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Day 1
• Introduction to GreenDelta
• Introduction to openLCA
• Functions and features (overview)
• Installation
• First look at the software
• LCA data import
• Tips and tricks for dealing with

openLCA
• Modelling
• Results analysis and interpretation
• Data export
• Sensitivity analysis



Day 2

• Allocation and system expansion

• Uncertainty analysis

• Life Cycle Costing

• Additional (new) features

• Experimental features

• Regionalised LCIA

• Ecoinvent 3



Introducing GreenDelta



GreenDelta background

• Founded by Dr. Andreas Ciroth in 
2004

• 10 employees (engineers, biologists, 
business administrators)

• Office in Berlin

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



Kathleen Kiehl
Client Relations, LCA SpecialistSebastian Greve

Software Developer

www.openlca.org

Cristina Rodríguez
Environmental Consultant

Martin Pluta
Web and Software Developer

Sarah Winter
Client Relations, LCA Modeling

Andreas Ciroth
Founder & Managing Director

Michael Srocka
openLCA Technical Lead

GreenDelta team

• Our mixed team helps us to provide users with a range of 
perspectives and solutions



GreenDelta for openLCA

• Software expansion/adaptation

• Case studies

• Guided case studies

• Data acquisition

• Database compilation



GreenDelta for openLCA (II)

• Crititcal review (ISO 14040)

• LCA, LCC, SLCA

• Data management and hosting

• openCLA Training

• Service und Support



Customers



Customers



Customers



Introducing openLCA



A free & professional approach to 
Life Cycle Assessment 

• Completely open source

• Mac OS, Windows, and Linux

• Written in Java

• A truly international system with an 
established community of 
contributors and about 300 
downloads per week



> 1,000 users

• Scalability and performance of 
leading software

• Customizable

• Intuitive user experience

• Upgrades keep you at the 
forefront of LCA software 
technology

• Quick, flexible, modern & 
expandable



openLCA: open source

• Mozilla public license 1.1

• Transparent: source code can be viewed
and changed by anyone

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

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



openLCA application

• LCA, LCC, SLCA

• Carbon & water footprints

• Environmental Product
Declaration (EPD)

• US EPA‘s Design for the
Environment label

• Integrated Product Policy (IPP)



openLCA.org

• Downloads (software, LCIA 
methods, ...)

• Vidoes, manuals, case studies

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

• Forum



openLCA.org/downloads



openLCA.org/learnmore



openLCA.org/services



openLCA.org/forum



Functions and features



Graphical modelling of product systems

= Process networks

• Process networks can be created 
automatically and manually

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

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



Graphic modelling of process 
networks based on Eclipse GEF



Allocation and system expansion for 
modelling 
multi-output processes



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



Local and global parameters



Calculation of the inventory

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

• Results are clearly presented in two 
tables

• Result can be exported to Excel



Calculation methods in openLCA: matrix
method

sg

fs



 1



Example: inventory results



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

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

• It is also possible to create new 
impact assessment methods



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)

• …



Contribution analyses



Sankey-Diagram



Grouping



Localisation



Uncertainty analyses
.. with Monte-Carlo-Simulation or pedigree approach



Further characteristics

• Separate calculation of costs 
possible

• Multiple languages 

• Automatic error report

• Integrated static and dynamic help



Installation



System requirements

Software, required:
• Mac OS: 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
• 1 GB RAM (for analyzing product systems with ~2500 processes, like 

ecoinvent 2)
• > 3 GB RAM (for analyzing product systems like ecoinvent 3)
• 500 MB free disk space + space for databases (e.g. ecoinvent 3 

requires ~250 MB)



Download and installation of openLCA

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



openLCA installer



First look at 
the software



Nexus

Case Studies Forum Manuals

Welcome to openLCA!



Create a new database

Right click on 
Navigation, select 
“New database“



Create a new database (II)

Different content 
available

Local or remote 
databases can be 

created



Create a new database (III)

The name should be the 
same as in the remote 

database



Exercise 1: start

• Install openLCA on your computer 
and run it.

• Create a local database.

• Accept default values.

