GgreenbDeLTa



Contribution analyses

L4 gpenlLCA framework

File Edit Window Settings Help
ExX  EgERaq

& organic viticulture I@ Analysis result oforganic viticulture = ]

Process contributions

~ Flow contributions

Flow Potassium +~ Orderby Total contributions » Cut-off 2

Contribution Process Total amount

m—100.00% viticulture (organic) 1.96949E-7

— 62.09% horn meal, at regional storehouse 1.22290E-7
2977% compost, at plant 5.86260E-8
07.69% transport, lorry 7.5-16t, EUROS 1.51379E-8

Single amount
0.00000
1.22290E-7
5.86260E-8
1.51379E-8

~ Impact contributions

Impact category = human health - ozone depletion -~ Order by Total contributions ~

Cut-off 2

Contribution Process Total amount

m—100.00% viticulture (organic) 1.35836E-6

— 63.04% horn meal, at regional storehouse 8.56248E-7
16.42% transport, lorry 7.5-16t, EUROS 2.23010E-7
1618% compost, at plant 219766E-7
04.37% diesel, at regional storage 5.93365E-8

Single amount
0.00000
8.56248E-7
2.23010E-7
2.19766E-7
5.93365E-8

Unit

points
points
points
points
points

General information Process contributions‘ Grouping ‘ Locations| Sankey diagram

agreenbeLTa



ankey-Diagram

Datei

Bearbeiten Fenster

B ieEx BL

Settings Hilfe

% *organic viticulture (unit process network)

[é.d Anal gebnis von organic viticulture (unit process network) & I

4

compast, at plant [CH]

Einzelbeiag:
0,000 {0.000%)

mitbeitiag:
T532E-9 (43483%)

compast plant, open [CH] _IP

Einzelbeiag:
0,000 {0.000%)

Gessmtbeinag:
2369E-9 (13.676%)

diesel, at regional storage...

Einzelbeiag:
0,000 {0.000%)

mibeitag:
4B32E-9 (27.897%)

viticulture (organic)

Einzelbetrag:
0,000 {0.000%)

Gesamtbeitrag:
17326-8 (100,000

transport, lorry 7.5-16¢, E...

Einzelbeirag:
0,000 {0.000%)

mitbeitrag:
TT3BE-9 (44.676%)

operation, lorry 7.5-164, E...

Einzelbeirag:
0,000 {0.000%)

mibeitrag:
6143E-8 (35.461%)

1

1

Allgemeine Informationen |szessbeitri~ige ‘ Gruppierung ‘Orte{Sankey diagram

GgreenbDeLTa



Grouping

<3 gpenLCA framework 1.2
File Edit Window Settings Help
=R 2EQAQ

= Results

W soft drink (051, at plant _ || Analyss feslt f WE soft crink (051, atplant 5

@ Flows blue water

(O) Impact categories | blue water

Group

= Raw materials ingredients
Soft drink production
Raw materials packaging
Rest
Bottle production
Filling

Amount
148405
0.5
0.228
0.0

0.0

0.0

=== 1.484: Raw materials ingredients

=== 0.500: Soft drink production
0.228: Raw materials packaging

=== 0.000: Bottle production

=== 0.000: Filling

=== 0.000: Rest

General information | Process contributionslGrouping‘ Locations| Sankey diagram

GgreenbDeLTa



Localisation

File Edit Window Settings Help
HER &#xX BB QAa
|4 WF soft drink (051), at plant | &1,

~ Result contributions

Location

s Netherlands

— Unspecified

w— United States
Russian Federation
Colombia

Google

General information | Process contributions | Grouping |Locations| Sankey diagram

areenbeLTa




Uncertainty analyses

.. with Monte-Carlo-Simulation or pedigree approach

L3 ppenlCA framework 1.2

Datei Bearbeiten Fenster Hilfe

i biogas illii biogas 2

Monte Carlo Simulation

Settings
Product system biogas
Process electricity, at cogen, biogas agricultural mix, allocation exergy
Quantitative reference 1.0 kWh electricity, at cogen, biogas agricultural mix, allocation exergy

MNumber of simulations 1000

Results

@ Flows  Occupation, industrial area, built up (resource /land) -

results: 1000 mean: 1.230E-4 standard deviation: 4.751E-5 5% percentile: 7.034E-5 95% percentile: 2.126E-4 median: 1.113E-4

5.187E-5 5.084E-4

Simulation




Further characteristics

 Separate calculation of costs
possible

* Multiple languages

* Automatic error report

* Integrated static and dynamic help

GgreenbDeLTa
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System requirements

Software, required:

*  Mac 0S: Java Development Kit 8
(http://www.oracle.com/technetwork/java/javase/downloads/jdk8-
downloads-2133151.html)

Software, optional:

*  Windows 64 bit (for modern browser support): Microsoft Visual C++
2010 Redistributable Package (x64) (http://www.microsoft.com/de-
de/download/details.aspx?id=14632)

* Linux (for high performance calculations): libgfortran3
Hardware:
* CPU with 2 GHz or higher

« 1GBRAM (for analyzing product systems with ~2500 processes, like
ecoinvent 2)

* >3 GBRAM (for analyzing product systems like ecoinvent 3)

« 500 MB free disk space + space for databases (e.g. ecoinvent 3
requires ~250 MB)

GgreenbDeLTa



Download and installation of openLCA

Download openLCA at http://openlca.org/downloads/

openLCA

openLC4 Version 1.4 is now available!l (Release date: June, 2014) We recommend you install this version.
Qur tests have not shown any issues but should vou run into any, please let us know. Thanks in advance!

Important changes include drastically improved performance of about 400%, numerous usability
improvements and many new features.

To see video tutorials on openLC4 installation, click here,

Installation files

openlCA openlLCA openlLCA

Version 1.4 Version 1.4 Version 1.4
Windows 64 bit Mac 64 bit Linux &4 bit

openlLCA

Version 1.4
Windows 32 bit

zip files for openLCA - just unzip and run openLCA, no installation needed, several versions of openLCA
can be "installed” in parallel:

openLCa 1.4 Windows 64 bit
openlLCA 1.4 Windows 32 bit cgreenbeLta



openLCA installer

openLCA Setup i L2

7 N\
oPenLca

\F-rywon(

Welcome to the openLCA Setup
Wizard

This wizard will guide you through the installation of
openLCA.

It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,

Click Next to continue.

agreenbeLta
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Welcome to openLCAl

€3 gpenLCA

S i

File Window Help

i a
= E& -0 @Welcomeml =0

' bioenergiedat

') ecoinvent_3_cutoff(1)

'@ eled

' gabi_2013_professional
') Ica_commaons_1.1

' openlca_lcia_methods_1.4
') probas_1

' schulungaugustl4students

N\
openLca
\_/

Version 1.4 for Windows (64 bit)

Licensed under the Mozilla Public License (what does this mean?).

For the 1.4 version, we completely redesigned and “renovated” openLCA.
Results are

What's new

Searching for and do

1=l
A broad range of LCA databases are available in openLCA nexus, where you

can search for single data sets and also for complete databases, and
download them into openLCA. The databases are all fit for openLCA, several
databases can be combined.

bis is also explained in a video

A method packs are available from

Examples
N P

Here are cases that demonstrate how to use openLCA:

Case Studies

Cases for the 1.3 version

Welcome to openLCA!

High performance Life Cycle Assessment (LCA) and sustainability assessment software. Truly open source.
Avalilable for free. Created and maintained since 2006 by GreenDelta, Berlin. www.greendelta.com

GreenbDeLTa

D Getting started

When you start openLCA the first time, it does not contain any data. With
the new version of openLCA, it is really easy to get started. You can just
import a database from an existing zolca-file and open it from the
navigation on the left side. Then open the database with a simple double
click.

This is explained in a video, here

User Manuals

The online wiki for openLCA provides details about almost all features of
openLCA. It is changing over time so check back from time to time.

New intreductory and comprehensive manuals are also available online.

Manu

Community

increasing number of people are using openLCA. Regisier in the
forum to share your thoughts, ask questions, read answers and

3. .

als

Welcome

0 items selected

agreenbeLta



Create a new database

3 openLCA 1.4.1 beta 4 - a
File Window Help

HE & la
= Navigation S(s’l & = = O ||# Welcome E,ﬂ = E

Right click on
Navigation, select
“New database”

orpenLca Welcome to openLCA!
-/

Version 1.4.1 beta 4 (Windows 64 hit)

High performance Life Cycle Assessment (LCA) and sustainability assessment software. Truly open source.
Available for free. Created and maintained since 2006 by GreenDelta, Berlin. www greendelta com

Licensed under the Mozilla Public License (what does this mean?).

@ New database
< Import database

Y- What's new

l/;«I

For the 1.4 version, we completely redesigned and “renovated”
openLCA. Results are

= drastically improved performance of about 400%
= numerous usability improvements

= many hew features

E\é] Searching for and downloading
data

Abroad range of LCA databases are available in openLCA Nexus,

where you can search for single data sets and also for complete
databases, and download them into openLCA_ The databases are all fit
for openLCA, several databases can be combined.

This is also explained in a video

LCIA method packs are available from the openLCA download page

Examples

GreenbDeLlTa

D Getting started

When you start openLCA the first time, it does not contain any data.
With the new version of openLCA, it is really easy to get started. You
can just import a database from an existing zolca-file and open it from
the navigation on the left side. Then open the database with a simple
double click.

This is explained in a video, here

EE User Manuals

The online wiki for openLCA provides details about almost all features of
openLCA. It is changing over time so check back from time to time.

Mew introductory and comprehensive manuals are also available online.

@2 Community

Welcomej

agreenbeLta



Create a new database (ll)

wa

New database

_ N

New database

Create a new database

3

Database name

Database type (® Local (_) Remote

Database content () Empty database

() Units and flow properties
(®) Complete reference data

Different content
available

Local or remote
databases can be

created

Finish

Cancel

agreenbeLta



Create a new database (lll)

New database

Create a new database

Database name  remote_database

Database type () Local (® Remote

The name should be the
same as in the remote
database

Finish

areenbeLTa



Exercise 1: start

* Install openLCA on your computer
and run it.

 (Create alocal database.

* Accept default values.

° §5min

agreenbeLta



Database view

,, _ e
ool L el =| =

| File , Window Help
LB : :
Navigation Eﬂ & ¥ = 0|/ Crude oil, at pro... ||E Natural gas, at e... ‘ Natural gas, exr... ||E electricity, high... ‘ market for electr... IE market for electr...

' bioenergiedat

4 1)) ecoinvent_3_cutoff(1)
& projects

% Product systems

Process: market for electricity, low voltage

~ General information

‘f‘ Battery production Name market for electricity, low voltage
& Case Sea rch
s Case la Description This dataset describes the electricity available on the low voltage level in this country. This is done by showing the d

s2u Case 2

sau Case 3

% International production

<= market for electricity, low voltage

This activity starts from 1kWh of electricity fed into the low voltage transmission (distribution) network. This activity ends with th

This dataset includes:

2w rape oil Category ] D:Electricity, gas, steam and air conditioning supply = 35:Electricity, gas, steam and air conditioning supply > 351:Electric pow
%2 Regional production Version 00.00.000 =
= Transport person diesel car

» [ Impact methods Last change

= P Processes Infrastructure process

¢ (9 Flows ;
- ™ Flow properties <& Create product system

» [ Unit groups
» [ Sources ~ Quantitative reference
= 4 Actors

'3 eled

(1) gabi_2013_professional

Quantitative reference |#° electricity, low voltage (DE)

' Ica_commons_1.1 = Ul H
' openlca_lcia_methods_1.4 Startdate  01-Jan-2008 [+ I
' probas_1

') schulungaugustl4students End date 02-Dec-2014 [+

Description  The annual production volumes of all electricity production datasets in ecoinvent version 3.0 are taken from IEA/OECD statistics and are va

~ Geography

N aVigat i 0 n Location ‘ Germany i

<« 11
General infnrmatianInputs,fOutputs Administrative information | Modeling and validation| Parameters AIIocation|Costs|

-

4

0 items selected

—  eeea———— e e —
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File | Window Help

Main menu functions

L3 preferences

-

Tl W

| type filter text |

Experimental features

Save Ctrl+S
Save As...

Save All

Ctrl+5hift+5

Close
Close All

C hift+W

Preferences

Import

Experimental features
> Field Assist

Global parameters

ILCD Network 2013 G

Locations

Logging

Number format

Updates

C. &

Export...

Warning: These experimental features may change, break, or

disappear at any time.

Use Mozilla browser (not available on every platform)

Enable localised impact assessment
Experimental visualisations

Calculate with sparse matrices (requires restart)
Enable matrix image export

Enable cut-offs in product system creations
Create reports for project results

DRier £

Nelkome 10 =B |

Select

Exit

Choose export destination.

(29

Select an import source:

— Select an export destination:

|type filter text

‘type filter text

4 (= File Import

[ EcoSpold 1

© (= EcoSpold

& = Excel

r & ILCD

i+ = ILCD Network Export

[ EcoSpold 2
| Excel
®co

& SimaPro CSV

4 (= Other
2 Database Import

i = ILCD Network Import

agreenbeLta



Database elements (l)

T Flows: flow of products and

n"‘n

[ Navigati{-:-;'.zﬁ materials

[ bioenergiedat

O ecoinvent_3_cutoff(1) F I OW p ro pe rt i es : i .e. Le n gt h )

0 elcd

ayidiviy Mass, etc
Unit groups: Groups of units

[ openlca_lcia_methods_1.4

[ probas_1
4@ Schulung_Students

= Projects

i[5 Product systery

b @ Impact metfods .

© 8 Processy Sources: Literature
i ¥ Flow
i % Flow pfopertie
b 4 Unit groups

| Actors: People who have
pvin provided data or modified
models

agreenbeLta



Database elements (Il)

Projects: comparison of

numerous product systems

File Window Help
t= Navigation & I

[ bioenergiedat
[ ecoinvent_3_cutoff(l)
@ elcd

Product systems: process
networks (necessary to
calculate inventory results

and impact assessment)
LCIA Methods: can be

downloaded at

openlca.org/downloads
Processes: Production or

modification of
materials/products

[ gabi_2013_professional
0 lca_commons_1.1
[ openlca_lcia_methodd 1.4
[ probas_1
4@ Schulung_Stugénts
[ Projects
i i Product systems
i ¥ Impact methods

i [P Processe
i [ Flows

i [ Flow properties
i 4 Unit groups

i [H Sources

b 3 Actors

agreenbeLta



Element structure in openLCA

ProductSystem

e

LCIAMethod

FlowProperty UnitGroup




ows: Create new flow

File Window Help

' bioenergiedat
| ecoinvent_3_cutoff(1)

4 [ eled

b3
b3
b3
b3
b3
b3
b3

- Projects

[ Product systems

= Impact methods
I [P Processes

9 Floy

i

Create new flow

Import...
Export...

Add new child category

New database
Import database

& [¥ Systems

I 7 Transport services

i+ % Valuable substances

- ¥ Wastes
I % Flow properties
& [ Unit groups
¢ (4 Sources
» 3 Actors
|7 gabi_2013_professional
' lca_commons_1.1
' openlca_lcia_methods_1.4
| probas_1
I Schulung_Students

« |

[7] electricity 23]

Fl

Formula
1.0MJ=1.0M)

Is reference

General information | Flow properties

|7 1 items selected

agreenbeLTta



ows: Create new flow (Il

2 openkch 1 Sl | S
File Window Help
A EHEE =
k& Navigation &2 E& = = OlR electricing 52 |

|7 bioenergiedat = - . _—
' ecoinvent_3_cutoff(1)
« @ elcd New flow

9%

#* Projects Creates a new flow

[z Product systems

@ Impact methods
© Pl Processes

2. Name flow and
4 7 Flows .
I [ Deposited goods Description dEfI ne flOW type

% Elementary flows

I 9 Emissions to fresh wal| ' and reference flOW
I % End-of-life treatment| | Flow # Produ .
| oot e a e i property. Then click

I [ Energy carriers and t
I [/ Materials production
& % Production residues if |
I ¥ Systems
i [ Transport services
& ¥ Valuable substances
v 4 Wastes Finish M [
I [ Flow properties
& [ Unit groups
[ Sources
i %} Actors
|71 gabi_2013_professional
' Ica_commons_1.1
| openlca_lcia_methods_1.4
' probas_1
|7 Schulung_Students

« | 1 ¢+ || General information | Flow properties

| 7 1 items selected

— — — — — ___I§|
— e — ——— e —

Is referencg
Name Flussname

Reference flow property | [ Mass

,Finish”.

agreenbeLta



Flows: Create new flow (Il

File Window Help

4 @ elcd

') bioenergiedat
') ecoinvent_3_cutoff(1)

* Projects

Product systems

[ Impact methods
i+ [P Processes

BE&- -0

4| Floyys
b £ Create new flow
b+ 9 g Import..
» 9 1ed  Export...
" g @ Add new child category
b [E
L @ New database
b “h Import database
I [[F) Systems

i % Transport services
I+ 7 Valuable substances
I+ ¥ Wastes
I [ Flow properties
i % Unit groups
i [ Sources
» 3 Actors
') gabi_2013_professional
') Ica_commons_1.1
') openlca_lcia_methods_1.4
') probas_1
') Schulung_Students

< |

El electricity 52

Flow: electricity

~ Flow properties

Net calorificv... 1.0

Name Conversion fa

Is reference

Reference unit Formula
1.0MJ=10M

3. A new flow window will
open up in the editor.
Additional flow
properties can be added
in the “Flow properties”
tab, but don’t forget the
conversion factor!

General information | Flow properties

% 1 items selected

agreenbeLta



Flow: Information & properties

[ electricity & |

Flow: electricity

~ General information

Name electricity

Description

Category & Energy carriers and technologies = Electricity
Version 00.00.000

Last change

Infrastructure flow

Flow type #* Product
» Used in processes

~ Additional information

CAS number

Formula

Location |

< | 1

[ electricity &3 |

Flow: electricity

~ Flow properties

MName Conversion factor  Reference unit
[%] Net calorificv... 1.0 MJ

Formula
1.0MJ=10M)

General information | Flow properties

General information |Flow properties

agreenbeLta



Process: Create new process

|

I ( ) &

=0

et 5% 7= v 1]
¥ () ecoinvent

\j Projects
P i Product systems
» g Impact methods

[f1 Create new process 1 . h I . k
»F B . t ClICK On
>R '\;' IEr:porr:... g
»Pcg e Export... " ”
s _ - Processes” folder,
P|f' EV © Add new child category nt and remediation “
> P FiQ
PETC 0 New database S select “create new
» B H1  <hlmport database

| P Jinformation and communication
[P LiReal estate activities

> |f' M:Professional, scientific and technical activities
l‘|f' N:Administrative and support service activities
>|f| Recycled Content cut-off

> |f' S:0ther service activities

process”

lil What's new

For the 1.4 version, we completely redesigned and

[P] case 1

[F] case 2 “renovated” openLCA. Results are

[P case 3

[F] International production « drastically improved performance of about 400%
:g :::sproperlies + numerous usability improvements
:Eﬂ unit groups » many new features

Sources
> dmor&
')/ Ecoinvent
[/ probas \ .
') schulungaugustl4students E - 5] Searchlng for and
[[test

downloading data

A broad range of LCA databases are available in
openLCA nexus, where you can search for single data

sets and also for complete databases, and download
them into openLCA. The databases are all fit for openLCA,
several databases can be combined.

This is also explained in a video
LCIA method packs are available from the openLCA

download page

ome to openLCA!

ac OS (x86_64)

and sustainability assessment software. Truly open source.
b 2006 by GreenDelta, Berlin. www.greendelta.com
does this mean?).

GgreenbeLta

E Getting started

When you start openLCA the first time, it does not contain any
data. With the new version of openLCA, it is really easy to get
started. You can just import a database from an existing zolca-file
and open it from the navigation on the left side. Then open the
database with a simple double click.

This is explained in a video, here

L:_;_]"g User Manuals

The online wiki for openLCA provides details about aimost all
features of openLCA. It is changing over time so check back from
time to time.

New introductory and comprehensive manuals are also available
online.

WelcomeJ

[P/ 1items selected

agreenbeLta



Process: Create new process (|l

i I a
F_ B & ~ = Ol fi welcome 2 5
¥l ecoinvent E 0.8
dl’mjzns

- New process
P [k Product systems.

P@lmpaa methods Creates a new process

New Process |

since

2006 by
at does this

> 1P AL [F. Create n

» P BN s
’EC‘“ i3 Import...

»ipcc 4 Export..

» P Dif o
DEE-H @ Add new Description
» P F

rﬁc: [ New dati

b 11 < Importd

|| Create a new product flow for the process

¥ P JInfermation and cor

[P LiReal estate activitie: AT |

b [P M:Prof I, scient
> |'_|"|| N:Administrative and
P|'_1"f Recycled Content cut:
> |'_P" S:0ther service activit

|F] case 1
@ Case 2
|F] case 3
[F] International product

P [F Flows

» |j Flow properties

» |‘_”] Unit groups

b Hsources

Q reference

P SUTWATEF TFanSporT
V[ 51:Air transport
Flj 511:Passenger air transport
v@ 512:Freight air transport
V|'_i’] 5120:Freight air transport
[] transport, freight, aircra
) aft
B transport, freight, aircraf
[F] transport, freight, aircraft
[] transport, freight, aircraft
[} transport, freight, aircraft - GLO
B transport, freight, aircraft - RER

» &mors
' Ecoinvent
'/ probas
| schulungaugustl4students

] test

or single data

sets and also for complete databases, and download
them into openLCA. The databases are all fit for openLCA,
several databases can be combined.

