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Introducing GreenDelta 



• Founded by Dr. Andreas Ciroth in 2004 

 

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

 

• Office in Berlin 

 

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



• (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 

  

 



• 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, …) 

 



• Software and data sales: 

 

- SimaPro Center for Germany 

 

- database sales for ecoinvent, GaBi, Social Hot Spots Database, … 

 

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

 



 
 

• Software expansion/adaptation 

 

• Case studies 

 

• Guided case studies 

 

• Data acquisition 

 

• Database compilation 
 



 
 

• Crititcal review (ISO 14040) 

 

• LCA, LCC, SLCA 

 

• Data management and hosting 

 

• openCLA Training 

 

• Service und Support 
 



• 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 7th FP research project 2009-2013, 
GreenDelta develops a sustainability assessment 
software based on openLCA for prospective technology 
assessment 

 

• Nano3bio EU 7th FP research project, 2013-, GreenDelta’s 
contribution: modeling the LCA for chitosans 

 



• 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) 

 



• US Department of Agriculture: Development of An EcoSpold 2 
import and a regionalized impact assessment approach in 
openLCA, 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 
OpenIO database, and a Sustainable Material Management 
tool in openLCA 
 

• Fundacíon 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- 
 

 











Introducing openLCA 



• a free 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) 

 



• native to Windows, Mac OS and Linux 

 

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

 

• broadest selection of relevant, consistent LCI and 
sustainability databases available worldwide (!) 

 



• 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 

 



• All the 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, sensitivity 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 interfaces, group 
collaboration features, … 

 

• Fast calculation of large systems  

 



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

 



• External and internal testers 

• Beta versions before final release  more user input 

 



•  and , for both user and developer 
 

• ,  coding style is visible 
to everyone; “quick and dirty” solutions cannot be hidden 
 

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

• open source nature of the software makes it very 
(point brought forward by Lockheed 

Martin, users of openLCA) 
 

• , especially no obligation to 
share / distribute / … created LCA processes and systems 



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

 

• Vidoes, manuals, case studies 

 

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

 

• Forum 



 





 



 



Functions and features 



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 

 



 



 



• 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 



 



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

 
• Results are clearly presented in two tables 
 
• Result can be exported to Excel 
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fs



 1



 



• 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 

 



• 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) 

– … 



 



 



 



 



.. with Monte-Carlo-Simulation or pedigree approach 



• Separate calculation of costs possible 

 

• Multiple languages  

 

• Automatic error report 

 

• Integrated static and dynamic help 



Installation 



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

 

 

 

 

 

 





First look at  
the software 



Nexus 

Case Studies Forum Manuals 



 

Editor 



Right click on 
Navigation, select 
“New database“ 



 

Different content 
available 

Local or remote 
databases can be 

created 



 

The name should be the 
same as in the remote 

database 



 

Main Menu 

Navigation 

Search 

Editor 



LCA data import 



• 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 



 

1. Go to File 
  Import 

2. Choose the 
data format 



 

3. Select the file 
from the 
corresponding 
directory 

4. Add conversion 
factors for new 
units 



 

5. Data will be 
imported in 
your active 
database 



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



 

Right click on 
Navigation, select 
“Import database“ 



• 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 

 

 



 



 





 



Elements in the 
database 



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 



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 





Creating flows & 
processes 



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



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



 

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! 





 

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



 

2. Name process and 
select a quantative 
reference 



 

3. A new process window 
will open up in the editor. 
Description, time, 
geography, etc. data can 
be added in the “General 
Information” tab 



 



 

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



 

5. Additional metadata can 
be included in the 
“Administrative 
information” and 
“Modeling and 
validation” tabs 



Tips and tricks for 
working with openLCA 



• 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:  
 

 



 
• If you double click on a flow in the process editor it will be 

opened in a separate window and can be modified: 
 



 
• 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 



• Divide system and unit processes 

 

 

• 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! 



• 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  

 

 

 

 

 

 

 

    

 

 

 

Write the key words 
for the search 



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

Use the “Filter” when 
adding new flows to a 

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



• 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 

 



• 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 



• The default provider can be set for each exchange 



• "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 process Disposal process 

waste 

waste 

instead of… 

… make it 
like this 



Product systems 
creation & calculation 



 

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



 

2. Name the product 
system and select a 
reference process 

3. Select the modeling 
options preferred 



 



 



 

Right click on the editor 
to see further options 

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



 

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



 
2. Select calculation 

properties and click 
on Calculate. 



 

3. Check the tabs for 
inventory results, LCIA 

results, Contributions, etc. 



Impact assessment 
methods 



 

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

2. Name method 
(Description optional) 



 

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



 

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

5. Select desired 
elementary flows 



 

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



 

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

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



Result analysis and 
interpretation 



• To run the analysis functions the product system needs to be 
recalculated  

• Click the calculation button in the General Information tab of the 
Product System, select an LCIA method and check „Analysis“ 



Specify what you want to 
see &the results are 

shown in the diagram 

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



 



 



 



 



 

Add new groups and move 
(right click on process 

name) processes to them 



 

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



 

Click here to set the 
diagram options 



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? 

