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1. Starting points, a: 

Uncertainty approximation 

revisited
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Uncertainty approximation in LCA

rediscovered

- PhD thesis ĂFehlerrechnung in ¥kobilanzenñ 

(error calculation in LCA), A. Ciroth, 2001

- idea: uncertainty propagation in LCA

* apply approximation formulas

* apply simulation as well

* investigate which to use when

- published 

* dissertation 2001 (pdf)

* Int J LCA, 2004

* dissertation, book, German: 2008 (!)
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PhD thesis error calculation in LCA: 

Methods

- complete LCA product system, inventory and 

impact assessment

- only one linear chain of processes

- values created according to probability 

distributions

- approximation formula: Taylor series expansion 

for random errors, first and second order

- broad analysis of the behaviour of both 

approximated and simulated results, under 

different conditions
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PhD thesis error calculation in LCA: 

Results

- often, approximiation formulas are able to 

produce the same result as the simulation

- when uncertainties are high, simulation is better 

able to produce a result

- second order Taylor formula is better able to 

reproduce the uncertainty than 1st order

- the relative uncertainty (ie variation coefficient, 

mean / standard deviation) is a good indicator 

for how well the approximation formulas 

calculate the uncertainty
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PhD thesis error calculation in LCA: 

Example

- calculate the process contributions in a linear 

chain of linked processes, where each input and 

output is uncertain

Process n Process 

n+1

mean

std dev

mean

std dev

mean

std dev

mean

std dev
éé
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PhD thesis error calculation in LCA: 

Example

- calculate the process contributions in a linear 

chain of linked processes, where each input and 

output is uncertain
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PhD thesis error calculation in LCA: 

Example: mean = 1, std. deviation = 0.01
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PhD thesis error calculation in LCA: 

Example: mean = 1, std. deviation = 0.1

Taylor 1st order (Gauss)

Taylor 2nd order 

(Bader / Baccini)

Monte Carlo, reference

regression function plot

Variation coefficient, aggregated
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Ą determine thresholds for variation coeff.
Below thresholds, approx. formulas are applicable

Std. dev: relative difference Taylor 1st order / MC simulation [%]
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Ą determine thresholds for variation coeff.
Below thresholds, approx. formulas are applicable

Variation

coefficient, 

aggregated
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1. Starting points, b: openLCA
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- free, open source LCA software

- goal: highly modular, flexible, rich in features, fast

- developed since 2007, by GreenDeltaTC

- project websites: 

www.openlca.org

www.sourceforge.net/projects/openlca (dwnlód)

- 1st release beta 1.0 September 2008

- see e.g. presentation LCA VIII

- release of next version autumn 2009 (!)

openLCA
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openLCA
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- beta 1.0: client server, import & export ELCD, 

EcoSpold, graphical modelling, é

- beta 1.1: improved graphical modelling, modular 

& extendable, calculation of complete 

ecoinvent systems, sequential and matrix 

calculation, parameters, allocation & system 

expansion modelling, é

openLCA - features



Simulation & approximation for uncertainty 

calculation in LCA

A.. Ciroth, October 1, 2009

2. Uncertainty calculation in 

openLCA
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- diesel bus case study (Jolliet et al.), based on 

ecoinvent diesel bus unit process

- application of approximation and simulation for 

uncertainty assessment

- using the ecoinvent uncertainty figures

Uncertainty calculation in openLCA

Example for a plugin 
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1st step: Copy the existing ecoinvent process
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2nd step: Open and modify the process
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3rd step: Build a new product system
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4th step, a: Calculate the product system, 

select sequential calculation, 

and true for uncertainty

Ą this will start the approximation
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4th step, b: Simulate the product system, 


