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Content

* Introduction to GreenDelta

* Introduction to openLCA

* Functions and features (overview)
 Installation

 First look at the software

« LCAdataimport

* Elements in the database:

* Creating flows and processes

« Tips and tricks for working with openLCA
* Product systems creation and calculation
* Impact assessment methods creation

* Results analysis and interpretation
 Sensitivity analysis (working with parameters)

* Data export GreenpeLTa



Content ||

* Allocation and system expansion

« Additional (new) features

« Experimental features

* Uncertainty analysis

* Ecoinvent3

 Life Cycle Costing

* Regionalised LCIA

* Environmental Product Declarations
» Open discussion and question session
* Feedback and closing remarks

areenbelTa



? perd(A famescet bea L1 5 7 ! - . - S g o
e (it tindon b — :
. sx =B8R0 Bl& pos = any string)
. G % = 05 csestoy shomivom | ’ process (= a0y
& Noagetoa Seach,
. « Alumina GLO
‘f‘;:"m (Input) Bauxite
- o (Input) Calcined Lime
9 L mehods 00 Anode O (Input) Caustic Soda
(Input) Coal

o "
| @ Auminiom .3 | (Input) Diesel Oif
(Input) Electricity

(Input) Gas

» Fiom pregestes

Unt groups
8 dcen |_Tnputs | Outputs
S Sowces 1

Alloy 5

Alumin;

Eler?:w(q-,

| Hea: o
[\

|

[ Outsige

Remey

— S Ll
2@ Tesulyy
[ onscle Chart -
perty Snkey o
Paramerens

""m.‘,‘




GreenDelta background

Founded by Dr. Andreas Ciroth in 2004

« 10 employees (engineers, biologists, IT-Specialists,
business administrators)

o Officein Berlin

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

areenbelTa



GreenDelta, What we do

« (environmental) LCA: case studies, critical reviews, data
collection, creating databases

* Social LCA : social impacts of products throughout their
entire life cycle

+ Life Cycle Costing: costs of products throughout their
entire life cycle
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GreenDelta, What we do (l1)

« Software development:

- openLCA: worldwide leading open source LCA software; the only
professional software of its kind

- openLCA Web Enterprise: web-based openLCA software,
originally developed for BASF

- E-DEA: Software for Eco-Design, connects with SimaPro

- various LCA hubs (CAP’EM, Copper EPD Chile, ...)

areenbelTa



GreenDelta, What we do (lll)

 Software and data sales:

- SimaPro Center for Germany
- database sales for ecoinvent, GaBi, Social Hot Spots Database, ...

- openlLCA Nexus: largest consistent collection of sustainability
and LCA data worldwide
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GreenDelta for openLCA

» Software expansion/adaptation
* Case studies

* Guided case studies

* Data acquisition

« Database compilation
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GreenDelta for openLCA (ll)

 Crititcal review (ISO 14040)

* LCA, LCC, SLCA

« Data management and hosting
* openCLA Training

 Service und Support
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GreenDelta Project examples

Laptop study: Life cycle assessment and social LCA for a
notebook, carried out for Podde in 2011

Life cycle assessment of satellite systems, carried out for
the European Space Agency in 2013

PROSUITE EU 7t" FP research project 2009-2013,
GreenDelta develops a sustainability assessment
software based on openLCA for prospective technology
assessment

Nano3bio EU 7t FP research project, 2013-, GreenDelta’s
contribution: modeling the LCA for chitosans .



GreenDelta Project examples (l1)

« EPD Editor: Development of a tool (“EPD Editor”) for creating
Environmental Product Declarations in openLCA, funded by the
German Federal Institute for Research on Building, Urban
Affairs and Spatial Development, 2014, as openLCA plugin

* GreenDelta offers technical support to lecturers, tutors and
students taking part in s lectures on Life Cycle Assessment at
Harvard University, 2014

* Guided Case Study with CCL Label Meerane GmbH: GreenDelta
consultants assist and train label-producer CCL Label
employees in carrying out an LCA for one of their products

« BASF BEST: Creation of a special openLCA version for BASF,
2012-2014+ (go-live October 2013)
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GreenDelta Project examples (llI)

* US Department of Agriculture: Development of An EcoSpold 2
import and a regionalized impact assessment approach in
openlLCA, with GIS integration, 2012-2014

« US EPA 2013: Implementing a non-expert user interface and
report generator for openLCA

* US EPA 2014-: GreenDelta implements a refined Life Cycle
Costing approach, a semantic web import export, a new
OpenlO database, and a Sustainable Material Management
tool in openLCA

* Fundacion Chile: Support in development of a data collection
plugin for openLCA, for use in a study about sustainability life
cycle assessment for 12 companies in the food sector, 2014-
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Institutional Customers

LN
4 & FCH
Bundesinstitut \\Q,/\\U’/
fiir Bau-, Stadt- und UNEP FUNDACION CHILE

Raumforschung Karlsruher Institut flr Technologie

im Bundesamt fiir Bauwesen
und Raumordnung

ADEME

eco nvent

/ Centre

SY KE

Finnish Environment Institute

Agence de I'Environnement
et de la Maitrise de I'Energie

Umwelt

Bundesamt
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Academic Customers

1020100 B8]

B

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

HARVARD

SCHOOL OF PUBLIC HEALTH

Techmical University of Denmark

HE

| KU

Universitat fir Bodenkultur Wien
University of Natural Resources
and Life Sciences, Vienna

CHALMERS

UNIVERSITY OF TECHNOLOGY

ETH

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

cTIT

UheSanﬁaﬁﬁ
de Chile
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Consultants as Customers

E]’: PE INTERNATIONAL

Institut fur Energie-
und Umweltforschung
Heidelberg GmbH

SCSglobal  SIMople oo

SERVICES efficient solutio
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openlLCA

« afree and (yet) professional approach to Life Cycle
Assessment: powerful, feature-rich, (comparatively) easy
to use, technically up-to-date

« developed by GreenDelta since 2006

« completely Open Source (Mozilla Public License)
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openlLCA

 native to Windows, Mac OS and Linux

« established, and growing, community of users; approx.
300 software downloads per week

 broadest selection of relevant, consistent LCl and
sustainability databases available worldwide (!)
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openlLCA application (generic)

» Life Cycle Assessment, Life Cycle Costing, Social Life Cycle
Assessment

* Carbon & Water footprint
* Product Environmental Footprint
* Environmental Product Declarations

« US Environmental Protection Agency’s Design for the
Environment Label

* Integrated Product Policy

areenbelTa



openlLCA features overview

» Allthe features you expect for professional LCA modeling
and analysis:

working with and creating smaller and very large product
systems, “autoconnect” (as in SimaPro) or by manual
connection (as in GaBi); parameters, sen5|t|V|ty analysis,
scripting (Javascript, Python), system expansion and
allocation, uncertainty assessment, Monte Carlo Simulation,
LCIA calculation with optional normalization and optional
weighting, refined result analysis features, GIS integration,
“best of class” import and export mterfaces group
collaboration features, .

* Fast calculation of large system . I

areenbelTa



openlLCA features overview (Il)

* Fast calculation of large systems: e.g. ecoinvent 3.0

120

anaylsis calculation time [s]

100

80

® horn meal production Row

60

W electricity high voltage production mix
BE

40 -

20 -

openLCA 1.4 SimaPro 8.0.3
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openLCA quality assurance

« External and internal testers
» Beta versions before final release = more user input

ratio SimaPro result to openLCA result, inventory
flows, electricity, high voltage, production mix BE,
ecoinvent 3.0.1 default allocation model
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areenbelTa



openLCA: Why open source?

flexibility and freedom, for both user and developer

security, accountability and high quality coding style is visible
to everyone; “quick and dirty” solutions cannot be hidden

cost benefit, despite maintenance, configuration and support
costs for developer behind the scenes

open source nature of the software makes it very suitable for
use with sensitive data (point brought forward by Lockheed
Martin, users of openLCA)

No further obligations for users, especially no obligation to
share / distribute / ... created LCA processes and systems

areenbelTa



openlLCA.org

« Downloads (software, LCIA methods, ...)
* Vidoes, manuals, case studies

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

* Forum

areenbelTa



openLCA.org/downloads

7\
opPenLca

.

openlLCA files

format converter files

LCIA methods

openlLCA case studies

documentation manuals

order forms, service and support

Home Services Products

Downloads

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.

) rss feed

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

Downloads

improvements and many new features.

To see video tutorials on openLCA installation, click here.

Installation files

openlLCA

Version 1.4
Windows 64 bit

openLCA

Version 1.4
Mac &4 bit

Search...

Learn more LCA data Network About

Linux 64 bit

areenbelLTa



openlLCA.org/learnmore

/\ Search...
O Pe n Lca Products Downloads mor LCA data Network

Home Services

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

Learn more Learn more

Features

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.

areenbelLTa



openLCA.org/services

A Search. .. Q
0 P e 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:

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

= Adaptions and extensions: If openLCA (or other LCA software) does not meet your

areenbelLTa



openLCA.org/forum

| search |[ search |
oPenLcCa Search.
\A‘:‘.er forum

{"; Board index VL

@FAQ Vel Register 0] Login

It is currently 02 Sep 2014 14:05

View unanswered posts = View active topics

openLCA 1.4 by aciroth G
23 /3 11 Aug 2014 13:46
Installation by aciroth 0
25 103 02 Sep 2014 13:18
Modelling by aciroth [
. 78 =z 27 Aug 2014 16:30
Data and Data Exchange 66 233 by aciroth [
(=) 23 Aug 2014 09:17
Developer by aciroth
. iz =2 26 Jun 2014 17:09
Other by Martinaz G
7 52 11 Jun 2014 11:19
e Version 1.2 test 6 17 by aciroth L
Forum for the July 2010 (+..) test round of openLCA 01 Jun 2013 12:48

LOGIN = REGISTER

Username: Password: | | Log me on automatically each visit

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
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Graphical modeling of product systems

Product system = 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 using the
“Projects” feature

areenbelTa



Graphic modeling of process networks based
on Eclipse GEF

— _
'E:!openLCAlﬁ e ; R —

File Window Help

==Yy Q
s i PET bottes at POS 23] =8 .
-5 gz

8 polyethylene tereph...@ =Granulate productio... @ 8 Plastic Component ...

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

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

polypropylene prod...

Btransport, freight tra...

= Bottle at point of sa...

Btransport, freight, se...
Filled bott..| Bottle sale

Btransport, freight, lo...

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

maintena...

General information | Parameters | Model graph
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Allocation and system expansion for
modeling multi-output processes

) - e ———
EnLCAx - '=

File Window Help

IBEHRER &S © milk
& Navigation 83] & ~ = B||[F Ethanol, denatured, corn dry mill - RNA &2
o I?;Ocesse.s - “ | Allocation
i [P A:Agriculture, forestry and fishing
[P Air Transportation
» (B Allocation Default method | Causal -
i :j: E-::d:;:? e auaming || [ ¥ Caleulate default values
a [P fuels
[F] Ethanol, 85%, at blending terminal, 20 ~ Physical & economic allocation
[F] Ethanol, 85%, blended, at service stati N -
[F] Ethanol, denatured, at refueling statio Rrodnct Rhysical Eeeraulte
[{l Ethanol, denatured, corn dry mill - RN| = #* Ethanol, denatured, corn dry mill - R... 1.0 1.0
[l Ethanol, denatured, corn stover, bioch '_ w*distillers dried grains with solubles, .. 0.01 0.0
[F] Ethanol, denatured, forest residues, th
[Pl ethanol, denatured, mixed feedstocks,
[F] Ethanol, denatured, switchgrass, biock
[Pl Ethanol, denatured, wheat straw, biocl |
- [P} others ~ Causal allocation
i [P} production
b ) C:Manufacturing Flow Direction Category Amount distillers ... Ethanal, ...
» [P Case study Li-ion battery L.Water, cooling, unspe.. Input resource/l.. 6.23000E4.. 0.01 1.0
» [P Chemical Manufacturing #*Gasoling, at refinery - .. Input Product fl..  266.000001 0.01 1.0
1P chemicals 4% 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 1.0
» [ Fabricated Metal Product Manufacturing #*Natural gas, combuste.. Input Product fl..  219.00000.. 0.01 10
» [ Forestry and Logging #% Electricity, at grid, US, .. Input Product fl.. 436.00000.. 0.01 10
[P G:Wholesale and retail trade; repair of motc S — - e == ==
i [Pl H:Transportation and storage A
< w1 3 General information | Inputs/Outputs | Administrative information | Modeling and validation | Parameters AIIocation]C05t5|




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

areenbelTa



Local and global parameters

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

Parameters l
€ Preferences - B
* Global parameters type filter text ' Global parameters R
- @Configuration
~ Input parameters Experimental features ox
» Field Assist Name Amount Uncertainty Description
Name Value Global parameters 0 0
p ) none
Benzene_h 0.021 ILCD Network

bucket_volume 1.1 LOCat_iOns
CH4 h 072 Logging

- . Number format
coh 1500 Updates
cycles_min 075

density 1.8

Dust_h 16.0

fuel_h 255 none [051 [
load_factor 0.6 none [04] [
N20_h 3.0 none [10] [
NMVOC_h 29.0 none [12] [
NOx_h 520.0 none [08] [
sulphur_ppm 200.0 none [031 [
Toluene_h 0.003 none [14] [
Kylene_h 0.264 none [151 [

~ Dependent parameters

Value Descr
Benzene_t Benzene_h*load_factor/performance*d.. 4.58181818181818E-4 [24] [
CH4 t CH4_h*load_factor/performance*densi.. 0.0157090909090909 [22]1 [
CO_t CO_h*load_factor/performance®*density  3.27272727272727 [18] [

Name Formula
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Inventory calculation

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

* Results are clearly presented in two tables

* Result can be exported to Excel

areenbelTa



Matrix calucation method
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Example: inventory results

EEETTD B e LW NN e

File Window Help

=

B

HEREE#LBEQ

o,
&5 Analysis result of graphic paper production, 100% recycled, alloc. default, S 2 l = B8
Inventory results é
» Inputs
* Qutputs
Flow Category Sub-category Unit Amount
Hydrogen-3, Tritium water ocean kBqg 1.24192
Esfenvalerate soil agricultural kg 111267E-13
Vanadium air unspecified kg 2.28044E-9
Aldrin soil agricultural kg 1.90167E-8
Magnesium air low population density, long-term kg 6.59479E-7
Uranium air unspecified kg 2.63771E-13
Metaldehyde soil agricultural kg 5.64073E-9
Plutonium-238 air low population density kBqg 4,37936E-13
Methane, dichlorodifluoro-, CFC-12 air unspecified kg 2.87573E-15
Methyl acrylate water surface water kg 7.93821E-11
Cinidon-ethyl s0il agricultural kg 4.60945E-13
Qils, biogenic soil unspecified kg 7.74856E-8
o-Xylene air high population density kg 2.23408E-11
Mitrogen oxides air unspecified kg 0.00018
Sulfur water unspecified kg 8.21458E-8
Sodium, ion water unspecified kg 0.00032
Acetaldehyde air high population density kg 4 80177E-7 N

< | 1l |

General information | Inventory results| LCIA Results| Process contribut...| Process results| Flow contributions| Contribution tree| Grouping| Locations

b
=
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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

areenbelTa



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)

areenbelTa



Contribution analyses

File Window Help

[

=1 5T |

DEHEGEHLERQQ

o,
& |45 Analysis result of graphic paper production, 100% recycled, alloc. default, S 2 l 8
- Inventory results é
» Inputs
* Qutputs

Flow Category Sub-category Unit Amount

Hydrogen-3, Tritium water ocean kBqg 1.24192

Esfenvalerate soil agricultural kg 111267E-13

Vanadium air unspecified kg 2.28044E-9

Aldrin soil agricultural kg 1.90167E-8

Magnesium air low population density, long-term kg 6.59479E-7

Uranium air unspecified kg 2.63771E-13

Metaldehyde soil agricultural kg 5.64073E-9

Plutonium-238 air low population density kBqg 4,37936E-13

Methane, dichlorodifluoro-, CFC-12 air unspecified kg 2.87573E-15

Methyl acrylate water surface water kg 7.93821E-11

Cinidon-ethyl s0il agricultural kg 4.60945E-13

Qils, biogenic soil unspecified kg 7.74856E-8

o-Xylene air high population density kg 2.23408E-11

Mitrogen oxides air unspecified kg 0.00018

Sulfur water unspecified kg 8.21458E-8

Sodium, ion water unspecified kg 0.00032

Acetaldehyde air high population density kg 4 80177E-7 N

<|

General information | Inventory results| LCIA Results| Process contribut...| Process results| Flow contributions| Contribution tree| Grouping| Locations

b
=
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Sankey-Diagram

File Window Help
NG ER =4 = FCYC

& |45 Analysis result of graphic paper production, 100% recycled, alloc. default, S | Bottle production

i
Product system: Bottle production
Impact category: Acidification potential - average Europe

Cut-off: 0.000%

0

Process colour scale (contributions in [%])

Bottle production

Total amount:
5.059E-6 (100.000%)

transport, freight, lorry 3... electricity voltage transfo...

Single amount; Single amount;
5.059E-6 (100.000%) 0.000 (0.000%)

Flow contributions | Contribution tree | Grouping | Locations | Process contribut...

Process contribut...

polyethylene terephthalate

Single amount;
0.000 (0.000%)

Sun burst | Localised LCIA (b...| Sankey diagram| s

[Sﬂ Analysis result of Bottle production &2 = B8

Y
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Grouping

=

.‘!";

File Window Help

T SR SN i

=

B

HEREHLE@ G M
41 Analysis result of graphic paper production, 100% recycled, alloc. default, S |'rﬁ Bottle production [Eﬂj Analysis result of Bottle production &2 = B8
Grouping o
~ Groups @ E=
i Other a*transport, freight, lorry 3.5-7.5 metric ton, EURQS5, alloc. default, U -...
@ transport
~ Results |
©) Flows |n-"‘ electricity, medium voltage - 351:Electric power generation, transmission and distribution/3510:Electr... - CA-ON d |
@ Impact categories |@ Acidification potential - average Europe - |
Group Amount Unit
— {ransport 5.059111008E-6 kg S0O2 eq.
Other 0.0 kg SO2 eq.
Flow contributions | Contribution tree [Grouping‘ Locations| Process contribut...| Process contribut...| Sun bu rst| Localised LCIA (b...| Sankey diagram| ™:
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Localisation

Dy - W Bl

Ll

(§

[ File Window Help

hEraELBaS ap
2 | 45| Analysis result of graphic... Ié’:] Analysis result of Bottle ... ] [P} Bottle production i Bottle production l@] Analysis result of Bottle .. & | = O
E| '~ Result contributions | &
‘ Location Amount Unit =
| m—— Rest-of-World 5.09118 kBq E
China 0.00829 kBq
Europe 5.88918E-6 kBg
United States 1.90897E-6 kBg
Global 9.51506E-8 kBq
CA-QC 1.25828E-8 kBg -~
& |

'~ Map (beta) o

W

Inventory results | LCIA Results  Process contribut... | Process results | Flow contributions | Contribution tree | Grouping | Locations | Process contribut...| s
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Uncertainty analyses

.. with Monte-Carlo-Simulation or pedigree approach

163 openlCA 14.1 beta 6 o =B8] X |

File Window Help

=l = @ biogas <
& | treatment of biogas, burned in micro gas ... iilii treatment of biogas, burned in micro gas ... 2 |iilii treatment of biogas, burned in micro gas ... | = B8
|

Monte Carlo Simulation

= Settings
Product system treatment of biogas, burned in micro gas turbine 100kWe, alloc. default, U
Process treatment of biogas, burned in micro gas turbine 100kWe, alloc. default, U

Quantitative reference  1.00 kWh electricity, low voltage - CH

Mumber of simulations 100

~ Results =

) Flows |.:-. Hydrogen-3, Tritium - water/ocean hd |

@ Impact categories ||§ Climate change - GWP100 - |
results: 39 mean: -0.192 standard deviation: 0.588 5% percentile: -2.084 95% percentile: 0.164 median: -2.525E-3

13 im

H g
0 o o o o O e O o 1 H = H
-3.190 0.439

Monte Carlo Simulation
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Further characteristics

» Separate calculation of costs possible
* Multiple languages
* Automatic error report

* Integrated static and dynamic help
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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)
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Download and installation of openLCA

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

openLCA

apenLCA 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 featuras.,

To see video tutorials on openLCA installation, click here.