• 5 min



Main Menu

Navigation

Search

Editor

Database view



Editor

Main menu functions



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

Actors: People who have 
provided data or modified 
models

Sources: Literature 

Unit groups: Groups of units

Flows: flow of products and 
materials

Database elements (I)



Product systems: process 
networks (necessary to 
calculate inventory results 
and impact assessment)

Processes: Production or 
modification of 
materials/products

LCIA Methods: can be 
downloaded at 
openlca.org/downloads

Projects: comparison of 
numerous product systems

Database elements (II)



Element structure in openLCA



1. right click on “Flows” 
folder, select “create 
new flow”

Flows: Create new flow (I)



2. Name flow and
define flow type 
and reference flow
property. Then click
„Finish“.

Flows: Create new flow (II)



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

Flows: Create new flow (III)



Flow: Information & properties



1. right click on 
“Processes” folder, 
select “create new 
process”

Process: Create new process (I)



2. Name process and
select a quantative
reference

Process: Create new process (II)



3. A new process window 
will open up in the editor. 
Additional flow can be 
added in the 
“Input/Output” tab.

Process: Create new process (III)



Process: General information



Process: Inputs/Outputs



Process: Parameters (I)



Process: Parameters (II)



Click here to 
change the 
formula view

Process: Parameters (III)



Parameters: rules

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

• Parameter formulas…
… can contain single values, simple equations, or 
complex    

functions including logical expressions.
… do not contain units, so please add them in the 
comment  

field.
… cannot have more than 255 characters.

• The amount of parameters is, theoretically, not 
limited.

• Use point (.) instead of comma (,) for the decimal 
numbers.



• For complex formulas must use a certain format (e.g. Tan 
(a), trunc(c), etc.). Use the formula interpreter to find 
errors.

Parameters: checking
formulas

Select “Formula 
Interpreter” in 
“Window” menu



Impact assessment methods: 
Creation (I)

1. right click on “Impact 
assessment methods” 
folder, select “New 
LCIA method”

2. Name method 
(Description optional)



Impact assessment methods: 
Creation (II)

3. Click on “+” to add 
new impact categories



Impact assessment methods: 
Creation (III)

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

5. Select desired 
elementary flows



Impact assessment methods: 
Creation (IV)

6. Add value for the factor 
(parameters can be used as in 
processes!)



Impact assessment methods: 
Creation (V)

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

8. Click on the set name to 
automatically add the impact 
categories of the method



1. Click on “Create 
product system” in 
the General 
information tab 

Product system: Creation (I)



2. Name the product
system and select a 
reference process

3. Select the modelling 
options preferred

Product system: Creation (II)



Product system: General 
information



Product system: Model graph (I)



Right click on the editor 
to see further options

Select “Outline“ from 
other views in the 
“Window“ menu

Product system: Model graph (II)



1. Click on “Calculate” 
in the General 
information tab. 

Product system: Calculation (I)



2. Select calculation
properties and click
on Calculate.

Product system: Calculation (II)



3. Check the tabs for
inventory results, LCIA 

results, Contributions, etc.

Product system: Calculation (III)



1. Right click on the Projects 
folder and select “Create 
new project”

Project: Creation (I)



2. Name the project and 
select “Finish”. 

Project: Creation (II)



3. A new tab with the 
project will appear in the 

editor window. Click on the 
green button to select 

different variants

Project: Creation (III)



Click on Calculate in the
Project setup tab

Project: Calculation (I)



Project calculations
will appear in a new
tab.

Project: Calculation (II)



Select flow or LCIA 
Method to see a 
comparison of the
variants.

Project: Calculation (III)



LCA data import



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 possible to save own data; every element of the software 
can be personalised



Import of data sets (I)

1. Go to File
Import

2. Choose the 
data format



Import of data sets (II)

3. Select the file 
from the 
corresponding 
directory

4. Add conversion 
factors for new 
units



Import of data sets (III)

5. Data will be 
imported in 
your active 
database



Import of ILCD

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



Import of openLCA database

Right click on 
Navigation, select 
“Import database“



openLCA Nexus

• Search for and download data

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

• Direct purchase/download of 
data fur use in openLCA



openLCA Nexus



openLCA Nexus



openLCA Nexus



openLCA Nexus search engine



Exercise 2: import

• Import the openLCA database file 
“openlca4students.olca” in openLCA.