This is also explained in a videc
LCIA method packs are available from the openLCA

download page

me to openLCA!
for Mac OS (x86_64)

(LCA) and sustainability assessment software. Truly open source.

2. Name process and
select a quantative
reference

GreenDelta, Berlin. www.greendelta.com

RE€NDELTA

and open it from the navigation on the left side. Then open the
database with a simple double click.

This is explained in a video, here

Qg User Manuals

The online wiki for openLCA provides details about aimost all
features of openLCA. It is changing over time so check back from
time to time.

New introductory and comprehensive manuals are also available
online.

Welcome]

[P/ 1items selected
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Process: Create new process (Il

1 )&

It & &)

- Navigation E£3 1

1 kcome

=g

v @e{ﬂinvﬁnl
d‘ Projects
P [z Product systems.
> g Impact methods
Vﬂ Processes
> @ AcAgriculture, forestry and fishing
b@ B:Mining and guarrying
> @ C:Manufacturing
P[P CCL Meerane Label Production
Fr_ﬁ D:Electricity, gas, steam and air conditioning supply
P@ E:Water supply; waste r and remediation activities
> r_'Fi F:Construction
> @ G:Wholesale and retail trade; repair of motor vehicles and motorcycles
P@ H:Transportation and storage
> @ J:Information and communication
b P L:iReal estate activities
> @ M:Professional, scientific and technical activities
b@ N:Administrative and support service activities
Fr_ﬁ Recycled Content cut-off
PP/ s:Other service activities
[F] Case 1
[P case 2
@ Case 3
[} International production
@ New Process
> %) Flows
» @ Flow properties
» ﬂ Unit groups
> Hsources
» ﬂAcmrs
|1 Ecoinvent
' probas
') schulungaugustl4students

| test

Process: New Process

#® General information

MName New Process

Description

Version 00.00.000 -~ =

Last change 2014-09-09T17:09:51+0200

Infrastructure process [ |
n%b Create preduct system

~ Quantitative reference

Quantitative reference % transport, freight, aircraft

~ Time

1)

Start date ~ 09/08/2014

[+)

End date 09/03/2014

3. A new process window
will open up in the edito
Additional flow can be

added in the
“Input/Output” tab.

Description

~ Geography

Location | i)
KML none

| @ Map editor | [ ] Text editor |
Description

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

|

agreenbeLTa



rocess: General information

e I SICI

File Window Help

hEEG AE Q
=0

% Navigation &2

! bioenergiedat
4 (@) ecoinvent_3_cutoff(1)
i & Projects
» [z Product systems
v ¥ Impact methods
© B Processes
% Flows
% Flow properties
& 4 Unit groups
¢ [ Sources
» 73 Actors
0 elcd
' gabi_2013_professional
o lca_commons_1.1
! openlca_lcia_methods_1.4
|  probas_1
) Schulung_Students

[/l *ammonium bicarbonate production - RER. £2 1

Process: ammonium bicarbonate production

~ General information

Name ammonium bicarbonate production

Description Manufacturing process is considered with consumption of raw materials, energy, as well as infr,
water {excepting emission of waste-heat) are not included due to the lack of data. Transport a1
conditions. Inventory refers to 1 kg 100% amonium bicarbonate. Data for consumption of ener
used is von Daniken et al. 1995,;[This is a dataset that was already contained in ecoinvent datat =
guidelines for version 2 and it may not in all aspects meet the additional requirements of the e

Category # CManufacturing » 20:Manufacture of chemicals and chemical products > 201:Manufacture |

Version 00.00.000

Last change

Infrastructure process ¥

’ < Create product system

~ Quantitative reference

Quantitative reference |¢* ammonium bicarbonate (RER)

- Time
Startdate  01-Jan-1995 [+
End date  03-Dec-2014 [+

Description  Values based on data from the early 1990s.

< | i1 | »

General informa‘[ion]lnputsf()utputs Administrative information| Modeling and validation| Parameters Allocati{)n|C{)sts‘

e

agreenbeLta



rocess: Inputs/Outputs

< openich L WL -. =I5

File Window Help

HhEHE® ; a
= Navigation 22 & ¥ = O||[F] *ammonium bicarbonate production - RER 1 =0
y %:LZ?:EEES_imﬁ " Process: ammonium bicarbonate production
» % Projects
b R Pronuct systems PGS O % =
E g;r:wop;cs‘;er:ethods Flow Category Flow pr.. Unit Amount  Uncerta.. Default.. Pedigre.. i
L P Flows w¥electricity, mediu.. 351:Electric p.. Energy kWh 0.01094.. lognor.. market.. =
» % Flow properties w¥electricity, mediu.. 351:Electric p.. Energy kWh 8.53695.. lognor.. market..
b &9 Unit groups w¥electricity, mediu.. 351:Electric p.. Energy kWh 0.00247.. lognor.. market..
» 1 Sources w¥electricity, mediu.. 351:Electric p.. Energy kWh 0.00589.. lognor.. market..
» A Actors w¥electricity, mediu.. 351:Electric p.. Energy kWh 0.01287.. lognor.. market..
elcd w¥electricity, mediu.. 351:Electric p.. Energy kWh 0.00370.. lognor.. market..
(7 gabi_2013_professional w¥electricity, mediu.. 351:Electric p.. Energy kWh 0.04495.. lognor.. market..
7 lca_commons_1.1 w¥electricity, mediu.. 351:Electric p.. Energy kWh 0.03091.. lognor.. market..
 openlca_lcia_methods_1.4 #*electricity, mediu.. 351:Electric p.. Energy kWh 0.00825.. lognor.. market .. i
‘ () probas_1 < 1 I
) Schulung_Students
= Qutputs O X1
Flow Category Flow pr.. Unit Amount Uncerta.. Avoide.. Pedigre..
#* ammonium bicar.. 201:Manufact.. Mass kg 1.0 none
L Water airfunspecifi..  Mass kg 49.2 lognor...
L Water water/unspec.. Volume m3 0.1908 lognor...
'1
I
< | [ I
“ < | 1 7 » || General information Inputs,"OutputslAdministrative information| Modeling and validation | Parameters Allocati{)n|C{)sts‘ |‘

4 I
- e L
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rocess: Parameters

File Window Help
HEEG S
% Navigation 23]
! bioenergiedat
4 (@) ecoinvent_3_cutoff(1)
i & Projects
» [z Product systems
v ¥ Impact methods = Input parameters
© B Processes
» 2 Flows Name Uncertainty Description
% Flow properties
& 4 Unit groups
¢ [ Sources
» 73 Actors
0 elcd
' gabi_2013_professional
o lca_commons_1.1
! openlca_lcia_methods_1.4

Parameters

i Global parameters

) probas_1
) Schulung_Students

Dependent parameters

Name Formula Description

General information | Inputs/Outputs | Administrative information Modeling and validati{)n[Param{}ers Allocation| Costs

agreenbeLta



Process: Parameters (lI

€2 openlCA 14 . -
File Window Help
IYIIHY
& Navigation & ] = O||% *Case 1 ||E regional production ||B corn wet mill, gluten drying, AP-42 - RNA IIB Casel &2
5
- Parameters

» [P Forestry and Logi
- [P G:Wholesale and
© [P} H:Transportation
i [P JInformation anc
I [P LReal estate acti
- [P M:Professional, st
&+ [P Mining (except C
& [P N:Administrative
& 7 Nonmetallic Min
i+ [P Oil and Gas Extra
i+ [P Petroleum and C
&= [P Primary Metal M:
&= [P Rail Transportatic
© [P} Recycled Conten
i+ [Pl S:Other service at
i [P Transit and Grout
i [P} Transportation E
i % Truck Transporta:
& [P Utilities

» [P} Waste Managem
- [P} Water Transportz

» Global parameters

~ Input parameters

L3 Preferences

| type filter text

Name
D1A
D1B
Dic
NB
WEB
WFB
WHDPE
WPET
WPP

Value
200.0
200.0
50.0
1000.0
0.065
1.065
0.004
0.06
0.001
1.0

Uncertainty
none
none
none
none
none
none
none
none
none
none

» Field Assist
Global parameters
ILCD Network 2013 G
Locations
Logging
Number format
Updates

Experimental features

Global parameters

Name Amount Description

agreenbeLta



Process: Parameters (llI

Process: Plane, technology mix, cargo, 68 t payload

- |nputs @ p SEFX
Flow Category Flow proper.. Unit Amount Uncertainty  Default pro.. Pedigree un...
#%kerosene Energy carriers and... Mass kg Spez_Verbr none
@#% cargo Transport services/.. Mass kg 1.0 none

Click here to
change the
formula view

~ OQutputs O X
Flow Category Flow proper... Unit Amount Uncertainty  Avoided pr.. F*

#° cargo Transport services/.. Mass kg 1.0 none
.5, Sulfur dioxide air/unspecified Mass kg (5.0E-5 * Spez_Verbr) * 1.0 none
., Nitrogen dioxide air/unspecified Mass kg (0.016321 * Spez_Verbr) * 1.0 none
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Parameters: rules

Parameter names...

... must be written with small characters.
... must be one word.

... cannot contain special characters.

... cannot have more than 255 characters.
Parameter formulas...

... can contain single values, simple equations, or
complex

functions including logical expressions.

... do not contain units, so please add them in the
comment

field.
... cannot have more than 255 characters.

The amount of parameters is, theoretically, not
limited.

Use point (.) instead of comma (,) for the decimal
numbers.
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Parameters: checking
formulas

 For complex formulas must use a certain format (e.g. Tan
(a), trunc(c), etc.). Use the formula interpreter to find
errors.ﬁe‘mmwme'p openlLCA 1.4.1 beta 4

Open in New Window )
Show views » B% =0 ”@Welcome 2

. @Developer tools » f\
SElEs el E S openLca Welcome to openLCA!

Browser configuration

Interpreter” in e N Version 1.4.1 beta 4 (Windows 64 bit)
“Window” menu
B Console B ™ B~

Formula Intepreter

openLCA Formula Interpreter
type 'help' to display the help message

olca<< help

|evaluate an expression: type in the expression and press enter, e.g. sin(42)
define a variable: type var <variable name> = <expression>, e.g. var a = sin(42)
exit the interpreter: type 'exit' or 'quit' and press enter

olca<x
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Impact assessment methods:
Creation (1)

File Window Help

B EE

= Navigation & | ® v=0O
(1) ecoinvent_2_2_unit

! ecoinvent3_1_allocation_default

New impact assessment method

Creates a new impact method

1. right click on “Impact

Name |LCIA method 1

assessment methods”

folder, select “New
LCIA method”

* Projects

= Product systems
| @ Impact assessment/Viethods!
b @ Processes '@ New LCIA method
=% Flows g  Import...
» [® Flow properties & Export..
» (2 Unit groups © Add new child category 2. Name method
¥ Sources @ New database (Description optional)
A Actors
<y Import database

Finish
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Impact assessment methods:
Creation (Il)

@ *New LCIA method \ = g

Impact assessment method: New LCIA method

~ General information

Name New LCIA method

Description

3. Click on “+” to add

new impact categories .

Version 00.00.000 -

Last change 2014-09-23T00:04:21+0200

~ Impact categories QX
Name Description Reference unit
| Human toxicity CTUh |
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Impact assessment methods:
Creation (lll)

@ *New LCIA method 2 = F

Impact assessment method: New LCIA method

4. Click on “+” to add

* Content . .
new characterlsatlon

> [’ Elementary flows factors
[F] test

5. Select desired
elementary flows
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Impact assessment methods:

Creation (V)

@ *New LCIA method 52 |

Impact assessment method: New LCIA method

~ Impact factors

Impact category \;9 Human toxicity

6. Add value for the factor

Flow Category Flow property Unit Factor Uncertainty
1,24-trichlorobenzene  air/high population de.. Mass CTUh/kg none
@ *New LCIA method 2
Parameters
» Global parameters
~ Input parameters ox
Name Value Uncertainty Description
p1 1.0 none
~ Dependent parameters oOx
Name Formula Value Description

(parameters can be used as in
processes!)
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Impact assessment methods:
Creation (V)

@ *New LCIA method | = r

Impact assessment method: New LCIA method

* Normalization and weighting sets QX

Normalization and weighting sei | Impact category Normalization factor Weighting factor
newSet Human toxicity - -

7. Click “+” to add new
normalization/weighting set

8. Click on the set name to
automatically add the impact
categories of the method
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Product system: Creation

| 1y RSN

I ) Q

= Navigation 3 1

Welcome 2 *Case 1 | &) Analysis result of Case 1

=0

¥ [ ecainvent
a Projects
¥ 5 Product systems
s
sanCase 1

ternational preduction

market for electricity, low voltage
suwMmarket for electricity, low voltage

> g Impact methods

A @ Processes

'F_'Fi B:Mining and quarrying
¥ P, C:Manufacturing
> F_'E] CCL Meerane Label Production

> @ F:Construction

'F_'Ei H:Transportation and storage
> @ J:Information and communication
> F_'F] L:Real estate activities

¥ P Recycled Content cut-off
b [P S:Other service activities

[P] Case 1

@ Case 2

@ Case 3
[F] International production
@ New Process

> F Flows
» @ Flow properties
4 Unit groups
> Hsources 1
> Actors Y
|| Ecoinvent
|/ probas

'schulungaugustl4students

> @ AAgriculture, forestry and fishing

P@ D:Electricity, gas, steam and air conditioning supply
b@ E:Water supply; sewerage, waste management and remediati Infrastructure process ||

Create product system

P@ G:Wholesale and retail trade; repair of motor vehicles and mi

> @ M:Professional, scientific and technical activities
br_ﬁ N:Administrative and support service activities

e the General

Process: Case 1

® General information

~ Quantitative refereg

Name Case 1

Description

Version 00.00.024 - °©

Last change 2014-09-08T14:46:13+0200

Quantitative refg

[44¥ filled water bottle, paint of sale

> Time

4

Click on “Create

product system” in

information tab

General infurmltion] Inputs fOutputs | Administrative information | Modeling and validation  Parameters | Allocation ‘Co:u‘

agreenbeLta



Product sy

It B % &)

stem: Creation (Il

1 )&

- Navigation E£3 1 G:D ¥ =0
v @e{ﬂinvﬁnl
d‘ Projects
V Product systems
i Case 1
;:1 Case 2
smCase 3
= International preduction
o= market for electricity, low voltage
o market for electricity, low voltage
» g Impact methods
¥ P Processes
> F_'F] A:Agriculture, forestry and fishing
PP B:Mining and quarrying
> F_'E] C:Manufacturing
¥ P CCL Meerane Label Production
b@ D:Electricity, gas, steam and air conditioning supply
> @ E:Water supply: sewerage, waste management and remediati
¥ [P F:Construction
¥ [P, G:wholesale and retail trade; repair of motor vehicles and mi
P@ H:Transportation and storage
> F_'Fi J:Information and communication
PP LiReal estate activities
> F_'E] M:Professional, scientific and technical activities
b@ N:Administrative and support service activities
blfi Recycled Content cut-off
[ F] 5:0ther service activities
[p] Case 1
@ Case 2
@ Case 3
[F] International production

B
> ¥ Fig
P Flg
U
»Hso
> S ag
| Ecoi
'/l proba
' schul
'test

: Analysis result of Case 1

- New product system
i Creates a new product system

2. Name the product

Beniion system and select a
l reference process
Filter

T aANa TeTall (rage; Tepair of MoTor VENICIEs and Motorcycies
¥ [P H:Transportation and storage

>R and c

» [P L:Real estate activities
> [_Pj M:Professional, scientific and technical activities
> [;P] N:Administrative and support service activities

| » | P Recycled Content cut-off

- ¥ PIS:Other service activities

[p) Case 1

[p) Case 2

[P) case 3

1 [P) International production

[P) New Process

Reference process

g Add connected processes

@ Connect with system processes if possible

3. Select the modelling
options preferred

| [_Finish |

| cancel

none

| @ Map editor | |@ Text editor |

Description

General infurrnltion] Inputs fOutputs | Administrative information | Modeling and validation Parameters | Allocation ‘Cosu‘
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Product system: General

information

=

1 )8«

Target amount | 1000.0

{1} Welcome ‘ [F] New Process “ =0
Product system: Case 1

® General information
Name Case 1
Description
Version 00.00.000 -~ =
Last change

~ Reference
Process [F] case1
Product |§_y‘*ﬁlled water bottle, point of sale E‘
Flow property  |[w| Number of items [v]
Unit [[u] item(s) ]

General information | Parameters | Model graph
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Product system: Model graph

[l PET bottle 05L | PET bottle 0,5L 52 | = O |/ outline 2 R
» | |Filter by name
™ Transport, barge, av_. ™ |
/ Acetic acid production - RNA

STransport, combinat. @ W Residual fuel oil co. W - - -
| /ﬁbil Bituminous coal, at mine - US

Bituminous coal, combusted in industrial boilel
Crude oil, at production - RNA

Crude oil, in refinery - US

Diesel, combusted in industrial boiler - US
Electricity, at grid, US - US

Electricity, biomass, at power plant - US
Electricity, bituminous coal, at power plant - U$
Electricity, lignite coal, at power plant - US
Electricity, natural gas, at power plant - US

A
Y
|
a

(

® Transport, train, die. @

S Transport, barge. re @

™ Transport, barge. di. @

B Diesel combusted i ®

™ Gaszoline, combuste. ™

®MNatural gas, stextra. W ®Natural gas, process. @ W Acetic acid producti. @ ® Polyethylene tereph. ®

Electricity, nuclear, at power plant - US
Electricity, residual fuel oil, at power plant - US
Ethylene oxide, at plant - RNA

Ethylene production - RNA

Fuel grade uranium, at regional storage - US
Gasoline, combusted in equipment - US

® Naturzl gas, combu_. @ Lignite coal, at surface mine - US

= Bitumi coal st ™ = Bitumir coal co_ W

™ Onygen, fiquid, stpl. ™

1 ®rthylene production. ™ ® Ethylene oxide, atp. @ P

Lignite coal, combusted in industrial boiler - U!
Liquefied petroleum gas, combusted in industr
Biylenes mixed, stp_ B | BParmojene stplant_ @ Matural gas, at extraction site - US

Matural gas, combusted in industrial boiler - U?