Installation files

openlLCA 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
openLCA 1.4 Windows 32 bit agreenbeLTa




opPeNnLC

Fra

orK

Welcome to the openlLCA 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.

GareenbDeLTa
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Welcome to openLCA!

Welcome = }

' bioenergiedat

' ecoinvent_3_cutoff(1) 0 Pe n Lca Welcome to Open LCA!

O elcd ) ) i
1 gabi_2013_professional \ / Version 1.4 for Windows (64 bit)

' Ica_commaons_1.1
1 openlca_lcia_methods_14 High performance Life Cycle Assessment (LCA) and sustainability assessment software. Truly open source.

 probas 1 Available for free. Created and maintained since 2006 by GreenDelta, Berlin. www.greendelta.com
' schulungaugustl4students Licensed under the Mozilla Public License (what does this mean?)

areenbeLta

© - i
%%i What's new D Getting started

For the 1.4 version, we completely redesigned and “renovated” openLCA. When you start openLCA the first time, it does not contain any data. With
Results are 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
+ drastically improved performance of about 400% navigation on the Ieft 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

A broad range of LCA databases are available in openLCA nexus, where you openLCA. It is changing over time so check back from time 1o time.

can search for single data sets and also for complete databases, and
download them into openLCA. The databases are all fit for openLCA, several New introductory and comprehensive manuals are also available online.
databases can be combined.

This is also explained in a video

method packs are available from the o

Case Studies \WETIELRS
Eﬁ Examples Community =

Here are cases that demonstrate how to use openLCA: increasing number of people are using openLCA. Register in the

Cases for the 1 3 version Tururmr to share yuurlhuugfﬂs, ask questions, read answers and

itk ™

Welcome

0 items selected

reenbDeLTa




Main menu functions

[ LEa preferences | = |

S W— Ll W
File| Window Help | type filter text | Experimental features Sy v
= — = Experimental features

Warning: These experimental features may change, break, or
disappear at any time.

Save Ctrl+S
Save As...
Save All

> Field Assist
Global parameters
ILCD Network 2013 G

Use Mozilla browser (not available on every platform)

Ctrl+Shift+S Enable localised impact assessment

Locations ) oo
Close Ctrl Logging Experimental visualisations
s Number format Calculate with sparse matrices (requires restart)
Close Al 2 1 Updates Enable matrix image export

Enable cut-offs in product system creations

Preferences ]
Create reports for project results

Import...

L3 Export

Choose export destination. IH 4

Select an import source:

|type filter text |

Select an export destination:

| 4 (= File Import
‘type filter text
[ EcoSpold 1
» & EcoSpold F‘ [#] EcoSpold 2
I & Excel | Excel
r = ILCD -
® LcD

&+ = ILCD Network Export
S SimaPro CSV

i = ILCD Network Import
4 (= Other
2 Database Import

<Back | New> || Fnish | [l Cancel
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Create a new database

= openlCA 1.4.1 beta 4 |
File Window Help
HhEHE G

&= Navigation I

o
i
4
0
m]

Right click on
Navigation, select
“New database”

Welcome I

N\
orPenLca
\_/

High performance Life Cycle Assessment (LCA) and sustainability assessment software. Truly open source.

Welcome to openLCA!

Version 1.4.1 beta 4 (Windows 64 hit)

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

What's new

L

For the 1.4 version, we completely redesigned and “renovated”

D Getting started

When you start openLCA the first time, it does not contain any data.

GreenbDeLTa

Welcomej

openLCA. Results are

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

+« many new features

E\é‘] Searching for and 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 info 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

With the new version of openLCA. it is really easy to get started. You
can just import a database from an existing zolcafile 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

[:E 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 introductory and comprehensive manuals are also available online.

@2 Community

areenbeLTa



Create a new database (1)

L®a New database — O
New database []
Create a new database

Database name | |

Local () Remot
Database type (® Local (O Remote Local or remote

databases can be

Database content () Empty database created
() Units and flow properties
(® Com plete reference data

Different content
available

Finish Cancel

areenbeLTa



Create a new database (llI)

Lca

j—

New database

_cEE

New database

Create a new database

3

Database name

Database type () Local (® Remote

remote_database

The name should be the
same as in the remote

database

Host localhost
Port 3306
User ro Dt|
Password

Finish

Cancel

areenbeLTa



openLCA overview

< openlcA L W

-
File Window Help
N E A

\

% Navigatl®

»
2

Fl Crude il atpro.. | ) Natural gas, ate.. | [ Natural gas, extr.. | ) electricity, high.. | [ market for electr.. | [F) market for elefs.. &

') bioenergie
“® ecoinvent_3_cu

& ** Projects

H

= International production
= market for electricity, low voltage

H

rape oil

egional production
Transport person diesel car
& (¥ Impact methods

I [P Processes

I 9 Flows

I+ [® Flow properties

&[4 Unit groups

4 Sources

- & Actors

0 eled

') gabi_2013_professional
' lca_commons_1.1

') openlca_lcia_methods_1.4
' probas_1

') schulungaugustl4students

HAN

=)

i

Navigation

Jl F——| 3

Process: market for electricity, low voltage

al information

market for electricity, low voltage

on This dataset describes the electricity availab
This activity starts from 1kWh of electric|

This dataset includes:

&3] D:Electricity, gas, steam and air conditioning supply > 35:Electricity, gas, steam and air conditioning supply > 351:Electric pow|

Category

Version 00.00000 - -
Last change

Infrastructure process
Create product system

~ Quantitative reference

uantitative reference &% electricity, low voltage (DE)
g

~ Time
Start date  01-Jan-2008 [+
End date  02-Dec-2014 [O+v

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

~ Geography

Location | Germany

4 1 ] »

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

Search

0 items selected

—— e e ——————
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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

It is 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”

It is Bossible to save own data; every element of the software
can be personalised

areenbelTa



Import data sets

File | Window Help

2lcome to openLCA!
on 1.4.1 beta 4 (Windows 64 bit)

| Save Ctrl+S

5 | Save As...

Uz Save All Ctrl+Shift+S
Close Ctrl+W
Close All Ctrl+Shift+W
Preferences

[t Import...

i Export..

@é\] What's new

* many new features

1. Goto File

- Import

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

» drastically improved performance of about 400%

* numerous usability improvements

Select

|

Select an import source:

| type filter text

4 (= File Import

[#] EcoSpold 1

[ EcoSpold 2

= Excel

® ILco

‘8 SimaPro CSV
i+ = ILCD Network Import
4 (= Other

|b£§ Database Import

2. Choose the

data format

< Back

Cancel

GareenbDeLTa



Import data sets (ll)

Select import files
Please select the files to import into openLCA

From directory: | C\

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

» & ESD 3. Select the file

b = Intel [E
—

= PerfLogs fro m th S property to which a unit should belong for the import process, and “ A

i = Program Files Corresponding actor if unit is new.

I &= Program Files (x86) )
i = ProgramData v d | recto ry y

Formula
1.0 MJ = 1.0 MJ
1.0 kBg = 1.0 kBqg
1.0kg = 1.0 kg

1.0m2 =1.0m2
1.0 m2*a = 1.0 m2*a
1.0m3 =1.0m3

Conversion fact...
1.0
1.0
1.0
1.0
1.0
1.0

Reference unit

4. Add conversion
factors for new

units




Import data sets (1l1)

a3 Import EcoSpold - 0O

Assign units r!'jg
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

M) Energy MJ 1.0 1.0 MJ = 1.0 M)

kBg Radioactivity kBq 1.0 1.0 kBg = 1.0 kBqg
kg Mass kg 1.0 1.0kg = 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-..

' 5. Data will be

imported in
your active

Finish

database
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ILCD import

» Data sets in ILCD must be imported as zip file:

[ FETR =)

e

Organisieren ~ [ Ansichten ~ M@ Diashow (@ Brennen

Linkfaveriten s Anderungsdatum
El Dokumente |
IE Bilder E
I3 Musik .

Weitere »

Crdner

@ Metzwerk
Systemsteuerung

& Papierkorb

ILCD.zip

dies und das

|
| &

Meuer Ordner
& ILCD
| ILCD
. META-IMNF
. schemas
| stylesheets

2 Elemente
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openlLCA database import

= openlLCA 1.4.1 beta 4 — 0
File Window Help

thEE®

% Navigation S@} = 7 O || & Welcome sz] =

o
o'y

Version 1.4.1 beta 4 (Windows 64 bit)

orenLca Welcome to openLCAl
-/

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 g What's new D Getting started
For the 1.4 version, we completely redesigned and “renovated” When you start openLCA the first time, it does not contain any data
openLCA. Resulis are 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
» drastically improved performance of about 400% the navigation on the left side Then open the database with a simple
= numerous usability improvements double click.

Right C“Ck On s many new features This is explained in a video, here
Navigation, select fug Searching for and downloading EE User Manuals

o I t d t b o data The online wiki for openLCA provides details about aimost all features of
l n po r a a a S e openl.CA It is changing over time so check back from time to time:

A broad range of LCA databases are available in openLCA Nexus,

where you can search for single data sets and also for complete New infroductory and comprehensive manuals are also available online.

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 @2 Community

Welc.c.!mej

areenbeLTa



openlLCA 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

areenbelTa



openlLCA Nexus

e 6 6 openLCA Nexus: The source for LCA data sets "
| 4> |Q| |§| |ﬂ{-§ https @ nexus.openlca.org ¢ | Reader | |2|
Al

Apple iCloud Facebook Twitter Liln Wikipedia Yahoo MNews~¥ Popular¥ Leo Linguee

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

N
oPenLca openLCA Nexus

nexus Your source for LCA data sets.
o
LCA databases LCA data search About
openLCA MNexus 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. LCA 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 & Gonditions | EULA | Privacy Policy | Gookie Policy areenpbeLTta




openLCA Nexus

openLCA Nexus: The source for LCA data sets

| €8 nexus.openlca.org/dataproviders

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

N
openLca openLCA Nexus

L+ hexus Your source for LCA data sets.
Data providers
: All Free databases For purchase databases
bioenergiedat
ELCD
NEEDS ,
ProBas - ProBas
USDA a5 ProBas is a German dataset library originally provided by the German Federal
ecoinvent ‘Umweltbundesamt Environment Agency (Umweltbundesamt). It includes unit as well as aggregated
. processes, for the following topics: Energy, Materials & Products, Transportation services
Sl and Waste
LC-Inventories.ch
Okobaudat Browse
Social Hotspots

o

USDA =%
LCA database containing agricultural data sets with a US background, plus

E—
_/ crosswalks to upstream Ecoinvent v.2.2 data sets, provided by the United States

Department of Agriculture (USDA).

Browse

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

DELTa



openlLCA Nexus

—= |
e’ f!,’ 53 ProBas
m . d Umweltbundesamt

eCO_I'IVE;ﬂE
www.LC-Inventories.ch l-J/;S_-D-l—A.
& &
‘i) GaBi
Database Content

‘ nog  EEJRC

|1.I
{1}

social hotspo

' BIOENERGIEDAT

s database

—

areenbDeLTa



openLCA Nexus search engine

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

7 O\
oPenLca openLCA Nexus

W hexus Your source for LCA data sets.

=

Data provider g 82 datasets in 28 ms
ecoinvent 82
disposal, flexible duct, aluminum/PET, DN of 125 (Switzerland)

Country Data provider: ecoinvent

Switzeriand 82 Category: waste management/building demolition
Vitican City 36 Version (internal): 1.0 Location: Switzerland
United Kingdom 36

Ukraine 36

Turkey 36

Sweden 36 flexible duct, aluminum/PET, DN of 125, at plant (Europe)
Svalbard and Jan Mayens 36 Data provider: ecoinvent

Spain 36 Category: ventilation/production of components
Slovenia 36 Version (internal): 1.0 Location: Europe
Slovakia 36

More...

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

Europe 36 Data provider: ecoinvent
Category: plastics/polymers
Category Version {internal): 1.0 Location: Europe
agricultural means of production 1
biomass 5
hemicals 3
z”eﬂlca © polyethylene terephthalate, granulate, bottle grade, at plant (Europe)
plastics 2 Data provider: ecoinvent
transport systems 27 Category: plastics/polymers

ventilation 1 Version {internal): 1.0 Location: Europe
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Database elements (I)

1 openiCh L Sl

File Window Help

in"-‘ I

B Mavigation &= ]

[ bioenergiedat
I ecoinvent_3_cutoff(l)
o elcd
[ gabi_2013_professional
' lca_commons_1.1
[ openlca_lcia_methods_1.4
[ probas_1
PG Schulung_Students
i projects
i [z Product system
¢ [ Impact methdds
i P Processe
i 7 Flows
- % Flow properties
b 4 Unit groups
i & Sources
b % Actors

Flows: flow of products and
materials

Flow properties: i.e. Length,
Mass, etc

Unit groups: Groups of units
Sources: Literature

Actors: People who have
provided data or modified
models
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Database elements (ll)
2 apenkCh Lt g Sl Projects: comparison of

File Window Help
b EHE G numerous product systems
= Navigation Ei@] & ¥ 5O
[ bioenergiedat
[ ecoinvent_3_cutoff(1)

Product systems: process

" eled networks (necessary to
' gabi_2013_professional .
 Ica_commons_L1 calculate inventory results and
ey A impact assessment)
4 [{) Schulung_Studsffts
# Projects LCIA Methods: can be
i [z Product systems
¢ & Impact methods == dOWﬂ|OadEd at
i P Processes
) Flows openlca.org/downloads

» [® Flow properties
¢ [ Unit groups

e Processes: Production or
» B Actors modification of
materials/products

areenbelTa



Element structure in openLCA

Project

N

ProductSystem

LCIAMethod

Process Actor
Source
Flow
+
/
1
+
FlowProperty UnitGroup
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Flows: Create new flow (I)

L2 gpenLCA

File Window Help

BB B

[F] electricity 2@]

'] bipenergiedat ..
g Flow: electric

‘9 ecoinvent 3 cutoff(1) 1. right click on “Flows”
4 @ elcd

= Projects g folder, select “create

[z Product systems

\ ”
@ Impact methods new ﬂ ow reference

i [P Processes

4|7 Floysl
) Create new flow

b 29 Import...
b £ Export...
D

> 6
) Mew database

b <4 Import database

Add new child category

I [F) Systems
i [F Transport services
© [F Valuable substances
I 7 Wastes
© [® Flow properties
i+ 4 Unit groups
- 2 Sources
v % Actors
') gabi_2013_professional
' lca_commons_1.1
' openlca_lcia_methods_1.4
' probas_1
') Schulung_Students

< | 11 General information Flow properties

[ 1 items selected
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Flows: Create new flow (ll)

< openicA 14 WL | =[Elie ]

File  Window Help

‘NEEE Q
£ Navigation 52 EL5. 7 = OlR electricity 52| B
') bioenergiedat k3 - P—— ﬁﬁhu
e
' ecoinvent_3_cutoff(1)
+ @ elcd New flow F N
= Projects Creates a new flow \—/ O x
[z Product systems
@ Impact methods B 2. Name flow and
5 p Name Flussname f ﬂ
» [P Processes .
- B Fiows A define flow type
» [ Deposited goods || Description and reference flow
© ¥ Elementary flows gl .
i [F Emissions to fresh wal| i property. Then C||Ck
¢ ¥ End-of-life treatmena Flow type |'ﬂ" Product - | F|n ish”
2 i ” .
b () Energy carriersand tefll p o o oo property | Mass o |

i [F) Materials production
i % Production residues if] |
I [F) Systems
i [F Transport services
i [F Valuable substances
I 7 Wastes Finish b‘] l
© [® Flow properties
i+ 4 Unit groups
- 2 Sources
» 3 Actors
' gabi_2013_professional

Cancel

20 lca_commons_1.1

' openlca_lcia_methods_1.4
' probas_1

') Schulung_Students

< | 11 » || General information | Flow properties

[ 1 items selected




Flows: Create new flow (lll)

“ openLCA 14
File Window Help

TYEL

4 @ elcd

4| Flor
b D
b
b D
b D
b8
b D
b

') bioenergiedat
' ecoinvent_3_cutoff(1)

[ Projects

Product systems

@ Impact methods
i P Processes

ol

Create new flow

Import...
Export...

[T
e
@ Add new child category
@

Mew database
<4 Import database

I [F) Systems
i [F Transport services
© [F Valuable substances
I 7 Wastes
© [® Flow properties
i+ 4 Unit groups
- 2 Sources
v % Actors
') gabi_2013_professional
' lca_commons_1.1
' openlca_lcia_methods_1.4
' probas_1
') Schulung_Students

<« |

I »

[F] electricity 2@]

Flow: electricity

= Flow properties

MName Conversion factor
Net calorificv... 1.0

Referent Formula
M)

Is reference

. 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

7 1 items selected
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Flow: Information & properties

[ electricity 52 |

Flow: electricity

~ General information

Name electricity

Description

Category = Energy carriers and technologies = Electricity
Version go.00000 - -

Last change

Infrastructure flow

Flow type #* Product

» Used in processes

~ Additional information

CAS number

Formula

Location |

< | 1l

[ electricity 5 |

Flow: electricity

~ Flow properties

MName Conversion factor  Reference unit
Net calorificv... 1.0 MJ

Formula
1.0M)=10MJ)

General information | Flow properties

General information | Flow properties
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Process: Create new process (l)

J

v gecoinvem

{j Projects
» [._%f Product systems
> {g Impact methods

[, Create new process 9 .
o e 1. right click on
»BC 2y Import...
; 2 Export... W “
>cficg LiExpo - Processes” folder,
,E ty O Add new child category oo “
b PR select “create new
b[‘_P"G-H @ New database rvehicles and mo
» P w7 < Import database

process”

¥ P JiInformation and communication

b P L:Real estate activities

b[j" M:Professional, scientific and technical activities
F[‘_P" N:Administrative and support service activities
P[E" Recycled Content cut-off

P[P S:0ther service activities

® '
.I=§J What's new

For the 1.4 version, we completely redesigned and

@ Case 1

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

[F] case 3

[F] International preduction + drastically improved performance of about 400%
:g E:Z:spmpemes + numerous usability improvements
: ‘é? Unit groups « many new features

Sources
> @mors
|| Ecoinvent
' probas b i
' Ischulungaugustl4students Eé] Searchlng for and
[ test

downloading data

A broad range of LCA databases are avallable 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
LClA method packs are available from the openLCA
download page

ome to openLCA!
pr Mac OS (x86_64)

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

GreenbeLta

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

[_%]g 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 introductory and comprehensive manuals are also available

online.

Welcome J

[ﬂ 1 items selected
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Process: Create new

|

rocess (I1)

| c— "

' v = El” Welcome 4

=0

v g«uinw&m

808

{j Projects
P i Product systems
» @ Impact methods

New process
Creates a new process

[f1 Create new proces

=)

o openLCA!

New Process |

[_] Create a new product flow for the process

> P A

PN N

bRy B Import... L]
»Pcc  edExport..

P Dt

'E ey © Add new child cat¢ pescription
PP F

,E G,i [ New database

» B H1 < lmport database

b | P JInformation and communication

[P LiReal estate activities Filter |

> [;P" M:Professional, scientific and tech

[P N:Administrative and support sen Quantitative reference

P[j" Recycled Content cut-off
> [ji S:0ther service activities
[F] case 1
@ Case 2
[P case 3
[F] International preduction
> FI Flows
» {j Flow properties
» L“] Unit groups
> Hsources
» [ﬂmor&

P SUIWATET Transport
¥[F) 51:Air transport
> [_F] 511:Passenger air transport
v['_f] 512:Freight air transport
V['_‘] 5120:Freight air transport
[F] transpor, freight, aircraft

[F] transpor, freight, aircraft
B transport, freight, aircraft
[F] transport, freight, aircraft
B transport, freight, aircraft - GLO
B transport, freight, aircraft - RER

')/ Ecoinvent
'/ probas
|1 schulungaugustl4students

[test

OS (x86_64)

d sustainability assessment software. Truly open source.
06 by GreenDelta, Berlin. www.greendelta.com
gs this mean?).

2. Name process and
select a quantative
reference

database with a simple double click.

This is explained in a video, here

[_,;Ig User Manuals

[ Cancel

several databases can be combined.

