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1. Starting points, a:
Uncertainty approximation
revisited
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Uncertainty approximation in LCA
rediscovered

-PhD thesis AFehl errechn
(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

mean mean mean mean
std dev std dev std deV P std dev é

n+1
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GreenbeLTa’™

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

mean
std dev

E std de

v

Process n

mean mean
std dev  std deV

4+

Estd de

v 0

Process
n+1

mean

std dev
—>




Simulation & approximation for uncertainty

calculation in LCA G re e n De LTa TC

A.. Ciroth, October 1, 2009

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

0,12

variation coefficient, aggregated

0,1
Taylor 1st order (Gauss)

0,08

U Taylor 2nd order
(Bader / Baccini)

0,06

0,04 * Monte Carlo, reference

0,021

regression function plot

0 10 20 30 40 50 60 _
n, number of linked processes
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PhD thesis error calculation in LCA:
Example:mean = 1, std. deviation = 0.1

Variation coefficient, aggregated

Taylor 1st order (Gauss)

U Taylor 2nd order
(Bader / Baccini)

* Monte Carlo, reference

regression function plot

60 N, number of linked processes



Simulation & approximation for uncertainty

calculation in LCA G re e n De LTa TC

A.. Ciroth, October 1, 2009

A determine thresholds for variation coe
Below thresholds, approx. formulas are applicable

Std. dev: relative difference Taylor 1st order / MC simulation [%]
60

50

40

30

20

101

0

0 0.1 0.2 0.3 0.4 0.5 0.6
variation coefficient, aggregated
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GreenbeLTa’™

A determine thresholds for variation coe
Below thresholds, approx. formulas are applicable

60

50

40

Std. dev: relative

1T difference Taylor

2nd order / MC

-+—simulation [%]

1N

Variation

0.6

0.8

coefficient,
1.2 aggregated
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1. Starting points, b: openLCA
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openLCA openLca

- free, open source LCA software
- goal: highly modular, flexible, rich in features, fast
- developed since 2007, by GreenDeltaTC
- project websites:
www.openlca.org
wWww. sourceforge. net/ pr
- 1st release beta 1.0 September 2008
- see e.g. presentation LCA VIII
- release of next version autumn 2009 (!)
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openLCA openLca

|@ OpenLCA Framework | Get OpenLCA Framework at SourceForge.net - Mozilla Firefox E]
File Edit Wiew History Bookmarks Tools  Help

6@ - c ot ;:-fj http:/fsourceforge. net/projects/openlca) _J LT "l' j.
2] Most Yisited E SourceForge.net: Op... G The openLCA project E LED Deutsch-Englisch. .. {'_'} YEBanline.de - Nahwer... ) SpringerLink - Journal a swioodoo | Billige Flog... *

[ OpenLCA Framework | Get OpenlCA ...| - _

-~
suurcz m FIND AND DEVELOF OFEN SOURCE SOF TUARE Welcome, Guestt  Logln | Create Account
Find Software | Develop | Create Project | Community | Site Support | About _J
SourceFarge net = Find Software = OpenLCA Framework

- . C, replay
OpenLCA Framework e tyaci_
Summary | Files | Support | Develop Share B ¢ [G] @ More
Softweare for sustainability assessment, highly rmodular, ideal for Life Cycle Assessments, with, initially, two Midsize businesses are
plugins: One for conversion of important LCA data formats, and one for efficient uncertainty calculation and the engines of a smarter planet.
assessment. )
i all files » Ijpuet
i
4]
Seawhy |Jun]
hitp:fiopenica.sourceforge.net —
Project Reviews
Show project details
Be the first person to add a review.
Latest Reviews Would you recommend this project?
ar
100% of 1 reviewer recommends this project Thumbs up: 1
Thumbs down: EEEE—
v

Done #
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openLCA- features opPenLca

- beta 1.0: client server, import & export ELCD,
EcoSpol d, graphical mo

- beta 1.1: improved graphical modelling, modular
& extendable, calculation of complete
ecoinvent systems, sequential and matrix
calculation, parameters, allocation & system
expansion modell i ng, &
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2. Uncertainty calculation in
openLCA
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Uncertainty calculation in openLCA
Example for a plugin

- 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
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L2 gpenLCA framework - beta 1.1 E]@ *

Datei Bearbeiten Fenster Hilfe

i Eﬁ-ﬁ A

H- Mavigation &2 Suche + - =0 =04 EE Gliederung 2 | = O
Kategorien Es ist keine Gliederung
verflghar,
+- Pl solar callector systems ~

+- P! texties

=11 Pl transport systems

Pl airplane

Pl road

Pl ship

Pl train

wventilation

e ot 1st step. Copy the eX|St|ng ecoinvent Proce
water supply

wind power

. S 1 = 1 = 1 = 1 ]

wood energy
Pl wooden materials

[ O o O O B

Flisse

Objekte

|P| operation, passenger car, petrol, 4% vol, ETEE with ethanal From Ef#
|P| operation, passenger car, petrol, EUROS [CH]

|P| operation, passenqger car, petral, EUROE [CH]

|P| operation, passenger car, petrol, EUROS [CH]

|P| operation, passenger car, petrol, Fleet average [CH]

|P| operation, passenger car, petrol, fleet average [RER]

|P| operation, passenqger car, petrol, Fleet average 2010 [ZH]

|P| operation, passenger car, petrol, Fleet average 2010 [RER]

|P| operation, passenger car, rape seed methyl ester 5% [CH]