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

• 10 min



Tips and tricks for 
dealing with openLCA



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

• Save image: right mouse button  save image

• Minimise/maximise element: 



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:



• Divide system and unit processes

• Divide processes from different 
databases in one openLCA 
database

• Separate flows and processes 
that were created on your own

Folder structure

Do not change the folder structure 
of elementary flows, because 

LCIAM cannot find them anymore!!



Windows

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

• To recover "missing" window: go to Window/Show 
View/Other

• It is also possible to change the position of a window



• Search any element from the database

Search

Write the key words
for the search



• The “Add new” editors contain a filter for facilitating 
the search of the desired element

Filter

Use the “Filter” when 
adding new flows to a 

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



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



Errors

• It is possible to report all errors in a log file 
automatically. 

• To do so go to file/prefreneces/logging and check 
„All“.

The log file is rewritten 
every time openLCA is 

restarted!



Language

• openLCA is available in Bulgarian, Chinese, English, 
French, German, Italian and Spanish.

• Change it under File/Preferences/@Configuration.



Memory usage

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

• Change it under File/Preferences/@Configuration.



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:



• Use different flow names for one flow that “hikes“ 
through your product system

Inputs             Outputs

New bottle            Full bottle
…                             …

Inputs             Outputs

Full bottle
…                              …

Inputs             Outputs

Raw glass              New bottle
…                            …

Filling Use phase

Bottle production

Modelling with product flows



Modeling with product flows

• The default provider can be set for each exchange



Modelling of waste

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

• Disposal processes aim to eliminate the receiving 
flow

Model according to the "value flow direction":

Disposal as a service counter to the direction of 
material flow



Production process Disposal process

Production processDisposal process

waste

waste

So instead of…

… make it 
like this

Modelling of waste



Modelling



e-car Li-ion battery diesel car

person transport
with e-car

person transport
with diesel car

Case study: Li-on batteries in e-cars

• FU: 100,000 pkm



Li-ion battery:

Cars:

Features battery scenario 1 scenario 2

Weight 326 kg 250 kg

Amount of cells 192p à 1,45 kg 192p à 1,11 kg

Energy density 70 Wh/kg 180 Wh/kg

Product life 1.500 load cycles 2.500 load cycles

Consumption 17,115 kWh/100km 15,2 kWh/100km

Cruising range 134,12 km/load cycle 296,05 km/load cycle

Total cruising range 200.000 km 740.000 km

Required battery amount for 

100,000km

0,5 p 0,135 p

Features car e-car diesel car

Weight 1.381 kg (S1)

1.305 kg (S2)

1.384 kg

Product life 400.000 km 400.000 km

Case study: Assumptions



a) Analyze the graph of the product system “Battery 
production” in the database “openlca4students”. Then 
calculate the inventory of the product system. Which 
information can you derive from the inventory?

• Open the product system “Battery production”

• Go to the graph

• Calculate the material balance calculation using 
the buttons on the left top of the main menu         , 
, quick calculation

• 10 min

Exercise 3: Production phase of the
battery



Result analysis and 
interpretation



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

• Click the calculation button and select an LCIAM and 
check „Analysis“

Analysis functions



Specify what you want to 
watch. Subsequently, the 
results are shown in the 

diagram.

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

Analysis functions: contribution to the 
characterization



Analysis functions: process 
contributions



Analysis functions: process results



Analysis functions: flow contributions



Analysis functions: contribution tree



Analysis functions: grouping

Add new groups and move 
(right click on process 

name) processes to them



Analysis functions: locations

If you don’t see any points 
in the map, click “reload”



Analysis functions: Sankey diagram

Click here to set the 
diagram options



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

• Go to the product system “Battery production” in the 
navigation and click with the right mouse button on 
“Analysis”

• Select IPCC 2007 as LCIAM
• Switch through the tabs to find the information you 

need
• 15 min

Exercise 3: Production phase of the
battery



a) Create a new process “Transport person e-car (average 
US) (S1)” with “Person transport” as quantitative 
reference. Use the following flows and amounts.

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

• Use the drag and drop function of openLCA

• 10 min

Exercise 4: Use phase of the battery

Inputs Amount Outputs Amount

Battery pack (S1) 0.5E-5 pieces Person transport 1 pkm

Car, electrically powered 0.25E-5 pieces

Electricity, at grid, US 2008 0.17115 kWh



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

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

• Add connected processes automatically.