This is also explained in a video

download page

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

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.

LCIA method packs are available from the openLCA

eeBle(Ta

WelcomeJ

[Pl 1 items selected
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Process:

|t &8

Create new process (lll)

I ) Q

i Navigation &3 1

Welcome

=0

¥ [ ecainvent
d Projects
5k Product systems
» g Impact methods
¥ Pl Processes
> r_ﬁ A:Agriculture, forestry and fishing
¥ B:Mining and guarrying
> @ C:Manufacturing
> @ CCL Meerane Label Production
P@ D:Electricity, gas, steam and air conditioning supply
I'r_'ﬁi E:Water supply: and rer
PP, F:Construction
> r_ﬁ G:Wholesale and retail trade; repair of motor vehicles and motorcycles
P@ H:Transportation and storage
> r_ﬁ J:Information and communication
P LiReal estate activities
> @ M:Professional, scientific and technical activities
P@ N:Administrative and support service activities
P@ Recycled Content cut-off
> r_'ﬁ) S:0ther service activities
[F] case 1
@ Case 2
[P case 3
[F] International preduction
[F] New Process
»> ﬂ Flows
» @ Flow properties
» ﬂ Unit groups
> ESnur(es
> ﬂmors
|} Ecoinvent
'/ probas
'[//schulungaugustl4students

ltest

L

waste r activities

Process: New Process

® General information

Name New Process

Description

Version 00.00.000 - =

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

Infrastructure process ||
-‘:'Q, Create product system

~ Quantitative reference

= 3. Anew process window

will open up in the editor.

Description, time,
geography, etc. data can
be added in the “General

Information” tab

Quantitative reference % transport, freight, aircraft o
™ Time

Start date ~ 09/09/2014 (=)

End date 09/09/2014 E]

Description
~ Geography

Location [ -

KML none

| @ Map editor | [ 2] Text editor |
Description

information

Modali

and

Parameters | Allocation | Costs |

General information J Inputs/Outputs

|

areenbeLTa



Process: General information

File Window Help
HWEHE® A Q
t= Navigation 2 ] & ¥ = O||[/ *ammonium bicarbonate production - RER E@] =8
[ bioenergiedat g g o
loeners Process: ammonium bicarbonate production =
4 [ ecoinvent_3_cutoff(1)
i % Projects - -
b @ Product systems v General information
@
" D Impact methods Name ammonium bicarbonate production
I+ P Processes
[ Flows Description Manufacturing process is considered with consumption of raw materials, energy, as well as infr,
» % Flow properties water (excepting emission of waste-heat) are not included due to the lack of data. Transport ar
» 9 Unit groups conditions. Inventory refers to 1 kg 100% amonium bicarbonate. Data for consumption of enern
s used is von Daniken et al. 1995,;[This is a dataset that was already contained in ecoinvent datak| =
v ources guidelines for version 2 and it may not in all aspects meet the additional requirements of the e
% Actors )
o eled Category ] CManufacturing > 20:Manufacture of chemicals and chemical products > 201:Manufacture |
[ gabi_2013_professional Version 00.00.000
) lca_commons_1.1
[ openlca_lcia_methods_1.4 Last change
O probas_1 Infrastructure process [V
[/ Schulung_Students =
l =5 Create product system P
¥ Quantitative reference
Quantitative reference |-n°‘ ammonium bicarbonate (RER)
~ Time
Startdate 01-Jan-1995 [~ w
Enddate  03-Dec-2014 [+ I
Description  Values based on data from the early 1990s.
i
< | 1 ] 3
< | 1 ¢+ || General information | Inputs/Outputs| Administrative information Modeling and validation| Parameters AIIocation|Cost5|

e GreenbDeLTa




Process: Inputs/Outputs

2 opentCA L4 L [T %

File Window Help

B @ i o) i Q
t= Navigation 2 ] & ¥ = O||[/ *ammonium bicarbonate production - RER E@] =8
| bioenergiedat . . .
e Process: ammonium bicarbonate production
4 [ ecoinvent_3_cutoff(1)
i % Projects
- [z Product systems SATmpUts; O X =
" @ Impact methods Flow Category Flow pr... Unit Amount  Uncerta.. Default ... i
I+ P Processes o : i
> 9 Flows w#*electricity, mediu... 351:Electric p.. Energy kKWh 0.01094.. lognor.. market.. L
" . . . .
» % Flow properties #* electricity, mediu... 35L:Electric p.. Energy kKWh 8.53695.. lognor.. market..
- . #* electricity, mediu... 351:Electric p.. Energy kKWh 0.00247.. lognor...
L3l 351:Electric p.. Energy kKWh 0.00389.. lognor...
Elawa 351:Electr!c p.. Energy kKWh 0.01287.. lognor..
351:Electric p.. Energy kKWh 0.00370.. lognor..
Filter 351:Electric p... Energy kWh 0.04495...
|ca[bon \ 351:Electric p.. Energy kKWh 0.03091...
: i ATATNE
S — 351:Electric p..
&[5 C:Manufacturing
- ['F EWater supply; sewerage, waste management and remediation activities Q9 X 1=

i [ Elementary flows
- 9 L:Real estate activities

4. Additional flows can be
e  added in the
Mlse  “Input/Output” tab.

water/unsp

oK Cancel 1 | »

1 » H General information |Inputs/Outputs | Administrative information Modeling and validation| Parameters AIIocation|Costs|

_ - = 0 = — i —

areenbeLTa



Process: Administrative Info. &
Modeling and validation

~ Administrative information

Intended application

Data set owner
Data generator
Data documentor

Publication

Access and use restrictions

Project

@]
Maggie ' + Modeling and validation

Maggie C process type Unit process

Althaus H  LCI method

Modeling constants

5. Additional metadata can
be included in the
“Administrative

Data completeness

information” and

General information | Inputs/Outputs | Administi

—— “Modeling and

validation” tabs

Data selection

ieneral information | Inputs/Outputs | Administrative information |Modeling and validation | Parameters | Allocation | Process costs




 cperl(A framework - beta L1 r‘,‘—v _ SRS ==
B 8 Yodow b

sx =B0Bl&

& Nogon 1 Sewch 0 ¢ X 7005 asestdy sominium £
Categories

0 eperica
 Progects
s Produtsytems
L0 methods .
¥ broceses c
Pl kel
5 Flow prapertes
Uk greups -
8 Acten 8 Aluminium (g... 8
—

S Sowens:

Dross

Diesel O | crg

o “Q(tn(_q:,

. 3 ot
SPL L c“
Heavy 0y

Tips and tricks for
working with openLCA

Chlct'"e
b,

Q“"& m‘"\tx‘ -
o, | Char 5'&:,.,’.“ :

Valye 7' =~
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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

* Save element: use saving symbol in the main menu L& = @)

e Save image: right mouse button = save image

* Minimise/maximise element: =8|

areenbelTa



Basic commands

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

File Edit Window Help
2 x

15 Mavigation 23 I |P| Chlor-alkali electrolysis, average production mix, at plant &3 l [F] Bituminous coal, combusted in industrial boiler

& MySQL at localhost:3306
@ abed
@ aluminiumbsp
@ aluminiumbsp_students
@ ecoinvent_n Allocation

@ eled
@ elcd_nrel Allocation method [Causal

Process: Chlor-alkal electrolysis. average production mix. at plant
{openlcadstudents)

@ openlca_starter_database
@ openlcadstudents Inputs (Formula view) o %X <
i j’ Projects -
,.._;,, Product systems Flow Category Flowtype Flow property Unit  Resulting amount  Uncertainty distribution type
|§ LCIA methods [F] Bituminous coal, co..  Produc.. Product... Mass kg 0.0244 Mo distribution
] P;ocesse; . F| Dummy_Di LO;EtiC‘i;ﬂ: = — icipal incineration i 0.00123 Ne distribution
= g"’;ﬂt“’” eample _ [F) Dummy DisH ¢ ateqory: Product and Waste Flows | M55 kg 000171 No distribution
ituninous coal, at mine (allokation exar [F] Dummy_Electrony ar—Fromme——Fromuer—m| Energy k..  0.32187 No distribution
. Ei:ﬂ"a'lgper’;:':tc't‘i’;n [F] Electricity, at grid, US ~ Produc.. Product. Energy k.. 072973 No distribution
= B Natural gas, combust... Produc.. Product... Volume m3  0.10681 Mo distribution
B Residual fuel oil, com... Produc.. Product... Volume L 0.0019194 Mo distribution
[F] sedium chloride, at p.. Produc.. Product.. Mass kg 0893 Mo distribution

[-P| Case study Li-ion battery
[P Chemical Manufacturing
[P| Alkalies and Chlorine Manufacturing
[F] Chlor-alkali electrolysis, average prod
[F] Chlorine, PVC producer average, at pl <
[P} All Other Basic Inorganic Chemical Mnf,
,ﬁ- All Other Basic Organic Chemical Mnf. Outputs (Formula view) [+ ¢
) Industrial Gas Manufacturing
P Mitrogenous Fertilizer Manufacturing Flow N Category  Flowtype Flow property Resulting amount  Uncertainty distribution ty
F{ Other Basic Inorganic Chemical Mnf. [F] Benzene airfuns...  Elemen... Mass 1.9208E-8 No distribution
£} Petrochemical Manufacturing [F] BODS, Biological Oxy... water/.. Elemen.. [B Mass 232964 No distribution
2} Phosphatic Fertilizer Manufacturing [F] Carbon dicxide, biog.. air/uns.. Elemen.. Mass g 6.3967E-5 Mo distribution
Elf Plastics Material and Resin Mnf. General information IInputstutputs] Administrative informat\on| Medeling and validation Parameters|
~F Synthetic Rubber Manufacturing
‘_P:n Crop Production El Properties ] Console 2@] IEM 5E| A B~ =0

R P S -

1 o Logs

areenbelTa




Basic commands

* Drag and drop flows from the Navigation pane to the
Input/Outputs tab in the process editor

« Drag and drop processes from the Navigation pane to the
Model Graph in the product system editor

4 Navigation 22 | B % ] newprocess i | = a
1 example
Process: newprocess
! lcafood_paper v2
! lcafood_paper_v2_precalculated
& nrel - Inputs @ Xz

) open_plus_17oct2014
4 [ openlca4students
= Projects 5
I [z Product systems
@ Impact assessment methods
I [P Processes

Flow Category Flow prop.. Unit Amount Uncertainty Defaultpr.. Pedigree u..

Ethanol, denatured, forest residues, thermochem - RNA

4 %) Flows
4 7 chemicals
4 [ organics

< >
||3 Ethanol, denatured, forest residues, thermochem - RNA
[F] mixed Alcohols, thermochemical process - RNA ~ Outputs O X =
[FI sulfur, thermochemical process - RNA
4 Ij Elementary flows Flow Category Flow prop... Unit Amount Uncertainty Avoided p.. Pedigree u..
» [ final-waste-flow #*Heat Energy M) 1.0 none

v [ non-material
b % others
» [7 Product flows
[Fl Heat
I % Flow properties
& 1) Unit groups
1 [ Sources < >
3 Actors

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




Folder structure

 Divide system and unit processes

4 @ Prozesse

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

& r_'i] Flisse

 Divide processes from different databases in one openLCA
database

» Separate flows and processes that were created on your
own

Do not change the folder

structure of elementary flows, because
otherwise the LCIA cannot

find them anymore!

areenbeLTa



Windows

» Often users have several elements open at the same time;
it is recommended to close elements you don’t need

* Torecover "missing” window: go to Window/Show
View/Other

* Itisalso possible to change the position of a window

areenbelTa



Search

* Search any element from the database

= openLCA 1.4.1 beta 4
File  Window Help
= & @ transport

= Navigation E:Sl & v = 0
' ecoinvent_2_2_unit
' ecoinvent3_1_allocation_default
4 {7 openlcadstudents,

i=i Welcome [w, Search result view &2 l

Search results: transport (384Results)

= Projects s Transport person diesel car
v [ Product systems Write the key words
[ Impact assessment methods B Transport person diesel car
ome - _ for the search
b [P Processes Case study Li-ion battery/basic processes
I 7 Flows
b [ Flow properties [ Transport person diesel car
¢ 4 Unit groups Product flows
i [ Sources
i % Actors ] Transport, aircraft, freight - RNA
1@ test

Air Transportation/Scheduled Freight Air Transportation

1. Important note: although most of the data in the US LCl database has
sort of review, the database as a whole has not yet undergone a formal
process.2. Please email comments to lci@nrel.gov.

m Trancrnnrt aircraft frainht - PhA
< >

Search results

areenbeLTa



Filter

« The “add new” editors contain a filter for facilitating the

search of the desired element

=

Flows

Filter

|water

~ Content

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

OK

Cancel

Use the “Filter” when
adding new flows to a

process, select the
reference process in a
product system, etc.

areenbeLTa



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 choose
the number format of results

= Preferences - 0B

| type filter text | Number format Cvovry
@Configuration
Experimental features Set the number of decimal places for the display of numbers.

> Field Assist Number of decimal places

Global parameters

ILCD Network Example

Locations 3141.592653589793 -> 314159265
Logging

Updates

| Restore Defaults | | Apply |

areenbelTa



Modeling with product flows

 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

areenbelTa




Modeling with product flows

* The default provider can be set for each exchange

openLCA 1.4.1 beta 4 — g

&
[F| *Transport, aircraft, freight - RNA S@\ = 7
Process: Transport, aircraft, freight
~ Inputs @ X 12

Flow Category Flow proper... Unit Amount Uncertainty  Default provider Pedigree un...

#* Kerosene, at refinery - RN... Product flows Volume L 0.41991972.. none MNone

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

areenbelTa



Modeling 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

areenbelTa



Modeling of waste (ll)

_ waste
UNCELNIN  Production process 4 Disposal process
_ waste
... make it Disposal process 2 Production process
like this

areenbelTa
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3 cperlCA framewcrt-bets L1 SRS .
B B odow tep

sx =B0Bl&

Q¢ X 0 csestudy slominium £
| & Norgatee Sewch
Categories

0 eperica

A Prejects

s Produtsytems
L0 methods
¥ broceses T
Pl

3 Fowpropestes
2 Ut greups

8 dcen
Ysowcs

Alloy 5
Alumin;
Chlorine
Diesel O | sy,
o “Q(tn(_q:,
Heavy O3
Natury)
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Product system: Creation

1C ) &
=0

| @ |5 E
= Navigation % l <ﬁ==§ ¥ = 0| {1y welcome u %‘Cﬂse 1

v @e{ninvem

Analysis result of Case 1

Process: Case 1

|j Projects
" Product systems
smaCase 1 #® General information
Name Case 1
2 International preduction Description

= market for electricity, low voltage
saamarket for electricity, low voltage
» g Impact methods
V[P Processes
I@A:Agrlculture, forestry and fishing
I-@ B:Mining and quarrying
¥ [P C:Manufacturing Version 00.00.024 - =
¥ P CCL Meerane Label Production
I@ D:Electricity, gas, steam and air conditioning supply
P@ E:Water supply; sewerage, waste management and remediati Infrastructure process [
> @ F:Construction
I@G'whnlesale and retall trade; repair of motor vehicles and m
D’@ H:Transportation and storage
D’@J:Infnrmation and communication
b PI L:Real estate activities
¥ P M:Professional, scientific and technical activities Quantitative reference filed water bottle, point of sale &
b@ N:Administrative and support service activities
I-@ Recycled Content cut-off
> @ S5:0ther service activities
[p] Case1
[P] case 2
[F] Case 3
[F] International production
@ New Process

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

~ Quantitative reference

4|

®

P|‘E;Sour(es oo
product system” in
'/ probas

F@Flcws

€ ol 1. Click on “Create

blﬂmors

'/ Ecolnvent

\gichulungaugustldstudcms the General
information tab

n Text editor

Description

General infurmation] Inputs/Outputs | Administrative information  Modeling and validation | Parameters | Allocation |Cns(s |




Product system: Creation (ll)

| 1y R

I ) Q

i Navigation &3 1

Welcome

gy e

| EE] Analysis result of Case 1

¥ [ ecainvent
d Projects
¥ 5 Product systems
5 21 Case 1
i Case 2
Case 3
International preduction
market for electricity, low voltage
o= market for electricity, low voltage
> ﬂ Impact methods
v @ Processes
> @ AAgriculture, forestry and fishing
Pr_ﬁ B:Mining and quarrying
PP, C:Manufacturing
> r_ﬁ CCL Meerane Label Production
P@ 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
I'r_'ﬁi H:Transportation and storage
> @ J:Information and communication
> r_ﬁ L:Real estate activities
> @ M:Professional, scientific and technical activities
Pr_ﬁ N:Administrative and support service activities
P Recycled Content cut-off
> r_ﬁ S:0ther service activities
[P] Case 1
@ Case 2
@ Case 3
[F] International production
[F] New Process
> F Flows
» @ Flow properties
4 Unit groups
»> ﬂSources
4 ﬂmom
|| Ecoinvent
|/ probas
' schulungaugust14st

[test

options preferred

Process: Case ;g__n O

New product system

® General infor pemdoary
Creates a new product system oo .
Name
Description Name [CBE! 3
Description
Version Filter
Laslchange Reference process Fl_l:r\.l. dfO Terair trage; Tepdir or motor VENICIES and motorcyTre:
PP H:Transportation and storage
Infrastructure | ¥ [Pl ):Information and communication

¥ Quantitative |

‘Quantitative re

~ Time

Start date

End date

¥ [P| L:Real estate activities

Pr_@ M:Professional, scientific and technical activities
"@ N:Administrative and support service activities
¥ [F] Recycled Content cut-off

¥ [P| S:Other service activities

Case 3
International production
@ New Process

E Add connected processes

g Connect with system processes if possible

3. Select the modeling

[ Concel | [Fmsh)

2. Name the produc
system and select a

reference process

| @ Map editor | |@ Text editor |

Description

information | Modeling and Parameters | Allocation ‘Co:ts‘

General infurmltion] Inpuls,fﬂutpulsl A

areenbeLTa



Product system: General information

It

IC )&

=
2

=AY
Welcome [P] New Process “ =0
Product system: Case 1

® General information
Name Case 1
Description
Version 00.00.000 - 2
Last change

~ Reference
Process m Case 1
Product |gﬁﬁlled water bottle, point of sale IE'
Flow property  |[» Number of items [v]
Unit [[u] em(s) [v]

|

Target amount | 1000.0

General information | Parameters | Model graph




Product system: Model graph

[l PET bottle 05L | %: PET bottle 0,5L £ |

® Gazoline, combuste. ™

¥ Transport, barge, av_. ®

| ®Transport, combinst.. =

= Residuzl fuel oil, co

BMaturzl gas, stextra.  H

WNatural gas, process. @

™ Bituminous coal st ™

™ Transport. train, die_

™ Transport, barge. re_

® Transport, barge, di

W Diesel combusted L

W Acetic acid producti-

m B pPolyethylene tereph_ B h

™ Bitumincus cosl, co_

W Oneygen, liquid. atpl.

®Ethylene production_ ™

¥ |iquefied petroleu_. @

BXylenes, mined, stp.. @

™ Fthylene oxide. st p_

W Matural gas, combu__

W Paraxylene, at plant —

®Transport. ocean fre.