¥ PET bottle 5L Matural gas, processed, at plant - US

Oxygen, liquid, at plant - RNA

B |iguefied petroleu_. M

BTransport, ocean fre. M

//7’ /f / Paraxylene, at plant - RNA
"™ Crude oil at produc_. ™ ®Crude cil in refinery_. ™ ®Transport, combinat. ™ F PET bottle 0,5'.
/N / rf ﬂ?\ Polyethylene terephthalate resin production - F
® Lignite cosl, combu_ ™ Blignite coal stsurfa. @ ®Electricity, fignite co_ Q\\ Residual fuel oil, combusted in industrial boile
1 Trancennrt harne averane fual miv - 1S
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Product system: Model graph

: [P] PET bottle 0,5L % PET bottle 0,5L 2 = 0O |5 Outline = 0
~ | |Filter by name
B Trans
= Niq =tic acid production - RNA A
= - O c €0 O ninous coal, at mine - US
inous coal, combusted in industrial boiler -
O SIS C Op O vil, at production - RNA
, in refinery - US
busted in industrial boiler - US
B -+t grid, US - US
H Diesel combusted 1 = # omass, at power plant - US
minous coal, at power plant - US
= Gasiine combuste. B te coal, at power plant - US
WNstural gas atextra_. W ®Natural gas process. W Wacetic soid product. = '_!)'- ph_ = .
AT < undo Select “Outline” from
1-Mmiwsmal.at, o ™ Bituminous coal co_ @8 | & | Redo

o el BNy % |Delete other views in the
N - i il i “Window* menu

Remove supply chain

,e:&?'l“ P Remove connections
. 2 v)ﬁﬁ?&%{? Search providers for 3 L?gnité coal, combusted in industrial t?oirler - US
T T /é"ﬁ;"}‘&{\,“ Search recipients for » Liquefied petroleum g_aa c_ombus‘[ed in industria
—ry B Save asimage Natural gas, at extraction site - US
iy, Open in editor Natural gas, combusted in industrial boiler - US
- Natural gas, processed, at plant - US
Oxygen, liquid, at plant - RNA
Unmark Paraxylene, at plant - RNA
Expand all PET bottle 0,50
] Collapse all Polyethylene terephthalate resin production - RN
2 Lignite coal combu B[ Flignite coal 2t surfa-  ® H  Maximize all Residual fuel oil, combusted in industrial boiler -
H Minimize all Transport, barge, average fuel mix - US
o Layout i’ Transport, barge, diesel powered - US
£z Show outline Transport, barge, residual fuel oil powered - US
= Open miniature view Transport, combination truck, average fuel mix -
] Transport, combination truck, diesel powered - L
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Product system: Calculation

1 )8«

= Navigation 3 1

<.:==(> ¥ =0 Welcome |@ New Process

caser

¥ [ ecainvent
\j Projects
¥ 5 Product systems
ioCase 1
i Case 2
,;:1 Case 3
= International preduction
= market for electricity, low voltage
o= market for electricity, low voltage
> g Impact methods
A \f' Processes
> |_|7" AAgriculture, forestry and fishing
P|f' B:Mining and quarrying
¥ P, C:Manufacturing
> |f' CCL Meerane Label Production

P[P DiElectricity, gas, steam and air canditioning supply Last change

Product system: Case 1

® General information

Name Case 1

Description

Version 00.00.000

"

>|f| E:Water supply; waste r
> |f' F:Construction

>|f| G:Wholesale and retail trade; repair of motor vehicles and motorcycles

> |f' H:Transportation and storage
> |_|7" J:Information and communication
> |f' L:Real estate act

ties

> |_|7" M:Professional, scientific and technical activities
P|f| N:Administrative and support service activities

¥ P Recycled Content cut-off
b P S:Other service activities
@ Case 1
@ Case 2
@ Case 3
[F] International production
@ New Process
> F Flows
» \j Flow properties
4 Unit groups
> Hsources
> Actors
[ Ecoinvent

and rer activities

[F] Casel

8= outline 33 ] =08

Filter by name

1,1-difluoroethane production, HFC-152a -
1,1-difluoroethane production, HFC-152a -
1,1-dimethylcyclopentane to generic market
1-propanol production - Row

1-propanol production - RER
2,3-dimethylbutan to generic market for sol
2-butanol production by hydration of buten:
2-butanol production by hydration of buten:
2-butanol production by hydration of buten:
2-butanol production by hydration of buten:
2-methyl-2-butanol production - RER
2-methyl-2-butanol production - RoW
2-methylpentane to generic market for solve
[sulfonyllurea-compound production - RER
[sulfonyllurea-compound production - RoW
[thic]carbamate-compound production - RE|
[thic]carbamate-compound production - Ro'
acetaldehyde oxidation - RER

acetaldehyde oxidation - RoW

acetaldehyde oxidation - RoW

acetaldehyde oxidation - RER

acetaldehyde production - RER

acetaldehyde production - RoW

b‘ﬁlled water bottle, point of sale

Number of items

[[u] memisy

t [1000.0

LI EEE

. Click on “Calculate”

in the General
information tab.

| probas
[ schulungaugustl4students
[test

General information | Parameters | Model graph

acetamide-anillide-compound production, u
acetamide-anillide-compound production, u
acetic acid production, product in 98% soluti
acetic acid production, product in 98% soluti
acetic anhydride production, ketene route -
acetic anhydride production, ketene route -
acetone preduction, liguid - RoW

acetone preduction, liguid - RER

acetylene production - RowW

acetylene production - CH

acrylic acid production - RER

acrylic acid production - RoW

acrylic binder production, product in 34% so
acrylic binder production, product in 34% so
acrylic dispersion production, product in 65%
acrylic dispersion production, product in 65%
acrylic varnish production, product in 87.5%
acrylic varnish production, product in 87.5%
acrylonitrile-butadi Vi copol’ p
acrylonitrile-butadi Vi i
activated bentonite production - RoW
activated bentonite production - DE

adipic acid production - RER

adipic acid production - RoW

agricultural machinery production, tillage - |
agricultural machinery production, tillage - ¢
agricultural machinery production, unspecifi
agricultural machinery production, unspecifi
aaricultural frailer nroductinn — RoW.

2}
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Product system: Calculation (|l

|| G
=g

| fa ERE!
= Navigation 3 1 Q.:?} =0 || fﬁ welcome ‘@ New Process

¥ [l ecinvent
\j Projects
¥ 5 Product systems

OF outline 52 I

Product system: Case 1

e 2. Select calculation rane producton, HFC-1522
. . ytlupgntane to generic market,
suwlnternational preduction Calculation properties p ro p e rt l e S a n d CI I C k Zgzg:gz : :;‘:

market for electricity, low voltage Please select the properties for the calculation Lutan to generic market for sol

" o sduction by hydration of butens

sammarket for electricity, low voltage O n C a I C U | a te . sduction by hydration of butens

> D impact methods bduction by hydration of buten:

'\ff Processes production by hydration of buten
’lfl AcAgriculture, forestry and fishing 2-methyl-2-butanal production - RER

P|f, B:Mining and quarrying Impact assessment method m CML, 2001 (baseline) IEI 2-methyl-2-butanol pmdlfmon - Row
¥ P, C:Manufacturing 2-methylpentane to generic market for solve

alculation

Allocation method [None

¥ P CCL Meerane Label Production I s [sulfonyl]urea-compound production - RER
Normalization/weighting set | [] - ion -

¥ [P DiElectricity, gas, steam and air conditioning Qraanting [5“_""""““"‘ compound prcdumor:l RoW

» P} E:Wat Iy b [thio]carbamate-compound production - RE|
l—P! aer supP ¥: SEWerage, waste managemen  raculation type R [thio]carbamate-compound production - Ro'

» &} F:Construction @ Quick results acetaldehyde oxidation - RER

>|f, G:Wholesale and retail trade; repair of motor acetaldehyde oxidation - RoW

¥ [P H:Transportation and storage O Analysis acetaldehyde oxidation - RoW

>|jj:lnfmma(inn and communication acetaldehyde oxidation - RER

¥ [P LiReal estate activities o Monte Carlo Simulation acetaldehyde production - RER

\dehvd X

PP M:Professional, scientific and technical activii ] b i _FI"’_‘:'E“‘“"’" - R"E\I" o

¥ [P N:Administrative and support service activitie MNumber of iterations: 100 acetamide-anillide-compound production, u

b P} Recycled Content cut-off :E acetamide-anillide-compound production, u
[ ¥ Recycle or‘ o acetic acid production, product in 98% soluti

>|lj~l S:Other service activities :I acetic acid production, product in 98% soluti
@ Case 1 acetic anhydride production, ketene route -
@ Case 2 acetic anhydride production, ketene route -
@ Case 3 acetone preduction, liguid - RoW

@ International preduction acetone preduction, liguid - RER
[F] New Process acetylene production - RoW

b ¥ Flows | Saveasdefault | [ Reset | | cancel | [ Caleulate | acetylene production - CH

acrylic acid production - RER

"\j Flow properties acrylic acid production - RoW

D-L“] Unit groups acrylic binder production, product in 34% so
D-ESuurces acrylic binder production, product in 34% so
> Actors acrylic dispersion production, product in 655

acrylic dispersion production, product in 65%

[ Ecoinvent

| probas acrylic varnish production, product in 87.5%

{1/ schulungaugustl4students acrylic varnish production, product in 87.5%
acrylonitrile-butadi ¥ copel p!

et acrylonitrile-butadi ¥ copel p!

activated bentonite production - RoW
activated bentonite production - DE

adipic acid production - RER

adipic acid production - RoW

agricultural machinery preduction, tillage - 1
agricultural machinery preduction, tillage - ¢
agricultural machinery preduction, unspecifi
agricultural machinery preduction, unspecifi
aaricultural trailer nraduction - RoW

General information | Parameters | Model graph
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Product system: Calculation (Il

| B |

1 )8«

= Navigation 3 1

Welcome ;ﬁ“é% *Case 1 =08

7 quick resuls 3

| @ New Process

¥ [ ecainvent
\j Projects
¥ 5 Product systems
ioCase 1
i Case 2
,;:1 Case 3
= International preduction
= market for electricity, low voltage
o= market for electricity, low voltage
> g Impact methods
A \f' Processes
> |_|7" AAgriculture, forestry and fishing
P|f' B:Mining and quarrying
¥ P, C:Manufacturing
> |f' CCL Meerane Label Production
"lfl D:Electricity, gas, steam and air conditioning supply
>|f| E:Water supply; sewerage, waste management and remediati
> |f' F:Construction
>|f| G:Wholesale and retail trade; repair of motor vehicles and mi
> |f' H:Transportation and storage
> |_|7" J:Information and communication
> |f' L:Real estate act
> |_|7" M:Professional, scientific and technical activities
P|f| N:Administrative and support service activities
¥ P Recycled Content cut-off
b P S:Other service activities
@ Case 1
@ Case 2
@ Case 3
[F] International production
@ New Process
> F Flows
» \j Flow properties
4 Unit groups
> Hsources
> Actors
[ Ecoinvent
| probas
[ schulungaugustl4students
[test

ties

Results of Case 1

~ General information

Product system |Case 1 |

Allocation method |None |

Target amount [1000.0 item(s) filled water bottle, point of sale |

[emL, 2001 (baseline) |
=) Export to Excel

~ Flow contributions

Impact method

Flow |,1._ Hydrogen-3, Tritium - water/ocean E‘

mmmm ] 519E3 kBq: treatment of spent nuclear fuel, reprocessing - RowW

mmm 5,244 kBq: electricity production, nuclear, pressure water reactor - CN
0.019 kBg: zeolite production, powder — ROW

mmmm 9.647E-3 kBg: zeolite production, powder - RER

s 0.016 kBq: Other

3. Check the tabs for
inventory results, LCIA
results, Contributions, etc.

~ Impact contributions

Impact category || ‘chimale change - GWP100

mm 9.273E3 kg CO2 eq.: transport, freight, lorry 16-32 metric ton, EURDS - RER
w4, 176E2 kg CO2 eq.: refinery gas, burned in furnace - Europe without Switzerland

3.426E2 kg CO2 eq.: diesel, burned in building machine - GLO

General information | Inventory results | LCIA Result | Process contributions | Flow contributions | Locations ‘ Groupingl
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Project: Creation (|

|

e —— 1. Right click on the Projects
5= Preduct systems reate nz .o
» [2 Impact methods

e mport... folder and select “Create

¥ ¥ Flows iy Export... . ”
}[ﬁ Flow properties

¥ 4] Unit groups @ Add new child category new prOJeCt
I[ESoulces
b[ﬂmurs

|5 New database

[/ Ecoinvent < Import database
| probas

' schulungaugustl4students

test

[j 1 items selected
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Project: Creation (Il

| i
= Navigation Ei] G:DVDEI L

¥ (3l ecoinvent

P[5z Product systems
» @ Impact methods
P Processes

» rﬁ] Flows

» |ﬁ Flow properties
> rﬂ] Unit groups

» BSources

4 ﬂmurs
| Ecoinvent Creates a new project
| probas

' schulungaugustl4students
[ est Name [Cump:mson PET bottles

New project

| 2. Name the project and
e select “Finish”.

d 1 items selected
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Projec

@ @&

t: Creation

= Navigation &% ]

¥ [l ecoinvent
v projects
il Comparison PET bottles
'ﬁj Product systems
sewCase 1

nternational production
market for electricity, low voltage
o marker for electricity, low voltage
» g Impact methods
P Processes
> @ Flows
P Flow properties
» @ Unit groups
b [Hsources
> ﬂ.m:mrs
'] Ecoinvent
' //probas
| schulungaugustl4students

I test

Project: Comparison PET bottles

~ General information

3. A new tab with the

editor window. Click on the
green button to select

Name lComnarimn PET bottles
Description
Version 00.00.000 -~ =

Last change  2014-09-10T09:50:22+0200

project will appear in the

different variants

LCIA Method | @ CML, 2001 (baseline)

¥ caleulate

~ Variants @ ®
Name |Product system | Allocation method | Flow |Amount | Unit |
Variant 1 Case 1 None filled water bottle, point of sale  1000.0 Item(s)
Variant 2 Case 2 None filled water bottle, point of sale  1000.0 Itemn(s)
Variant 3 Case 3 None filled water bottle, point of sale  1000.0 Item(s)

~ Parameters (184
Parameter Context ‘Variant 1 ‘Variant 2 ‘Variant 3 |

Project setup | General information
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Project: Calculation

| iy |
= Navigation 53] <‘;==(> v e I L
V@e{ninvem i N
v projects Project: Comparison PET bottles

il Comparison PET bottles

'ﬁ‘_%[.l'mduct systems ~ General information

Narme | Comparison PET bottles

Case 3 Descripti
scription
International production Pt

market for electricity, low voltage
sewmarket for electricity, low voltage

» g Impact methods

P Processes

> @ Flows

P % Flow properties Version 00.00.000 - ©
» @ Unit groups
b [Hsources

P (HAciors LCIA Method | @) CML, 2001 (baseline)
'] Ecoinvent

'[/probas ¥ caleulate

| schulungaugustl4students

Last change  2014-09-10T09:50:22+0200

I test
~ Variants @ ®
Name | Preduct system C“Ck On Calculate in the
Variant 1 Case 1 Item(s)

Item(s)

s = Project setup tab i

~ Parameters

Parameter Context ‘Variant 1 ‘Variant 2 ‘Variant 3 |

Project setup | General information
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Project: Calculation (Il

|t G 1 a

= Navigation 53 1 & ¥ = O ll *Comparison PET bottles H =08 |

v invent j
[@ecoinven Project results
V\j Projects

il Comparison PET bottles

_—
B F’.ruducl systems (*) Flows
canCase 1

%, Hydrogen-3, Tritium - water/ocean

() Impact categories | Climate change - GWPL00 P roj eCt Ca I C u | ati O n S
. will appear in a new

a
sanlase 3

i International preduction

o market for electricity, low voltage

o market for electricity, low voltage Variant |Amount ta b
» @ impact methods Variant 1 1524.93670 .
> Pl Pracesses Variant 2 6.18693E4
>l Flows Variant 3 5.20589E4
% Flow properties
» L‘-‘? Unit groups
> Usources
> ﬂm:mrs
'[! Ecoinvent
' praobas
! schulungaugustl4students
[ test 6.187E4
5.568E4
4.95E4
4.331E4
—
371264
= W variant 1
830934 B variant 2
E [ wvariant 3
8247584
-4
1.856E4
1.237E4
6.187E3
0.0E0 | —

Project results
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Project: Calculation (llI

[t |

I ( ) &

= Navigation 3 Export to Excel q:p ¥ = B | il *comparison PET bottles [i Project results 33 =08
¥ () ecoinvent .
[E;'D{j Projects Project results
il Comparison PET bottles
—
= P.ruducl systems () Flows ¥, Hydrogen-3, Tritium - water/ocean v
swaCase 1
soaCase 2 () Impact categories | D of abiotic resources - fossil fuels

Case 3 Name

i International preduction

4 = —
B Depletion of abiotic resources - fossil fuels

2 market for el ow vol 7 Results 2 Eutroph
sammarket for electricity, low voltage utrophication - generic S | t fI LC I A
o market for electricity, low voltage Varant | @Freshwa(er aguatic ecotoxicity - FAETP inf e e c OW O r
»> g Impact methods variant 1 @ Human toxicity - HTP inf
> Pl Pracesses Variant 2 @ Marine aquatic ecotoxicity - MAETP inf M et h 0 d to S e e a
[ Flows Variant 3 ‘@ 0zone layer depletion - ODP steady state
» (j Flow properties @ Photochemical oxidation - high Nox .
> 3 i arous comparison of the
> Usources
» 5 Actors .
|} Ecoinvent Va rlants-
' praobas
|/ schulungaugustl4students
[ test 2.706E6
2.436E6
2.165E6
1.894E6
S 162466
2 B variant 1
£ 135366 B variant 2
F [ wvariant 3
@ 1.08B3E6
o
8.119E5
5.413E5
2.706ES
N p— |

Project results
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Data management in openLCA

* New databases in openLCA are empty at first (with the
exception of reference data), but data can be imported easily

« Supported Import und Export formats:
* EcoSpold1
* ILCD
* EcoSpold2
*  Excel
* SimaPro CSV
* zolca

 Itis possible to use more than one database; databases are
independent of one another and only one database is “active”
at a time, all of the others are “deactivated”

* ltis Bossible to save own data; every element of the software
can be personalised

GgreenbDeLTa



Import of data sets (|

= openlLCA 14
File | Window Help
Save Cirl+S
Save As...
Save All Ctrl+Shift+5 L Import |
Close Ctrl+W
Close All Ctrl+Shift+W Elcome to Open LCA' Select \
Preferences pn 1.4.1 beta 4 (Windows 64 bit) | g 4 El
i Import.. _[
g Export.. = Iy op
Exit intained si O (O C a.co ]
Ticensed under the Mozilla Public License (what Select an import source:

What's new

For the 1.4 version, we completely redesigned and “renovated” openLCA. Resulis are
« drastically improved performance of about 400%
= numerous usability improvements

* many new features

| type filter text

4 (= File Import

[ EcoSpold 1

[] EcoSpold 2

5 | Excel

 co

S SimaPro CSV
I = ILCD Network Import
4 (= Other

|E§ Database Import

2. Choose the

data format

< Back

Finish

Cancel
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Import of data sets (I

< Import EcoSpold — 0O e

Select import files

P

Please select the files to import into openLCA

= Import EcoSpold

Assign units

Please select the flow property to which a unit should belong for the import proce:
assign a conversion factor if unit is new.

Unit Flow property Reference unit Conversion fact.. Formula

M) Energy M) 1.0 1.0 M) = 1.0 M)
kBg Radioactivity kBg 1.0 1.0 kBg = 1.0 kl
kg Mass kg 1.0 1.0kg = 1.0 kg
m2 Area m2 1.0 1.0m2=10m
m2*a Area*time m2*a 1.0 1.0m2*a =1.0
m3 Volume m3 1.0 1.0m3=10m

From directory: | C\ | | Choose directory...|

= $Recycle.Bin ~
= Documents and Settings
= Dokumente und Einstellungen

r = ESD

e intel 3. Select the file
& Perflogs from the

I = Program Files

& &= Program Files (x86) corres pond | ng
I = ProgramData V) d | rectory

4. Add conversion

factors for new

units

agreenbeLta




Import of data sets (lll

= Import EcoSpold — 0 -

Assign units

ﬁj@

Please select the flow property to which a unit should belong for the import process, and assign a
conversion factor if unit is new.

Unit Flow property Reference unit Conversion factor  Formula

MI Energy MJ 1.0 1.0 MJ = 1.0 MJ

kBg Radioactivity kBg 1.0 1.0 kBg = 1.0 kBq
kg Mass kg 1.0 1.0ka = 1.0 kg

m2 Area m2 1.0 1.0m2 =1.0m2
m2*a Area*time m2*a 1.0 1.0 m2*a = 1.0 m2*a
m3 Volume m3 1.0 1.0 m3 = 1.0 m3

Import EcoSpold 01 data sets: ecospold01/Icia_method_363634a5-efdc-4ac7-9a32-..

. =

< Back Next > Finish Cancel 5 Data W|“ be
imported in
your active

database

agreenbeLta



Import of ILCD

« Data sets in ILCD must be |mported as zip file:

=

= Ansichten ~ I g ;. Brennen

Linkfavoriten Anderungsdatum

E| Dokumente

[E Bilder
I Musik
Weitere »

Ordner ILCD.zip

@ Metzwerk
@ Systemsteuerung
& Papierkorb
|. dies und das
. Meuer Ordner
o ILCh
g 1LCD
.. META-IMF
| schemas
, stylesheets

2 Elemente
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Import of openLCA database

3 openLCA 1.4.1 beta 4 - a
File Window Help

HE & la
= Navigation S(s’l & = = O ||# Welcome E,ﬂ = E

Right click on
Navigation, select
“Import database”

N\
orPenLca
v

Welcome to openLCAl

Version 1.4.1 beta 4 (Windows 64 hit)

High performance Life Cycle Assessment (LCA) and sustainability assessment software. Truly open source.
Available for free. Created and maintained since 2006 by GreenDelta, Berlin. www greendelta com

Licensed under the Mozilla Public License (what does this mean?).

@ New database
< Import database

Y- What's new

Welcomej

l/;«I

For the 1.4 version, we completely redesigned and “renovated”
openLCA. Results are

= drastically improved performance of about 400%
= numerous usability improvements

= many hew features

Searching for and downloading

=l
data

Abroad range of LCA databases are available in openLCA Nexus,

where you can search for single data sets and also for complete
databases, and download them into openLCA_ The databases are all fit
for openLCA, several databases can be combined.

This is also explained in a video

LCIA method packs are available from the openLCA download page

Examples

GreenbDeLlTa

D Getting started

When you start openLCA the first time, it does not contain any data.
With the new version of openLCA, it is really easy to get started. You
can just import a database from an existing zolca-file and open it from
the navigation on the left side. Then open the database with a simple
double click.

This is explained in a video, here

EE User Manuals

The online wiki for openLCA provides details about almost all features of
openLCA. It is changing over time so check back from time to time.

Mew introductory and comprehensive manuals are also available online.

@2 Community
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openLCA Nexus

* Search for and download data

* Search for, provider, country,
other location, category, price,
and start of validity” oder type
search direct into search engine
window

* Direct purchase/download of
data fur use in openLCA

GgreenbDeLTa



openLCA Nexus

) openlLCA Nexus: The source for LCA data sets 1

[« ]»| |9| |§| | + |43 hups @ nexus.openlca.org ¢ | R 1O
[I] #%# Apple iCloud Facebook Twitter Liln Wikipedia Yahoo News~¥ Popular¥ Leo Linguee

open LCA Nexus Databases LCA data search FAQs About Register Login LY Go to openLCA.org

O\
oPenLca openLCA Nexus

nexus Your source for LCA data sets.
o
LCA databases LCA data search About
openLCA Nexus contains a broad range of LCA This website contains a powerful search engine for Basic idea of the openLCA nexus is to overcome
databases, some for free and some for purchase. LGA data that allows filtering requested data sets by isolated data silos in LCA, by creation of a coherent
Data sets can be easily imported into openLCA. e.g. database, location or year. and consistent LCA data space.