• Set the target amount in respect to the FU.

• Calculate the inventory and the environmental 
impacts.

• 10 min

Exercise 4: Use phase of the battery



Data export



EcoSpold export

EcoSpold 1

• Processes

• Impact assessment methods

EcoSpold 2

• Processes



ILCD export

• Actors

• Flow properties

• Flows

• LCIA methods

• Processes

• Product systems

• Sources

• Unit groups



Excel export

• Processes

• Quick results

• Analysis results

• Monte Carlo simulation results

• Product systems:

• Elementary flows

• Product flows

• LCIA factors



Other export formats

CSV-Matrix

• Graph of a product system

Images

• Diagrams

HTML

• Project report

openLCA script (.zolca)

• Complete databases



Example: process export (I)

1. Select “Export” in 
File

2. Select format



Example: process export (II)

3. Select the directory 
where data will be 

stored

4. Select the 
processes to export



Example: process export (III)

In the selected directory a 
folder with the name of the
export format is created. For

instance, Desktop\
EcoSpold01\ processes



Export of openLCA database

1 Right click on the 
database name and select 

“Export database”

2. Select the directory 
and name for the 

.zolca file



Using an ILCD network database

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

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



ILCD network database: import

1. Go to File
Import

2. Choose “ILCD 
Network import“

3. Select the server 
connection and the
processes to import



ILCD network database: export

2. Choose “ILCD 
Network Export“

3. Select the server 
connection and the
elements to export

1. Go to File
Export



Sensitivity analysis



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 happens if you expand your system 
boundaries?

• What happens if you use other allocation 
methods?

• What happens if you change your assumptions?

• …



Comparative assessments in 
openLCA: Projects

• Same or different product systems can be compared 
 Variants

Allocation methods can 
be compared

The target amount may 
vary between variants



Comparative assessments in 
openLCA: Projects

The method and impact 
categories to display 
can be selected



Comparative assessments in 
openLCA: Projects

The contribution of 
different processes can 
be compared

Once every variable is 
set, click “Report” to 
calculate results



Project: Report

1. Text descriptions for 
each sections can be 
added

2. The type of component to 
display in each section can be 
selected (e.g. tables, graphs)



Project: Report sections

New sections can be 
added

Or delete existing 
ones



Example: Project report



Example: Project report



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

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

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

• 10 min

Exercise 5: e-car vs. diesel powered
car



Exercise 5: e-car vs. diesel powered
car

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

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

• 15 min



Modelling with parameters

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

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

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

• Reduces the likelihood of calculation errors.



Modelling with parameters

• Entry of calculation rules instead of concrete values 
 more flexibility

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

• Local and global parameters  parameters can 
overwrite each other!

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



The diesel car in our case study consumes 8l/100km. What 
happens, if it consumes 6l/100km and 10l/100km 
respectively? 

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

• The CO2 emissions depend on the fuel consumption. 1l 
diesel causes around 2.26kg of CO2 and 170mg 
particulates. 

• 10 min

Exercise 6: sensitivity analysis with
parameters



Allocation and system 
expansion



Multi-output processes

• Often multi-output processes

• cow (milk, leather, meat)

• Co-generation (heat, power)

• Chloralkali elektrolysis (natriumhydroxide, chloric 
gas, hydrogen)

• Usually you need for LCAs only processes with one 
output

• Two strategies:

• Avoiding Allocation: System expansion

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



Allocation

“partitioning the input or output flows of a process or a 
product system between the product system under 

study and one or more other product systems”

(ISO 14040)

• Which allocation methods are possible?• Allocation methods in openLCA:

• physical allocation

• causal allocation

• economic allocation



Example: co-generation



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

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

• Assumptions: 

• 60% of the emissions are caused by power 
production

• 40% are caused by heat production

• 5 min

Exercise 7: Causal allocation



b) Apply for the same process „co-generation unit“ 
now economical allocation.

• Assumptions: 

• Market value for electricity: 0.79 €/MJ

• Market value for heat: 0.36 €/MJ

• 10 min

c) Apply now physical allocation.