7 i

W Crude oil at produc_ ™

®Crude oil. in refinery_

-] ®Transport, combinat.  ® F

]

I

W Lignite coal combu_. =

Blignite cosl stsurfa.  ®

W Electricity. fignite co—

-
~
L

(

PET bottle 0.5L

&= Qutline &2 S

Filter by name

Acetic acid production - RNA

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

Ethylene production - RNA

Fuel grade uranium, at regional storage - US
Gasoline, combusted in equipment - US
Lignite coal, at surface mine - US

Lignite coal, combusted in industrial boiler - U
Liquefied petroleum gas, combusted in industr
Matural gas, at extraction site - US

Natural gas, combusted in industrial boiler - U
MNatural gas, processed, at plant - US

Oxygen, liquid, at plant - RNA

Paraxylene, at plant - RNA

PET bottle 0,5L

Paolyethylene terephthalate resin production -
Residual fuel oil, combusted in industrial boilel

agreenbelLTa



Product system: Model graph (ll)

|| PET bottle 0,5L

| PET bottle 0,50 |

®Transport, barge, av_. ™

STransport, combinat.  ®

® Gasoline, combuste. @
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S Transport, ocean fre .  ®
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Redo

Delete

Build supply chain
Remove supply chain
Remove connections

Search providers for
Search recipients for

Save as image
Open in editor
Mark

Unmark

Expand all
Collapse all
Maximize all
Minimize all
Layout

Show outline
Open miniature view

2 Outline 2 | =

Filter by natne

roduction - RNA

|, at mine - US
Bitumino combusted in industrial boiler -
Crude oll, ction - RNA
Crude oil, i - US
Diesel, co dustrial boiler - US
Electricity, a S
Electricity, b er plant - US
Ele
Ele a) = () a 0
Ele
Ele: O > C C
Elel
Eth 4o S
Eth
Fuel grade uranium, at regional storage - US
Gasoline, combusted in equipment - US

Acetic a
Bituming

Lignite coal, at surface mine - US

Lignite coal, combusted in industrial boiler - US
Liquefied petroleum gas, combusted in industria
Matural gas, at extraction site - US

Natural gas, combusted in industrial boiler - US
Matural gas, processed, at plant - US

Oxygen, liquid, at plant - RNA

Paraxylene, at plant - RNA

PET bottle 0,5L

Paolyethylene terephthalate resin production - RM
Residual fuel oil, combusted in industrial boiler -
Transport, barge, average fuel mix - US
Transport, barge, diesel powered - US
Transport, barge, residual fuel oil powered - US
Transport, combination truck, average fuel mix -



Product system: Calculation

O
| fir EREG 1 4
= Navigation % l <ﬁ==§ ¥ = 0| {1y welcome ||E New Process M =0 EE Outline &3 \ =0
v [ ecoinvent Filter by name

[ projects Product system: Case 1

¥ G P-roducl systems E - 1,1-diflucroethane production, HFC-152a -
i Case 1 ® General information 1,1-difluoroethane production, HFC-152a -

1,1-dimethylcyclopentane to generic market

Name Case 1 1-propanol production - RoW

International production o 1-propanol production - RER
Description 2,3-dimethylbutan to generic market for sol

market for electricity, low voltage

sawmarket for electricity, low voltage 2-butanol production by hydration of buten

2-butanol production by hydration of butem

’IS Impact methods 2-butanol production by hydration of buten
v 5’_"0‘-55595 2-butanol production by hydration of burem
D-|'_P‘||A:Agr|culture, forestry and fishing 2-methyl-2-butanol preduction - RER
I-|f|| B:Mining and quarrying 2-methyl-2-butanol production - RowW
F@C:Maﬂufauuring Version 00.00.000 2-methylpentane to generic market for solwe

[sulfonyllurea-compound production - RER

Last change [sulfonyllurea-compound production - RoW
[thio]carbamate-compound production - RE|

[thic]carbamate-compound production - Ro'

acetaldehyde oxidation - RER.

acetaldehyde oxidation - RoW

acetaldehyde oxidation - RoWw

acetaldehyde oxidation - RER

[F] Casel acetaldehyde production - RER

acetaldehyde production - RoW

acetamide-anillide-compound production, u

acetamide-anillide-compound production, u

acetic acid production, product in 98% soluti

acetic acid production, product in 98% soluti

¥ P CCL Meerane Label Production
D-|f|| D:Electricity, gas, steam and air conditioning supply

P|f|| Water supply; ge, waste q and remediation activities
> |'_F’i| F:Construction

I@G'whnlesale and retall trade; repair of motor vehicles and motorcycles
D'|f|| H:Transportation and storage

> |'_|T||J:Ir1f0rmalion and communication

b PI L:Real estate activities

> |._p‘|, M:Professional, scientific and technical activities

D-|f|| N:Administrative and support service activities

I-|f|| Recycled Content cut-off
> |_ﬂ| S5:0ther service activities

|g" filled water bottle, point of sale

[[#] Number of items

LI EE E

[P] Case 1 acetic anhydride production, ketene route -
[P] case 2 K acetic anhydride production, ketene route -
@ Case 3 I H k “ I I ” acetone production, lig - RoW

1 . C I c O n Ca c u a te acetone production, liguid - RER

[F] International production
@ New Process

4 |_F] Flows

acetylene production - RowW

. d i —
in the General acenene producton

13 |j Flow properties

acrylic acid production - RoW

’lﬂ Unit groups H H b acrylic binder production, product in 34% so
PESour(es I n O r m at I o n ta o acrylic binder production, product in 34% so
blﬂmors acrylic dispersion production, product in 65§
|| Ecoinvent acrylic dispersion production, product in 655
(7l probas acrylic varnish production, product in 87.5%
[ schulungaugustldstudents acrylic varnish production, product in 87.5%

acrylonitrile-butadi V copol p
(Wtest acrylonitrile-butadiene-styrene copelymer p

General information] Parameters | Model graph

activated bentonite production - RoW
activated bentonite preduction - 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
aariculrural trailer arnduction - RoW
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Product system: Calculation (I1)

I Q

= Navigation % l
v @e{ninvem
|j Projects
"|u_%p Product systems
s
samCase 1

<ﬁ==§ ¥ =0 H {3} Welcome ||E New Process

Ccwser

International production
market for electricity, low voltage
sammarket for electricity, low voltage
» @ Impact methods
v |_|7|| Processes
> |_F’i| AcAgriculture, forestry and fishing
» |_Fi| B:Mining and quarrying
» |j C:Manufacturing
¥ P CCL Meerane Label Production
H_Fil D:Electricity, gas, steam and air conditioning supply|

=0 ”EE Outline

Product system: Case 1

A r

800

Calculation properties

Please select the properties for the calculation

2. Select calculation
properties and click

on Calculate.

Allocation method None

Impact assessment method @ CML, 2001 (baseline)

Normalization/weighting set

P|=_P} Water supply; ge, waste q and r{
> |_F’i| F:Construction
I@G'whnlesale and retail trade; repair of motor vehicle|
.'|_Pi H:Transportation and storage
> |_F'|| J:Infarmation and communication
b PI L:Real estate activities
> |_Fr|| M:Professional, scientific and technical activities
D-|_P} N:Administrative and support service activities
I-|f|| Recycled Content cut-off
> |j S5:0ther service activities
[P] case 1
[P] case 2
[F] Case 3
@ International production

(*) Quick results
() Analysis
() Monte Carlo Simulation

Mumber of iterations: 100

K1 ETRET

Cancel

@ New Process
4 |j Flows
13 |j Flow properties
» |_”] Unit greups
> |_Ei|Sour(es
> |5Actors
| Ecoinvent
| probas
 schulungaugustl4students
[1test

| Save as default | [ Reset ] [

General information] Parameters | Model graph

=4

‘oethane production, HFC-152a -
‘oethane production, HFC-152a -
ylcyclopentane to generic market
| production - RoW

| production - RER

ylbutan to generic market for sol
production by hydration of buten
production by hydration of buten

anol production by hydration of butem
2-methyl-2-butanol preduction - RER
2-methyl-2-butanol production - RowW
2-methylpentane to generic market for solwe
[sulfonyllurea-compound production - RER
[sulfonyllurea-compound production - RoW
[thio]carbamate-compound production - RE|
[thic]carbamate-compound production - Ro'
acetaldehyde oxidation - RER.
acetaldehyde oxidation - RoW
acetaldehyde oxidation - RoWw
acetaldehyde oxidation - RER
acetaldehyde production - RER
acetaldehyde production - RoW
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 production, li - RoW
acetone production, liguid - RER
acetylene production - RowW
acetylene preduction - 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 V < | p
acrylonitrile-butadiene-styrene copelymer p
activated bentonite production - RoW
activated bentonite preduction - 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
aariculrural trailer arnduction - RoW




]

Product system: Calculation (llI)

@ | =)

|C )&

= Navigation % l

Welcome [F] New Pracess @! *Case 1
b |

=4

v @e{ninvem
|j Projects
v |a_%p Product systems
siyCase 1

International production
market for electricity, low voltage
sammarket for electricity, low voltage
» @ Impact methods
V[P Processes
> |'_F’i| AcAgriculture, forestry and fishing
» |_Fi| B:Mining and quarrying
» |_ﬂ| C:Manufacturing
¥ P CCL Meerane Label Production
D-|f|| D:Electricity, gas, steam and air conditioning supply
P|f|| Water supply; sewerage, waste management and remediati
> |'_F’i| F:Construction
I@G'whnlesale and retall trade; repair of motor vehicles and m
D'|f|| H:Transportation and storage
> |'_|T||J:Ir1f0rmalion and communication
b PI L:Real estate activities
> |._p‘|, M:Professional, scientific and technical activities
D-|f|| N:Administrative and support service activities
I-|f|| Recycled Content cut-off
> |_ﬂ| S5:0ther service activities
[P] case 1
[P] case 2
[F] Case 3
[F] International production
@ New Process
4 |_F] Flows
13 |j Flow properties
» |'_”] Unit greups
> ESour(es
> |5Actors
|/ Ecoinvent
' probas
' schulungaugustl4students
[1test

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

Impact method |CML’ 2001 (baseling)

~ Flow contributions

&

Flow |,t.. Hydrogen-3, Tritium - water/ccean

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

mmmm §.244 kBq: electricity production, nuclear, pressure water reactor - CN
0.019 kBq: zeolite production, powder - RoW

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

w0016 kBg: Other

3. Check the tabs for

inventory results, LCIA
results, Contributions, etc.

¥ Impact contributions

Impact category h—gcllmale change - GWPL0O0O

mm— 9.273E3 kg CO2 eq.: transport, freight, lorry 16-32 metric ton, EUROS - RER
mmmm 4.176E2 kg COZ? eq.: refinery gas, burned in furnace - Europe without Switzerland

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

Flow contri

Inventary results | LCIA Result | Process contri

General information Locations | Grouping
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Impact assessment methods: Creation

File Window Help
B EE B

= Navigation & | % v=0
) ecoinvent_2_2_unit

0! ecoinvent3_1_allocation_default
) elcd_openlca_wel
EEEEERRE 1. right click on “Impact
0 shdb >
# shdb_1 assessment methods

) shdb_1_ folder, select “New
) shdb_2 )
) shdb_w_ref_data LCIA method
() shdb_with_ref data
) shdb2
4 @ test
- Projects
‘= Product systems
| @ Impact assessment methods!

New impact assessment method

Creates a new impact method

Name  |LCIAmethod 1 .

Description
2. Name method
(Description optional)

Finish

» [P Processes ‘Q \NEW LCIA method
v 9 Flows e Import...
» ™ Flow properties 4 Export..
» (£ Unit groups © Add new child category
A Sources
B Actors @ New database
' <4 Import database

GareenbDeLTa



Impact assessment methods: Creation (ll)

@ *New LCIA method 52 | = -

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 O x
Name Description Reference unit
| Human toxicity CTUh |

areenbeLTa



Impact assessment methods: Creation (lll)

@ *New LCIA method & -

Impact assessment method: New LCIA method

4. Click on “+” to add
~ Content new characterisation
factors

» ¥ Elementary flows
[F] test

5. Select desired
elementary flows

GareenbDeLTa



Impact assessment methods: Creation (V)

@ *New LCIA method 2 | =5

Impact assessment method: New LCIA method

~ Impact factors QX

Impact category ‘@ Human toxicity

Flow Category Flow property Unit Factor Uncertainty
1,24-trichlorobenzene  air/high population de.. Mass CTUh/kg

6. Add value for the factor

@ *New LCIA method £ (parameters can be used as in
Parameters processes!)

» Global parameters

~ Input parameters O x
Name Value Uncertainty Description
pl 1.0 none
~ Dependent parameters o x
Name Formula Value Description
areenbDeLTa




Impact assessment methods: Creation (V)

@ *New LCIA method 2 | -

Impact assessment method: New LCIA method

* Normalization and weighting sets

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

areenbeLTa



f — o
? cpelCA fomewortbea L1 S
B 8t Wndow tep

. X B8 g

Nangitee Seach, ¥
[

Caegores

0 cpercs j
& prejects | j
-+ rodut sytems . V .
# Lt methods
¥ Proceses Anode
i Flows

» Fo prepetes

Alloy 5
Alumin;
Chiorine
Diesel 0
Y Electricay
Heavy O3
Natury)
Outsige,
Remey

Result analysis and
interpretation

L
‘A % :t"'aﬁ‘ | Gl
""»m.‘,. s'“!y(.g

P%‘

Valye




Analysis functions

* Torun the analysis functions the product system needs to be
recalculated

* C(Click the calculation button in the General Information tab of the
Product System, select an LCIA method and check ,,Analysis”

Calculation properties

Please select the properties for the calculation

Allocation method [As defined in processes

LCIA method ML 2001

Normalization/weighting set [

Calculation type () Quick results

(@) Analysis
(") Monte Carlo Simulation

Number of iterations: | 100

Save as default Reset I I Calculate I ’

areenbelTa



Analysis: Flow & Impact contributions

— Specify what you want to

HERié#x  BLBQQ

| = Navigation & | % organic viticulture (unit process network) see &t h eresu |ts are

4 & MySQL at localhost:3306 B .

v @ bicenergie Product system  organic viticulture (unit process network) S h OW n I n t h e d I a g ra m
» @ bioenergiedat

4 [0 ecoinvent_n

¢ [ Projects LCIA method  CML 2001

4 5 Product systems
i conventional viticulture ~ Flow contributions

Targetamount 1.0 kg grapes (organic)

Hi

w cotton fibres

afs

<= Cotton shirt Flow Particulates, < 2.5 um| - Orderby Hotspots
= organic viticulture

organic viticulture (unit process netwark)

w Plastikflaschenproduktion == 7652E-6 kg: transport, municipal waste collection, lorry 21t

= polyester fibres i .

. soap at user (freight) 1.776E-6 kg: electricity, at cogen ORC 1400kWth, wood, alloci
w soap at user (pkm) 1.401E-6 kg: heavy fuel oil, burned in refinery furnace

% soap transportation long distance (freigh

aje

ol
a
L

afs

B

) === 6.368E-7 kg: refinery gas, burned in furnace
= 50ap transport long distance (pkm)

afs

ansportation soap middle distance (frei === 5352E-7 kg: heavy fuel oil, burned in industrial furnace IMW,
ansportation soap middle distance (pkr|=
ansportation soap short distance (freigh
ansportation soap short distance (pkm)

iscose shirt

W 1r

w i
N === 2763E-6 kg: Rest

w tr

w i

% Vi

Bjs sje &ls Bje B

1

» Warme aus Pellets

52 wine production (conventional) ~ Impact contributions
4= wine production (organic)

» [ LCIA methods Impact category  tospheric ozone depletion - ODP 25a ~  Order by Hot spots

» [P Processes

1 Flows

> [% Flow properties === 1282E-8 kg CFC-11-Eq: transport, natural gas, pip

> [ Unit groups

» £} Actors

» [ Sources 8.966E-9 kg CFC-11-Eq: crude oil,

You can either look at "hot spots", or
oy e 748289 kg CFC-1L-Eg; cruce ol the "sum of the contributions"

& eled_nrel === 4.478E-9 kg CFC-11-Eq: crude oil, a

=== 1.151E-8 kg CFC-11-Eq: crude oil,

» @ lifecyclecosting ‘ == 8975F-0 kg CFC-11-Fq: Rest
+ [0 openlcadstudents129

» 5 openlcadstudentsnew

1 General information | Process contributiom'| Gmuping‘ L{x:ations" Sankey diagram|

. ________________________________________ GreenpelTa




Analysis: process contributions

= openlCA 1.4.1 beta 4 - B
File Window Help
HhEER BHREfER A transport la
& i *Battery production Iﬂf_] Analysis result of Battery production 2 I % Quick results | = 0
IFE
Process contributions
~ Flow contributions
Flow |- v| cut-off %
Contribution Process Amount Unit 2
m— 75.86% Ethylene oxide, at plant - RNA 0.00022 kg
" 09.83% Polyethylene terephthalate, resin, at plant - RNA 2.88611E-5 kg
' 06.78% Matural 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 ail, 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% Polvethviene, linear low density, resin, at plant - RNA 2.04067E-7 ka v
~ Impact contributions
Impact category | (4 climate change - GWP 100a v | cut-off %
Contribution Process Amount Unit i
- 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-Eg
= 10.56% Transport, combination truck, diesel powered - US 3461704 kg CO2-Eq
. 07.78% Natural gas, combusted in industrial boiler, at hydrocracker, f..  25.50630 kg CO2-Eqg
' 06.49% Soda powder, at plant - RNA 21.27902 kg CO2-Eg
' 04.43% Manganese oxide 14.53002 kg CO2-Eq
' 04.01% Ethylene oxide, at plant - RNA 13.15162 kg CO2-Eg
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-Eg N
General information | Inventory results | LCIA Results | Process contributions | Process results| Flow contributions Contribution tree‘Grouping | Locations| Sankey diagram|
Formula Interpreter (A=

areenbelTa



Analysis: process results

a openLCA 1.4.1 beta 4 - B

File Window Help

B BHfFEa S transport Q
& | & *Battery production [Sﬂj Analysis result of Battery production 1 %Y Quick results | =g
&

Process results

~ Flow results

Process [P |2 V‘ Cut-off |D.D1 E‘ %

Inputs Outputs

Contribution  Flow Upstream to.. Direct contri.. Unit || Contribution  Flow Upstream to... Direct contri... Unit  »
mmmmm 100... Dummy, Chemicals,... 3.54816E-5 0.00000 kg s 100.. NMVOC, non-meth.. 0.00108 0.00000 kg
= 100... Dummy, Disposal, s.. 0.02947 0.00000 ka = 100... Nitrate(water/unsp.. 1.89655E-6 0.00000 kg
s 1(00... Carbon dioxide,in.. 0.28262 0.00000 kg = 100... Ethane, 1,2-dibrom.. 2.21457E-11  0.00000 kg
e 100... Gasoline, combuste... 4.55712E-5 0.00000 m3 m—— 100... Sulfide(water/unsp.. 0.08757 0.00000 kg
e 1000... Diesel, combusted i... 0.02613 0.00000 m3 e 100... Petroleum coke, atr.. 0.03197 0.00000 kg
= 100... Liguefied petroleu..  3.97621E-5 0.00000 m3 = 100... Detergents, oil(wat.. 1.97769E-5 0.00000 kg
mmmmm 100... Dummy, Disposal, s.. 0.11025 0.00000 ka = 100... Phenanthrenes, alky.. 1.85839E-8 0.00000 kg
= 100... Limestone, in groun.. 9.32010 0.00000 ka mmmmm 100... Chrysene(air/unspe.. 1.47806E-9 0.00000 kg
s (0. Dummy, Disposal, s.. 0.00635 0.00000 kg s || w100 Ethane, 1,1,1-trichlo.. 4.20792E-10  0.00000 kg v

~ Impact assessment results

Process ‘@ Cathode, lithium-ion battery v ‘ Cut-off | 001 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 || G re e n De LTa




Analysis: flow contributions

L3 openlCA 1.4.1 beta 4 - B
File Window Help
thEE @ #FEaa transport =5
& | *Battery production [EE] Analysis result of Battery production 2 } 5 Quick results | =
= Flow contributions
Impact category ‘@ 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-Eg
00.00% Methane, tetrachloro-, R-10 0.00841 kg CO2-Eg
00.00% Ethane, 1,1,1,2-tetrafluoro-, HFC-134a 0.00385 kg CO2-Egq
00.00% Methane, chlorotrifluoro-, CFC-13 0.00351 kg CO2-Egq
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-Eq
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-Eg
00.00% Detergents, oil 0.00000 kg CO2-Egq
00.00% Phenanthrenes, alkylated, unspecified 0.00000 kg CO2-Egq
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-Eq v
< >
General information Inventory results | LCIA Results | Process contributions | Process results | Flow contributions | Contribution tree|Grouping ‘ Locations| Sankey diagram| G ree n De LTa
Formula Interpreter =]




Analysis: contribution tree

L3

—

openlCA 1.4.1 beta 4

File Window Help
HER SFE

transport =N
& | % *Battery production Iﬂfj Analysis result of Battery production 2 I %Y Quick results | = B8
i
Contribution tree
() Flows ‘n“ Dummy, Chemicals, unspecified, used for wast +
(®) Impact categories climate change - GWP 5003
Contribution Process Amount Unit
4 100.00% [— Battery pack (S1) 32077614 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 2845750 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-Eq
00.06% Electricity, natural gas, at power plant - US 0.18545 kg CO2-Eq
00.00% Electricity, biomass, at power plant - US 0.00093 kg CO2-Eq
00.00% Electricity, nuclear, at power plant - US 0.00000 kg CO2-Eq
08.33% " Transport, combination truck, diesel powered - US 26.73137 kg CO2-Eq
4 (00.18% Printed wiring board 0.56849 kg CO2-Eq
> 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-Eq
> 00.01% Polypropylene resin, at plant - RNA 0.04347 kg CO2-Eq
= 00.01% Iron, sand casted - RNA 0.02798 kg CO2-Eq
General information | Inventory results LCIA Results | Process contributions | Process results |Flow contributions | Contribution tree Grouping‘ Locations‘ Sankey diaglam|
Formula Interpreter [___ L]
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Analysis: grouping

€3 openlCA 1.4.1 beta 4 — B
File Window Help
hEHEE BB transport Q
& | *Battery production & Analysis result of Battery production 1 £ Quick results =
Grouping
v Groups Q@ =
i Other #* Acrylonitrile-butadiene-styrene copolymer, resin, at plant - RNA 2
@ 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
#*Butadiene, at plant - RNA
#*Cathode, lithium-ion battery

Add new groups and move

pumon - (right click on process
#*Chlor-alkali electrolysis, average production mix, at plant - RNA
name) processes to them

() Flows |n"‘ Dummy, Chemicals, unspecified, used for wastewater treatment - Product flows - RNA v |
(®impact categories |@ climate change - GWP 500a v |
Group Amount Unit

m=— (Other 272.83931074518324 kg CO2-Eq

= transport 47.93682716786533 kg CO2-Eq

= 2.728E2 kg CO2-Eq: Other

== 47937 kg CO2-Eq: transport

.
2

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

Formula Interpreter Rl
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Analysis: locations

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

Locations

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

(®) Impact categories: |Eﬂ climate change - GWP 500a v ‘

- Result contributions

Unit
— MNorthern America 178.44620 kg CO2-Eq
— United States 119.38094 kg CO2-Eqg
. Other 22.94900 kg CO2-Eg

Location Amount

If you don’t see any points

in the map, click “reload”
T——

'+ Map (beta)

GareenbDeLTa
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Analysis: Sankey diagram

= openlLCA 1.4.1 beta 4 - B
File Window Help
hhEER BHLPfBA@S transport Q

& i *Battery production [@ Analysis result of Battery production & ] %Y Quick results = 0
k&

Product s¥stem: Battery production
Impact category: climate change - GWP 100a

Cut-off: 5.000%

Settings for the Sankey diagram

() Flows

Click here to set the
diagram options

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

(®) Impact categories

‘\Q climate change - GWP 100a v |

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

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

areenbelTa
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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”
(ISO 14040)

 Are results stable if you change specific aspects?