© GreenDelta GmbH 2014  Imprint | Terms & Conditions | EULA | Privacy Policy | Gookie Policy areenbelLTa
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openLCA Nexus

(- Na N3] openlLCA Nexus: The source for LCA data sets ™

open LCA Nexus Databases LCA data search FAQs About Register Login w0 Go to openLCA.org

N
op en LCa openLCA Nexus

. hexus Your source for LCA data sets.

Data providers

ML All Free databases For purchase databases

ELCD

NEEDS
Brafias - ProBas

USDA ProBas is a German dataset library originally provided by the German Federal
ecoinvent ;u'nwglthundg\;gmt Environment Agency (Umweltbundesamt). It includes unit as well as aggregated

% processes, for the following topics: Energy, Materials & Products, Transportation services
Qe and Waste

LC-Inventories.ch

Okobaudat

Social Hotspots
USDA == e
LCA database containing agricultural data sets with a US background, plus

Em—
e crosswalks to upstream Ecoinvent v.2.2 data sets, provided by the United States
Department of Agriculture (USDA).

ecoinvent
A leading LCA database by the ecoinvent centre. We offer a fully valid ecoinvent license

agreenbeLta



openLCA Nexus

77\ = |
d Dko L :IU A 53 ProBas
e?m’?ﬂf m J Umweltbundesamt
www.LC-Inventories.ch USDA
T

JRC
database BIOENERGIEDAT

EUROPEAN COMMISSION
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Databases

openLCA Nexus

-
opPenLca

% Nexus

Data provider
ecoinvent 82

Country
Switzerland 82
Vatican City 36
United Kingdom 36
Ukraine 36

Turkey 36

Sweden 36
Svalbard and Jan Mayens 36
Spain 36

Slovenia 36
Slovakia 36

More...

Other location
Europe 36

Category

agricultural means of production 1
biomass 5

chemicals 3

oil 34

plastics 2

transport systems 27

ventilation 1

LCA data search FAQs About

Register

openLCA Nexus

Your source for LCA data sets.

=

82 datasets in 28 ms

disposal, flexible duct, aluminum/PET, DN of 125 (Switzerland)

Data provider: ecoinvent
Category: waste management/building demolition
Version (internal): 1.0  Location: Switzerland

flexible duct, aluminum/PET, DN of 125, at plant (Europe)

Data provider: ecoinvent
Category: ventilation/preduction of components
Version (internal): 1.0  Location: Europe

polyethylene terephthalate, granulate, amorphous, at plant (Europe)

Data provider: ecoinvent
Category: plastics/polymers
Version (internal): 1.0  Location: Europe

polyethylene terephthalate, granulate, bottle grade, at plant (Europe)

Data provider: ecoinvent
Category: plastics/polymers
Version (internal): 1.0  Location: Europe

Login

o0

openLCA Nexus search engine

Go to openLCA.org
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Exercise 2: import

 |mport the openLCA database file
“openlcadstudents.olca” in openLCA.

* |Import the file “impact-methods.zip”
(EcoSpold1) in the imported
database.

e 10 min

agreenbeLta



o

Tips and tricks for

dealing with openLCA
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Basic commands

* Open element: double click
* Copy element: right mouse button—> copy
* Paste element: right mouse button = paste

* Delete element: right mouse button = delete

E & @

* Save element: use saving symbol in the main menu

* Save image: right mouse button = save image

C. . .. =0
* Minimise/maximise element:

GgreenbDeLTa



Basic commands

» If you double click on a flow in the process editor it
will be opened in a separate window and can be

File Edit

& MNavigation 2@]

& MySQL at localhost:3306
(] abed
Fﬁj aluminiumbsp
Fﬁj aluminiumbsp_students
Fﬁj ecoinvent_n
Fﬁj eled
Fﬁj elcd_nrel
Fﬁj openlca_starter_database
Fﬂj openlcadstudents
j‘ Projects
= Product systems
|9 LCIA methods
[P Processes
[P} Allocation example
@ Bituminous coal, at mine (allokation exar
[F] co-generation
Animal Production

Case study Li-ion battery

Chemical Manufacturing
[Pl Alkalies and Chlorine Manufacturing
[F] Chlor-alkali electrolysis, average prod
[F] Chloring, PVC producer average, at pl
| All Other Basic Inorganic Chemical Mnf.
| All Other Basic Organic Chemical Mnf,
' Industrial Gas Manufacturing
[P} Mitrogenous Fertilizer Manufacturing
| P/ Other Basic Inorganic Chemical Mnf.
[P/ Petrochemical Manufacturing
[P/ Phosphatic Fertilizer Manufacturing
[P} Plastics Material and Resin Mnf.
[Pl Synthetic Rubber Manufacturing
[Pl Crop Production

n

[F] Chler-alkali electrolysis, average production mix, at plant £ l [F] Bituminous coal, combusted in industrial boiler

Process: Chlor-alkali electrolysis. average production mix. at plant

{openlcadstudents)

Allocation

Allocation method [Causal

Inputs (Formula view)

ox o

Flow = Category

[F] Bituminous coal, co...  Produc...

Flowtype Flow property Unit Resulting amount  Uncertainty distribution type
Ne distribution

Product... Mass kg 0.0244

Durnmy_Di -
Location: US

Ne distribution
Ne distribution

ipal incineration i 0.00123

Waste Flows | Mass kg 0.00171

[l Dumnmy Disp Category: Product and
[F] Dummy_Electrromy;arFromoc:

[F] Electricity, at grid, US Produc...
B Natural gas, combust... Produc...
B Residual fuel oil, com... Produc...
B Sedium chloride, at p...  Produc..

Ne distribution
Ne distribution
Mo distribution
Mo distribution
Mo distribution

PTOTOCE Energy k.. 032187
Product... k.. 072973
Product... m3 010681
Product... L 0.0019194
Product... kg 0.893

<

Outputs (Formula view)

Q9 X

Flow ) Category
[F] Benzene air/uns...
[F] BODS, Biclogical Oxy... water/...
B Carbon dicxide, biog...  air/uns...

Flow type Flow property Resulting amount  Uncertainty distribution ty *
Elemen... Mass kg  1.9208E-8
Elemen... kg  2.329E-4
Elemen... Mass kg  6.3967E-5

Mo distribution
Mo distribution
Mo distribution

General information IInput;fOutput;] Administrative informat\on| Modeling and validation Parameters|

= Properties B Console &2 1

Eefpl| A E~-r9~-=0

Logs
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Folder structure

 Divide system and unit processes

4 [P Prozesse

[P ecoinvent2.2 system
b [P eceinvent2.2 unit

[> @ Flisse
* Divide processes from different
databases in one openLCA
database

 Separate flows and processes

Do not change the folder structure

of elementary flows, because
LCIAM cannot find them anymore!!

agreenbeLta



Windows

 Often users have several elements open at the same
time. It is recommended to close elements you don

need.

* To recover "missing” window: goto W

<3 openlCA frarflewolk T2

% Navigation 52 B&~ =0

() eled

o =
His als
19 LOA methods

) Processes
[P End-of-life treatment
¥} Energy recycling
¥} Landfilling
) Waste water treatment

%] Energy carriers and technologies
%] Materials production

[P Inorganic chemicals
Chlorine, production mix
Hydregen chloride gas (H
Nitrogen, production mix
Oxygen, production mix,
Sodium chloride (NaCl, di
Sodium hydroxide, produ
[P Metals and semimetals
[P} Organic chemicals
P Other mineralic materials
P) Plastics
| Water
| Wood

[P Systems

[P} Transport services
%) Flows

EFEEEEE

' Flow properties A
) Unit groups
A Actors

& sources

27 LCIA results ,

[F] Hydrogen chloride gas (HCI], production mix for PVC production, at plant 23
por

Hydregen chloride gas (HCI), production mix for PVC production, at plant

f 0Ce!

Genel

Name
Description

Category

E'EL.sﬁrch z@]

ngEthe posit

Raw data for polymerization and intermediate products are collected by several producers in Europe: the average ~
is calculated by the consultant based on the production capacity of the companies. The LCl result is calculated

with background data from the Boustead database.

» Inorganic chemicals

Searchterm pet

Name

Genersl infarmation | Inputs/Outputs| Administrative information | Modeling and validstion | Parameters |

Process: Chlorine. production mix for PVYC production. at plant (elcd)

Chlorine, production mi for PVC production, at plant &% |

General information

MName

Description

Category

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

Chlerine, production mix for PVC production, at plant

Raw data for intermediate products are collected by several producers in Europe: the average is calculated by the  ~
consultant based on the preduction capacity of the companies. The Ll result is calculated with background data

from the Boustead database.

» Inorganic chemicals

%
I

n

Polyethylene terepht...

Category
Materials prodi

indow/Show
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Search

 Search any element from the database

) openLCA 1.4.1 beta 4 - O
File Window Help
HE @ transport | a

k= Navigation E:EI & ¥ = 08
! ecoinvent_2_2_unit
" ecoinvent3_1_allocation_default
4 {1 openlcadstudents:

lit Welcome [w Search result view =

Search results: transport (384Results)

ok Projects iab Transport person diesel car
» [ Product systems - Write the key words
@ Impact assessment methods Transport person diesel car
o - . for the search
i [P Processes Case study Li-ion battery/basic processes
i [F Flows
i [ Flow properties [£] Transport person diesel car
& 4 Unit groups Product flows
i [ Sources
> % Actors [E] Transport, aircraft, freight - RNA
[ test

Air Transportation/Scheduled Freight Air Transportation

1. Important note; although most of the data in the US LCI database has
sart of review, the database as a whole has not yet undergone a formal
process.2. Please email comments to Ici@nrel.gov.

m Trancrmmrt aircraft fraimht - PRIA
< >

< > || Search results

agreenbeLta




Filter

* The “Add new” editors contain a filter for facilitating

the search of the desired ¢

Use the “Filter” when

adding new flows to a
process, select the
reference process in a
product system, etc.

o=

Flows

Filter

|water
v

~ Content

4 [7) Elementary flows
a [ air
% high population density
b % lower stratosphere + upper troposphere
v % low population density
» ¥ low population density, long-term
i [F) stratosphere
7 unspecified
i % resource
v F water
i ¥ others
b % Product flows

OK

Cancel
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Numbers

» Use always a point for floating point numbers, a
comma is not accepted (=> 1.5 instead of 1,5)

 Under File/Preferences/Number format you can

h T | | L 1 L Lo
C O O S = Preferences - B
|TYDe filter text | Number format BT o
@Configuration
Experimental features Set the number of decimal places for the display of numbers.
> Field Assist MNumber of decimal places
Global parameters
ILCD Network Example
Locations 3141.592653589793 -= 3141.59265
Logging
Updates
< s |Restore Defaults | | Apply |
Lo« [| e |JGreenpelTa




Errors

* Itis possible to report all errors in a log file
automatically.

= Preferences _ O
|typefiltertext | Logging CvD v
Configuration
© . ? Log-Level:
Experimental features @Al
> Field Assist _
Global parameters () Information
ILCD Network (O Warnings
Locations () Errors
Logging Show log console
Number format
Updates
< > | Restore Defaults | | Apply |
| OK | ‘ Cancel ‘

logging and check

The log file is rewritten

every time openlLCA is
restarted!
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Language

» openlLCA s available in Bulgarian, Chinese, English,
French, German, Italian and Spanish.

* Change it under File/Preferences/@Configuration.

LCa
—

Preferences - B

| type filter text

i

@Configuration

Experimental features

Field Assist

Global parameters
ILCD Network
Locations

Logging

MNumber format
Updates

@Configuration Sw v v

Language |English v|

@Maximum memaory usage in MB | 3072 |

@Use browser features
Note: Changes will not take affect until openLCA is restarted

Restare Defaults Apply

| OK | | Cancel

GgreenbDeLTa



Memory usage

* Some databases required higher memory usage (e.g.

ecoinvent 3) for the calculations.

* Change it under File/Preferences/@Configuration.

w©a Preferences

_ oM

| type filter text @Configuration

=R =R B 4

@Configuration

Experimental features

> Field Assist ik [Engish
Global parameters @Maximum memory usage in MB | 3072
ILCD Network
Locations @Use browser features
Logging Note: Changes will not take affect until openLCA is restarted
MNumber format
Updates
< >

Restare Defaults

GgreenbDeLTa



openLCA-data directory

* The openLCA-data folder is automatically created
under in your user/Documents folder.

» The directory can be edited in the 'openLCA.ini" file
contained in the openLCA folder with a text editor in

" —clean
-nl
an
-data
EnoDefault
-oleaDataDir
HERE THE FULL PATH OF THE NEW DIRECTORY
=-olcaVersion
1.4.0
-Vmargs
-Xmcd 09 EM
-Dorg.openlca.core.updatesite=http://nexus.openlca.org/updatesite
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Modelling with product flows

e Use different flow names for one flow that “hikes*

through your product system

Bottle production

Filling

Use phase

Inputs

Outputs

New bottle

Full bottle

Inputs

Outputs

Full bottle

Inputs

Outputs

Raw glass

New bottle
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Modeling with product flows

» The default provider can be set for each exchange

openlCA 1.4.1 beta 4 - 40
[&
[F] *Transport, aircraft, freight - RNA &2 l = B
Process: Transport, aircraft, freight
~ Inputs e X2
Flow Category Flow proper.. Unit Amount Uncertainty Default provider Pedigree un...
#*Kerosene, at refinery - RN... Product flows Volume L 0.41991972.. none None W

Petroleum refining, at refinery - RNA
Crude oil, in refinery - RNA

agreenbeLta




Modelling of waste

 "Reverse direction": Usual (production processes)
is that donations to another process are
something of value for the receiving process.

 Disposal processes aim to eliminate the receiving
flow

> Model according to the "value flow direction™:

Disposal as a service counter to the direction of
material flow

GgreenbDeLTa



Modelling of waste

waste

S ALNIECNGNN  Production process Disposal process

waste

... make it Disposal process
like this

Production process

agreenbeLta



ettt i

ox =g(8&"
0e

5 Minigaton 1 Seach x=0

e e Wit == —

i case study ahaminium £ | -
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Case study: Li-on batteries in e-cars

* FU:100,000 pkm

person transport
with e-car

person transport
with diesel car

Li-ion battery diesel car
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Case study:

Li-ion battery:

Cars:

Features battery
Weight

Amount of cells
Energy density
Product life
Consumption
Cruising range
Total cruising range

Required battery amount for
100,000km

Features car
Weight

Product life

scenario 1
326 kg
192p a 1,45 kg
70 Wh/kg
1.500 load cycles
17,115 kWh/100km
134,12 km/load cycle
200.000 km
0,5p

e-car
1.381 kg (S1)

1.305 kg (S2)
400.000 km

scenario 2
250 kg
192p 41,11 kg
180 Wh/kg
2.500 load cycles
15,2 kWh/100km
296,05 km/load cycle
740.000 km
0,135 p

diesel car
1.384 kg

400,000 km



Exercise 3: Production phase of the
battery

a) Analyze the graph of the product system “Battery
production” in the database “openlcagstudents”. Then
calculate the inventory of the product system. Which
information can you derive from the inventory?

* Open the product system “Battery production”
* Gotothe graph

» Calculate the m» :rial balance calculation using
the buttons on the left top of the main menu :
, quick calculation

* 10 Min
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Analysis functions

* To run the anaysis functions the product system
needs to be recalculated.

* Click the calculation hutton ar
ChECk ”AnaIySiS“ Calculation properties

Please select the properties for the calculation

M and

Allocation method lAs defined in processes

LCIA method lCML 2001

MNormalization/weighting set l

LA e () Quick results

@ Analysis

(C) Monte Carlo Simulation

Number of iterations:

GgreenbDeLTa



Analysis functions: contribution to the

characterization

13 openLCA framewor

File Edit Window Settings Help
i LR E=F4 =10
= Navigation 2 }

m

‘5. ¥ = O | & organic viticulture (unit process network
4 & MySQL at localhost:3306 -
» [ bioenergie
+ I& bioenergiedat
4 |0 ecoinvent_n
» o Projects
4 55 Product systems
= conventional viticulture
cotton fibres

Product system  organic viticulture (u
Target amount 1.0 kg grapes (organ

LCIA method CML 2001

afs

~ Flow contributions

Specify what you want to
watch. Subsequently, the

results are shown in the
diagram.

cotton shirt

arganic viticulture

organic viticulture (unit process netwark)
Plastikflaschenproduktion

polyester fibres

soap at user (freight)

soap at user (pkm})

Flow Particulates, < 2.5 um|

~ Impact contributions

fe S S Bl Bl g S Ee

s=w s0ap transportation long distance (freigh
4= soap transport long distance (pkm)

4= transportation soap middle distance (frei
4= transportation soap middle distance (pkr| =
57w transportation soap short distance (freigh
w transportation soap short distance (pkm)
& viscose shirt

ajs

B

afs

= Warme aus Pellets

fe

wine production (conventional)
=& wine production (organic)

~ Urderby Hotspots

=== 7.652E-6 kg: transport, municipal waste collection, lorry 21t

=== 1776E-6 kg: electricity, at cogen ORC 1400kWth, wood, alloc
1.401E-6 kg: heavy fuel oil, burned in refinery furnace

=== p.368E-7 kg: refinery gas, burned in furnace

=== 5.352E-7 kg: heavy fuel oil, burned in industrial furnace 1MW,

=== 2.763E-6 kg: Rest

& @ LCIA methods
» % Processes
> 7 Flows
» % Flow properties
> [ Unit groups
> 3 Actors
o (4 Sources
Y LCIA results
@ eled
» (@ eled_nrel
» @ lifecyclecosting
1 [ openlcadstudents129 b
» [ openlcadstudentsnew i

Impact category itospheric ozone depletion - ODP 25a ~ Order by Hot spots

mm—1282E-8 kg CFC-11-Eq: transport, ine long distance

=== 1.151E-8 kg CFC-,
8.966E-9 kg CFC|

= 7492E-9 kg CFC]

You can either look at "hot spots”,
or the "sum of the contributions"!

= 4.478E-9 kg CF(J

=== 8.925E-9 kg CF(J

< | I | b

General information | Process contributions| Grouping‘ Locations‘ Sankey diagram

tNDELTa




Analysis functions: process

contributions

Lca openlLCA 1.4.1 beta 4 - olEl
File Window Help
#hEER HLEERQ transport la
& i *Battery production Iﬂﬂ Analysis result of Battery production 2 I 5 Quick results | = 0
IFE
Process contributions
~ Flow contributions
VRN inC - water/unspe A | Cut-off %
Contribution Process Amount Unit 2
— 75.806% Ethylene oxide, at plant - RNA 0.00022 kg
" 09.83% Polyethylene terephthalate, resin, at plant - RNA 2.88611E-5 kg
. 06.78% MNatural gas, extracted - RNA 1.99006E-5 kg
03.05% MNatural gas, at extraction site - RNA 8.95793E-6 kg
01.84% Crude oil, extracted - RNA 5.39161E-6 kg
01.38% Crude oil, at production - RNA 4,04537E-6 kg
00.66% Sulfur, at plant - RNA 1.93028E-6 kg
0043% Hydrochloric acid, at plant - RNA 1.27126E-6 kg
00.10% Polyvinyl chloride, resin, at plant - RNA 2.87042E-7 kg
00.07% Polvethvlene, linear low density, resin, at plant - RNA 2.04067E-7 ka v
= Impact contributions
Impact category (@ climate change - GWP 100a v | cut-off %
Contribution Process Amount Unit 2
- 33.14% Hot rolled sheet, steel, at plant - RNA 108.58189 kg CO2-Eq
- 19.18% Electricity, bituminous coal, at power plant - US 62.85205 kg CO2-Eq
= 10.56% Transport, combination truck, diesel powered - US 34.61704 kg CO2-Eq
. 07.78% Natural gas, combusted in industrial boiler, at hydrocracker, f..  25.50630 kg CO2-Eq
' 06.49% Soda powder, at plant - RNA 21.27902 kg CO2-Eq
' 04.43% Manganese oxide 14.53002 kg CO2-Eq
' 04.01% Ethylene oxide, at plant - RNA 13.15162 kg CO2-Eq
03.32% Transport, train, diesel powered - US 10.89440 kg CO2-Eg
0241% Electricity, natural gas, at power plant - US 7.88966 kg CO2-Eq
02.22% Lithium manganese oxide 7.25964 kg CO2-Eq 7
General information | Inventaory results | LCIA Results | Process contributions | Process results | Flow contributions | Contribution tree‘ Gmuping| Locations| Sankey diagram
Formula Interpreter L=
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Analysis functions: process results