Exercise 7: Economic/physical
allocation



process
(gross)

bonus
process

process
(net)

=

-

biogas 2 TJ
active coal 72,2 kg

biogas CHP plant (gross)
electricity 1 TJ
heat 0,6 TJ

Heat (from gas 
heating) 0,6 TJ

heat bonus process heat 0,6 TJ

biogas 2 TJ
active coal 72,2 kg

biogas CHP plant (net)
electricity 1 TJ
credit note heat bonus
process 0,6 TJ

System expansion



System expansion in openLCA

Check the box of “Avoided 
product“ for the by-product

A process providing the
avoided product flow

should exist!



• Apply for the process „co-generation unit“ system 
expansion.

• Create a new process that creates only heat. Use 
the following flows:

• Create a new product system and have a look at 
the graph.

• 10 min

Exercise 8: System expansion

Inputs Amount Outputs Amount

Natural gas, at
extraction site

0.45 m3 Heat, gas heating 1 MJ

Carbon dioxide, fossil 73.8 kg

Nitrogen oxides 0.0578 kg

Sulfur dioxide 0.004 kg



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

• Some facts:

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

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

• The shaver can get used for 0.25m² skin, then they are 
dull

• the shaver will get incinerated, not recycled

• Grouping your model in production, use and disposal phases.

• Describe your approach.

• 30 min

Free task: Life Cycle Assessment of a 
disposable shaver



b) Create your shaver environmentally friendly!

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

• Explain your approach and your results.

• 30 min

Free task: Life Cycle Assessment of a 
disposable shaver



Uncertainty analysis in 
openLCA



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

• …



Data uncertainty: basics

• It is basically not possible to measure error-free.

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

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

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

• The median is the mean value (for 100 samples the 
50th sample is the median).



SDSD

SDSD

Min Max

Min Max

Uncertainty distribution

• Log-normal distribution

• Normal distribution

• Triangle distribution

• Uniform distribution



The Monte Carlo simulation

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

• An uncertainty distribution for the calculation result
is provided.

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

• Nevertheless, several thousand iteration passes are 



The Monte Carlo simulation

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

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

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

• Uncertainties are calculated for each flow or impact 
category.



Adding uncertainty information

1 Select “Edit” in the 
uncertainty field

2. Define the values of 
the distribution



Starting the Monte Carlo simulation

1 Open a product system 
and click the calculation 

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

of iterations



Starting the Monte Carlo simulation

3 Click “Start” to run the 
simulation

4 While the simulation 
runs, results for each flow 

and impact category can be 
shown



Results of the Monte Carlo 
simulation

5 Results can be exported 
as Excel



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.



The Pedigree approach in ecoinvent

1

Reliablility

2 3 4 5

Complete-
ness

Time

Geography

Technology

Relevant 
criteria

Score

Qualitative 
descriptors



The Pedigree approach in ecoinvent
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The Pedigree matrix in openLCA

1. Click “Edit” to add or 
modify the Pedigree 

uncertainty



The Pedigree matrix in openLCA

2. Click in the different fields 
to rate the data quality, add 
a basic uncertainty and click 

„OK“.



• Developed by the ecoinvent centre:

Basic uncertainty Value

Energy requirement 1.05

Transportation services 2.00

Infrastrukture 3.00

CO2 in air 1.05

PM2.5 of combustion 3.00

Heavy metal in water 5.00

Radionuclides in water 3.00

Basic uncertainty



Calculation of the Pedigree 
uncertainty

• So far the pedigree matrix is only used for 
documentation purposes!

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

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



Life Cycle Costing in 
openLCA



Motivation of LCC

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

• 2 perspectives: manufacturer and consumer

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

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



Example:  The consumer perspective

Opel Corsa Fiat Punto Citroen Advance

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 €



Scope of LCC

(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)



LCC in openLCA

• Two possibilities:

• Costs are treated as environmental impacts 
(costs are emissions)

• Costs are considered as elementary flows

• Use of the costs tab in the process editor

• Only cost categories can be considered
The costs tab option is currently only 

included process documentation 
purposes  No calculation is 

available!