What ha
What ha
What ha

D
D

D

nens if you expand your system boundaries?
pens if you use other allocation methods?

pens if you change your assumptions?

areenbelTa



Modeling with parameters

Useful for sensitivity analyses = What impact does one
aspect have when | change its value?

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

Create different versions of your life cycle by changing the
input values

Reduces the likelihood of calculation errors

areenbelTa



Modeling with parameters

Enter 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!

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

areenbelTa



Process: Parameters

L€ gpenLCA 1.4
File Window Help
: 1@ i, E)

&: Navigation ]

[ bioenergiedat
4 [ ecoinvent_3_cutoff(1)
i % Projects
- [z Product systems
& ¥ Impact methods
- [7) Processes
v L7 Flows MName Uncertainty Description
[ Flow properties
[} Unit groups
i [ Sources
¢ 3 Actors
O elcd
[ gabi_2013_professional

Parameters

¥} Global parameters

~ Input parameters

) lca_commons_1.1

" openlca_lcia_methods_1.4
[ probas_1

[/ Schulung_Students

* Dependent parameters

Name Formula Description

General information | Inputs/Outputs | Administrative information | Modeling and validatioanaramq}grs Allocation | Costs

GgreenbelTa




Process: Parameters (Il)

o

=

o

o=

o=

-

=

=

=

=

=

-

o

o

=

o

o=

o=

-

=

[P Forestry and Log
P GWholesale and
[P} H:Transportation
[P JInformation anc
[Pl LReal estate acti
[P M:Professional, st
[P} Mining (except C
P} N:Administrative
P Nonmetallic Min
7 Oil and Gas Extra
7 Petroleum and Ci
[P Primary Metal M:
[P} Rail Transportatit
[P} Recycled Conten
[P} S:0ther service at
[P} Transit and Grout
[P} Transportation Ec
[P Truck Transporta
[P Utilities

[P) Waste Managem
[P} Water Transportz

re

» Global parameters

~ Input parameters

L2 openlCA 14 _ :
File Window Help
&l e @‘ “:_b =
= Navigation 23] = O|| % *Case 1 |@ regional production |@ corn wet mill, gluten drying, AP-42 - RNA IIB Case 1 2
& v
- Parameters

7

Mame
D1A
D1B
Dic
NB
WEB
WFB
WHDPE
WPET
WPP
WW

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

L3 preferences | = X |
|WDE filter text | Global parameters = g E
Experimental features
> Field Assist o x
Giobal parameters Name Amount Uncertainty Description

ILCD Network 2013 G
Locations

Logging

Mumber format
Updates
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Process: Parameters (l11)

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

- |npm @ x 123
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

¥ Qutputs © X1
Flow Category Flow proper... Unit Amount Uncertainty  Avoided pr.. F#

%% cargo Transport services/.. Mass kg 1.0 none
.+, Sulfur dioxide air/unspecified Mass kg (5.0E-5 * Spez_Verbr) * 1.0 none
.*.Nitrogen dioxide air/unspecified Mass (0.016321 * Spez_Verbr) * 1.0 none

areenbeLTa



Parameter rules

 Parameter names...
... must be written with small characters.
... must be one word.
... cannot contain special characters.
... cannot have more than 255 characters.

e 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.

areenbelTa



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.

= openlLCA 1.4.1 beta 4
File | Window | Help

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

@Developer tools >

Select “Formula Formula Interpreter op‘en L\Ca Welcome to openLCA!

@ Browser configuration
Version 1.4.1 beta 4 (Windows 64 bit)

Interpreter” in e
P

“Window” menu

& Console &2
Formula Intepreter

o

i B~

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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Product system: Parameters

 Navigation 2 l G ¥ = B ||% Barge, technology mix, 1.228 t pay load capacity 2 l = a8
') ecoinvent3_1_cutoff . .
+ & elcd o Product system: Barge, technology mix, 1.228 t pay load capacity
= Projects
~ Parameters e x

& [z Product systems
@ Impact assessment methods

© [P Processes

Context

=

Search parameters

Filter

~ Parameters

4 [f] Barge, technology mix, 1.228 t pay load capacity - GLO

I+ Auslast
; Distanz
v Spez_Verbr
v Tonnage
v Verbrauch
4 [f] Plane, technology mix, cargo, 68 t payload - GLO
I+ Auslast
; Distanz
i Nutzlast
v Spez_Verbr
v Verbrauch

Cancel

Parameter

Amount Uncertainty

1. Click here to add

parameters from
processes used in
the product sytem

2. Select the
parameters you

want to modify their
value

< > || General information Parameters‘ Model graph

areenbeLTa



Product system: Parameters

i Navigation &2 | ‘& ¥ = O ||% *Barge, technology mix, 1.228 t pay load capacity &2 | = g
') ecoinvent3_1_cutoff = -
< @ elcd - Product system: Barge, technology mix, 1.228 t pay load capacity
[ Projects
© [ Product systems R ox
& Impact assessment methods Context Parameter Amount Uncertainty
[ Processes [F] Barge, technol iX, 1. Dist B
L P Flows arge, technology mix, 1... Distanz L none

© [% Flow properties
& [ Unit groups

i+ 9 Sources

% Actors

') example

. \cefood-paper? 3. Change the values as
' Icafood_paper_v2_precalculated
'3 nrel

' open_plus_17oct2014

[0 openlcadstudents

desired; the new
value it will only
affect to the specified

process

< » || General information | Parameters| Model graph
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Project: Creation

I

¥ [ ecoinvent
B Projects

P (a5 Product systems Create new project

» [2 Impact methods

[ ¥ Flows e Export...
> [j Flow properties
¥ 4] Unit groups @ Add new child category
> [ sources
» 4 Actors [ New database
[ Ecoinvent < Import database
'/ probas
' schulungaugustl4students
test

|C ) Q

=4

1. Right click on the Projects
B aseren b Import... folder and select “Create
new project”

[j 1 items selected

LTa



Project: Creation (Il

| Ic_ )4

B Navigation l <§> ¥ =0 =0

v @e{ninvem

b i Product systems
» @ Impact methods
> I—E‘I' Processes
> @ Flows
> rﬁ Flow properties
F@Unilgmups Lca I |
> [ sources
4 ﬂ)\nors .
7 Ecoinvent New project
'/ probas
' schulungaugustl4students

test

Creates a new project

Name Comparison ALU can 2. Name the prOJeCt and
select “Finish”.

Description

|'j‘ 1 items selected

LTa



Project: Creation (l11)

\ca openLCA 1.4.1 beta 6 - O
File Window Help
BE @Y |a
& Navigation S@] % ¥ = O |/dh Comparison ALU can S@] - B
4 1§ casestudypetvsaluem 3 = ~
e Py Project: Comparison ALU can
» % Projects
- [2 Product systems = -
i ¥ Impact assessment methods R B
8 q
5 lll' Processes Name Comparison ALU 3. A new ta b Wlth the
% Flows
» (5 Flow propertes Description project will appear in the
I [} Unit groups
- (9 Sources editor window. Click on the
» % Actors
® ecoinvent3_1_cutoft green button to select
' elcd Version 00.00.000 . .
@ eample different variants
Last change 2014-12-03T17:36:4
' Icafood_paper v2
') Icafood_paper_v2_precalculated
'3 nrel
| open_plus_170ct2014 » LCIA Method
') openlcadstudents
~ Variants 9%
MName Product syst.. Allocation.. Flow Amount Unit Description
~ Parameters @ %
| Darameatar Cnntawvt Rennrt nama  DNecrrintinn | v
< Project setup‘ Report sections
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Comparative assessments: Projects

* Same or different product systems can be compared using

Variants

Project: PET Case Study

- General information

Name PET Case Study

Description

Version 00.00.008

Last change 2014-11-13T11:08:36+0100 Compa re Cha nge Vva rla nt
allocation target amounts
» LCIA Method methOdS
~* Variants
Mame Product system Allocation method Flow Amount Unit
Casel Bottle at POS Economic Bottle sale 1000.0 Item(s)
Case 2 Bottle at POS Physical Bottle sale 2500.0 Item(s)
Case 3 Bottle at POS Causal Bottle sale 7500.0 Item(s)




Comparative assessments: Projects

* Same or different product systems can be compared using

\/ariantc

Project: Comparison ALU can

~ General information

Name | Comparison ALU can

Description A
L

Version 00.00.001

Last change 2014-12-03T17:40:51+0100

Change the values of the
> LCIA Method parameters per variant

» Variants

Add parameters used in the
product system

~ Parameters

Parameter Context Report name Description Variant1 Variant2 Variant3
[@ recycledalu ALU can 0,5L recycledalu Recycling rate of .. 0.5 0.6 0.9

» Process contributions

areenbeLTa
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Comparative assessments: Projects

ills *Project - example 2 |

Project: Project - example

= General information

Name | Project - example

Description

Version 0o.00001 - -
Last change 2014-09-23T22:28:15+0200

= LCIA Method

LCIA Method " JCML 2001

select the LCIA method
and impact categories you

are interest in

MNormalization and weighting set |

Impact category
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

Display

K &

K & E E

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

areenbeLTa



Comparative assessments: Projects

il *Project - example 2 l

Project: Project - example

= General information

Name ‘ Project - example
Description

Once every variable is set,
Version go.co.oon - -

click “Report” to calculate

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

» LCIA Method ; ;
The contribution of

different processes can
be compared

» Variants

» Parameters

Process Report name Description

[F] Anode, lithium-ion battery Anode, lithium-ion battery

areenbeLTa



Project: Report

e openLCA 1.4.1 beta 4 - 8
File Window Help

hEER ¥ la
& |l *Project - example 2@] = 0
=

7 Iniroduction 1. Text descriptions for ——

Section ‘ Introduction h . b
Text In the following the results of the project are shown. This is a default template for the repag e a C S e Ct I O n S Ca n e ~
<p=<ul= a d d e d
<li=changing the text of the sections,
<li=adding or removing sections, W
Compaonent ‘ W
~ Project Variants DRCR
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. e
v

Component | Variant description table

Variant description table

" e L e e e 2. The type of component to display ikl

Section Parameter value table . :
Ted  Nomasationresultabi T w—p— in each section can be selected

Single score table eq.

Idicatorbar char (e.g. tables, graphs)
Relative LCIA results - bar chart
Normalisation - bar chart e
Relative LCIA results - radar chart v

Project setup R-el Normalisation - radar chart

Single score bar chart

areenbeLTa



Project: Report sections

ills *Project - example & | =

Report sections

'~ General information

Title | Results of project ‘test’

&) Add section

New sections can be

added

"} Introduction clck 3
5 Project Variants 56 x 1
'} Selected LCIA Categories 20 x|
"+ LCIA Results 2@ x|
+ Single Indicator Results SNCE |
"+ Process Contributions cIcE 4
'+ Relative Results D6 % |
' New section 20 x|

Section MNew section . . ﬂ

Or delete existing
Text TODO: add text -

ones

areenbeLTa



Example: Project report

Ik *Report-example |ﬂa Report Viewer [i Report Viewer 2 l

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 kg CO2-Eq
climate change - GWP 20a -1.38358e+2 -9.22388e+1 kg CO2-Eq
climate change - GWP 500a -1.33022e+2 -5.92811e+1 kg CO2-Eq

GreenbeLlTa




Example: Project report

Single Indicator Results

The fioliowing chart shows the singie resufs of =ach peoject varant for e selcied indicator. You cam change the ssiscion and the char i
dyramicaly uodaied.

climiabe change - AP 1008 ¥

Varianil Wl

Process Contributions

This chart shows the confrioubions. of the ssiscied processes In the project setup to the vadant resuls of the ssiscied LCIA cabegory. As for the
single Indicator nesults, you can change the selecion and the chart s dynamically updated.

diimnabe change - GWF 1008 Ll
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EcoSpold export

EcoSpold 1
* Processes
* Impact assessment methods

EcoSpold 2
 Processes
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ILCD export

* Actors

* Flow properties
* Flows

* LCIA methods
* Processes

* Product systems
* Sources

* Unit groups

areenbelTa



Excel export

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

areenbelTa



Other export formats

CSV-Matrix
» Graph of a product system

Images
* Diagrams

HTML
* Project report

openLCA script (.zolca)
* Complete databases

areenbelTa



Exam

File | Window Help

e

process export (l)

5] | Save Ctrl+S
[5l | Save As... {1t Welcome Kil =g
I Save All Ctrl+Shift+S
Close Ctrl+W , \
Clase Al Cirl+Shift+W orPenLca Welcome to openLCA!
Preferences \ r 4 Version 1.4.1 beta 4 (Windows 64 bit)
2= Import..
‘h“ | BYERE High performance Life Cycle Assessment (LCA) and sustainability assessment software. Truly open source.
Exit Available for fi lotal o L
= Licensed und LTa
) ecoinvent3_1_allocatic Select
| openlcadstudents | ! 75 I
1 test @%\] Choose export destination.
For the 1.4 the
Select an export destination: It a
| type filter text
4 |(= EcoSpold
[ EcoSpold 2 ple o -
[¥ Impact methods
\“ [¥] Processes
= 4 (= Excel
A broad rang @ Processes
can search f b B "‘CD
download th i = ILCD Network Export
databases ¢
This is also
LCIA method
.
< Back Next > Finish Cancel
Here are ¢ to y
Welcome

GareenbDeLTa



Example: process export (ll)

= Export EcoSpold

Select Processes

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

To directory: | CA\Users\Cristina\Desktop

‘ ‘ Choose directory...l\

I Drj agricultural means of production!
b Drj agricultural production
4 Dr_ﬁ? biomass

P Dr_ﬂl cogeneration

[ ]e® fuels

b [ ]e® others

b [ ] power plants

a Dr_ﬂl production
@ ash, bagasse, at fermentation plant - BR
@ biowaste, at collection point - CH
|:| [F] grass fibres, at fermentation - CH
|:| [F] protein concentrate, from whey, at fermentation -
D@ proteins, from grass, at fermentation - CH
D@ vinasse, at fermentation plant - CH
D@ vinasse, from sugarcane, at fermentation - BR
D@ whey, at dairy - CH
|:| [F] yeast paste, from whey, at fermentation - CH

~

4. Select the

processes to export

3. Select the directory
where data will be
stored

areenbeLTa



Example: process export (III)

CR | * Ecospoltt » proceses -

‘ Jrganisieren = nsichten + &) Offnen ~ & E-Mail r Freigeben (& Brennen

Linkfavariten Mame . Anderungsdaturn Typ

E Dokumente |!| 9c71c189-12a1 -4eal -add0-9d11 2788801 10.01.2011 14:45 XML-Datei
] |®| 24aef72e-ead0-4831-98ba-2b473af8cd0E 07.01.201117:12 XML-Datei
EI Filder |®] 7832e741-1803-4732-Bc14-c4574a4 2878 07.01.2011 1712 #ML-Datei
E Musik |®]8334d78b-85ch-4e62-aa2e-dB460c2ed51b 07.01.2011 1712 AML-Datei
Weitere » |®] 68264 dad-65cf-406e-5723-4affhcel 4104 07.01.2011 1712 ¥ML-Datei
Ordner w | |®|04148128-bl8a-44£7-38c0-e5310d17ele2 07.01.201117:12 XML-Datei
|\ EcoSpold0l o |!| d9c48c07-4cel-4370-8679-167060 cBbech 07.01.2011 1712 #ML-Datei
| processes |!| d53e3761-b9c5-4acl-8a49-6ec0di ebB079 07.01.2011 1712 AML-Datei
| schemas B |!| dcaa3518-8al5-debb-bdde-cc2dl6ebeebs 07.01.2011 1712 ¥ML-Datei
| stylesheets |®| eaafl7ce-470a-4dd8-840e-1a5d19f9a7cl 07.01.201117:12 XML-Datei

| Konverter |4 1 | 3

L 0c71c189-12a1-4eal-ad40-9d11d2788801 Anderungsdatum: 10.01.2011 14:45
v ‘ AML-Datei Grofe: 0 Bytes

Erstelldaturm: 10.01.2011 14:45 In the selected directory a

folder with the name of the
export format is created. For

instance, Desktop)\
EcoSpold01\ processes
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Export openLCA database

File Window Help
hEHE®

% Navigation &2 l
4§ ecoinvent_2_2_unit!
[ projects i Properties
i Product syst #* Close database
b (@ Impact asse “ Export database
i [P Processes
& % Flows
©» % Flow propel
[ Unit groups|
- [ Sources
» 3 Actors
1) ecoinvent3_1_allocation,
I openlcadstudents
I test

1 Right click on the
database name and select
“Export database”

I 1 item selected

=
® - 1 &) ThisPC b v ¢ | SearchThis PC p

Organise = %Z: -

.}“ Favourites - 4 Folders (6) -
B Desktop
I3 Downloads h Desktop }& Documents

24 Recent places :

Music

| Cristina
Download:
| GreenDelta wnloads
@ OneDrive k Pictures i Videos

«§ Homegroup 4 Devices and drives (3)

Cristina Rodrigue:
H ristina rigue: . Local Dlsk(C)

DVD RW Drive (D:)
W This PC v v 111 GB free of 225 GB

File name: | Seell=l

Save as type: *zolca

= Hide Folders

2. Select the directory

and name for the
.zolca file

areenbeLTa



Using an ILCD network database

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

» Dataisuploaded into a database on a server and can be
downloaded from each user with access to the server.
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ILCD network database: import

a openLCA 1.

File | Window Help

Save Ctrl+S

.. Save As..