LCa

—

openlLCA 1.4.1 beta 4

ol

File Window Help

hlEl@m EHfFEEQ

transport =
& *Battery production IEH‘J Analysis result of Battery production & ] £ Quick results ‘ = g
(=
Process results
~ Flow results
v| Cut-off |D.01 E| %
Inputs Cutputs
Contribution  Flow Upstream to... Direct contri.. Unit Contribution  Flow Upstream to.. Direct contri.. Unit &
e 100... Dummy, Chemicals,.. 3.54816E-5 0.00000 kg m———100... NMVOC, non-meth.. 0.00108 0.00000 ka
= 100... Dummy, Disposal, s.. 0.02947 0.00000 kg m 100... Nitrate(water/unsp.. 1.89655E-6 0.00000 ka
= 100... Carbon dioxide, in.. 0.28262 0.00000 kg me= 100... Ethane, 1,2-dibrom.. 2.21457E-11  0.00000 ka
e 1(00... Gasoline, combuste.. 4.55712E-5 0.00000 m3 m 100... Sulfide{water/unsp.. 0.08757 0.00000 ka
s 1()0)... Diesel, combusted i.. 0.02613 0.00000 m3 s 1(00... Petroleum coke, atr.. 0.03197 0.00000 ka
= 100... Liquefied petroleu..  3.97621E-5 0.00000 m3 = 100... Detergents, oil(wat.. 1.97769E-5 0.00000 ka
= (0. Dummy, Disposal, s.. 0.11025 0.00000 kg = 1(0... Phenanthrenes, alky.. 1.85839E-8 0.00000 ka
= 100... Limestone, in groun... 9.32010 0.00000 kg = 100... Chrysene(air/unspe.. 1.47806E-9 0.00000 kg
= 100... Dummy, Disposal, s.. 0.00635 0.00000 kg m= 100... Ethane, 1,1,1-trichlo.. 4.20792E-10  0.00000 ka v
- Impact assessment results
Process |@ Cathode, lithium-ion battery v | Cut-off | 0.01 E| %
Contribution Impact category Upstream total Direct impact Unit
- 23.44% climate change - GWP 500a 75.20372 0.00000 kg CO2-Eq
- 23.01% climate change - GWP 100a 75.38699 0.00000 kg CO2-Eq
- 21.90% climate change - GWP 20a 75.54843 0.00000 kg CO2-Eq
General information | Inventory results | LCIA Results | Process contributions | Process results | Flow contributions| Contribution tree‘ Grouping| Locations| Sankey diagram
Formula Interpreter =il
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Analysis functions: flow contributions

<a openlCA 1.4.1 beta 4 - b
File Window Help
HE B #REaa transport | %
& | *Battery production [EE] Analysis result of Battery production 2 } 5 Quick results ‘ =
= Flow contributions
Impact category ‘\9 climate change - GWP 100a W ‘ Cut-off %
Contribution Flow Amount Unit o
| m— 04,05% Carbon dioxide, fossil 308.19672 kg CO2-Eq
! 02.80% Methane, fossil 9.17675 kg CO2-Eq
! 02.22% Carbon dioxide, fossil 7.25964 kg CO2-Eg
00.60% Carbon monoxide, fossil 1.97769 kg CO2-Eg
00.32% Dinitrogen monoxide 1.06065 kg CO2-Eq
00.00% Methane, tetrachloro-, R-10 0.00841 kg CO2-Eq
00.00% Ethane, 1,1,1,2-tetrafluoro-, HFC-134a 0.00385 kg CO2-Eq
00.00% Methane, chlorotrifluoro-, CFC-13 0.00351 kg CO2-Eq
00.00% Methane, dichloro-, HCC-30 4.69266E-5 kg CO2-Eq
00.00% Methane, dichlorodifluoro-, CFC-12 6.96862E-7 kg CO2-Eq
00.00% Methane, monochloro-, R-40 1.27153E-7 kg CO2-Eq
00.00% Chloroform 3.26649E-8 kg CO2-Eq
00.00% Methane, bromo-, Halon 1001 1.47638E-8 kg CO2-Eq
00.00% NMVOC, non-methane volatile organic compounds 0.00000 kg CO2-Eg
00.00% Nitrate 0.00000 kg CO2-Eq
00.00% Ethane, 1,2-dibromo- 0.00000 kg CO2-Eq
00.00% Sulfide 0.00000 kg CO2-Eq
00.00% Petroleum coke, at refinery - RNA 0.00000 kg CO2-Eq
00.00% Detergents, oil 0.00000 kg CO2-Eq
00.00% Phenanthrenes, alkylated, unspecified 0.00000 kg CO2-Eq
00.00% Chrysene 0.00000 kg CO2-Eq
00.00% Ethane, 1,1,1-trichloro-, HCFC-140 0.00000 kg CO2-Eq
00.00% TOC, Total Organic Carbon 0.00000 kg CO2-Eq
00.00% Beryllium 0.00000 kg CO2-Eq
00.00% Anthracene 0.00000 kg CO2-Eq
00.00% Phosphorus trichloride 0.00000 kg CO2-Eg v
< >
General information | Inventory results | LCIA Results | Process contributions | Process results | Flow contributions | Contribution tree‘ Grouping| Locations| Sankey diagram G re e n De LTa
Formula Interpreter |




Analysis functions: contribution tree

Lca

—

openlCA 1.4.1 beta 4

“oEN

File Window Help

hEEE BHfE2EAQ transport la
& | & *Battery production [@ Analysis result of Battery production 52 ] %Y Quick results ‘ = B
=
Contribution tree
() Flows #* Dummy, Chemicals, unspecified, used for wast
(® Impact categories
Contribution Process Amount Unit

4 100.00% f— Battery pack (S1) 320.77614 kg CO2-Eq

> 4877% — Battery cell, lithium-ion battery (S1) 156.45508 kg CO2-Eq

33.84% - Hot rolled sheet, steel, at plant - RNA 108.56370 kg CO2-Eq

4 08.87% " Electricity, at grid, CN 28.45750 kg CO2-Eg

08.75% " Electricity, bituminous coal, at power plant - US 28.07818 kg CO2-Eg

00.06% Electricity, residual fuel oil, at power plant - US 0.19293 kg CO2-Eg

00.06% Electricity, natural gas, at power plant - US 0.18545 kg CO2-Eg

00.00% Electricity, biomass, at power plant - US 0.00093 kg CO2-Eg

00.00% Electricity, nuclear, at power plant - US 0.00000 kg CO2-Eg

08.33% " Transport, combination truck, diesel powered - US 26.73137 kg CO2-Eg

4 00.18% Printed wiring board 0.56849 kg CO2-Eg

> 00.13% Electricity, at grid, MX 0.43281 kg CO2-Eq

> 00.02% Acrylonitrile-butadiene-styrene copolymer, resin, at plant - RNA  0.06422 kg CO2-Eg

> 00.01% Polypropylene resin, at plant - RNA 0.04347 kg CO2-Eg

> 00.01% Iron, sand casted - RNA 0.02798 kg CO2-Eg

General information | Inventory results | LCIA Results | Process contributions | Process results | Flow contributions | Contribution tree Grouping‘ Locations| Sankey diagram‘

Formula Interpreter RS
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Analysis functions: grouping

<3 openLCA 1.4.1 beta 4 — 08
File Window Help
hEHEE BB transport Q
& | *Battery production 4] Analysis result of Battery production 22 I £ Quick results = 8
Grouping
~ Groups
i Other #* Acrylonitrile-butadiene-styrene copolymer, resin, at plant - RNA
@ transport % Ammonia, steam reforming, liquid, at plant - RNA

#+* Anode, lithium-ion battery
«¥ Battery cell, lithium-ion battery (S1)
o¥Battery pack (51)

o Benzene, at plant - RNA Add neW groups and move
4% Butadiene, at plant - RNA ( right Cl ick On p rocess
@ Chlor-alkali electrolysis, average production mix, at plant - RNA

name) processes to them

) Flows

¥ Cathode, lithium-ion battery

|§“‘ Dummy, Chemicals, unspecified, used for wastewater treatment - Product flows - RNA

@®impact categories | climate change - GWP 500a

Group Amount Unit
m— (Qther 272.83931074518324 kg CO2-Eq
= transport 47.93682716786533 kg CO2-Eq

== 2.728E2 kg CO2-Eq: Other

= 47.937 kg CO2-Eq: transport

LCIA Results | Process contribut... Process results |Flow contributions | Contribution tree [Groupingl Locations| Sankey diagram

S
2

Formula Interpreter -
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Analysis functions: locations

File Window Help
tEHER BLEQQ transport la
& | *Battery production H’ﬂ] Analysis result of Battery production 2 %" Quick results =g
(=

Locations

) Flows |¢* Dummy, Chemicals, unspecified, used for wast v ‘

(®) Impact categories; ||39 climate change - GWP 500a v ‘

- Result contributions

Amount Unit

a0 If you don’t see any points
: kg CO2-Eq
T oo s kg C02 in the map, click “reload”

' Other 22.94900 kg CO2-Eq

Location

— MNorthern America

'~ Map (beta)

areenbeLTa
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Analysis functions: Sankey diagram

Lca

openLCA 1.4.1 beta 4

File Window Help
thhEER BHLBR@S

transport Q
& i *Battery production [@ Analysis result of Battery production & ] %Y Quick results = 0
= Product s¥stem: Eatter{ production
Impact category: climate change - GWP 100a
Cut-off: 5.000%

Click here to set the
diagram options

() Flows

Settings for the Sankey diagram

‘n"‘ Dummy, Chemicals, unspecified, used for wastew ‘

(®) Impact categories

‘@ climate change - GWP 100a

v

<

Cut off for first layer (in %) | 5.000 E

OK

Cancel

>

LCIA Results Process contribut... | Process results | Flow contributions | Contribution tree|Grouping ‘Locations Sankey diagram| ™z

Formula Interpreter

L=
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Exercise 3: Production phase of the
battery

b) Calculate the environmental impacts caused by the Li-ion
battery with the LCIAM IPCC 2007 and interpret the results.
Which processes contribute most to the impact category
“climate change — GWP 20a” (without prechain)? How
contributes the process “Acetic acid production” to the LCIA
category “climate change - GWP 100a?

* Gotothe product system “Battery production” in the
navigation and click with the right mouse button on
“Analysis”

* Select IPCC 2007 as LCIAM

. Swi’éch through the tabs to find the information you
nee

° 15 mMin

agreenbeLta



Exercise 4: Use phase of the battery

a) Create a new process “Transport person e-car (average
US) (51)” with “Person transport” as quantitative
reference. Use the following flows and amounts.

Inputs Amount Outputs Amount
Battery pack (S1) 0.5E-5 pieces Person transport 1 pkm
Car, electrically powered 0.25E-5 pieces

Electricity, at grid, US 2008 0.17115 kWh

 Create the process in the folder Case study Li-ion
battery/scenario 1

 Use the drag and drop function of openLCA
* 10 min

GgreenbDeLTa



Exercise 4: Use phase of the battery

b) Calculate the environmental impacts of the production
and the use phase of the battery with IPCC 2007. Which
processes have the main contribution to the environmental
load?

* Create a new product system “Transport person e-car
(average US) (S1)” and select the same process as a
reference.

» Add connected processes automatically.
 Set the target amount in respect to the FU.

 Calculate the inventory and the environmental
impacts.

° 10 Min

agreenbeLta
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EcoSpold export

EcoSpold 1
* Processes
* Impact assessment methods

EcoSpold 2
 Processes

agreenbeLta



ILCD export

Actors

Flow properties
Flows

LCIA methods
Processes
Product systems
Sources

Unit groups

agreenbeLta



Excel export

* Processes
* Quick results
* Analysis results
* Monte Carlo simulation results
* Product systems:
* Elementary flows
* Product flows
* LCIA factors

agreenbeLta



Other export formats

CSV-Matrix

* Graph of a product system
Images

* Diagrams

HTML

* Project report

openLCA script (.zolca)

* Complete databases

agreenbeLta



Exampl

e: process

export

= openlLCA 1.4.1 beta 4
File | Window Help
Save Ctrl+S Q,
. Save As.. % T = O || Welcome = I— = B
Save All Cirl+Shift+S e Export — 0
Close Ctrl+W , \ W
Close All Ctrl+Shift-W orenLca € Select N
reterences v VEEL Choose export destination.
i  Import..
iy Export.. \\ High performance Life Cycle Asse
Exit Avallable for free. Created and ma | Select an export destination:
b5 Sources Licensed under the Mozilla Public -
» B Actors | type filter text

') ecoinvent3_1_allocation_default
' openlcadstudents
0 test

1. Select “Export” in

File

« drastically improved perf
= numerous usability impro

= many new features

Searching for|

E2g

4 (= EcoSpold

[ EcoSpold 2
[¥ Impact methods
[ Processes
4 = Excel
H | Processes
b = ILCD
I = ILCD Network Export

2. Select format

A broad range of LCA databases al

can search for single data sets and
download them into openLCA. The

databases can be combined.

This is also explained in a video

Examples

LCIA method packs are available from the openLCA download page

Here are cases that demonsirate how to use openLCA:

< Back Mext = Finish Cancel
_ )
@2 Community
An increasing number of people are using openLCA. Register in the forum to w

Welcomel

[

agreenbeLta



Example: process export (Il

13 Export EcoSpold - O

Select Processes

Please specify an output directory and select the Processes you want to export

J

To directory: ‘ C\Users\Cristina\Desktop ‘ | Choose directory... ’\

I D[_P} agricultural means of production| a

2 D[_P} agricultural production

4 D[_P} biomass .
> %[_P} cogeneration 3. Se|eCt the d|rect0ry
I P fuels .
. []9 others where data will be

b D[_P} power p_lants stored
4 [ |# production

@ ash, bagasse, at fermentation plant - BR
@ biowaste, at collection point - CH

D@ grass fibres, at fermentation - CH 4 Se|eCt the
D [Fl protein concentrate, from whey, at fermentation - CH

DIE proteins, from grass, at fermentation - CH processes to export
DIE vinasse, at fermentation plant - CH

DIE vinasse, from sugarcane, at fermentation - BR
DIE whey, at dairy - CH

D [F] yeast paste, from whey, at fermentation - CH

Mext = Finish ‘ | Cancel creenbelTa




Example: process export (Il

o o ]

G+ Ecospoldil » processes -
|

‘ COrganisieren = sichten ~ &%) Offnen ~ MM E-Mail [E% Freigeben (& Brennen

Linkfavariten Mame . Enderungsdatum Typ
E Dokumente |!| 9c71c189-12a1 -4eal -add0-9d11 42788801 10.01.2011 14:45 XML-Datei
] |®| 243ef72e-ead-4831-98ba-2b473af8 cd08 07.01.201117:12 XML-Datei
EI Bilder |®| 7832e741-1893-4732-8c14-c45f74a4 2878 07.01.201117:12 XML-Datei
E Musik |®| 8334d78b-85c6-4eh2-aa2e-dB460c2ed51b 07.01.201117:12 KML-Datei
Weitere » |®| 68264 dad-65cf-406e-8723-4abBbcel 4104 07.01.201117:12 XML-Datei
Ordner w | ®|04149128-bl8a-44£7-38c0-e5310d17e0e2 07.01.201117:12 XML-Datei
|\ EcoSpold0l o |!| d9c48c07-4ceB-4370-8679-167060cBbech 07.01.201117:12 XML-Datei
| processes |!| d53e3761-b9c5-4acl -8a49-6ecddTebB079 07.01.201117:12 KML-Datei
|| schemas B |!| dcaa3518-8al5-4ebb-bdde-cc2dlbebeehs 07.01.201117:12 KML-Datei
| stylesheets |®| eaaTl7ce-470a-4dd8-840e-1a5d19f9%a7 c1 07.01.201117:12 XML-Datei

| Konverter - |4 LLLJ |

L 9c71c189-12al-deal-ad40-9d11d2788801 Anderungsdatum: 10.01.2011 1445
v AML-Datei Grofie: 0 Bytes .
‘ Erstelldatum: 10012011 14:45 In the selected dlrectory d

folder with the name of the

export format is created. For

instance, Desktop)\
EcoSpold01\ processes

agreenbeLta



Export of openLCA database

=

File Window Help

i EE &

& Navigation 2 ]

i}
&
q
0
a

[ projects

- P Processes
b % Flows

- [ Sources
v 3 Actors
' ecoinvent3_1

1) test

[z Product syst
b [# Impact asse)

b % Flow propel
[ Unit groups|

') openlcadstudents

4|[3) ecoinvent 2 2 unit

i Properties

&' Close database

$4  Export database |
& 3

x

& LI

_allocation

1 Right click on the

database name and select
“Export database”

[E) 1 item selected

=

Select the export file

® - 1 &) ThisPC b
Organise ~

.;" Favourites
B Desktop
s Downloads

24 Recent places

-~
4 Folders (6)

h Desktop
k Downloads
k Pictures

4 Devices and drives (3)

| Cristina

| GreenDelta

Z& OneDrive

l% Homegroup

Cristina Rodrigue:
H ristina Rodrigue: == Local Disk (C)
— I 0
& This PC v "/' 111 GB free of 225 GB

}1
b
|

ALY,

Documents

Music

Videos

DVD RW Drive (D:)

Search This PC L

mr
N

File name:

Save as type:

(= Hide Folders

2. Select the directory

and name for the
.zolca file

agreenbeLta




Using an ILCD network database

 Useful, if more than one person is
working on one study.

» Data are uploaded into a
database on a server and can be
downloaded from each user with
access to the server.

agreenbeLta



ILCD network database: import

= openlLCA 14
File | Window Help
Save Ctrl+S
2::: ilslm Ctrl+Shift+5 wca Import — O
Close Ctrl+W
Close All Ctrl+Shift+W Elcome tO Open LCA' select \
Preferences pn 1.4.1 beta 4 (Windows 64 bit) IE‘]
Im Import... _[
3 Export.. 5SMI ly open sol
Exit intained si O 1O > a.com Select an import source:
Licensed under the Mozilla Public License (what
DO | type filter text
4 (= File Import
1 What's new [%] EcoSpold 1
= — Network Import A IE EcoSpold 2
Excel
Search 8 ILCD

Search and select processes for the import

‘S SimaPro CSV
4 (= ILCD Network Import

Connection | bicenergiedat @ http://iai-uiservl.iai.fzk de/bed-ws/resource |

Process |

MName

Location  Time Type

3. Select the server

connection and the

processes to import

/@ ILCD Network Import
4 (= Other
L2 Database Import

2. Choose “ILCD

Network import“

< Back

Finish

Cancel

Cancel

Next = Finish

agreenbeLta



ILCD network database: export

=
File | Window Help !B Export
Save Ctrl+S
_ Save As.. & - Select ?
Save All Ctrl+Shift+S
Close Ctrl+W H
Close All Cirl+Shift+W
Preferences
b | Select an export destination:
& Egport.. |type filter text
Exit
e 1. Go to File> » & EcoSpold
' ecoinvent3_1_allocation_default E O rt b B EXCEI
' openlcadstudents Xp b = ILCD
et 4 (= ILCD Network Export
@ ILCD Network Export
— O 17
= ILCD Network Export - 2. Choose ILCD

ILCD Network Export
Export processes or product systems to an ILCD netwark.

Network Export“

Connection | user @ http://host-adress.web/path/resource

4 E[j} Processes
4 E[_P} agricultural means of production
v []:? buildings
b [ feed
» D[_P} machinery
» [ ]e® mineral fertiliser
b D[_P} organic fertiliser
» [P pesticides
o [ ] seed

- EE@ ecoinvent_2_2, unité

3. Select the server

connection and the
elements to export .

< Back

Finish

Cancel

agreenbeLta
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Sensitivity analysis

“systematic procedures for estimating the effects of the
choices made regarding methods and data on the
outcome of a study”

(1ISO 14040)

* Are results stable if you change specific aspects?

* What happens if you expand your system
boundaries?

* What happens if you use other allocation
methods?

* What happens if you change your assumptions?

GgreenbDeLTa



Comparative assessments in

openLCA: Projects

« Same or different product systems can be compared

il *Project - example &2 l

Project: Project - example

~ General information

MName | Project - example

Description

Version 00.00.001

Allocation methods can
be compared

The target amount may

vary between variants

+ LCIA Method
~ Variants
Name Product system Allocation method Amount Unit Description
Varian t1 Battery cell, lithium-ion batte.. None Battery cell, lithium-ion batte.. 1.0 Itemn(s)
Varian t2 Battery cell, lithium-ion batte.. None Battery cell, lithium-ion batte.. 1.0 Itemn(s)
Varian t3 Battery production None Battery pack (51) 1.0 Itemn(s)

» Parameters

¥} Process contributions

(]

(F]9 4
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Comparative assessments in
openlLCA: Projects

il *Project - example 2 |

Project: Project - example

* General information

Name | Project - example

Description

Version 00.00.001

Last change 2014-09-23T22:28:15+0200

~ LCIA Method

The method and impact
categories to display

can be selected

LCIA Method [ JCML 2001

Normalization and weighting set |

Impact category Display Report name Description
acidification potential - average Europe...

acidification potential - generic

climate change - GWP 100a

climate change - GWP 20a

climate change - GWP 500a

climate change - lower limit of net GWP

acidification potential - average European
acidification potential - generic

climate change - GWP 100a

climate change - GWP 20a

climate change - GWP 500a

climate change - lower limit of net GWP

&l R & & & E

agreenbeLta



Comparative assessments in
openLCA: Projects

ill: *Project - example =2 ]

Project: Project - example

= General information

Name | Project - example
Description

Once every variable is
Verson 0000001 - - set, click “Report” to
Last change 2014-09-23T22:28:15+0200 calculate results

» LCIA Method The contribution of
» Variants different processes can
b Parameters be compared

= Process contributions

Process Report name Description

[Fl Anode, lithium-ion battery Anode, lithium-ion battery

agreenbeLta



Project: Re

port

= openLCA 1.4.1 beta 4 - 0
File Window Help
BB ¥ la
& | ills *Project - example 2 ] . . = 0
v _ 1. Text descriptions for A
~ Introduction DROR 4
secton  Innoductir each sections can be
Text In the following the results of the project are shown. This is a default template fg ~
added
<p><ul>
<li=changing the text of the sections,
<li»adding or removing sections, hd
Component ‘
~ Project Variants DECE ¢
Section ‘ Project Variants
Text This table shows the name and description of the variants as defined in the project setup. The variant names of the project setup are used for all charts and tables of the other report components. ~
s
Component | Variant description table
o 2. The type of component to
~ Selected LCILCIA category description table x
Parameter description table o o o
Section  Parametervalue tale display in each section can be
LCIA result table
Text Normalisation result table
Singl core able selected (e.g. tables, graphs)
Indicator bar chart
Relative LCIA results - bar chart
Normalisation - bar chart hd
_ |Relative LCIA results - radar chart v
Project setup | Reg Normalisation - radar chart
Single score bar chart
Prorecs rontrihitinn chart

agreenbeLta




Project: Report sections

ills *Project - example & |

Report secti

ons

'~ General information

Title | Results of project ‘test’

&) Add section

5 Introduction

New sections can be
added

SRCE 1

h Project Variants DRCE
"+ Selected LCIA Categories SRR
' LCIA Results DEOR
+ Single Indicator Results DECE 1
"+ Process Contributions SEOR 4
'+ Relative Results DRCE

¥ New section

Se X

Section

New section

Text

TODO: add text

Or delete existing _<inm
ones A

v

agreenbeLta



Example: Project report

Ik *Report-example ||Iin Report Viewer [Ilin Report Viewer &

Variant Description

Variant1

Variant2

Selected LCIA Categories

The table below shows the LCIA categories of the selected LCIA method of the project. Only the LCIA categories that are selected to be displayed
are shown in the report. Additionally, a user friendly name and a description for the report can be provided.