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, …)



Option 1:  Procedure in openLCA (I)

• Creation of costs flows as elementary flows



Option 1:  Procedure in openLCA (II)

• Adding costs flows to processes (outputs)



Option 1:  Procedure in openLCA (III)

• Creation of an impact assessment method



Option 1:  Procedure in openLCA (IV)

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



Option 2:  Costs tab in the process 
editor

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

1. Add a cost to 
the process

2. Select the cost category 
and introduce amount



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

• A few prices:

• Describe your procedure.

• 15 min

Free exercise: LCC of a shaver

Product Price

disposable shaver, 2 blades 0.89 EUR for 5 pieces

tap water, incl. waste water treatment 5EUR/m3 (=> 0.005 EUR/kg)

shaving foam 2.69 EUR for 200ml



Additional (new) 
features in openLCA



• Available for any element of the database.

• Results can be filtered.

Elements usage



• Select Window/Open in New Window to open a new 
openLCA window

• It can be worked in parallel within the same database

Multiple windows view



• SQL Query Browser, JavaScript and Python editors.

Developer tools



Experimental features 
in openLCA



• They can be activated under
File/Preferences/Experimental features

Experimental features



• Available in the product system editor

• It provides information about the number of 
processes, the process links, etc.

Product system Statistics



Product system Statistics (II)



• Available in the product system editor.

• It provides visual representaion of the process links in 
the product system.

Experimental visualisations: HTML 
Graph



• Available in the quick results and anaylsis editors.

• It visually represents the direct process contributions
per flow and impact category.

Experimental visualisations: 
Treemap



• Available in the quick results and anaylsis editors.

• It visually represents the direct process contributions
per flow and impact category.

Experimental visualisations: Bubble
chart



• Available in the anaylsis editor.

• It visually represents the total process contributions
per flow and impact category.

Experimental visualisations: Sun
burst



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

Other experimental features

• Localised impact 
assessment:

• New features in the 
impact method 
editor are added to 
deal with shape files.

• A new calculation 
option is shown in 
the “Calculation 
properties” menu:



Regionalisation in 
openLCA



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.

• Usually, only countries, global or group of 
countries (e.g. UCTE, EU, etc.)



Extension of locations in openLCA
(II)

New approach:

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

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

• Import of kmz/xml files with geographic data.

• Write the coordinates in the “Text editor”.

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

• New locations can be defined in the process editor.



Extension of locations: KML editor 
(map)

• KML map editor in the “Edit locations” editor:



Extension of locations: KML editor 
(text)

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



Regionalised LCIA methods in 
openLCA

• Idea:

Parameterization of LCIA methods

Region-

independent 

characteristics 

(e.g. substance 

dependent)

Region-

dependent 

characteristics

Generic characterization 

factors for substance i, 

impact category j 

f(cfij)

Regionalized parameters

Mathematical functions

Shape 

files

(QGIS)

Emission/ 

resource location 

r

Regionalized 

characterization 

factor for 

substance i, 

category j, 

region r

cfijr

LCIA model (per impact category) openLCA

f(p1,p2,…pn,cfij)

cfij

Population density   p1

Water scarcity  p2

…  pn
p1,p2,…pn

r



Parameterization of LCIA methods

• Formulas for calculating the characterisation factors
(CFs) can be defined

• Input and dependent parameters can be used as in 
the process data sets



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

• Shapefiles are stored in the database



Shapefiles containing regional 
characteristics



Binding shapefiles and LCIA method
parameters

• Parameters of shapefiles can be bound to input 
parameters

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

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



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.

A weighted mean calculated for each regional 
parameter

(p(F1)*L(F1) + p(F2)*L(F2) …) /L (p(F1)*A(F1) + p(F2)*A(F2) …) /Ap(F1)



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



Regionalised LCIA: Calculation
procedure

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

 The impact method select must contain 
regionalised impact factors



Regionalised LCIA: Calculation
procedure

• To reduce the calculation time for complex systems, it 
is recommended to evaluate the intersections with 
the existing database locations when the impact 
method is defined:



Regionalised LCIA: Results



Import the database “regionalised_lcia4students”. Bind 
the parameters in the LCIA method to the shapefiles
parameters. Then calculate regionalised LCIA results of 
the process “corn grain; at harvest in 1996; at farm; 
85%-91% moisture” for the US states of:

• Nevada (NE)
• Iowa (IA)
• Illinois (IL)

Which state has lower environmental impacts?