Save All Ctrl+Shift+S

Close Ctrl+W

Close All amsshisw  BlCcOme to open LCAI — Import

Preferences pn 1.4.1 beta 4 (Windows 64 bit)

[ Import...
i

Export 1. GO to F|Ie9 . Truly open source

Exit intained si delta.com

Select

Licensed under the Mozilla Public License
& Import

@ What's new
l.;\i

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

w3 Network Import - B

Select an import source:

| type filter text

4 (= File Import

[¥] EcoSpold 1
[¥] EcoSpold 2
& Excel

Search @

Search and select processes for the import

® Lco
‘§ SimaPro CSV
ILCD Network Import

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

Process |

Name Location  Time Type

3. Select the server
connection and the
processes to import

|@ ILCD Network Import
QOther
L2 Database Import

2. Choose “ILCD
Network import“

areenbeLTa




ILCD network database: export

= — O
File | Window Help &s Export
Save Cirl+S
| | Save As.. & - Select F
Save All Ctrl+Shift+S
Close Ctrl+W u
Close All Ctrl+5Shift+W
Preferences
i (e Select an export destination:
L Export. |type filter text
Exit
b 1. Goto File » & EcoSpold
' ecoinvent3_1_allocation_default b = Excel
' openlcadstudents 9 EX p O rt b = ILCD
et 4 (= ILCD Network Export
@ ILCD Network Export
5]
— O “«
L3 ILCD Network Export - 2. Choose “ILCD

ILCD Network Export

Export processes or product systems to an ILCD netwark.

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

Network Export“

4 [m]D ecoinvent_2_2_unit
a E@ Processes
- Eﬂ? agricultural means of production
3 @ buildings
b [P feed
3 D@ machinery
P D@ mineral fertiliser
3 D@ organic fertiliser
P D@ pesticides
o [ )P seed

3. Select the server
connection and the
elements to export

Cancel
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process (* = any string)
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Tips and tricks ‘

working with openLCA
(1)

« Alumina GLO
(Input) Bauxite
(Input) Calcined Lime
(Input) Caustic Soda
(Input) Coal
(Input) Diesel Oif
(Input) Electricity
$DUI) Gas

Put) Heavy Oil
(Output) Alurming
( utput) sllm'tg residye
Other
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Errors

 Itis possible to report all errors in a log file automatically
* Todo so go to file/prefreneces/logging and check ,All”

wa Preferences - B The log file is rewritten
[ type filter text | Logging o every time openLCA is
@Configuration Loa-Level:
Experimental features @;}i" ) resta rtEd I
» Field Assist )
Global parameters o Inforwatlon
ILCD Network () Warnings
Locations O Errors
Logging Show log console
Mumber format
Updates
< 3 |Rest{:-re Defaults| ‘ Apply ‘
| oK || cancel |
areenbDeLTa




Language

« openLCAis available in Bulgarian, Chinese, English, French,
German, Italian and Spanish

* Change it under File/Preferences/@Configuration.

* once you change the language, restart the program to
activate it

3 Preferences - B

[ type filter text | @Configuration P
@Configuration
Experimental features Lrouzss |Eng|i5h o |

> Field Assist

Global parameters @Maximum memory usage in MB | 3072 |
ILCD Network
Locations @Use browser features
Logaing Note: Changes will not take affect until openLCA is restarted
Number format
Updates

¢ > Apply
Loc [[ cmen GreenbeLTa




Memory usage

* Some databases required higher memory usage (e.g.
ecoinvent 3) for the calculations.

* Change it under File/Preferences/@Configuration.

w©a Preferences - B
| type filter text ' @configuration T

@Configuration
Experimental features

» Field Assist Language ‘English ‘|
Global parameters @Maximum memory usage in MB | 3072 |
ILCD Network
Locations @Use browser features
Logging MNote: Changes will not take affect until openLCA is restarted
Number format
Updates

” % Restore Defaults Apply

| oK || Cancel
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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 the
following way:

-clean

-nl

an

-data

EnocDefault

—olcaDataDir

HERE THE FULL PATH OF THE NEW DIRECTORY
-olcaVersion

1.4.0

-Vmargs

=Xmx409eM
-Dorg.openlca.core.updatesite=http://nexus_openlca.org/updatesite
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Excercise 6: Modeling
LCA of PET bottles

Goal: Conduct an LCA of PET water bottles produced and consumed in
Germany from cradle to point of sale

FU: 1,000 1-litre still water bottles

Production chain:

1. Plastic granulate production:
« polyethylene terephthalate granulate (PET) for the bottle (bottle grade, RER)
« Polyethylene high density granulate (PE-HD) for the lid (RER)
« Polypropylene granulate (PP) for the labels (RER

2. Transport of PET, HDPE and PP granulates for further processing (Transport A)

3. Production of a PET pre-form bottle, the HDPE lid and the PP label from the
respective granulates produced in step 1.

4. Transport of bottle preform, lid and label to bottle-filling location
(Transport B)

5. Blow PET preform, fill with water and attach lid and label
6. Transport of the filled water bottle to retailers (Transport C)
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Excercise 6: Modeling
LCA of PET bottles

Supply chain and system boundary:

PET production (granulate)

HDPE prod. (granulate)

PP production (granulate)

PET preform production

HDPE lid production

PP label production

A 4

h 4

A 4

PET preform transport

HDPE lid transport

PP label transport

A 4

PET bottle production

3

add label and lid and water

Transport B

areenbelTa



Excercise 6: Modeling
LCA of PET bottles

Case-study assumptions (l):

* Forthe production of the bottles, lids and labels, it is assumed that 100% of the
respective input granulate is utilized in forming the final product, without waste.

Empty Full
PET HDPE PP W.
D bottle ater bottle
Weight 60 g 48 18 658 1kg 1.065kg

« Water used to fill bottles (ELCD database): “surface water at a water purification
plant (RER)”

* Information on the amount of energy required to run the machines which produce
the PET pre-forms, PP labels, HDPE lids as well as those required to make the final
PET bottles and add the lid, label and fill with water is not available and will be
‘ignored’ for modeling purposes.
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Excercise 6: Modeling
LCA of PET bottles

Case-study assumptions (Il):

» Transport (ELCD database): “Euro 0,1, 2, 3, 4 mix, 22 t total weight, 17.3 t max

payload — RER”

Amount Weight transported
Transport A 200km 0.065kg
Transport B 200km 0.065kg
Transport C sokm 1.065kg
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Excercise 6: Modeling T
LCA of PET bottles

Task: Model the supply chain of PET water bottles from cradle to gate
using the ELCD database:

a) Create separate unit processes for each of the six steps of the production chain
b) Create one process containing all of the flows in the production chain

c) Create product systems from a) and b), respectively, and compare the model
graphs

Before starting the task, download the ELCD database from openLCA Nexus, as

well as the openLCA LCIA method pack available at openlca.org/downloads and

import them both into openLCA.
GreenbeLTa


https://nexus.openlca.org/
http://www.openlca.org/documents/14826/c4f5bc9e-a2be-4af3-a3d6-b45276c62ff1

Excercise 6: Modeling
LCA of PET bottles — Model graphs

VS.
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Excercise 6: Modeling
LCA of PET bottles

d) Calculate the product system using the LCIA method ReciPe Midpoint
(H) and the normalization/weighting set “Europe ReciPe Midpoint (H)”

* What's the climate change impact of the product system relative to the total
annual impact of CC per person in Europe? Check values also for terrestrial
acidification & ionising radiation.

* Which impact category has the highest contribution to the overall impact of
the production of PET water bottles in Germany?

« How do the normalized impacts of the product system change considering
the impact of the total European population in the year 2000 in each impact
category (instead of impacts/person/year)?

areenbelTa



Excercise 6: Modeling
LCA of PET bottles

e) Calculate the product system using the LCIA method “ReciPe Endpoint
(H)” and the normalization/ weighting set “Europe ReciPe H/A”
(hierarchist perspective; average weighting set)

* What’s the impact of the product system in the endpoint categories “human
health”, “ecosystems” and “resource availability”?

* What’s the impact of the product system in the endpoint categories “human
health”, “ecosystems” and “resource availability”? How is the ionising
radiation impact of PET bottle production in Germany expected to affect
“human health”?

« To which endpoint indicator does the product system cause the highest
damage after normalization and weighting? Does this result change when an
egalitarian or an individual perspective is used (with the average weighting
set) instead of a hierarchist view? (resources)
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Multi-output processes

* Multi-output processes occur quite often
« cow (milk, leather, meat)
« Co-generation (heat, power)

 Chloralkali elektrolysis (natriumhydroxide, chloric gas,
hydrogen)
* Usually you need processes with one output for LCAs
* Two strategies:
* Avoiding Allocation: System expansion

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

(ISO 14040)

— Which allocation methods are possible?

» physical allocation
 causal allocation
e economic allocation

areenbelTa



Example: co-generation

[ co-generation i |

Allocation

Default method | None v

¥ Calculate default values

~ Physical & economic allocation

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

<

~ Causal allocation

Flow Direction Category Amount Electricity, at grid, US - RNA Heat, onsite boiler, hardwood ...
.4, Sulfur dioxide Output air/high po.. 0.50000kg 1.0 1.0
.L.Carbon dioxide, fossil Output air/high po.. 200000kg 1.0 1.0
#*Crude oil, at production... Input Product flo.. 3.00000 kg 1.0 1.0
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System expansion (I)

* System expansion --> We assume that heat produced
elsewhere outside the product system will be substituted
via the heat produced by our modelled product system.

« The “co-generation” product system is thus “credited”
with the avoided impacts of the alternative heat-
producing process “Heat, gas heating” , ie. the
environmental impacts of the process “Heat, gas heating”
will be subtracted from the overall environmental impact
of co-generation > only impacts related to “electricity”
generation” will appear in the LCIA results.
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System expansion (ll)

bonus

process

process
(net)

biogas 2 TJ —
active coal 72,2 kg ——>

Heat (from gas
heating) 0,6 TJ

biogas 2 TJ —
active coal 72,2 kg ——>

heat bonus process

biogas CHP plant (net)

electricity 1 TJ
heat 0,6 TJ

heat 0,6 TJ

electricity 1 T)
credit note heat bonus
process 0,6 TJ
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System expansion in openLCA

) *Heat, onsite boiler, hardwood mill, average, SE - RNA 52 |

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

~ Inputs
Flow Category Flow prope.. Unit Amount Uncertainty Default pro.. Pedid
#*Wood fuel, SE hardwoo... Product flows Mass kg 0.0426236.. none
#* Residual fuel oil, combu... Product flows Volume I 1.0138630.. none
#¥Wood fuel, SE hardwoo... Product flows Mass kg 0.0065590.. none
#%Natural gas, combusted... Product flows Volume m3 7.2418787.. none
#¥Liguefied petroleum ga.. Product flows Volume L 3.0208979.. none
A process providing the avoided Check the box of “Avoided
product flow should exist! product” for the by-
product
~ Outputs
Flow Category Flow prope.. Unit Amount oided product
%% Heat, onsite boiler, hard... Product flows Energy MJ 1.0 none
|¢’ Electricity, onsite boiler,... Product flows Energy kWh 0.0019196.. none




System expansion vs. allocation — model

graphs

Crude oil, at production [...

2 co-generation

Inputs | Outputs

Crude oil, at production - RNA Electricity, at grid, U5 - RNA
Heat

Model Graph 1: Product system “Co-
generation” without system expansion

Crude oil, at production [..

ca-generation (copy)

Inputs

| Outputs

Crude oil, at producti... |Electricity, at grid, US ...

Heat, gas heating /

VS.

Model Graph 2: Product system “Co-
generation ” with system expansion
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Element usage

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

[F] Caprolactam ~
[F] Carbon-14

[ Carbon black

[ Carbon dioxide

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

[F1 Carbon dioxide, land transformation
[F] Carbon disulfide

[F] Carbon monoxide| Type Name

Usage of: Carbon monoxide, fossil

[F1 Carbon monoxide Open in editor N , )
[F| Carbon monoxide| & Usage El Acrylonitrile-butadiene-styrene copolymer, resin, at plant, CTR
[} Carbonyl chloride| ¥ Delete [ Fuel grade uranium, at regional storage
[ Carbonyl sulfide Cut - - |
[l Cerium-141 Copy [F Natural gas, combusied in industrial boiler, at hydrocracker, for butadiene
[F] Cerium-144 _ _
El Cesium-134 221 Import. [F Forest residue, processed and loaded, at landing system
A

) e Export.
[F] Cesium-137 po @ selected LCI results, additional
[Fl CECs and HCFCs, | '@ New database
[F] Chloramine “h  Import database 1

GareenbelLTa



Multiple windows view

» Select Window/Open in New Window to open a new openLCA window
* You can work in parallel within the same database

MO | | e

“a openlLCA 1.4.1 beta 4 =! openLCA 1.4.1 beta 4

File Window Help File Window Help

hEEROS ¥a | B EHE @ a &

t= Navigation 33\ ~ B |/ % Battery production ngv Quick results 53] = Navigation 23] = O || % Battery production [*;*v Quick results E@I

g - 2 & v

@ ecoinvent_2_2_unit ~ ~ |~ Impact contributions [ ecoinvent 2 2 unit ~ || Flow contributions
‘1)) ecoinvent3_1_allocatic

' olcateacher Impact category ||§ climate change - GWP 500a I olcateacher

& openlcadstudents I openlcadstudents
4 14 Projects » % Projects

' ecoinvent3_1_alloca

Impact contributions

w test 4w Transport pers = 10.75% Transport, combination truck, die..  34.48346

- Impact assessmet 07.94% MNatural gas, combusted in industr.. 2547373

© [P Processes Soda powder, at plant - RNA 21.27902
» [ Impact assessment b B9 Flows PPN PN -

<
» [P Processes ¥ ; ; = » [% Flow properties
> General information | Inventory results | LCIA Results| “s i v || €
. L nit Aranine

< > Inventory results | LCIA Results | Process contribut...| Flow contributions| s

— I -
ills Project - exampl 1.086E2 k¢ + [ Product systems Impact category ||ﬂ climate change - GWP 500a
il Report-example = 52.623 kg s=w Battery cell, lit
4 (i Product systems +4 Battery produc Contribution Process Amount
s Battery cell, lithit 34483 kg 2 test = 3384% Hot rolled sheet, steel, at plant - .. 108.56370
s= Battery productic ‘ 25474 kg s Transport, airc - 19.52%  Electricity, bituminous coal, at po.. 6262275

—
= Transport, aircral 89.632 kg

<wa Transport persor

Watall=3(plaTdataat=3 GRISIHE TR
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Developer tools

* SOL Query Browser, JavaScript and Python editors.

= SQL Query Browser
File | Window | Help
EN I e
i ' = select name, cas_number,formula from tbl_ﬂows|
O| @Developer tools » ‘ SOL ‘
- JavaScript
§ Formula Interpreter AEEHE
i i hon
« [ @ Browser configuration Pyt
F

“ Projects

~* Results

NAME CAS_NUMEBER FORMULA

Ethene, tetrachloro- 000127-18-4 C2Cl4
Florasulam  145701-23-1 C12H8F3N503S
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 CoHTN
Transformation, from traffic area, road networkMNULL 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

They can be activated under File/Preferences/Experimental features

Preferences — O

@Configuration

Experimental features
» Field Assist

Global parameters

ILCD Network

Locations

Logging

Number format

Updates

Experimental features Py rw

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

Restare Defaults Apply
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Product system statistics

* Available in the product system editor

* Provides information on the number of processes, the process links,
etc.

Product system statistics

General statistics:

Number of processes 81

Number of process links 230

Connected graph / can calculate? @
Technology matrix 81x81
Reference process Battery pack (S1)

Recalculate
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Product system Statistics (1)

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

o]

. 7 Ethylene, at plant

Processes with highest out-degree (linked outputs)

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

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

GreenbDeLTa



Experimental visualisations: HTML Graph

* Available in the product system editor.

It provides visual representaion of the process links in the product

system.

i Battery production 2 I

HTML Graph

v

< >

General information | Parameters |Model graph | Statistics HTML Graph|
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Experimental visualisations: Treemap

« Available in the quick results and anaylsis editors.

* Itvisually represents the direct process contributions per flow and
impact category.

Process contributions

(®) Flows |.'~. Nitrogen oxides - air/unspecified v ‘

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

General information | Inventory results | LCIA Results | Process contributions | Flow contributions|Locations|Grouping Process contributions - Tre.
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Experimental visualisations: Bubble chart

« Available in the quick results and anaylsis editors.

* Itvisually represents the direct process contributions per flow and
impact category.

Process contributions

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

() Impact categories |[§ climate change - GWP 500a |
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Experimental visualisations: Sun burst

* Available in the anaylsis editor.

* Itvisually represents the total process contributions per flow and
impact category.

Sun burst

(®) Flows

areenbeLTa




Other experimental features

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

. . = Calculation properties - 0O
* Localised impact assessment: Calculation properties @
_ NEW features in the impaCt Please select the properties for the calculation
method editor are added to | atoction meinas None 3
1 1 mpact assessment metho v
deal with shape files. impact tmethod | @ EERRTEEETENEIN, |
. . . Mormalization and weighting set | v |
— A new calculation optionis | . mionee

() Quick results

shown in the “Calculation O Analysis
. ” (®) Regionalized LCIA
properties” menu:

() Monte Carlo Simulation

Number of iterations: 100

Save as default Reset | ‘ Calculate ‘ ‘ Cancel ‘
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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
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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.
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Data uncertainty: basics I|

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

* The median is the mean value (for 100 samples the soth sample is
the median).

« The mean is the arithmetic average of all samples.
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Uncertainty distribution

* Log-normal distribution

| 4
|

* Normal distribution 4\

* Triangle distribution ‘

 Uniform distribution
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The Monte Carlo simulation (I)

— 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.

Nevertheless, several thousand iteration passes are usually required.

areenbelTa



The Monte Carlo simulation (1)

—  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 impact category.
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Adding uncertainty information

_ | [ Transport, aircraft, freight - RNA &2 l

Process: Transport, aircraft, freight

~ Inputs

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

2. Define the values of
the distribution
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Starting the Monte Carlo simulation

(% Welcome ‘ [F] Mew Process “

Product system: Case 1

® General information

= Calculation properties

Calculation properties

Please select the properties for the calculation

Name Case 1

Description

Version 00.00.000 - H
Last change

B calculate

* Reference

Process

1. Open a product system
and click the calculation
button

Allocation method | MNone

Impact assessment method | @ IPCC 2007

Normalization and weighting set |

Calculation type () Quick results

() Analysis
() Regionalized LCIA

(®) Monte Carlo Simulation

Number of iterations:

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

of iterations
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Starting the Monte Carlo simulation

openLCA 1.4.1 beta 4 — a

i [P] *Transport, aircraft, freight - RNA |% Transport, aircraft, freight iilii Transport, aircraft, freight & = 0

Monte Carlo Simulation

~ Settings
Product system | Transport, aircraft, freight
Process | Transport, aircraft, freight
Q o 7
Quantitative reference | 1.00 t*km Transport, aircraft, freight - RNA 3 . CI |Ck Sta rt to rU n th e

Number of simulations | 100

simulation

~ Progress
~ Results 51
(® Flows |.1~. Benzene - water/unspecified A |

() 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 While the Simulation
1
runs, results for each flow
and impact category can be
shown

0

0.000 0.000

Monte Carlo Simulation
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File Edit Window Settings Help
% organic viticulture (unit process network) iilii organic viticulture (unit process network) & - o
& | Monte Carlo Simulation
~ Settings
Product system organic viticulture (unit process network)
Process viticulture (organic)
Quantitative reference 1.0 kg grapes (organic)
MNumber of simulations 10000
~ Results =
@ Flows -
results: 10000 mean: 0.129 standard deviation: 0.014 5% percentile: 0.108 95% percentile: 0.153 median: 0.128
314
]
0.088 0.194

Simulation




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

The pedigree matrix was transferred in 1996 by Weidema / Wesnaes
on the application in LCA.
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The Pedigree approach in ecoinvent

Relevant
criteria

Reliablility

Complete-
ness . .
Qualitative

: descriptors
Time

Geography

Technology
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The Pedigree approach in ecoinvent

Reliability

Complete- Default
ness ’ ’ ’ ’ ’ .
uncertainty

factors

Time

Geography

Technology
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The Pedigree matrix in openLCA

| [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 041991972.. none Edit

1. Click “Edit” to add or

modify the Pedigree

uncertainty
~ Outputs
Flow Category Flow proper.. Unit Amount Uncertainty  Avoided pr.. Pedigree un...
#*Transport, aircraft, freight.. Product flows Goods trans.. t*km 1.0 none
L, Hydrocarbons, unspecified air/unspecified Mass kg 0.00104611... none
.%,Carbon monoxide, fossil airfunspecified Mass kg 0.00441023.. none
., Carbon dioxide, fossil airfunspecified Mass kg 1.05284715.. none
L. Nitrogen oxides airfunspecified Mass kg 0.00536646.. none
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The Pedigree matrix in op

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
based on
assumptions or
non-verified data
based on
measurements

Non-verified data
partly based on
gualified estimates

Qualified estimate
(e.g. by industrial
expert)

MNon-qualified
estimates

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

Representative
data from > 50%
of the sites
relevant for the
market considered,
over an adequate
period to even out
normal
fluctuations

Representative
data from only
some sites (<<
50%) relevant for
the market
considered or >
50% of sites but
from shorter
periods

Representative
data from only
one site relevant
for the market
considered or
some sites but
from shorter
periods

Representativenes
s unknown or data
from a small
number of sites
and from shorter
periods

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

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

Less than 10 years
of difference to the
time period of the

data set

Less than 15 years
of difference to the
time period of the
data set

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

Data from area
under study

Average data from
larger area in
which the area
under study is
included

Data from area
with similar
production
conditions

Data from area
with slightly similar
production
conditions.