LCIA category unit Description
climate change - GWP 100a kg CO2-Eq
climate change - GWP 20a kg CO2-Eq
climate change - GWP 500a kg CO2-Eq
LCIA Results

This table shows the LCIA results of the project variants. Each selected LCIA category is displayed in the rows and the project variants in the
columns. The unit is the unit of the LCIA category as defined in the LCIA method.

LCIA category Variant1 Variant2 Unit
climate change - GWP 100a -1.35354e+2 -9.02359e+1 ka CO2-Eq
climate change - GWP 20a -1.38358e+2 -9.22388e+1 kg CO2-Eq

climate change - GWP 200a -1.33022e+2 -5.92811e+1 kg CO2-Eq
agreenbeLTa



Example: Project report

Single Indicator Results

The foliowing chart shows the single resulfs of sach project vadant for e selscisd indicator. You can change the ssiscion and the chart is
dymamicaly uodated.

Climabe change - SWF 100 L

Manan ‘Wit

Process Contributions

This chart shows the confrioubions. of the ssiscied processes In the project setup bo the vandant resuls of the ssiected LCIA calsgory. As for the
single Indicator nesults, you <an change the selecion and the chart s dynamically updated

climiabs change - FWP 1008 v

agreenbeLta
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Exercise 5: e-car vs. diesel powered
car

a) Compare the environmental effects caused by the person
transport of 100,000 pkm in an e-car with those caused by
the person transport of 100,000 pkm in a diesel car. Use
first the impact assessment method IPCC 2007, then
USEtox. Which kind of transport is eco-friendlier?

» Create a new project and add the product systems
“Transport person e-car (average US) (S1)” and
“Transport person diesel car”

* Select the LCIAMs, first IPCC 2007, then USEtox and
analyse the results

° 10 Min

agreenbeLta



Exercise 5: e-car vs. diesel powered
car

b) Compare the environmental effects of the use of
the e-car in different regions (average US, Chile,
Mexico, and Norway). What happens?

* Select first IPCC 2007, then USEtox as LCIAM’s

° 15 min

agreenbeLta



Modelling with parameters

 Useful for sensitivity analyses = What impact is the
change in one aspect of my earnings?

 Useful for preliminary data: data can be changed
easily at the end of your study.

« With different input values can create different
versions of the life cycle.

 Reduces the likelihood of calculation errors.

GgreenbDeLTa



Modelling with parameters

* Entry of calculation rules instead of concrete values
- more flexibility

* Available on process, product system, LCIA method,
project and database level

* Local and global parameters = parameters can
overwrite each other!

« Parameters can be linked to other parameters (i.e.
dependent parameters) 2 Loops are not allowed

areenbeLTa



Exercise 6: sensitivity analysis with
parameters

The diesel car in our case study consumes 8l/100km. What
happens, if it consumes 61/100km and 10l/100km
respectively?

 Create a parameter for the fuel consumption of the
diesel car.

» The CO,emissions depend on the fuel consumption. 1l
diesel causes around 2.26kg of CO, and 170mg
particulates.

° 10 Min

agreenbeLta



Allocation and system

expansion
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Multi-output processes

« Often multi-output processes
« cow (milk, leather, meat)
 Co-generation (heat, power)

* Chloralkali elektrolysis (natriumhydroxide, chloric
gas, hydrogen)
 Usually you need for LCAs only processes with one
output

* Two strategies:
* Avoiding Allocation: System expansion

» Elementary flows and products from multi-output
processes mathematically divided into multiple =
processes (= allocation)




Allocation

“partitioning the input or output flows of a process or a
product system between the product system under
study and one or more other product systems”

(1ISO 14040)

s NI AL S H S Fe e QoSS Ible?

» physical allocation
 causal allocation
« economic allocation

GgreenbDeLTa



Example: co-generation

B co-generation 1 |

Allocation

Default method | None v

¥ Calculate default values

~ Physical & economic allocation

Product Physical
#¥Electricity, at grid, US - RNA (2.00 MJ) 1.0
#*¥Heat, onsite boiler, hardwood mill, average, SE - RNA (1.00 MJ) 1.0

Economic
1.0
1.0

~ Causal allocation

Flow Direction Category Amount Electricity, at grid, US - RNA
L. Sulfur dioxide Output air/high po.. 050000kg 1.0
.L.Carbon dioxide, fossil Qutput air/high po.. 200000kg 1.0
#*Crude oil, at production... Input Product flo.. 3.00000 kg 1.0

Heat, onsite boiler, hardwood ...

1.0
1.0
1.0

agreenbeLta



Exercise 7: Causal allocation

a) Open the process ,co-generation unit“and apply
causal allocation.

* If you cannot find the process in the navigation use
the search function.

* Assumptions:

* 60% of the emissions are caused by power
production

* 40% are caused by heat production

°* 5 min

agreenbeLta



Exercise 7: Economic/physical
allocation

b) Apply for the same process ,,co-generation unit”
now economical allocation.

* Assumptions:
* Market value for electricity: 0.79 €/MJ
* Market value for heat: 0.36 €/MJ

* 10 Min

c) Apply now physical allocation.

agreenbeLta



System expansion

biogas 2 TJ —> electricity 1 TJ
active coal 72,2 kg ——> heat 0,6 TJ

bonus Heat (from gas
process heating) 0,6 TJ heat bonus process —> heat0,6T
process biogas 2 T —> —> electricity 1 TJ

biogas CHP plant (net)

—> credit note heat bonus
process 0,6 TJ

(net) active coal 72,2 kg —>

agreenbeLta



System expansion in openLCA

[P] *Heat, onsite boiler, hardwood mill, average, SE - RNA 2

Process: Heat, onsite boiler, hardwood mill, average, SE

~ Inputs
Flow Category Flow prope... Unit Amount Uncertainty  Default pro.. Pedic
#*Wood fuel, SE hardwoo... Product flows Mass kg 0.0426236.. none
©%Residual fuel oil, combu... Product flows Volume | 1.0138630.. none
#*Wood fuel, SE hardwoo.. Product flows Mass kg 0.0065590.. none
#%Natural gas, combusted... Product flows Volume m3 7.2418787.. none
@*Liquefied petroleum ga.. Product flows Volume L 3.0208979.. none

A process providing the
avoided prOdUCt flow Check the box of “Avoided
should exist! product” for the by-product

~* Outputs

Flow Category Flow prope.. Unit Amount Uncertai Avoided product
#%Heat, onsite boiler, hard... Product flows Energy MJ 1.0 none
L% Electricity, onsite boiler,.. Product flows Energy kWh 0.0019196.. none [v]




Exercise 8: System expansion

» Apply for the process ,,co-generation unit” system

expansion.
s Fvnntn A nAvas nrA~Ac o thandt ~vnndtac Al biand Ll
 Inputs | Amount _
Natural gas, at 0.45 m3 Heat, gas heating 1MJ
extraction site Carbon dioxide, fossil 73.8 kg
Nitrogen oxides 0.0578 kg
Sulfur dioxide 0.004 kg

* Create a new product system and have a look at
the graph.
* 10 min

agreenbeLTa



Free task: Life Cycle Assessment of a
disposable shaver

a) Create an LCA of a disposable shaver is produced in China and
used in the United States.

* Some facts:

 Shaver: head with 2 steel blades weighs 20g; handle is
made of 200g ABS (Acrylonitrile-butadiene-styrene
copolymer)

* packing: 55g PET, 10 shaver in one package

* The shaver can get used for 0.25moeo skin, then they are
dull

« the shaver will get incinerated, not recycled
» Grouping your model in production, use and disposal phases.

 Describe your approach.

* 30 Min
agreenbeLTa



Free task: Life Cycle Assessment of a
disposable shaver

b) Create your shaver environmentally friendly!

* Apply common eco-design rules and produce a more
environmentally friendly shaver.

» Explain your approach and your results.

* 30 Min

agreenbeLta
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Types of uncertainty

 Data uncertainties

Uncertainties through measurements and estimations

Uncertainties through the use of non-ideal data sets
(region, technology, time period )

Uncertainties of consumer behaviour regarding use
and disposal of products

* Uncertainties in LCIAM due to lack of scientific knowledge

GgreenbDeLTa



Data uncertainty: basics

* Itis basically not possible to measure error-free.

* But: Data uncertainty is in contrast to other uncertainties
quite easy to handle with statistical methods (e.g. Monte
Carlo simulation, Pedigree approach, interval calculations,
with fuzzy logic approach or the Gaussian error
propagation formulas)

- Measurements have a distribution; the scope is defined as
standard deviation.

—> Results have also a standard deviation and a mean as well
as an average:

* The median is the mean value (for 100 samples the
] . GreenpeLta
goth sample is the median).



Uncertainty distribution

Log-normal distribution

Normal distribution

=

T sD SD

/'\

Triangle distribution

SD SD

Uniform distribution

agreenbeLta



The Monte Carlo simulation

 Simulation varies entry data of the model calculation
randomly according to the uncertainty distribution.

* An uncertainty distribution for the calculation result
is provided.

By a breakdown of the value ranges in individual
intervals and the alternate drawing from different
intervals, a more uniform distribution of the results is
achieved, thereby reducing the number of iterations
required.

GgreenbDeLTa



The Monte Carlo simulation

* First, uncertainty data are added to all flows in the
processes (Distribution, standard deviation, min /
max, etc.); only for the reference output no
uncertainty distribution is assumed.

* Uncertainty data can be defined also for
parameters and LCIA characterisation factors

* Then, in the calculation window the Monte Carlo
simulation can be selected and the number of
simulations can be entered.

* Uncertainties are calculated for each flow or irmipaet



Adding uncertainty information

| CS
|| ] Transport, aircraft, freight - RNA 52 l = B
Process: Transport, aircraft, freight
- Inputs [+ &F: |
Flow Category Flow proper... Unit Amount Uncertainty  Default pro.. Pedigree un...
%% Kerosene, at refinery - RN... Product flows Volume L 0.41991972.. none Edit

1 Select “Edit” in the

uncertainty field

Uncertainty distribution |Logarithmic normal distribution V‘

Geometric mean | 2.5

Geometric standard deviation | 0.9

P

2. Define the values of

the distribution

areenbeLTa



Starting the Monte Carlo simulation

{5t Welcome ‘ [F] New Process “

Product system: Case 1

#® General information

1

Name Case 1

Description

Version 00.00.000 - =

Last change

:t;\r Calculate

* Reference

Process

1 Open a product system
and click the calculation

button

= Calculation properties
Calculation properties @

Please select the properties for the calculation
Allocation method | MNone v |
Impact assessment method | @ IPCC 2007 v |
Normalization and weighting set | v |
Calculation type O Quick results

O Analysis

(_) Regionalized LCIA

(®) Monte Carlo Simulation

Number of iterations:

2. Select “Monte Carlo
“Simulation”, the impact
method and the number

of iterations

agreenbeLta



Starting the Monte Carlo simulation

openLCA 1.4.1 beta 4 -8
&
_||[2) *Transport, aircraft, freight - RNA |‘"ﬂ Transport, aircraft, freight  |iilii Transport, aircraft, freight &2 = B8

Monte Carlo Simulation

~ Settings
Product system | Transport, aircraft, freight
Process | Transport, aircraft, freight 3 Cl ick ”Sta rt w to run t h e

Quantitative reference | 1.00 t*km Transport, aircraft, freight - RNA

simulation

MNumber of simulations | 100

~ Progress
~ Results =
(® Flows |.3~. Benzene - water/unspecified W ‘

() Impact categories |@ climate change - GWP 500a

results: 1 mean: 0.000 standard deviation: 0.000 5% percentile: 0.000 95% percentile: 0.000 median: 0.000 4 Wh i I e th e Si m u Iat i O n
1
runs, results for each flow

and impact category can be
shown

0

20% 20% agreenbeLta
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Results of the Monte Carlo

simulation

File Edit Window Settings Help
= x

£ organic viticulture (unit process network) [.|1|. organic viticulture (unit process network) &2 ]

=
& | Monte Carlo Simulation
~ Settings
Product system organic viticulture (unit process network)
Process viticulture (organic)

Quantitative reference 1.0 kg grapes (organic)

Number of simulations 10000

~ Results

(Ol 3l on dioxide, fossil (air / high population density) i

results: 10000 mean: 0.129 standard deviation: 0.014 5% percentile: 0.108 95% percentile: 0.153 median: 0.128
314

0.088

5 Results can be exported

as Excel

Simulation

agreenbeLTa




The Pedigree approach in ecoinvent

Developed by Weidema and Wesnaes in 1996 as part
of their NUSAP scheme to estimate all kinds of
uncertainty

A pedigree illustrates key aspects in a matrix:
* Columns represent pedigree criteria

* Lines represent qualitative characterisations of
each criteria by expressing different levels of data
quality or uncertainty

Quantitative scores are assigned to each qualitative
description

eenbeLTa

The pedigree matrix was transferred in 1996 by



The Pedigree approach in ecoinvent

Relevant
criteria

Reliablility

Complete-

ness

Time

Geography

Technology

Qualitative
descriptors

agreenbeLta



The Pedigree approach in ecoinvent

Reliability

Complete-
ness

Time

Geography

Technology

Default
uncertainty

factors

agreenbeLta



The Pedigree matrix in open

| X
[F] *Transport, aircraft, freight - RNA &2 l =

Process: Transport, aircraft, freight

~ Inputs @ X 1=
Flow Category Flow proper.. Unit Amount Unce.. Def.. Pedigree uncertainty
#*Kerosene, at refinery - RN... Product flows Volume L 0.41991972.. none Edit

1. Click “Edit” to add or

modify the Pedigree

uncertainty
~ Outputs @ X 1=
Flow Category Flow proper.. Unit Amount Uncertainty  Avoided pr.. Pedigree un..
#*Transport, aircraft, freight.. Product flows Goods trans.. t*km 10 none
L, Hydrocarbons, unspecified air/unspecified Mass 0.00104611.. none

kg
.1, Carbon monoxide, fossil air/unspecified Mass kg 0.00441023... none
L. Carbon dioxide, fossil air/unspecified Mass kg 1.05284715.. none
kg

L. Nitrogen oxides airfunspecified Mass 0.00536646.. none

agreenbeLta



Click on the matrix cells to select entries

Indicator score

Reliability

Completeness

Temporal
correlation

Geographical
correlation

Further
technological
correlation

1

2

3

4 5

Verified data
based on
measurements

Verified data partly |Non-verified data | Qualified estimate | Non-qualified
based on partly based on (e.g. by industrial
assumptions or qualified estimates | |expert)

non-verified data
based on
measurements

estimates

Representative
data from all sites
relevant for the
market considered,
over and adequate
period to even out
normal
fluctuations

Representative Representative Representative Representativenes
data from > 50% | |data from only data from only s unknown or data
of the sites some sites (<< one site relevant from a small

for the market
considered or
some sites but
from shorter
periods

number of sites
and from shaorter
periods

relevant for the 50%) relevant for
market considered, |the market

over an adequate | |considered or >
period to even out | |50% of sites but
normal from shorter
fluctuations periods

Less than 3 years
of difference to the
time period of the
data set

Less than & years | Less than 10 years || Less than 15 years | Age of data

of difference to the| | of difference to the | of difference to the |unknown or more
time period of the | |time period of the | |time period of the | than 15 years of
data set data set data set difference to the
time period of the

Data from area
under study

Average data from | |Data from area Data from area

larger area in with similar with slightly similar

which the area production production distinctly di

under study is conditions conditions area (North

included America instead o
Middle East,

OECD-Europe
instead of Russia)

Data from
enterprises,
processes and
materials under
study

Data from
processes and
materials under

Data on related
processes on
laboratory scale or

Data on related
processes or
materials

Data from
processes and
materials under

study (i.e. identical |study but from from different
technology) but different technology
from different technology

enterprises

Base uncertainty:

ll.U ag:

1.2555818742947564

The Pedigree matrix in openLCA

2. Click in the different fields
to rate the data quality, add

a basic uncertainty and click
,»OK"

agreenbeLta



Basic uncertainty

» Developed by the ecoinvent centre:

Basic uncertainty

Energy requirement
Transportation services
Infrastrukture
CO2 in air
PM2.5 of combustion
Heavy metal in water

Radionuclides in water

1.05
2.00
3.00
1.05
3.00
5.00
3.00

agreenbeLTa



Calculation of the Pedigree
uncertainty

* Sofarthe pedigree matrix is only used for
documentation purposes!

* In later openLCA versions the pedigree values will be
used to determine all uncertainty parameters to run a
Monte Carlo simulation (Distribution, standard
deviation, min / max, etc.)

 Derived uncertainties can then be calculated using
the Monte Carlo simulation.

agreenbeLta
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Motivation of LCC

» LCC gives an overview over all costs that arise
through the entire life cycle of a product.

2 perspectives: manufacturer and consumer

» Important for goods that entail high costs
through maintenance (e.g. car or train) or for
the comparison of different products

- h " Ilation of eco-
@
®

LT
-

environmental performance
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Example: The consumer perspective

Purchase price

Costs per year

Buy price

Taxes, insurance, etc.
Operating costs
Repair costs

Total yearly costs

10,945 €

1,977 €
1,753 €
909 €
352 €
4,991 €

10,890 €

2,164 €
1,911 €
964 €
490 €
5,529 €

10,9990 €

1,936 €
1,527 €
998 €
318 €
4,779 €

GgreenbDeLTa



Scope of LCC

Extarnalities Extarnalities Externalitias Extarnalitias
o A o el i e S e e —
. Cosls Costs Cosls Costs |
| Materials/ |
Resouioes . Costs Product Costs Consumer(s)/ Cosly : Final disposal
(exernaliies) ———— > COMPONENt =g o facturer [ Rev user(s) revt| EN-0f-life actor(s) [T (eremaites
| supplier(s)
| l l * l |
3 Revenues Revenues Revenues Rewvenues
o s e e R R S e e T e R |
Externalities Externalities Externalilies Extemalities

Social and natural system:
boundaries of social and envircnmental assessment

(Rebitzer G., Hunkeler D. (2003): Life Cycle Costing in LCM:
Ambitions, opportunities, and limitations, Discussing a GreenpeLTa
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LCC in openLCA

*  Two possibilities:
* Costs are treated as environmental impacts
(costs are emissions)
* Costs are considered as elementary flows
* Use of the costs tab in the process editor

*  Only cost categories can be considered

The costs tab option is currently only
included process documentation

purposes = No calculation is
available!

agreenbeLta



Option 1: Costs as elementary flows

* Inafirst step, specific or general cost flows are
defined (e.g. [(material costs) for PET], [(labour
costs) for engineers% [(transport costs) for road
transportation], etc.).

« These cost flows are assigned to processes (treated
as emissions).