• 10 min

Exercise: Regionalised impacts of 
corn production



ecoinvent 3



Ecoinvent 3 Overview

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

• Data format

• Market modelling

• Around 8000 “Activity” data 
sets (former process data sets)



Ecoinvent 3, Details

• Data format

• Market modelling

• New data?

• Consequences for openLCA



Ecoinvent 3, Data format

• In ecoinvent 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



EcoSpold 2



EcoSpold 2

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



EcoSpold 2

• Flow properties: details for each process data set

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



EcoSpold 2

• Flow properties: details for each process data set

• Auto generated flow properties 
“EcoSpold01Allocation_undefined_xy“



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)



EcoSpold 2

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

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

• “it is automatically changed”  better: it is meant 
to be automatically changed.

• Idea: save space; avoid redundancies.
• In current ecoinvent database: values for all the 

child data sets present; redundancies exist
 (possible) task for software developers: keep 
redundant information consistent



Ecoinvent 3,  market modelling

• Basically, products are not exchanged directly between 
processes, but through a market
• Advantage: more flexible modelling of process chains
• However, the current version is linked flexibility lost
• But…different default “system models”:
“system model; a model describing how activity data 
sets are linked to form product systems. A system model 
may determine factors such as whether to use allocation 
(and which type of allocation) or substitution […], or 
whether to use average or marginal suppliers. It may 
also affect how by-product treatments are assessed.”
• Originally two system models:  “Allocation, ecoinvent

default” and “Consequential, substitution, long-term”.
• From version 3.0.1 also “cut-off” model.



Ecoinvent 3,  market modelling

(ecoinvent methodology report
p.17)



Ecoinvent 3,  market modelling

• Example for the difference between each system
model:

• Direct link: Consequential model

• Market: Attributional / default model

(ecoinvent.org)



Ecoinvent 3,  example: market for
banana

3.1 allocation default



Ecoinvent 3,  example: banana 
production

3.1 allocation default



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)



Ecoinvent 3,  allocation model

• Divide the data sets into new activities according the 
allocation factor

Activity 1

Product A

Product B

Activity 2

Product C

Product B

Activity 1

Product A

Activity 1 Product B

Activity 2

Product C

Activity 2 Product B



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

Ecoinvent 3,  allocation model

Activity 1

Product A

Activity 1 Product B

Activity 2

Product C

Activity 2 Product B

Recycling 
activity or 
speciality 

production

Product B



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

Ecoinvent 3,  substitution model

Activity 1

Product A

Product B Activity 1

Product A

-Product B

• All inputs and outputs are linked to their 
corresponding market activities

Activity 1

Product A

-Product BMarket
for B

Market
for A

Product A



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?



Ecoinvent 3,  cut-off model (II)

• 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/S
ystem_Models/System_model_description_and_specifi
cation-Cutoff.pdf



Ecoinvent 3,  cut-off model (IV)

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

http://www.ecoinvent.org/fileadmin/documents/en/System_Mo
dels/System_model_description_and_specification-Cutoff.pdf



Ecoinvent 3,  cut-off model (V)

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

http://www.ecoinvent.org/fileadmin/documents/en/System_Mo
dels/System_model_description_and_specification-Cutoff.pdf



Ecoinvent 3,  cut-off model (VI)

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

http://www.ecoinvent.org/fileadmin/documents/en/System_Mo
dels/System_model_description_and_specification-Cutoff.pdf



Ecoinvent 3, new data

• (very few: some international 
data; water data)

• Data updates

• e.g. electricity mixes, transport



Ecoinvent 3, consequences for
openLCA

• Much larger systems

 Optimization of performance in 
product sytems (open, create new): 
before 2 min, now 10s

 Optimization of the calculation 
(Background: matrix inversion, 
memory use, speed)

• Modelling corrections (correct some 
links; uncertainty information)

• (openLCA structure adapts well
already)



• Did you learn in the training 
what you expected to learn?

• What do you like/dislike in 
openLCA?

• Which functions do you miss?

Feedback



Thank you! 

Contact
Sarah Winter, Cristina Rodríguez
GreenDelta GmbH
Muellerstrasse 135, 13349 Berlin
gd@greendelta.com
www.greendelta.com

www.openlca.org