Data from
unknown or
distinctly different
area (North
America instead of
Middle East,
OECD-Europe
instead of Russia)

Data from
enterprises,
processes and
materials under
study

Data from
processes and
materials under
study (.e. identical
technology) but
from different
enterprises

Data from
processes and
materials under
study but from
different
technology

Data on related
processes or
materials

Data on related
processes on
laboratory scale or
from different
technology

Base uncertainty:

1.2555818742947564

enLCA

2. Click in the different
fields to rate the data
quality, add a basic
uncertainty and click ,,OK“
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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
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Calculation of Pedigree uncertainty

» Sofarthe pedigree matrix is only used for documentation purposes!

* Inlater 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.
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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 modeling

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

Data format
Market modeling
New data?

Consequences for openLCA
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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

— It only 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
areenbelTa



EcoSpold 2

|<?xml wersion="1.0" encoding="utf-5"?>EEK
<ecofpold mmlns="http://www.Ecolnvent.org/EcoSpold0: " >R
<childActivityDataset >[N
<activityDescription>ElE
<activity id="0a5c8801-e080-4b4e-b023-b80b73a54£d7" activityNameIld="11516431-4240-4fb7-b7a2-30£30e35c400" parentlhotivityld="d&3fcbE8-86ed-4554-ab3c-biba5cTh
<activityName xml:lang="en">titanium zinc plate production, without pre-weathering</activityName >[5
<includedBctivitiesStart xml:lang="en" />[EE
<includedhctivitiesEnd xml:lang="en">The dataset describes the production of titanium zinc alloy from primary zinc and the fabrication of titanium zinc pl
<generalCorment >R

<text xml:lang="en" index="Z2">[This is a dataset transferred from ecoSpold vl / ecoinvent database wversion Z. It may mnot in all aspects fulfill the requi

<text xml:lang="en" index="1">The production steps pre—allcoying, melting, casting, relling, coiling, stretch forming and cutting are approximated using
</generalComment > EENY
<tag>ConvertedDataset</tag>EE
</activity>ER
<classification classificationld="zeaec3Zd-b5a4-44e0-bb50-25c0£4£fe3d37 " ~ERIE

<classificationSystem xml:lang="en">EcoSpoldllCategories</classificationSystem>ERl
<classificationValue xml:lang="en">metals/extraction</classificationValue>EEilg
</classification>ERIE
<classification classificationld="&feTbcZb-4bed-48£7-32b0-£27dea’3053ce " -

<classificationSystem xml:lang="en">ISIC rev.4 ecoinvent</classificationSystem>EEa

<classificationValue xml:lang="en">Z4Z0:Manufacture of basic precious and other non-ferrous metals</classifi cationValue > ([EENH
</classification>EEREE
<geocgraphy gecgraphyld="0elell20-7d7e-1lde-%aeZ-001%e33cbesa" >0l

<shortname xml:lang="en">DE</shortname>E

<comment > [EEI

<text xml:lang="en" index="1">Data from a leading titan zinc plate producer in Germany. Applicable for Europe.</text>{EEH
</ comment - EEIRg
</geography>EEHG
<technology technologyLevel="3">[
<comment > EDHI
<text xml:lang="en" index="1">Induction furnace for all the pre-alloying and melting steps, roll stands with 5 rolling pairs for the rolling step. Coili
</ comment >R
</technology- =il
<timePeriod startDate="1337-01-01" endDate="Z2013-12-31" isDataValidForEntirePeriod="false
<macroEconomicScenario macroEconomicScenariold="d53£57£f0a-a0lf-42eb-a57b-8£18d6635501 >

<name xml:lang="en">Business-as-Usual</name>EIifig

</macroEconomicScenario> @Rl
</activityDescription>Eilg
<flowData> RN
<intermediateExchange id="8fcdB8ca4-28bl-4édd-bf3e-54cddbelcBZe” unitId="487df68b-4554-4027-8fdc-a4dcZ38257b7" casHumber="007440-66-&" amount="1_.0&" intermedi
<name xml:lang="en">zinc</name>EDM
<unitWame xml:lang="en">kg</unitHame >k
<comment xml:lang="en">(1,4,1,3,1,5,3)</comment>EE
<comment>EcoSpoldlillocation=RER</comment > ERlg
<uncertainty> RN

<lognormal meanValue="1_08" mu="0.0&" variance="0_.01" varianceWithPedigreeUncertainty="0.0121" />@E&E
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EcoSpold 2

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

<elementaryExchange id="d567a084-dle0-4305-36e5-2346584d1054" unitId="487dI{68b—4334-4027-8fdc—24dc238257b7" casNumber="02Z2537-50-4" amount="1.5714E-07" eleme

<name xml:lang="en">Tin, ion</name>EHiH
<unitName xml:lang="en">kg</unitName>EIlg
<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 titani

<uncertainty>EE

<lognormal meanValue="1_5714E-07" mu="-15_67" wariance="0_.81" wvarianceWithPedigreelUncertainty="1.0Z" />@E=
<pedigreeMatrix relisbility="5" compl "5 temporalCorrelation="5" g icalCorrelation="5" furtherTechnologyCorrelation="5" />E2E
</uncertainty>EEiK
<property propertyld="c74c3729-e577-4081-b572-2283d2561a75" amount="0" unitId="577ei4Za-461f-44a7-32ic-dBelc3dZbf45" >R
<name xml:lang="en">carbon content, fossil</name> @R

<unitName xml:lang="en">dimensionless</unitName:>E=
</property>-ERlE
<property propertyld="6d%14&62-80e3-4f10-b3£f4-71febd6£f1168" amount="0" unitId="487df68b-4994-4027-8fdc-ad4dc293257b7 " >EE
<name xml:lang="en">water in wet mass</name>ENR
<unitlame xml:lang="en">kg</unitNzme>EE
</property>ERAG
<property propertyld="67fl0ZeZ-Scbf-4di0-aalé-bfT74d8a03326" amount="1" unitld="487df68b-4934-4027-8fdc-a4dcZ35257b7 " >EE
<name uml:lang="en">wet mass</name>[ENAG
<unitlame xml:lang="en">kg</unitNzme>EE
</property>ERAG
<property propertyld="&393cl4b-db78-445d-247b-c0cb866alb25" amount="0" unitId="577ei4Za-461f-44a7-32Zc-dBelc3dZbf45" >R
<name xml:lang="en">carbon content, non-fossil</name>EEN

<unitName xml:lang="en">dimensionless</unitName>EE
</property>ERRY
<property propertyld="a3355455-3724-4£03-b622-106edai48916" amount="0" unitId="577ei4Za-461f-44a7-32ic-dBelc3dZbf45" >R
<name xml:lang="en">water content</name>EEA3
<unitName xml:lang="en">dimensionless</unitName:>E=
</property>ERlG
<property propertyld="3alafldé-04c3-4lcé-a3da-92céféleleaa” amount="1" unitId="487d4f658b-4594-4027-8fdc-a4dcZ 9525707 " > MEAH
<name xml:lang="en">dry mass</name>[@
<unitlame xml:lang="en">kg</unitNzme>EE
</property>ERAG
<property propertyld="a301a835-7575-4dE5-3e74-8eb77ad03cdl” amount="0" isDefiningValue="false" unitId="577eZ4Za-461f-44a7-52Zc-dEelc3dZbi45" > EE

<nams uml-lang="en">carbon content</name:>EEl

<unitHame xml:lang="en">dimensionless</unitName> M

<comment xml:lang="en">carbon content on a dry matter basis (reserved; not for manuzl entry)</comment>EE
</property>ERAG
<property propertyld="fii53dbi-6Ze4-467f-bYac-c4f45be563b4™ amount="0" isDefiningValue="false" unitld="457dféEb-43534-4027-8fdc-a4dci38257b7 " > EREHA
<name uml:lang="en">carbon zallocation</name>ERAG
<unitlame xml:lang="en">kg</unitNzme>EE
<comment xml:lang="en">carbon content per unit of product (reserved; not for manual entry)</comment>EEI
</property>ERAG
<compartment subcompartmentld="e47£0a6c—3be8-4027-3eee—-deZ51784£708" > @R
<compartment xml:lang="en">water</compartment>ENY

<subcompartment xml:lsng="en">unspe ed</subcomoa
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EcoSpold 2

» Flow properties: details for each process data set

— e.g.: Flow: “Tin, ion”; Summary: water content (o),
content (0), etc. (!

<elementaryExchange id="d567a064-d1le0-4305-96e5-23f4684d10f4"™ unitId="487df6B8b-4394-4027-8fdc-a4dcZ38257b7" casNumber="022537-50-4" amount="1_5714E-07" elems
<name xml:lang="en">Tin, ion</name>EEN
<unitName xml:lang="en">kg</unitName>(SEH
<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 titani
<uncertainty>ERES
<lognormal meanValue="1_.§714E-07" mu="-15.§7" variance="0.81" varianceWithPedigreeUncertainty="1.02" />(EHi

<pedigreeMatrix reliabkility="5" comple "S" . temporalCorrelation="5" g icalCorrelation="5" furtherTechnologyCorrelation="5" /=@
</uncertainty>EENE

<property propertyl "cT403729-e577-4081-b572-a283d2561a75" amount="0" unitId="577ei4Zz-461f-44a7-32Zc-dBelc3dibf45" " >EDA3
<name xml:lang="en">carbon content, fossil</name >[N
<unitHame xml:lang="en">rdimensicnless</unitName > &EE)
</property> @R
<property propertyld="6d%el482-80e3-4£10-b3£4-T1£febdEf1168" amount="0" unitId="457d£68b-4954-4027-8fdc-24dc2328257b7 ">
<name xml:lang="en">water in wet mass</name>EEH
<unitNzme xml:lang="en">kg</unitNzme >
</property> @R
<property propertyld="67f10ZeZ-9cbé—-4dZ0-aalé-bf74d8a03326"
<name xml:lang="en">wet mass</name>EE
<unitName xml:lang="en">kg</unitName:>EE
</property> @R
<property propertyld="6333cl4b-db758-445d-247b-c0cb8£6albiE" amount="0" unitId="577e242a-461£f-44a7-322c-dBelc3d2bi4s" >~ [EEiNg
<neme xml:lang="en">carbon content, non-£ossil</names@@

unitId="487df68b-4394-4027-8fde-24dcZ38257b7 " > ERIES

<unitName xml:lang="en">dimensicnless</unitName>@E8|
</property> @R
<property propertyl

"2a9358458-3724-4Ff03-bEZ2-106edaZ48316" amount="0" unitId="577e24Za-481F-44a7-3ZZc-dBele3dZbf45 " >EIilg

<name xml:lang="en">water content</name>EEiH

<unitHame xml:lang="en">rdimensicnless</unitName > &EE)
</property>EE
<property propertyld="3a0afldé-04c3-4lcé-a3da-92c4féleleaa"” amount="1" unitId="4574£68b-4954-4027-8fdc-24dec2 32825707 "~
<nzme xml:lang="en">dry mass</name>EEl
<unitName xml:lang="en">kg</unitName>ER
</property> @R
<property propertyld="a301a838-7575-4d85-9e74-8eb77ad03cd1l"” amount="0" isDefiningValue="false" unitld="577e242a-461f-44a7-922c-dRelc3dZbf45">ERED

<name xml:lang="en"rcarbon content</name -G

<unitHame xml:lang="en">rdimensicnless</unitName > &EE)

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

"£2283db2-62e4-467E-bY%2c-c4£45be563b4" amount="0" isDefiningValue="fzlse" unitId="437df&8b-4994-4027-2fdc-24dc298257b7 " ">EERHD
<name xml:lang="en">carbon allocation</name>EEM
<unitName xml:lang="en">kg</unitName >
<comment xml:lang="en">carbon content per unit of product (reserved; not for manual entry)</comment>ERE

</property>EEl

<compartment subcompartmentld="e47f0aéc-3be8-4027-3ece-deZ51784£705" > EE)

<compartment xml:lang="en">water</compartment> R
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EcoSpold 2

» Flow properties: details for each process data set

— Auto generated flow properties
“EcoSpoldoiAllocation _undefined xy“

“putputEroup>Z</outputEroup>siifg
</intermediateExchange>EDil
<intermedisteExchange id="eb3&%edZ-ccff-449f-b7ff-32ledal04871" unitld="487dfc8b-4994-4027-8£dc-a4dcZI8257b7" amount="0" intermediateEx

<name xml:lang="en">palladiums</name=>[Eilg

<unitMame xml:lang="en">kg</unitName>EEN3

<“property propertyld="40caZc5l-Zda6-4351-bd4c-d6f181£07455" amount="37 _ 31" >EE

<name  xml:lang="en">EccSpoldllAllocation_ unde fined_Z{,a’name:v@
</property>EAiN

<“property propertyld="13708zab5-1a8c-42fd-8329-c93266943087" amount="37 _ 31" >[E=lilg

<name xml:lang="en">EcoSpold0lAllocation undefined 1&</name>@EH

«/property> kg

<property propertyld="dbZei7d4l1-47cd-4180-8416-4£7936%de00c™ amount="37 _ 31" >[Il

<name  xml:lang="en">EcoSpoldllAllocation undefined &</name>ER

«/property> Rk

<property propertyld="3db03346-808f-4eb8-9232-317a25c83484" amount="537 _ 31" > (=il

<name xml:lang="en">EcoSpold0llAllocation_undefined_7</name>E

< /property>[ERiky

<property propertyld="3303d336-d0a3-45ed-a8de-62£5febeTE3e™ amount="100" =Ky

<name  xml:lang="en">*EcoSpold0lAllocation_unde fined_zrc,-‘name:—@
</property>[ERiky

<property propertyld="9%c38eal7-adcd-4018-8636-eb323582£39a7" amount="37.31">E=iNg

<name  xml:lang="en">*EcoSpoldilAillocation_unde fined_&{,-fnameym
</property>ENiNg

<property propertyld="eZbdcTaZ-bfbZ-4db4-9£a2-1Ze46£767037" amount="37.31">EEiNgy

<name  xml:lang="en"*EccSpoldllAllocation unde fined_lg{fname:-a
</property>EEINY

<“property propertyld="9876ed7d-299c-40ed-9£f£5-55081521ad8b™ amount="37 _ 31" >[EEH

<name xml:lang="en">EcoSpold0lAllocation undefined &</name>@E=Dik

</property> Rk

<“property propertyld="a3358458-3724-4f03-be22-106edaZ4B916" amount="0" unitId="577e242a-481f-44a7-322c-dielc3dibf45" >IN
<name  xml:lang="en">water content</name:> DAY
<unitName xml:lsng="en">dimensicnless</unitNzme>EEiRg
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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:

* “In child datasets values can be set to relate to

the corresEonding value in the parent dataset.
When such a related value is changed in the

parent dataset it is automatically changed in the
child dataset as well.”

* “itis automatically changed” - better: itis
meant to be automatically changed.

* |dea: 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 modeling

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

— Advantage: more flexible modeling 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.

areenbelTa



Ecoinvent 3 market modeling

product X (from activity Y) —»

. — product X (consumption mix)
product X (from activity Z) —

Market for
Transport — product X

Who-lcsaler-ar.lc.llor (Market activity)
retailer activities

product X (consumption mix; to _, —» Waste of product X
cover losses in trade and transport) (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 modeling

« Example for the difference between each system model:
— Direct link: Consequential model
— Market: Attributional / default model

i i i DIRECT LINK .
esterification of soybean oil / BR »  soap production / DE
esterification of soybean oil / RoW
market for
glycerine production, from glycerine / GLO

epichlorohydrin /FR

glycerine production, from
epichlorohydrin /RoW

(ecoinvent.org)
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Ecoinvent 3: e.g. market for banana

[@ market for banana - GLO EE]

Welcome |-\, Search result view

Process: market for banana

* Inputs

Flow Category Flow property Unit
@*transport, freight, inland waterw... 502:Inland water transp..  Goods transpo..  t*km
@¥transport, freight train - RoW 4971 Transport via railwa.. Goods transpo..  t*km
#*transport, freight train - CH 491:Transport via railwa.. Goods transpo..  t*km
#*transport, freight train - CN 491 Transport via railwa.. Goods transpo.. t*km
#*transport, freight, lorry, unspecif.. 492:0ther land transport.. Goods transpo..  t*km
#*transport, freight, sea, transocea.. 501:Sea and coastal wat.. Goods transpo..  t*km
#¥transport, freight train - Europe ... 491:Transport via railwa.. Goods transpo.. t*km
#*transport, freight train - US 4971 Transport via railwa.. Goods transpo..  t*km
#*banana - GLO 012:Growing of perenni.. Mass kg

* Qutputs

Flow
#*banana - GLO

Category

012:Growing of perenni...