* Itisrecommended to create a new impact
assessment method which adds up the cost flows.
Different cost categories (= impact categories) can
be defined (e.g. manufacturing costs, transport
costs, disposal costs, ...)

agreenbeLta



Option 1: Procedure in openLCA (I

* Creation of costs flows as elementary flows

ia openlLCA 1.4.1 beta 4 - B

File Window Help

B EE @ | &

k= Navigation E:@\ 5 ¥ = O | [{ energy costs E:S\ = 0
' ecoinvent_2_2_unit ~

Flow: energy costs
" ecoinvent3_1_allocation_default gy

4 @ olcateacher

» % Projects ~ Flow properties @ X
> @ Product systems Name Conversion f.. Reference unit Formula Is reference
e Impact assessment methods
. Marketva... 1.0 EUR 1.0 EUR = 1...
i P Processes
4 % Flows

b % chemicals
i ¥ Elementary flows
i [8 final-waste-flow
4 [FLCC
[F| energy costs
[l material costs
[F] personell costs
[F] transport costs

. i Fl nmnomatarial

< > General information | Flow properties
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Option 1: Procedure in openLCA (Il

 Adding costs flows to processes (outputs)

Process: Blade, steel LCC

* Inputs
Flow Category Flow proper... Unit Amount Uncertainty  Defaul
#% Steel, billets, at plant - US  Product flows Mass g 2 none
«% Electricity, at grid, CN Product flows Energy kKWh 0.05 none
* Outputs
Flow Category Flow proper... Unit Amount Uncertainty  Avoide
%% Blade, steel_LCC Product flows MNumber of ... tem(s) 1 none
.energy costs LCC Market valu.. EUR 0.2#0.05 none
L. personell costs LCC Market valu.. EUR 0.004 none
L.material costs LCC Market valu.. EUR 0.02*0.90 none

agreenbeLta



Option 1: Procedure in openLCA (llI)

 Creation of an impact assessment method

~ Impact categories

Name Description Reference unit
Energy costs EUR
Material costs EUR
Personnel costs EUR
Transport costs EUR

Impact assessment method: LCC

* Impact factors

Impact category | Energy costs

Flow Category Flow property Unit Factor Uncertainty
energy costs LCC Market value US 2000, bulk prices EUR/EUR 1.0 none

agreenbeLta



Option 1: Procedure in openLCA (IV)

* Calculate the product system costs results with the

_ ____1f~1 A ___ _1l_ _ 1

LCIA Results

* LCIA Results

Impact category Result Reference unit
Material costs 0.21268 EUR
Transport costs (.05000 EUR
Personnel costs 0.10050 EUR
Energy costs 0.06646 EUR

~ Impact contributions

Impact category | Material costs

Contribution Process Amount
m— 74,99% Use phase shaver, ABS, 2 blades LCC - U5 0.15950
- 16.93% Blade, steel LCC - GLO 0.03600
' 07.50% Shaver handle, ABS LCC - GLO 0.01595

Unit
EUR
EUR
EUR

areenbeLTa



Option 2: Costs tab in the process
editor

 Cost categories are defined on the process level.
Values are assigned to these cost categories.

Process costs

- Shaver, ABS, 2 blades, packaged with PET_LCC o x
Cost category Amount Fixed ... 1. Add a cost to
Local taxes 5000 No i .
the process

- New cost entry

Cost category |Construction Expenses

Amount | 10000 2. Select the cost category

Fixed costs and introduce amount

OK

Inputs/Outputs  Administrative in...| Modeling and vali...| Parameters | Allocation | Process costs| ™
agreenbeLTa




Free exercise: LCC of a shaver

Create for your shaver models a comparative cost
analysis from a consumer perspective.

+ Afew prices:

disposable shaver, 2 blades 0.89 EUR for 5 pieces
tap water, incl. waste water treatment 5EUR/m3 (=> 0.005 EUR/kg)
shaving foam 2.69 EUR for 200ml

 Describe your procedure.
* 15 min

GgreenbDeLTa



Additional (new)

features in openLCA
S B T

S MR
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Elements usage

* Available for any element of the database.
* Results can be filtered.

[F] Caprolactam ~
[F] Carbon-14

[F] Carbon black

[ Carbon dioxide

Carbon dioxide, biogenic Filter results
[F] Carbon dioxide, fossil ad

[F1 Carbon dioxide, land transformation
Carbon disulfide

Usage of: Carbon monoxide, fossil

|IE| Carbon monoxide| Type Name
[F] Carbon monoxide Open in editor o _ _
B Carbon monoxid< IS [ Acrylonitrile-butadiene-styrene copolymer, resin, at plant, CTR
[ Carbonyl chloride| % Delete [ Fuel grade uranium, at regional storage
[FI Carbonyl sulfide Cut
[FI Cerium-141 Copy [Fl Matural gas, combusted in industrial boiler, at hydrocracker, for butadiene
) Cerium-144 Forest resid d and loaded, at landing syst
Cosium. 134 ﬁ\,.;ﬂ ::_r:port... F) orest residue, processed and loaded, at landing system
; ort...
[l Cesium-137 ol @ selected LCI results, additional
[Fl CFCs and HCFCs, | ‘@) New database
Chloramine < Import database 1

[F1 Chloride
GagreenbeLTa



#l=

Multiple windows view

+ Select Window/Open in New Window to open a new

openLCA window

* It can be worked in parallel within the same database

w©a openLCA 1.4.1 beta 4 - B ca openl.CA 14.1 beta 4 - O
File Window Help File Window Help
bdwoa v E la JaRE ] la
% Navigation ¥ } = O || Battery production ["7“’ Quick results & } -8 & Navigation ] = O ||%; Battery production [*3"' Quick results 2 = O
& v 2 & v "
[ ecoinvent_2_2_unit ~ ~ || T Impact contributions 1) ecoinvent 2 2 unit ~ || Flow contributions
' ecoinvent3_1_allocatic ' ecoinvent3_1_alloca
3 olcateacher Impact category ||§ climate change - GWP 500a I olcateacher o
Impact contributions
4 [ openlcadstudents 4 (@ openlca4students
a (# projects » & Projects -
ills Project - exampl 108682 ke 4 (5 Product systems Impact category |I§ climate change - GWP 500a et | Cut-o
ills Report-example = 62.623 kg 5 Battery cell, lit :
4 (55 Product systems + Battery produc Contribution Process Amount Unit
+= Battery cell, lithit 34483 kg = test - 33.84% Hot rolled sheet, steel, at plant - .. 108.56370
= Battery productic — 25474 kg 5 Transport, airc - 19.52% Electricity, bituminous coal, at po.. 62.62275
s test % Transport pers - 10.75% Transport, combination truck, die..  34.48346
u . 89.632 kg L
<=a Transport, aircrai - Impact assessmer ' 07.94% Natural gas, combusted in industr.. 2547373
5= Transport persor © [Pl Processes ' 06.63% Soda powder, at plant - RNA 21.27902
» 4 Impact assessment 7 b 59 Flows — . e
- >
i P Processes v« ) = % Flow properties
< > General information| Inventory results LCIA Results| ™s o8 1t rerarie <

(ol i a2

< >

Inventory results | LCIA Results | Process contribut.. Flow contributions

»
5
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Developer tools

* SQL Query Browser, JavaScript and Python editors.

- SQL Query Browser
File | Window | Help
Open in New Window

* SQL 5tatement

=N - S g v
Show views select name, cas_number,formula from tbl_ﬂows|
u| @Developer tools » ‘ saL |
5 Formula Interpreter JavaScript
. [ @ Browser configuration Python

a Projects

~* Results

MNAME CAS_NUMBER FORMULA

Ethene, tetrachloro- 000127-18-4 C2CI4
Florasulam  145701-23-1 C12H8F3N5035
Mitrite 014797-65-0 NO2 -

Xenon-137  014835-21-3 Xe-137

Ethyl cellulose 009004-57-3 NULL

Sulfate 014808-79-8 S04--

Aniline 000062-53-3 C6HTN
Transformation, from traffic area, road networkMULL CORINE 122a
Cesium-137 010045-97-3 (Cs-137
Chlorosulfonic acid  007790-94-5 HS03C
Manganese 007439-96-5 Mn
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|

Experimental features
in openlLCA

[
' | Outputs Wy
Baurte Bauite ¥ Boucte Aluming
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Experimental features

* They can be activated under

File/Preferences/Experimental features

LCa

L

Preferences

O

pe filter text

@Configuration

Experimental features
» Field Assist

Global parameters

ILCD Network

Locations

Logging

Number format

Updates

Experimental features

- T
T L

Warning: These experimental features may change, break, or

disappear at any time.
Enable localised impact assessment
Experimental visualisations

Calculate with sparse matrices (requires restart)

[ | Enable matrix image export

|| Enable cut-offs in product system creations

Restore Defaults

Apply

OK

Cancel
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Product system Statistics

 Available in the product system editor
* It provides information about the number of

e | AL
mraom mmmmomm e miim e a0 AL

Product system statistics

General statistics:

Number of processes 81

Number of process links 230

Connected graph / can calculate? E
Technology matrix 81 x 81
Reference process Battery pack (S1)

Recalculate

agreenbeLta



Product system Statistics (Il

Product system statistics

Processes with highest in-degree (linked inputs):

Number of input links Process

8 Lithium carbonate
Battery cell, lithium-ion battery (S1)
7 Ethylene dichloride-vinyl chloride monomer, at plant

7 Electricity, at Grid, US, 2008

[e:]

. 7 Ethylene, at plant

Processes with highest out-degree (linked outputs)

Number of output links Process
. 27 Electricity, at Grid, US, 2008
o 18 Transport, train, diesel powered

General information|Parameters Model graph | Statistics| HTML Graph|

agreenbeLta



Experimental visualisations: HTML
Graph

 Available in the product system editor.
* It provides visual representaion of the process links in

i PR I I I
‘i Battery production %T = B8
HTML Graph
@® A
o
L] oo . ®
0L 4 (*»..“»'
| @A e g
- 2 '\‘\,.‘/..\_
@ ..‘wr.*f e @
SNrL | 2 . ©
<& ~\ /) e s
° Nl 167/ ® ”
@ e /
0~ @@ T,
Y
@ a2 -. o @

v
< >
General information|Parameters Model graph | Statistics | HTML Graph

| graph, (HTML Graph GreenbeLTa




Experimental visualisations:
Treemap

* Available in the quick results and anaylsis editors.

* Itvisually represents the direct process contributions
p e r fI O\‘ Process contrlbutlons

(® Flows | . Nitrogen oxides - air/unspecified v |

() Impact categories |{§ climate change - GWP 500a |

agreenbeLta
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Experimental visualisations: Bubble
chart

* Available in the quick results and anaylsis editors.

* Itvisually represents the direct process contributions
per fI O\ Process cont-rib-utions ) )

|.3~. Mitrogen oxides - air/unspecified v |
(1 categories |[§ climate change - GWP 500a |

GgreenbDeLTa



Experimental visualisations: Sun
burst

* Available in the anaylsis editor.

* Itvisually represents the total process contributions
per flow s s

(® Flows
() Impact categories |[§ climate change - GWP 500a v

agreenbeLta




Other experimental features

 Spare matrix calculation: calculates with a different, sparse
matrix approach; saves some memory but is still experimental.

e Localised |mpa ct ) Calculation properties — O R
assessment: e st W

* New featuresinthe | -
impact method R P cco oy 200 3
editor are added to | Memsmonmaueigning et "l
deal with shape files.| ™™™ S

* A new calculation S
option is shown in
the “Calculation
properties” menu: =l o | o | =0

agreenbeLta
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Regionalisation in
openlLCA
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Extension of locations in openLCA (l)

Traditional approach:

* A list of locations available under
File/Preferences/Locations.

» The geographic information of the locations was
limited to a pair of latitude, longitude data.

» The processes could only used locations from the
pre-defined list.

Location United States
United States in
United States Minor Qutlying Islands

Uruguay
Geography comment |\ pepictan

Venezuela, Bolivarian Republic of
Viet Nam
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Extension of locations in openLCA

(1)

New approach:

* The list of locations available in the database is
shown in File/Edit locations.

« KML data can be added to each location (polygons,
lines, points):

* Import of kmz/xml files with geographic data.
* Write the coordinates in the “Text editor”.

* Draw the polygons, lines or points in the KML
editor.

s 5 editor.

Location  Switzerland

agreenbeLta



Extension of locations: KML editor
map
* KML map editor in the “Edit locations” editor:

areenbeLTa



Extension of locations: KML editor
(text)

« KML text editor for the checking or modifying the
geographic information:

<2xml version="1.0" encoding="UTF-8"7>
<kml xmlins="http://earth.google.com/kml/2.0">
<Document>
<name>Switzerland</name>
<Placemark>
<MultiGeometry>
<Polygon>
<outerBoundaryls>
<LinearRing>
<coordinates>8.60410486,47.77439768 8.60761886,47.76225372 8.61743738,47.75731862 8.62983972 47.76279633 8.63500736,47.78460378 8.64410242,47.79101166 8.65702152,47. 7!
</LinearRing>
</outerBoundaryls>
</Polygon>
</MultiGeometry>
</Placemark>
</Document>
</kml>
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Regionalised LCIA methods in

openlLCA

* |dea:

—>Parameterization of LCIA methods

Region-
independent
characteristics
(e.g. substance
dependent)

LCIA model (per impact category)

Regionalized parameters

Population density = p1
Water scarcity 2 p2

- pn

Mathematical functions

Generic characterization
factors for substanceii,
impact category j

f(cf;)

openLCA

Emission/

Shape | resource location
files @ GeoTools r

(QGIS)
P1Po---P,

f(p1,P2s---PnsCf;)

4

Regionalized

characterization
factor for
substance i,
category j,
cf; region r

>
cf

ijr
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Parameterization of LCIA methods

» Formulas for calculating the characterisation factors

(CFs) can be defined

* Input and dependent parameters can be used as in

the process data sets

~ Impact factors

Impact category | Land use

[+ &E

Flow Category Flow property Unit Factor Uncertainty
Occupation, arable resource/land Area*time m2*a (0.60*ratio_biom)/SA_CF lognormal: gmean=1.36 g...
Occupation, construction site resource/land Area*time m2*a (0.44*ratio_biom)/SA_CF lognormal: gmean=1.00 g...
Occupation, forest, intensive resource/land Area*time m2*a (0.04*ratio_biom)/SA_CF lognormal: gmean=9.09E-...
Occupation, forest, intensive, clear-c... resource/land Area*time m*a (0.18%*ratio_biom)/SA_CF lognormal: gmean=041 g...
Parameters
» Global parameters
= Input parameters
Name Value Uncertainty Description
@ ratio_biom 1.0 uniform: min=0.21 max=1.97 from shapefile: ecoregions_with_biome_ratio
SA_CF 044 none Settlement Area Characterization Factor
SA_EF 300.0 none Settlement Area Ecofactor
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Shapefiles containing regional
characteristics

 Regional characteristics affecting the CFs can be
defined with parameters:

e.g. population density, precipitation variability,etc.

* Data for those characteristics is contained in
shapefiles, which can be imported to openLCA

» Parameters are extracted during the shapefile import

- ~a 1

Shape file parameters

= Files

Location © C\Users\Cristina\openLCA-data-1.4\databases\regionalised_example'_olca_..

23 Import...

¥ Evaluate for existing locations

GgreenbDeLTa



Shapefiles containing regional

characteristics

~ Parameters of ecoregions_with_biome_ratio

I 4
Name Minimum Maximum
J; CLS_CODE 0.0 1144.0
J: ECO_ID_U 10000.0 17109.0
Jx ECO_NUM 1.0 99.0
J, ratio_biom 0.20929077 196750671

agreenbeLta



Binding shapefiles and LCIA method
parameters

» Parameters of shapefiles can be bound to input
parameters

» Default value of parameters is used for normal
calculations and formula evaluation

* In regionalized assessment the parameter value
derived from the shapefile is used for the formula

* Input parameters

Mame Value Uncertainty Description External source

ratio_biom 1.0
Ecofactor 610.0

GgreenbDeLTa



Calculation framework

Linking of process locations and LCIA methods
spatial units

* GeoTools libraries integrated in openLCA

* The intersection between shapefiles features and

process geometries is calculated.
' ed me Q T eal ,
‘ )

(p(F1)*L(F1) + p(F2)*L(F2) ...) /L p(F1) (p(F1)*A(F1) + p(F2)*A(F2) ...) /A
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Calculation framework

Regionalised LCIA calculation

* Creation of a regionalised result matrix for the
inventory (GR)

* Creation of a regionalised LCIA matrix (CR)
* Creation of the regionalised LCIA result (RR)

RR=CR*GR

GgreenbDeLTa



Regionalised LCIA: Calculation
procedure

* Select the “Regionalised LCIA” option in the
calculation properties window:

- The |
regions

=) Calculation properties

_oEE

Calculation properties

Please select the properties for the calculation

Allocation method | MNone v ‘
Impact assessment method | @ ecological scarcity 2013 (per country and biome) v ‘
Normalization and weighting set | v ‘

Calculation type

() Analysis

(®) Regionalized LCIA

(") Monte Carlo Simulation

() Quick results

MNumber of iterations:

100

Save as default

Reset

Calculate ‘ ‘

Cancel
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Regionalised LCIA: Calculation
procedure

* To reduce the calculation time for complex systems, it
is recommended to evaluate the intersections with

the existing database locations when the impact
maoathnAd ic dafinad.

Shape file parameters

- Files

Location & C\Users\Cristina\openLCA-data-1.4\databases\regionalised_example\_olca_..

g4 Import...

¥ Evaluate for existing locations

~ Parameters of ecofactors_renamed @ K
Mame Minimum Maximum
J Critical F 0.004 1646.6
[ Current F 0.0 761.0
|; Ecofactor 0.0 2.0E7
f. Narmalizat 7 R14 2R14
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Regionalised LCIA: Results

% corn grain; at harvest in 2005; at farm; 85%-91% moisture A | @ Regionalized LCIA result &2 =
Result map
(O Flows [.5, Hydrogen-3, Tritium - water/ocean [

(®) Impact categories ’]g total - Water resources v '

India

Maldives

Pitcalmy b -
Islands p : Norfolks
- Istand

Inventory results | LCIA Results | Process contributions | Result map
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Exercise: Regionalised impacts of
corn production

Import the database “regionalised Iciagstudents”. Bind
the parameters in the LCIA method to the shapefiles
parameters. Then calculate regionalised LCIA results of
the process “corn grain; at harvest in 1996; at farm;
85%-91% moisture” for the US states of:

* Nevada (NE)
* lowa (IA)
* lllinois (IL)

Which state has lower environmental impacts?

° 10 min

agreenbeLta
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Ecoinvent 3 Overview

* Third version of the ecoinvent
database, developed by the Swiss
ecoinvent Centre, with technical
modifications respect to version
2:

* Data format
* Market modelling

* Around 8000 “Activity” data
sets (former process data sets)
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Ecoinvent 3, Details

Data format

Market modelling

New data?

Consequences for openLCA

agreenbeLta



Ecoinvent 3, Data format

* Inecoinvent 2, Ecopsold 1:
* No parameters,
* Only two languages,
* Usually process=product

* No IDs, processes were identfied by location, time, unit and
name

* Itonly had processes and metadata
 Each flow had only one unit

* Ecospold 2;
* Parameters
- Different data sets (Activity, flow, etc.)
* Unique Ids

 “Intelligence” in data format GreenpeLra



EcoSpold 2

|c‘?)m1.'l. vergion="1_0" encoding="utf-g" 7>
<ecoSpold xmlns="http://www.Ecolnvent.org/EcoSpoldlz " >EDil
<childietivityDataset > il
<activityDescription>EEE
<activity id="0a5c&801-e080-4b4e-b023-bEB0bT73a54fd7" activityNameId="11916431-4240-4fb7-b7a2-90£90e35c400" parentlietivityIld="d&3fcb&E-86ed-4554-ab3c-b4babcTbl
<activityName xml:lang="en"rtitanium zinc plate production, without pre-weathering</activityName>ERifg
<includedActivitiesStart xml:lang="en" />EEii
<includedfctivitiesEnd xml:lang="en">The dataset describes the production of titanium zinc =lloy from primary zinc and the fabrication of titanium zinc pla
<generzlComment > EEINY

<text xml:lang="en" index "»[This is & dataset transferred from ecoSpold vl / ecoinvent database wversion Z. It may not in &ll aspects fulfill the regqui

<text xml:lang="en" index=
</general Comment>-EEII
<tagrConvertedDataset</ tag> EEIH
</activity>EEDNg
<classification classificationId="aeaec3Zd-b5a4-44e0-bb50-25c0f4fedds7 " >IN
<classificationSystem xml:lang="en">EcoSpoldllCategories</classificationiystens il
<classificationValue xml:lang="en">metals/extraction</classificationValue>[EENg
</classification>ERM
<classification classificationld="6feTbcZb-4be4-48£7-32b0-£27deal053ce >R
<classificationSystem xml:lang="en">ISIC rev.4 ecocinvent</classificationSystem>[EEEy

"1">The production steps pre-alloying, melting, casting, rolling, coiling, stretch forming and cutting are approximated using

<classificationValue xml:lang="en">Z42Z0:Manufacture of basic precious and other non-ferrous metals</classificationValue>[Eil
</classification>EENg
<gecgraphy gecgraphyld="0e0el020-7d7e-1lde-%2e2-001%e33Ebe3a">ERIH
<shortname xml:lang="en">DE</shortname>E
<comment > EEITEY
<text xml:lang="en" index="1">Data from a leading titan zinc plate producer in Germany. Applicable for Europe.</text>EDi
</ comment - [Eifg
</gecgraphy>Eilg
<technology technologylevel="3">@E=ikg
<comment>EEIEY
<text xml:lang="en" index="1">Induction furnace for all the pre-zlloying and melting steps, roll stands with 5 rolling pairs for the rolling step. Coilin
</ comment - EHY
</ technology>EEIEg
<timePericd startDate="1997-01-01" endDate="2013-12-21" isDataValidForEntirePericd="false" />[EEiAy
<macroEconomicScenaric macroEconomicScenariold="d%£57f0a-a0lf-4Zeb-a57b-83£18d6635801 " - EEINy
<name xml:lang="en">Business-zs-Usuzl</name>EENg
</macroEconomicScenario> @R
</activityDescription:ERE
<£lowData>EEHG
<intermediateExchange id="8fcdB8ca4-28b0-46dd-bf3e-54cddbelcBie™ unitId="487df68b-4994-4027-8£fdc-a4dc238257b7T" casNumber="007440-86-6" amount="1_0&" intermedi
<name xml:lang="en">zinc</name> NG
<unitName xml:lang="en">kg</unitName> @23
<comment  xml:lang="en">{1l,4,1,3,1,5, 3)</comment -y
<comment>EcoSpoldlllocation=RER</corment > EEilg
<uncertzinty>EERE
<lognormzl meanValue="1_0&" mu="0.0&" wvariance="0.01" varianceWithPedigreeUncertainty="0.0121" />3