–  … 

 

 



• Useful for sensitivity analyses  What impact does one 
aspect have when I 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 

 



• 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! 

 

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

 



 



 



 

Click here to 
change the 
formula view 



• 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. 

 

Select “Formula 
Interpreter” in 
“Window” menu 



1. Click here to add 
parameters from 
processes used in 
the product sytem 

2. Select the 
parameters you 
want to modify their 
value 



3. Change the values as 
desired; the new 
value it will only 
affect to the specified 
process 



 
1. Right click on the Projects 

folder and select “Create 
new project” 



 

2. Name the project and 
select “Finish”.  



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

editor window. Click on the 
green button to select 

different variants 



• Same or different product systems can be compared using 
Variants 

 

 

compare 
allocation 
methods 

change variant  
target amounts 



• Same or different product systems can be compared using 
Variants 

 

 

Add parameters used in the 
product system 

Change the values of the 
parameters per variant 



 

 

select the LCIA method  
and impact categories you  

are interest in 



 

 

The contribution of 
different processes can 

be compared 

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

results 



 

 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) 



 

 New sections can be 
added 

Or delete existing 
ones 



 

 



 

 



Data export 



 
 

 

EcoSpold 1 

• Processes 

• Impact assessment methods 

 

EcoSpold 2 

• Processes 



 
 

 

• Actors 

• Flow properties 

• Flows 

• LCIA methods 

• Processes 

• Product systems 

• Sources 

• Unit groups 



 
 

 

• Processes 

• Quick results 

• Analysis results 

• Monte Carlo simulation results 

• Product systems: 

– Elementary flows 

– Product flows 

– LCIA factors 



 
 

 

CSV-Matrix 

• Graph of a product system 

 

Images 

• Diagrams 

 

HTML 

• Project report 

 

openLCA script (.zolca) 

• Complete databases 



 

2. Select format 

1. Select “Export” in 
File 



 

3. Select the directory 
where data will be 

stored 

4. Select the 
processes to export 



 

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

instance, Desktop\ 
EcoSpold01\ processes 



 

1 Right click on the 
database name and select 

“Export database” 

2. Select the directory 
and name for the 

.zolca file 



 
 

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

 

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



 

1. Go to File 
Import 

2. Choose “ILCD 
Network import“ 

3. Select the server 
connection and the 
processes to import 



 

2. Choose “ILCD 
Network Export“ 

3. Select the server 
connection and the 
elements to export 

1. Go to File  
 Export 



Tips and tricks for 
working with openLCA 

(II) 



• 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! 



• openLCA is 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 

 



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

• Change it under File/Preferences/@Configuration. 

 



• 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: 



Further practicing 



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)  

 

 



Supply chain and system boundary: 

 

 

 

 

 

 

  

 

 



Case-study assumptions (I): 

 

• For the 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. 

 

 

 

 

 

• 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. 

60 g 4g 1g 65g 1kg 1.065kg 



Case-study assumptions (II): 

 

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

payload – RER” 

 

 

 

 

200km 0.065kg 

200km 0.065kg 

50km 1.065kg 



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. 

 

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


vs. 



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)? 

 

 

 



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) 

 

 



Allocation and  
system expansion 



• 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) 

 

 



“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 

• economic allocation 



 



• 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” , i.e.  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. 



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 



 

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

A process providing the avoided 
product flow should exist! 



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

Model Graph 2: Product system “Co-
generation ” with system expansion vs. 



Additional (new) 
features in openLCA 



• Available for any element of the database. 

• Results can be filtered. 

 



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

• You can work in parallel within the same database 

 



• SQL Query Browser, JavaScript and Python editors. 



Experimental features 
in openLCA 



They can be activated under File/Preferences/Experimental features 



• Available in the product system editor 

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



 



• Available in the product system editor. 

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



• Available in the quick results and anaylsis editors. 

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



• Available in the quick results and anaylsis editors. 

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



• Available in the anaylsis editor. 

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



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

• 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: 



Uncertainty analysis  
in openLCA 



• 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 

• … 



• 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). 

 

• The mean is the arithmetic average of all samples. 

 



SD SD 

SD SD 

Min Max 

Min Max 

• Log-normal distribution 

 

 

• Normal distribution 

 

 

• Triangle distribution 

 

 

• Uniform distribution 



– 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. 

 

 



– 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. 

 

 



 

1.  Select “Edit” in 
the uncertainty field 

2. Define the values of 
the distribution 



 

1. Open a product system 
and click the calculation 

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

of iterations 



 

3. Click “Start” to run the 
simulation 

4 While the simulation 
runs, results for each flow 

and impact category can be 
shown 



 

5 Results can be  
exported as Excel 



• 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. 