(ecoinvent 3.1 allocation default)

Flow property
Mass

Unit
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Ecoinvent 3: e.g. banana production

izt Welcome |w Search result view ||EI market for banana - GLO [IEI banana production - GLO &

Process: banana production

ecoinvent 3.1 allocation default

* Inputs

Flow - Category Flow property Unit

#* ammonium nitrate, as N - GLO 201:Manufacture of basi.. Mass ko 0
= electricity, low voltage - ASCC 351:Electric power gene.. Energy kWh 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 &
#* electricity, low voltage - BE 351:Electric power gene.. Energy kWh 5]
#*% electricity, low voltage - BG 351:Electric power gene.. Energy kWh 2
#=* electricity, low voltage - BR 351:Electric power gene... Energy kKWh 3
@ electricity, low voltage - CA-AB  351:Electric power gene.. Energy kKWh 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
S ol edricidne lonse semldmmne A RIT FLAN Vet eic evmasime cwme e M mseman e LA BT b}

~* Qutputs

Flow Category Flow property Unit

=¥ banana - GLO 012:Growing of perenni...  Mass ka 1
L. Ammonia air/low population dens.. Mass kg 1
., Nitrogen oxides airf/low population dens.. Mass ko 2
.L, Dinitrogen monoxide air/low population dens.. Mass ko 1
AL Zinc soilfagricultural Mass kg -
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Ecoinvent 3 System models

— 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
i o+, Product A
£ BrodicE A A
ctity 1 [ Products | EEE
| Activity 1 [ Product 8

activity 2 | Broducts : HIED
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Ecoinvent 3 Allocation model

— Afterallocation, all activities producing the same marketable by-
product yielded from a treatment activity get aggregated and are
grouped into a single dataset

» Product A
e
Activity 1

-—p
===pl 7 | teessssssssssssssssssssse

Activity 1 [—:..Product B :

QS
_ —  ProductB
Recycllng L asassssEssssssssEsEsEsEmEEEnen
activity or
Activi speciality
production [~
Activi
GreenbeLTa




Ecoinvent 3 Substitution model

— All by-products are moved to the input side with negative
sign

. Product A . Product A :
-—» Ceermrameaseassasansaneas -==p
Activity 1 - Broduct B # _________________________ Activity 1
He .zProduct B N

— Allinputs and outputs are linked to their corresponding
market activities

-—-»

_> P A H
3 Market roduct

£ ProductAi—_TorA |-
——=p
......................... Activity 1
=N Market [ icProduct B i s
forB | __,
-—>
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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?
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Ecoinvent 3 Cut-off model (I1)

— All technosphere flows are classified as:

* ordinary by-product (treated just 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“), or

« waste (“Materials with no economic value, and no
interest in their collection without compensation®)

(http://www.ecoinvent.org/fileadmin/documents/en/System Mo

dels/System_model _description _and_specification-Cutoff.pdf) GreenpeLTa



Ecoinvent 3 Cut-off model (1)

— Waste products handling: by-product is burden-free

3 ——i Product |
__________ Activity
- Waste —— ;
£ Waste 2 Lommm e

treatment [©% ;,  e-mmcemmemmy
*/ + By-product i

By-productis

Point of cut-off burden-free

(http://www.ecoinvent.org/fileadmin/documents/en/System Mo
dels/System_model _description _and_specification-Cutoff.pdf) GreenpeLTa



Ecoinvent 3 Cut-off model (IV)

— Handling of recyclable materials: negative input (=output)
of a dummy process recycled content cut-off

This dataset containsno 0 cmemeaen,
inputs or outputs besides :::E —*i_ Product |

the recyclable material itself S ' Actlvlw
Recycled : - Recyclable | h :::i
Y i material |
Content (s
cut-off Disposal of the recyclable

materialis burden-free

Point of cut-off

(http://www.ecoinvent.org/fileadmin/documents/en/System Mo
dels/System_model _description _and_specification-Cutoff.pdf) GreenpeLTa



Ecoinvent 3 Cut-off model (V)

— Handling of recyclable materials: when used in markets,
markets get additional transport effort as usual

e.g. transport . —"'1 Product |
Market for Recycl|ng _________
Recycled | Recyclable . activity b
Content rEC‘H’dE‘blE E_ material : ;
material | S
cut-off
e ranspo s ";;":‘}.‘:l'éa"
g. transport i g‘rzsdz n:t:lll:: o Marketfor ecycled bottle Eevee
waste glass, Market for fromwaste |, | rmclﬁdtglass .w| production |.,
REE‘-’ged . waste glass glass g : wlllets = s
Content cut-off

Point of cut-off

(http://www.ecoinvent.org/fileadmin/documents/en/System Mo
dels/System_model _description _and_specification-Cutoff.pdf) GreenpeLTa



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)

« modeling corrections (correct some links; uncertainty
information)

 (openLCA structure adapts well already)
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Motivation of LCC

« LCCgives an overview over all costs that arise through
the entire life cycle of a product.

e 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

* LCC can be used for the calculation of eco-efficiency

Er"'i

e
Q@

environmental performance
GgreenbelLTa



Example: The consumer perspective

Purchase price 10,945 € 10,890 € 10,9990 €

Costs per year

Buy price 1,977 € 2,164 € 1,936 €

Taxes, insurance, etc. 1,753 € 1,911 € 1,527 €
Operating costs 909 £ 964 € 998 £
Repair costs 352 € 490 € 318 €

Total yearly costs 4,991 € 5,529 € 4,779 €
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Scope of LCC

Externalities Externalities Extemalitias Extarnalities
[ e e —
. Costs Costs Costs Costs |
| Materials/ |
Resources ) Costs Product Costs CUHSUI’HEI‘{SF Costs . Final disposal
(externalies) - component /M manufacturer | Rev” user(s) Rev’| ENd-OF-life actor(s) | | ™ (exiemalitties)
| supplier(s)
| l l * l |
: Revenues Revenues Revenues Revenues
i s R e R e e S R et R | TR |
Externalities Externalities Extarnalities Externalities

Social and natural system:
boundaries of social and environmental assessment

Source: Rebitzer G., Hunkeler D. (2003): Life Cycle Costing in LCM: Ambitions, opportunities,
and limitations, Discussing a framework, In: Int J LCA 8 (5), pp. 253-256 GreenpeLTa



LCC in openlLCA

* Two possibilities:

1. Costs are treated as environmental impacts (costs are

emissions)

» Costs are considered as elementary flows
2. Use of the costs tab in the process editor

» Only cost categories can be considered

The costs tab option is currently only

included for process documentation
purposes = No calculation is available!

areenbeLTa



Option 1: Costs as elementary flows

In a first 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).

It is recommended 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, ...)

areenbelTa



Option 1: Procedure in openLCA (I)

— Creation of costs flows as elementary flows

wa

openLCA 1.4.1 beta 4 - B

File Window Help

fh 6 E @ e

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
i [z Product systems
’ Ig;. Impact assessment methods Marketva... 1.0 EUR 1.0 EUR = 1...
i P Processes
4 [ Flows

i ['F chemicals
i ¥ Elementary flows
i [F final-waste-flow
4 7 LCC
[F] energy costs
[F| material costs

Name Conversion f.. Reference unit Formula Is reference

[ personell costs
[F| transport costs

o E mmn_atarisl

4 > General information | Flow properties

GreenbDeLTa



Option 1: Procedure in openlLCA (li

— Adding costs flows to processes (outputs)

Process: Blade, steel LCC

* Inputs
Flow Category Flow proper... Unit Amount Uncertainty  Defaul
#% 5teel, billets, at plant - US  Product flows Mass g 2 none
«% Electricity, at grid, CN Product flows Energy kWh 0.05 none
* Outputs
Flow Categary Flow praper... Unit Amount Uncertainty  Avoide
%% Blade, steel_LCC Product flows MNumber of ... tem(s) 1 none
.L.energy costs LCC Market valu.. EUR 0.2#0.05 none
.4, personell costs LCC Market valu.. EUR 0.004 none
.L.material costs LCC Market valu.. EUR 0.02*0.90 none
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Option 1: Procedure in openLCA (Il

— 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




Option 1: Procedure in openLCA (IV)

— Calculate the product system costs results with the new
LCIA method

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 (.06646 EUR

-~ Impact contributions

Impact category ||§ Material costs

Contribution Process Amount Unit
m— 7409% Use phase shaver, ABS, 2 blades LCC - US 0.15950 EUR
- 16.93% Blade, steel LCC - GLO 0.03600 EUR

' 07.50% Shaver handle, ABS LCC - GLO 0.01595 EUR




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

1. Add a cost to

Cost category Amount
Local taxes 500.0
- New cost entry

Cost category

Amount

Fixed costs

Construction Expenses

10000

OK

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

the process

2. Select the cost category
and introduce amount

areenbeLTa
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Regionalised LCIA is model sophistication

e Commonly, in Life Cycle Assessment (LCA), the impact
assessment (LCIA) is performed ignoring any regional
differences.

 Differences in the inventory are considered as far as possible
(e.g., different processes for electricity generation, in different
countries...)

* There are good reasons for considering a regional variation in
the impact assessment, but this adds complexity

- When does this make sense?
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Good reasons for regionalised LCIA

* Withdrawal of 1l of water for agriculture

areenbelTa



Good reasons for regionalised LCIA

 Fine particles emissions to air

areenbelTa



When does regionalised LCIA make sense?

Error
(= difference
from reality)

Model sophistication,
complexity

areenbDeLTa



When does regionalised LCIA make sense?

Error \

(= difference \
from reality) S\

~ Errors due to ignoring /
simplifying reality

Model sophistication,
complexity

areenbDeLTa



When does regionalised LCIA make sense?

Errors due to

misconceiving reality

, Error - (sampling errors,

(= d|fferepce - misspecification of the
from reality) model, others)

Model sophistication,
complexity

areenbDeLTa



When does regionalised LCIA make sense?

Overall error

Errors due to

\
misconceiving realit
Error \ : ; 8 y
= difference \ - . saTn.np |.ng errors,
(f lit \ = misspecification of the
rom reality) %" model, others)
PR
/’ N . .
/. S o Errors due to ignoring /

simplifying reality

Model sophistication,
complexity
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When does regionalised LCIA make sense?

Error
(= difference
from reality)

Overall error

Errors due to

\
\ misconceiving reality
\ R (sampling errors,
\ T misspecification of the
-
%~ model, others)
A7
,/ RS - Errors due to ignoring /
/ ~ - simplifying reality
/ T T==

Model sophistication,
complexity

Ideal model complexity
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When does regionalised LCIA make sense?

Error
(= difference
from reality)

\
\
\ __——"'_
—————
-
,)t
L N
’ N
/ ~
/ ~ o
,I ~~
V4

Ideal model complexity

Overall error

Errors due to
misconceiving reality
(sampling errors,
misspecification of the
model, others)

Errors due to ignoring /
simplifying reality

Model sophistication,
complexity

source: SRU, Umweltgutachten 1974, Stuttgart 1974, p. 208; Ciroth, A.: Uncertainties in Life Cycle Assessment, editorial, Int J LCA

2004
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Pragmatic approach

* Ina pragmatic view, a regionalised LCIA makes sense in
the following cases

a. Large regional differences in impacts of the same
elementary flow; this is impact category-specific
(climate change — noise, toxicity, water)

b. Low errors / “easy” implementation of the regional
differences in impacts in the LCIA model,

c. Low errorin the specification of the regionalised
inventory (for GWP, CH can always be used as a
location..)

d. Relevance of these regional differences especially for
- The ettt pecifieateaidreanddziseapplying the models and

collecting suitable inventory information needs to be
considered. GreenpeLTa



Regionalised LCIA methods in openLCA

* |dea:

—>Parameterization of LCIA methods

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

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

f(cf;)

Shape

(QGIS)

f(p1,P2s--PsCF;)

fles @ GeoTools *T

P1,Py,---Py

cf.

openLCA

Emission/
resource location
r

Regionalized
characterization
factor for
substanceii,
category j,
regionr

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

~ Impact factors

Impact category |.§ Land use

Flow Category
Occupation, arable resource/land

Occupation, construction site resource/land
Occupation, forest, intensive resource/land
Occupation, forest, intensive, clear-c... resource/land

Flow property
Area*time
Area*time
Area*time
Area*time

Factor Uncertainty

(0.60*ratio_biom)/SA_CF lognormal: gmean=1.36 g...
(0.44*ratio_biom)/SA_CF lognormal: gmean=1.00 g...
(0.04*ratio_biom)/SA_CF lognormal: gmean=9.09E-...
(0.18*ratio_biom)/SA_CF lognormal: gmean=041 g...

Parameters

} Global parameters

= Input parameters

Name

@ ratio_biom
SA_CF
SA_EF

Uncertainty

uniform: min=0.21 max=1.97
none

none

Description
from shapefile: ecoregions_with_biome_ratio

Settlement Area Characterization Factor
Settlement Area Ecofactor

areenbeLTa



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

Shape file parameters

- Files

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

g3 Import...

3¥ Evaluate for existing locations

areenbelTa



Shapefiles containing regional characteristics

~ Parameters of ecoregions_with_biome_ratio

QX
Name Minimum Maximum
/ CLS_CODE 0.0 11440
/. ECO_ID_U 10000.0 17109.0
f; ECO_NUM 1.0 99.0
J, ratio_biom 0.20929077 1.96750671

areenbelLTa



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

* Inregionalized assessment the parameter value derived

fram +tha chanafila ic 1icad fAr +ha fAarmiila avialiniA+ian

* Input parameters

MName Value Uncertainty Description External source

ratio_biom 1.0 none b
Ecofactor 610.0 none

ecoregions_ratio_biomes

areenbelTa



Extension of locations in openLCA (I)

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.

United States
United States

in
United States Minor Qutlying Islands

Uruguay
Uzbekistan

Geography comment

areenbelTa



Extension of locations in openLCA (ll)

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”.

Location Switzerland W

KML Polygon [8.60,47.77 ... 8.60,47.77] (location)

- @ Map editor <» | Text editor

cription | European average values

areenbelTa



Extension of locations: KML editor (map)
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Extension of locations: KML editor (text)

1 <?xml version="1.0" encoding="UTF-8"?>

2 <kml xmlns="http://earth.google.com/kml/2.1">

3 <Folder:>
<name>0penlayers export</name>
<description>Exported on Tue Oct 07 2014 20:37:00 GMT+0200</description>
<Placemark>

<name>CpenLayers Feature Vector 35130</name>

<description>No description available</description>
<MultiGeometry:>
<Polygon>
<outerBoundaryIs>
<LinearRing>

<coordinates>-155.583288739090806,20.130185270090008096 -155.58013709,20.1312012699980085 -155.5602582, 20.134043480000003 -155.55928565,20.14047719 -155.548B0868,20.142857660000015
-52719457999688,20.135102840000002 -155.49014258,20.1128302958890085 -155.44572668000001, 20.10520803 -155.33688612000003, 20.062858188960904 -155.206300877,19.89047805
.17266842000004,18.87420827 -155.08830664000004,19.884368B8 -155.07846087,10.8668246408008005 -155.07593014,19.8447071286800883 -155.07583014,18.765616350000016 -155.06877285,18.7439122400800487
-05768836,19.73015B8019989998 -155.01761328000003,19.7456692495909988 -154.99311865,19.7431887799908983 -154.98125891,19.734352110000007 -154.97637549,19.717402240000002
-96826229,19.666759340000006 —154.96169938,19.653220110000014 -154.92149512,19.613739319999997 -154.86987036,19.587436009999998 -154.79478451,19.543045959999997
.79765255,19.522117000000005 -154.80527482,19.49997364999999 -154.81623023,19.478561460000003 -154.82889095,19.46392933999999¢6 -154.91084977,19.419797670000012
-8182395,19.408635559998993 -155.00717464,19.3321027599909987 -155.024098669994997,19.3273485299960988 ~155.04921342,19.32466135999999 -155.06869544,19.317865510000002
.10324113,19.2080381580000016 -155.17147086,109.2684353730800097 -155.18B882066,19.2755170699808002 -155.26775305,10.2768082771000001 -155.28580148,10.274483540000006
-29819047,19.2694705930000004 -155.32237504,19.2522626795950994 -155.3545953,15.221980290000005 -155.36704932000004,19.21748443999999¢6 -155.383379069999586,19.213479510000003
.30769344,19.203686820080088 -155.42167131,10.170815660808086 -155.43588232,10.169632058090800 -155.48683528,108.142308578008005 -155.50184728080007,109.13756682008000
-54520382,19.09800852000001 -155.5544539,16.082428080000014 -155.569414220990608,19.025687360000006 -155.61349422,18.965820210000004 -155.62742101998908, 18.957396950000003
.63783717999997,18.953133649999998 -155.65617896, 18.934349260000005 -155.66840043,18.930137630000008 -155.66902055,18.9355804900989005 -155.68609961000004, 18.964269919890596
-70870805000004,18.985188870000005 -155.74431310999998,19.00605031000002 -155.78495662,19.023026019999986 -155.82262874,19.032508649950999 -155.85510738,19.030518099994899
-86360814999998,19.03250864999999 -155.86885331,19.041836239098998 -155.87133378,19.0555821699998084 -155.87595882,19.068036100000004 -155.887782729949997,19.073513900000002
.800983333,19.082428080000014 -155.9049493,19.103692920955959 -155.90399320,19.187150370000012 -155.87623259,19.3464546459999807 -155.87T787085,18.3546336895959553 -155.88184594,159.36685852
.8095415,19.38964447 -155.91885026000003,19.471344909995855%6 -155.91957373,19.47615082000001 -155.91817847,19.4860977029559988 -155.91885026000003,19.49183462 -155.92231256,15.452558090000013
.93569678000003,18.40111115 -155.83031413,19.49183462 -155.95140641000003,19.52674205 -155.05296254,109.535914610000003 -155.95432613,10.559220679990890¢6 -155.95830522000003,18.5810538708890487
-896471309,19.601827900000007 -155.97347225,19.622162580000012 -155.99693335,158.656088160000003 -156.02330168,10.68513031 -156.04377804,19.717040510000018 -156.04917822,19.75933767000002
.03786108,19.7820802120000003 -156.01648288,10.8009811360000004 -155.988577063,10.814268710000005 -155.98640471,10.824217420080087 -155.68108452,10.843131 -155.966868686,109.85408641000001
-82505143,19.8685816399890988 —155.90487179,19.901887110000008 -155.89494091,19.91325592 -155.85678687,19.96821381 -155.84993974,19.975138449980992 -155.8183396,10. 99947805
-80896033, 20.012578020000007 -155.80862442999998, 20.029915469999988 -155.81924394, 20.04950083 -155.82262874,20.053583270000015 -155.87226395999997, 20.11303700999999
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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.
Q » O

(p(F1)*L(F1) + p(F2)*L(F2) ...) /L p(F1) (p(F1)*A(F1) + p(F2)*A(F2) ...) /A
GgreenbelLTa

- A weighted mean calculated for each regional

parameter




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

areenbelTa



Regionalised LCIA: Calculation procedure

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

- The impact method select must contain regionalised
impact factors

13 Calculation properties - B8
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 O Quick results
() Analysis

(®) Regionalized LCIA

(_) Monte Carlo Simulation

Number of iterations: 100

Save as default Reset | | Calculate | | Cancel

areenbelTa




Regionalised LCIA: Calculation procedure

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

existing database locations when the impact method is
defined:

Shape file parameters

- Files

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

g4 Import...

%Y Evaluate for existing locations

~ Parameters of ecofactors_renamed @ X
Mame Minimum Maximum
Jy Critical F 0.004 1646.6
Ji Current F 0.0 761.0
I Ecofactor 0.0 2.0E7

areenbeLTa



Regionalised LCIA: Results (I)

ﬁ‘:i% corn grain; at harvest in 2005; at farm; 85%-91% moisture A I @ Regionalized LCIA result &3 I =
Result map
(O Flows \: » Hydrogen-3, Tritium - water/ocean l
(®) Impact categories , ,g total - Water resources v \

Kazakcran

India

Pitcalms} ¢
Islands o = Norfolks
o Istand

.

Inventory results | LCIA Results | Process contributions | Result map

GreenbeLlTa



Regionalised LCIA: Results (I1)

Locations

(® Flows |.5~. Manganese - air/low population density v |

() Impact categories |[§ total - Water resources |

- Result contributions

Location Process
4 — Latin America and the Caribbean
— copper, primary, at refinery
= copper concentrate, at beneficiation
= hard coal, at mine
= hard coal, at regional storage
= Europe
= Global
. Indonesia
Germany
Poland
Spain

| v v |¥ | Vv | ¥

lignite, burned in power plant
natural gas, burned in power plant
electricity, production mix ES

hard coal, burned in power plant

Alartricitiy matieal e A mmnarae mland

Amount
1.79256E-9
1.79256E-9
3.21146E-10
3.21146E-10
3.21146E-10
4.06805E-10
2.99522E-10
2.83524E-10
7.65524E-11
5.91038E-11
2.05723E-1
2.05723E-11
2.05723E-11
2.05723E-11
2.03072E-1

DAIATIC A4

T8 EEEEEEEEEEEEE S

Inventory results | LCIA Results | Process contributions | Result map |Locations
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Environmental labeling
according to ISO

Information

Range

Quality check

Receiver

Type 1

Environmental
labeling

Qualitative

Special products

Verfication of

eco-labeling
body

Consumers

Type I1

Self-declared
environmental
claims

Qualitative /
guantitative

All products and
services

MNone

Consumers/
professional
purchasers

Type I1I1

Environmental
declarations

Quantitative

All products and
services

Third-party

certification

Professional
purchasers

http://www.dantes.info/Tools&Methods/Environmentalinformation/othertools_label.html
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Environmental Product Declaration (EPD)

A declaration based on Life Cycle Assessment

A verified document that reports environmental data of
products based on life cycle assessment (LCA) in accordance
with the international standard 1SO 14025 (Type IlI
Environmental Declarations)

According to EN 15804:2012, an EPD

“communicates verifiable, accurate, non-misleading
environmental information for products and their
aﬁplications, thereby supporting scientifically based, fair
choices and stimulating the potential for market-driven
continuous environmental improvement”

The information may cover different life cycle phases.
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What is the EN 15804 for?

* To ensure that the EPDs of construction products are
derived, verified and presented in a harmonized way

* EN 15804 compliant EPD can report performance against
the indicators for 17 life cycle modules:
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Thank youl!

Contact

GreenDelta GmbH
Miillerstrasse 135, 13349 Berlin
training@greendelta.com
www.greendelta.com