EcoSpold 2

* Flow properties (before only in ILCD format): water
content, etc,, different units possible

ﬂ <elementaryExchange id="d5672064-d1e0-4905-96e5-23£4604d10£4" unitTd="487df68b-4994-4027-8fdc-24dc298257b7" casNumber="022537-50-4" amount="1_5714E-07" elems
<name xml:lang="en">Tin, ion</name>EE
<unitName xml:lang="en">kg</unitName >EENN3
<comment xml:lang="en">This flow is issued during the process “"contouring, brass". Contouring, brass is used as a proxy for rolling and colling of titanium
<uncertainty>-EEE

<lognormal meanValue="1_5714E-07" mu="-15.67" variance="0.81" varianceWithPedigreelUncertainty="1.02" />GERM

<pedigresMatrix relisbility="
</uncertainty>ENAG
<property propertyl

completeness="5" temporalCorrelation="5" g icalCorrelation="5" furtherTechnologyCorrelation="5" />8I

="c74c3729-e577-4081-b572-2a283d25€1a75" amount="0" unitId="577e242a-461£-44a7-922c-dBelc3dZbfi5" >IN
<name xml:lang="en">carbon content, fogsil</name>ERM

<unitName xml:lang="en">dimensionless</unitName>EE
</property>E@
<property propertyld="¢d3el462-50e3-4£10-b3£4-71febdéf1168" amount="0" unitld="487d£68b-4994-4027-8fdc-a4dcZ98257b 7" >R

<name xml:lang="en"rwater in wet mass</name>EREE

<unitName xml:lang="en">kg</unitName>EE)
</property>ER
<property propertyld="&7£102e2-9ch6-4d20-2a16-b£74d8203326" amount="1" unitId="487df68b-4994-4027-8fdc-a4dc2 9825707 " >R

<name xml:lang="en">wet mass</name>EEl

<unitName xml:lang="en">kg<,/unitName>EE
</property>E@
<property propertyld="6393cl4b-dbT78-445d-247b-c0cbE66a1b2S

<name xml:lang="en">carbon content, non-fossil</name>EE

unitId="577eZ4Za-461f-44a7-922c-dielc3idibi4 5" > ERIA

<unitHame xml:lang="en">dimensionless</unitName>EE
</property>ER
<property propertyld="a%358455-3724-4£03-bE22-1082dal4891E" amount="0" unitId="577eZ42a-441£f-44a7-322c-dielc3d2bi45">~ERIRY
<name xml:lang="en">water content</name>[EEH

<unitName xml:lang="en">dimensionless</unitName>EE
</property>E@
<property propertyld="3a0zfldé-04c3-4lcé-a3da-32cefeleleaa™

<name xml:lang="en">dry mass</nzme>{EEH

<unitName xml:lang="en">kg</unitName>EE)
</property>ER
<property propertyl

unitId="487df68b-45354-4027-8fdc-a4dcZ 3825707 " > ERIHE

"23012838-7975-4d89-9274-8eb772d02ed]l” amount="0" isDefiningValue
<name xml:lang="en">carbon content</name>EREG

false" unitId="577el4Zz-461£-4427-922c-dBelcld2bids " >ERIIE

<unitName xml:lang="en">dimensionless</unitName>EE

<comment xml:lang="en">carbon content on & dry matter basis (reserved; not for manual entry)</comment>ERH
</property>EE
<property propertyld

"£2283dbZ-62ed4-487L-bYac-c4£45be5E3b4™ amount=
<name xml:lang="en"rcarbon allocation</name>EE
<unitHame xml:lang="en">kg</unitName>EEN
<comment xml:lang="en">carbon content per unit of product (reserved; not for manual entry)</comment:>EERNG

</property>EE

<compartment subcompartmentId="e47f0a6c-3be8-4027-%eee-deZ51784£702">ER
<compartment xml:lang="en">water</compartment>EDAI

<subcompartment xml:lana="en">unspecified</subcompartment RN
GgreenbeLta
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EcoSpold 2

* Flow properties: details for each process data set

* e.g.: Flow: “Tin, ion”; Summary: water content (o),

ﬂ n:aryExchange i "d567a064-dle0-4906E-96e5W23£4684d10£4™ unitId= T €8b-49394-4027-8fde-a4dc2B82577" casNumber="022537-50-4" amount="1.5714E-07" elems
s T

S Contents

<comment xml:lang="en >Th1s flow
<uncertainty>EERY
<lognormal meanValue="1.5714E-07" mu="-15_67" variance="0.51" varianceWithPedigreeUncertainty="1.02" /> EEH

°
ufind l:ha Brocess "com brass”. Concouring, brass is used as a proxy for relling and colling of titanium

<pedigresMatrix relisbility="
</uncertainty>ENAG
<property propertyl

completeness="5" temporalCorrelation="5" g icalCorrelation="5" furtherTechnologyCorrelation="5" />8I

="c74c3729-e577-4081-b572-2a283d25€1a75" amount="0" unitId="577e242a-461£-44a7-922c-dBelc3dZbfi5" >IN
<name xml:lang="en">carbon content, fogsil</name>ERM

<unitName xml:lang="en">dimensionless</unitName>EE
</property>E@
<property propertyld="¢d3el462-50e3-4£10-b3£4-71febdéf1168" amount="0" unitld="487d£68b-4994-4027-8fdc-a4dcZ98257b 7" >R

<name xml:lang="en"rwater in wet mass</name>EREE

<unitName xml:lang="en">kg</unitName>EE)
</property>ER
<property propertyld="&7£102e2-9ch6-4d20-2a16-b£74d8203326" amount="1" unitId="487df68b-4994-4027-8fdc-a4dc2 9825707 " >R

<name xml:lang="en">wet mass</name>EEl

<unitName xml:lang="en">kg<,/unitName>EE
</property>E@
<property propertyld="6393cl4b-dbT78-445d-247b-c0cbE66a1b2S

<name xml:lang="en">carbon content, non-fossil</name>EE

unitId="577eZ4Za-461f-44a7-922c-dielc3idibi4 5" > ERIA

<unitHame xml:lang="en">dimensionless</unitName>EE
</property>ER
<property propertyld="a%358455-3724-4£03-bE22-1082dal4891E" amount="0" unitId="577eZ42a-441£f-44a7-322c-dielc3d2bi45">~ERIRY
<name xml:lang="en">water content</name>[EEH

<unitName xml:lang="en">dimensionless</unitName>EE
</property>E@
<property propertyld="3a0zfldé-04c3-4lcé-a3da-32cefeleleaa™

<name xml:lang="en">dry mass</nzme>{EEH

<unitName xml:lang="en">kg</unitName>EE)
</property>ER
<property propertyl

unitId="487df68b-45354-4027-8fdc-a4dcZ 3825707 " > ERIHE

"23012838-7975-4d89-9274-8eb772d02ed]l” amount="0" isDefiningValue
<name xml:lang="en">carbon content</name>EREG

false" unitId="577el4Zz-461£-4427-922c-dBelcld2bids " >ERIIE

<unitName xml:lang="en">dimensionless</unitName>EE

<comment xml:lang="en">carbon content on & dry matter basis (reserved; not for manual entry)</comment>ERH
</property>EE
<property propertyld

"£2283dbZ-62ed4-487L-bYac-c4£45be5E3b4™ amount=
<name xml:lang="en"rcarbon allocation</name>EE
<unitHame xml:lang="en">kg</unitName>EEN
<comment xml:lang="en">carbon content per unit of product (reserved; not for manual entry)</comment:>EERNG

</property>EE

<compartment subcompartmentId="e47f0a6c-3be8-4027-%eee-deZ51784£702">ER
<compartment xml:lang="en">water</compartment>EDAI

isDefiningValue="false" unitId="487df68b-4594-4027-5fdc—a4dci35257b7" ~EEMNA

<subcompartment xml:lana="en">unspecified</subcompartment RN
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EcoSpold 2

* Flow properties: details for each process data set
 Auto generated flow properties

“putputEroup>Z</outputEroup>eiify
</intermediateExchange>E)ilg
<intermedisteExchange id="eb3&%edZ-ccif-443f-b7ff-3aledel04871" unitId="487dfeEb-4934-4027-8£fdc-24dc2I8257b7" amount="0" intermediateExc

<name xml:lang="en">palladiums,/name>EEiRg

<unitMame xml:lang="en">kg</unitName>EEINY

<“property propertyld="40caZc5l-Zda6-4351-bd4c-d6£181507455" amount="37 91" >ER
<name  xml:lang="en">EceipoldllAllocation_ unde fined_E{fname:-a

</property> DI

<“property propertyld="13706ab5-1a8c-42fd-8325-c53266943087" amount="37 _ 31" >l
<name  xml :lang="en">EcoSpold0lAllocation undefined 1&</name >[N

</property>ERiNa

<property propertyld="dbZeZ7dl-47cd-4180-8416-4£7536%de00c™ amount="37_31" >[Il
<name  xml:lang="en">EcoSpold0lAllocation_undefined &</name >l

«/property> SRl

<property propertyld="3db03346-508f-4eb8-3232-317a23c63484" amount="537_ 31" >k
<name xml:lang="en">EcoSpold0lAllocation_undefined_7</name >Rl

< /property> il

<property propertyld="3303d336-d0a3-45ed-a8dE-62£5febeTE3e™ amount="100">MEN3
<name  xml:lang="en">EcoSpold0lAllocation_unde fined_zl{,.-‘name}m

</property>[Eilg

<property propertyld="9%c3Seal7-adcd-4018-8636-eb323582£359a7" amount="357_31">ERiN
<name  xml:lang="en">EcoSpoldilAllocation_unde fined_ﬁ{fname:-m

</property>EDiNg

<property propertyld="eZbdcTaZ-bfbZ-4db4-9£a2-1Ze48£767097" amount="37.31" >IN
<name xml:lang="en"*EcofpoldilAllocation unde fined_lg-:;‘name:-m

</property> DN

<“property propertyld="9676ed7d-a39%c-40ed-9f£f5-55081521ad48b" amount="37_951">ER
<name xml :lang="en">EcoSpold0lAllocation undefined_8</name >k

</property> iR

<“property propertyld="a3358458-3724-4f03-b622-106edaZ48516" amount="0" unitId="577e242a-461f-4427-322c-dBelcidibf45" > (=il
<name  xml:lang="en">water content</nzme:>[ERAY
<unitName xml:lasng="en">dimensicnless</unitNzms>E=i%g

GgreenbeLta



EcoSpold 2

* “Intelligence” in data format:
 Child and parent data sets:

» “parent data set: a dataset referred to by a
child dataset as the dataset from which field
values in the child dataset are to be inherited
to the extent defined, i.e. parent datasets
serve as basis of their associated child
datasets. “ (ecoinvent.org)

* “Only geographical inheritance is allowed in
the ecoinvent v3 database, i.e. some regional
datasets (such as Brazilian soybean
production) might be modelled as a child
dataset of the global dataset. “ (ecoinvent.org)
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EcoSpold 2

* “Intelligence” in data format: child and parent data sets
 Child and parent data sets:

 “In child datasets values can be set to relate to the
corresponding value in the parent dataset. When
such a related value is chanﬁed in the parent
dataset it is automatically changed in the child
dataset as well.”

* “itis automaticall?/ changed” - better: it is meant
to be automatically changed.

* Idea: save space; avoid redundancies.

* |In current ecoinvent database: values for all the
child data sets present; redundancies exist

- (possible) task for software developers: keep
redundant information consistent
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Ecoinvent 3, market modelling

 Basically, products are not exchanged directly between
processes, but through a market

« Advantage: more flexible modelling of process chains
* However, the current version is linked—> flexibility lost
 But..different default “system models”:

“system model; a model describing how activity data
sets are linked to form product systems. A system model
may determine factors such as whether to use allocation
(and which type of allocation) or substitution [...], or
whether to use average or marginal suppliers. It may
also affect how by-product treatments are assessed.”

* Originally two system models: “Allocation, ecoinvent
default” and “Consequential, substitution, long-term”.

* From version 3.0.1 also “cut-off” model.
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Ecoinvent 3, market modelling

product X (from activity Y) —»
product X (from activity Z) =

Transport —%

Wholesaler and/or
retailer activities

product X (consumption mix; to _)
cover losses in trade and transport)

Market for
product X
(Market activity)

—® product X (consumption mix)

—» Waste of product X
(losses in trade and

transport)

Figure 4.2. A market activity with its intermediate exchanges. Texts in brackets are not part of the name of the ex-

change.

(ecoinvent methodology report

p.17)
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Ecoinvent 3, market modelling

« Example for the difference between each system

model:

* Direct link: Consequential model

°® AMAvl A+, At vilai ik iAanAl 7 AAfa i lE aa A A A

esterification of soybean oil / BR

DIRECT LINK

esterification of soybean oil / Row

glycerine production, from
epichlorohydrin / FR

market for
glycerine / GLO

glycerine production, from
epichlorohydrin /RowW

(ecoinvent.org)

P

soap production / DE
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Ecoinvent 3, example: market for

banana

Welcome "L«; Search result view

Process: market for banana

[@ market for banana - GLO

T 1allocation defau
3.1allocation defaul
Flow Category Flow property Unit A
#¥transport, freight, inland waterw... 502:Inland water transp..  Goods transpo..  tokm 0
#¥transport, freight train - RoW 491 Transport via railwa.. Goods transpo..  t*km 0
#*transport, freight train - CH 497:Transport via railwa.. Goods transpo..  t*km 1
“#*transport, freight train - CN 491 Transport via railwa.. Goods transpo.. t*km 0
“#¥transport, freight, lorry, unspecif.. 492:0ther land transport.. Goods transpo..  t™km 0
“#¥transport, freight, sea, transocea.. 501:5ea and coastal wat.. Goods transpo..  t®km 0
w#¥transport, freight train - Europe ... 491.Transport via railwa.. Goods transpo..  t*km 0
#*transport, freight train - US 491 Transport via railwa.. Goods transpo..  t*km 0
#*banana - GLO 012:Growing of perenni..  Mass kg 1
= Qutputs
Flow Category Flow property Unit A
#*banana - GLO 012:Growing of perenni..  Mass kg 1
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Ecoinvent 3, example: banana

production

|[F) market for banana - GLO

Welcome "u; Search result view [@ banana production - GLO & ]_

Process: banana production

* Inputs

Flow - Category Flow property Unit A
#¥ ammonium nitrate, as N - GLO 201:Manufacture of basi.. Mass kg 0
@#* electricity, low voltage - ASCC 351:Electric power gene.. Energy kKWh 5
@#¥ electricity, low voltage - AT 351:Electric power gene.. Energy kKWh 4
@ electricity, low voltage - AU 351:Electric power gene.. Energy kKWh 1
#* electricity, low voltage - BA 351:Electric power gene.. Energy kKWh b
#* electricity, low voltage - BE 3571:Electric power gene.. Energy kWh 5}
#* electricity, low voltage - BG 3571:Electric power gene.. Energy kWh 2
@#* electricity, low voltage - BR 3571:Electric power gene.. Energy kWh 3
@#*electricity, low voltage - CA-AB  351:Electric power gene.. Energy kWh 2
@#*electricity, low voltage - CA-BC  351:Electric power gene.. Energy kWh 5
@#* electricity, low voltage - CA-MB  351:Electric power gene.. Energy kWh 3
@#*electricity, low voltage - CA-NB  351:Electric power gene.. Energy kKWh 1
sl lctioit Denacaemlinmn  FA RIE 3CAlocteic cmeseme ccme  Cocee. AR >
Qutputs

Flow Category Flow property Unit A
#*banana - GLO 012:Growing of perenni..  Mass kg 1
L. Ammonia air/low population dens.. Mass kg 1
L. Nitrogen oxides air/low population dens... Mass kg 2
.L, Dinitrogen monoxide air/low population dens... Mass kg 1
L.Zinc soilfagricultural Mass kg -

3.1allocation default

GgreenbDeLTa



Ecoinvent 3, system models

e Common rules:

* By-products/wastes identified as materials for
treatment are moved to the input with negative
sign.

* Intermediate inputs without activity link

specified, are linked to the local market activity
data set.

 Data sets with “combined” products are divided
into an equivalent number of data sets.

 For “joint” products:
- Allocation (partitioning)
- System expansion (substitution)
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Ecoinvent 3, allocation model

- Divide the data sets into new activities according the

allocation factor R
-==p
S BroduGE A ey 1|
Y activity 1 | Product s MR
Activity 1 [ Prodiict 8
-->
-->

» . Product C . :
Activity 2 [—..Product B ‘
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Ecoinvent 3, allocation model

- After allocation, all activities producing the same
marketable by-product yielded from a treatment activity

g@jgﬁgz‘ted@&d\are grouped into a single dataset
Activify 1

-—-p
e T

Activity 1 [—:..Product B :

Recycling e
activity or
speciality

/ production [~

Activity 2 [:..Product B :

Activity 2
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Ecoinvent 3, substitution model

* All by-products are moved to the input side with
negative sign

: Product A :
7 Activity 1 | Product 8
—==D
-=b>

 Allinputs and outputs are linked to t
corresponding market activities

———p
e

Activity 1

e
-—p

———p
e

Market
for B

Activity 1

:.-Product B — g
neir
PSS,
3 Market —>: Product A :
...... CBroduct A forA Lo

———p

-—>
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Ecoinvent 3, cut-off model

« Based on the Recycled Content, or Cut-off, approach.

* Primary (first) production of materials is always
allocated to the primary user of a material.

* If a material is recycled, the primary producer does
not receive any credit for the provision of any
recyclable materials. As a consequence, recyclable
materials are available burden-free to recycling
processes, and secondary (recycled) materials bear
only the impacts of the recycling processes.

« Furthermore, producers of wastes do not receive any
credit for recycling or re-use of products resulting
out of any waste treatment.

e.g.: recycled paper? Waste incineration?
agreenbeLta



Ecoinvent 3, cut-off model (I1)

 Alltechnosphere flows are classified as:

 ordinary bg/ product treated#ust as common
products, but they are not reference)

- recyclable material (*Materials with no or little
economic value that can serve as the input or
resource for a recycling activity“), o

- waste (“Materials with no economic value, and no
interest in their collection without
compensation®)

http://www.ecoinvent.org/fileadmin/documents/en/S
ystem_ Models/S %/stem model description _and_specifi
cation-Cutoff.pd
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Ecoinvent 3, cut-off model (1V)

» Waste products handling: by-product is burden-free

Activity

3

Waste i3

treatment |7 ;; meeemmeeeen,
‘/ + By-product i

Point of cut-off

By-product is
burden-free

http://www.ecoinvent.org/fileadmin/documents/en/System Mo
dels/System_model description _and_specification-Cutoff.pdf
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Ecoinvent 3, cut-off model (V)

- Handling of recyclable materials: negative input
(=output) of a dummy process recycled content cut-

This dataset contains no
inputs or outputs besides
the recyclable material itself

Recycled
Content
cut-off

Point of cut-off

.............. , Activi
: - Reeyclable | X Y

! material !
|

...........

Disposal of the recyclable
material is burden-free

http://www.ecoinvent.org/fileadmin/documents/en/System Mo
dels/System_model description _and_specification-Cutoff.pdf
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Ecoinvent 3, cut-off model (VI)

» Handling of recyclable materials: when used in
markets, markets get additional transport effort as

e.g. tran sparr

Recycled
Content
cut-off
e.g. transport i -
wata o weste g

Content cut-off

Market for
recyclable :
material

i Recyclable .:.
material :

Rec",rcling
activity

glass cullet
production,

from waste |

glass

. Market for
¥ recycled glass
cullets

Point of cut-off

recycled bottle

production |,

————————————

http://www.ecoinvent.org/fileadmin/documents/en/System Mo
dels/System_model description_and_specification-Cutoff.pdf
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Ecoinvent 3, new data

* (very few: some international
data; water data)

- Data updates
- e.g. electricity mixes, transport
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Ecoinvent 3, consequences for
openLCA

* Much larger systems

—> Optimization of performance in
product sytems (open, create new):
before 2 min, now 10s

- Optimization of the calculation
(Background: matrix inversion,
memory use, speed)

* Modelling corrections (correct some
links; uncertainty information)

* (openLCA structure adapts well
already)
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Feedback

Did you learn in the training
what you expected to learn?

What do you like/dislike in
openlLCA?

Which functions do you miss?
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Thank you!

www.openlca.org

)

openLcCa
./

areenbDeLTa

sustainability consulting + software

Contact

Sarah Winter, Cristina Rodriguez
GreenDelta GmbH
Muellerstrasse 135, 13349 Berlin
gd@greendelta.com
www.greendelta.com
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