 

 



 

1 

Reliablility 

2 3 4 5 

Complete-
ness 

Time 

Geography 

Technology 

Relevant 
criteria 

Score 

Qualitative 
descriptors 



 

1.10 1.20 1.50 

1.00 

1.00 

1.02 

1.03 

1.01 

1.2 

1.50 

1.20 

1.20 

1.50 

1.10 

2.00 

3 4 5 

1.05 

1.05 

1.50 

2 

Geography 

Technology 

1.00 

1.00 

1 

1.00 

Reliability 

Complete-
ness 

Time 

1.10 Default 
uncertainty 

factors 



 

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

uncertainty 



 

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 



• 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. 

 



ecoinvent 3 



• 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) 



• Data format 

 

• Market modeling 

 

• New data? 

 

• Consequences for openLCA 



• 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 



 



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



• Flow properties: details for each process data set 

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



• Flow properties: details for each process data set 

– Auto generated flow properties 
“EcoSpold01Allocation_undefined_xy“ 



• “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) 

 

 



•  “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 
 
 

 

 



• 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. 

 

 

 

 



 

 

 

 

(ecoinvent methodology report p.17) 



• Example for the difference between each system model: 

– Direct link: Consequential model 

– Market: Attributional / default model 

 

 

 

 

(ecoinvent.org) 



 

 

 

 

(ecoinvent 3.1 allocation default) 



 

 

 

 

(ecoinvent 3.1 allocation default) 



– 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) 
 

 

 

 



– 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 

 

 

 
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 

 

 

 

 
– All inputs and outputs are linked to their corresponding 

market activities 

 

 

 

 

Activity 1 

Product A 

Product B Activity 1 

Product A 

-Product B 

Activity 1 

Product A 

-Product B Market 
for B 

Market 
for A 

Product A 



– 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? 
 
 

 

 



– 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) 



– 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) 



– 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) 



– 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) 



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

 

• Data updates 

– e.g. electricity mixes, transport 
 



• 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) 

 

 



Life Cycle Costing  
in openLCA 



• 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 

 

 

 

 



 

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 € 



 

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 



• 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! 



• 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, …) 

 

 

 

 



– Creation of costs flows as elementary flows 

 

 

 

 

 

 



– Adding costs flows to processes (outputs) 
 

 
 

 

 

 



– Creation of an impact assessment method 

 

 

 

 

 

 



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

 

 

 

 

 

 



– 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 



Regionalisation in 
openLCA 



• 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?  



• Withdrawal of 1l of water for agriculture 

source: dennis140, aloe vera plantage, Fuerteventura (left); Gario, cows meadow, Texel (right)  



• Fine particles emissions to air 

source:  Berserkerus, GPL, Peking smog (left); Petra, CC0, sand storm, Jordania (right) 



Error  
(= difference 
from reality)  

Model sophistication, 
complexity 



Error  
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Model sophistication, 
complexity 

y 

Errors due to ignoring / 
simplifying reality 



Error  
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Model sophistication, 
complexity 

Errors due to 
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(sampling errors, 
misspecification of the 

model, others) 
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complexity 

y 
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Errors due to ignoring / 
simplifying reality 

Overall error 



Error  
(= difference 
from reality)  

Model sophistication, 
complexity 

y 

Errors due to 
misconceiving  reality 

(sampling errors, 
misspecification of the 

model, others) 

Errors due to ignoring / 
simplifying reality 

Overall error 

Ideal model complexity 



Error  
(= difference 
from reality)  

Model sophistication, 
complexity 

y 

Errors due to 
misconceiving  reality 

(sampling errors, 
misspecification of the 

model, others) 

Errors due to ignoring / 
simplifying reality 

Overall error 

Ideal model complexity 

source: SRU, Umweltgutachten 1974, Stuttgart 1974, p. 208; Ciroth, A.: Uncertainties in Life Cycle Assessment, editorial, Int J LCA 
2004 



• In a 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 error in 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 specific decision and case  The effort for creating the models, applying the models and 

collecting suitable inventory information needs to be 
considered.  



• 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 



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

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

 



• 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 

 

 



 



• 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 

 

 



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.) 



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. 







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) …) /A p(F1) 



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 



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

 The impact method select must contain regionalised 
impact factors 

 



• 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: 

 



 



 



Environmental Product 
Declarations 



http://www.dantes.info/Tools&Methods/Environmentalinformation/othertools_label.html 



• 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 ISO 14025 (Type III 
Environmental Declarations) 
 

• According to EN 15804:2012, an EPD  
 

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

• The information may cover different life cycle phases.  
 



• 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: 

 

 

http://corporate.armacell.com/fileadmin/cms/corporate/en/press-room/press-releases/2013/2013-06-14-TA-Green-Building/Figure_9.jpg 
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