— ) N ] - — O

[P] operation, regular bus [CH] = Eigenschaften &2 | & konsole B | 5 ] =
[ |ioperation, reqular bus (Copy ID: 8510736c-d9ee-491 2-af39-ddofb Eigenschaft WWert

|P| operation, tram [CH] =

< i »

Filker {* = beliebig)
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File Edit ‘Window Help

At o

] A
B- Mavigation &3 Search B = O

Categories

oil ~
paintings

paper & cardboard

phokovolkaic

plastics

solar collector systems

ktextiles

S [ M 3 B O B Y
. = I = I = 1 = 1 = 1 = 1 =)

transpark systems
Pl airplane

Pl road

F| ship

P train
wentilation
washing agents

EN) S =1 S 1 B |

waske management

Objects

operation, passenger car, petrol, Fleet average |
operation, passenger car, petrol, Fleet average
operation, passenger car, petrol, Fleet average
operation, passenger car, rape seed methyl eske
operation, regular bus [CH]

operation, regular bus (Copy ID: §510736c-09e¢
operation, tram [CH]

operation, tram track [CH] _IF

operation, trollevbus [CH]

operation, van < 3,5t [CH]

operation, van < 3,5t [RER]

passenger car [RER] _IP

N ERPRFERREREREEE

Filter {* = any string)

|P] operation, reqular bus (Copy ID: §510736c-d9%ee-4912-af59-dd0fb4b7a951) &3 = O

Flow | Category | Flow property | Unit | Resulting amount | Uncertainty distribution tvpe | Avoided product?
|[F] d.. cilffuels |F| Mass kg 0.34951 Logarithmic normal distribu, ..

2nd step: Open and modify the process

Outputs (Formula view)

Flow Zategory | Flow property | Unit | Resulting amount | Uncertainty distribution bype | v
|F | MMYOC, non-methane volatile arg...  airfuns... |R Mass kg 0.0002033779 Logarithmic normal distribu, ..
|F | operation, regular bus [CH] transp... | Yehicle.. w.. 1.0 Mo distribution
|F| PAH, polvcyclic aromatic beyedrocar,.,  airfuns...  |[R| Mass kg 4,0E-10 Logarithmic normal distribu. ..
|F| Particulates, < 2.5 um airfuns,.. |k Mass kn 0.00014235354 Logatithmic normal diskribu,.
|F| Particulates, = 10 um airfuns... |k Mass kg 5.664E-5 Logarithmic normal distribu. ..
|F| Particulates, = 2.5 um, and < 10um  airfuns... |k Mass kg 0.00001931392 Logarithmic normal distribu. ..
|F | Seleniurm airfuns... |k Mass kg 3.4931E-9 Logarithmic normal distribu. ..
IE | Snlfore dinvide airliins IRl Mace kn N ANN345747 | mmarithrnir riaernal dickribi
L
< >
zeneral information | Inputs)Cutputs | Modelling and walidation | Administrative infarmation | Parameters
B properties 52 | Bl Console | & }z AT — 0O
Property Walue
=1 Causal allocation Fackors {in %)
operation, regular bus 100.0
—I Distribution walues
Geometric mean value 0,0002033779
Geometric skandard deviation 1.22503061 18624137
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Creates & new produck syskem

MName Diesel Bus Uncertainty

Descripkion

3rd step: Build a new product system

Select a process category Select a reference process
+- Pl paintings # | | |P| operation, passenger car, petrol, ELR:|
+- P paper & cardboard |F| operation, passenger car, petrol, EURS
+-{ P! phatovaoltaic |F| operation, passenger car, petrol, EURS
+-{ P! plastics |F| operation, passenger car, petral, fleet
+-{ P! solar callector systems |F| operation, passenger car, petrol, fleet
+-{ P textiles |P| operation, passenger car, petral, fleet
=1 Pl transport systemns |P| operation, passenger car, petral, fleet
Pl airplane |P| operation, passenger car, rape seed
Pl road |P| operation, regular bus [TH]
Pl ship |F| operation, reqular bus (Copy ID; 8510
Pl train |P| operation, tram [CTH]
+-{ P! ventilation |F| operation, tram krack [CH] _IP
+-{ P! washing agents s | | [P] operation, trolleybus [CH] w
£ > L1 >

[+|iadd connected processes:

[ Einish H Cancel
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File Edit ‘Window Help

L d
B- Mavigation &3 _Search
Categories
= ' openlca
% Projects
isk Produck systems
5 Lc1a methods
+-1 F| Processes
+-Fl Flows
+- " Flow properties
+-4 Unit groups
~
% Ackars
O sources
Objects
<

Filker {* = any string)

=l

~ O || 422 Diesel Bus Uncertainty 53 = 5

diesel, low-sulphur, atr... Boperation, regular bus (Copy ID: §510736c-...

Inputs Oukputs Inputs | COukputs

diesel, low-sulphur, at. .. | operation, regular bus

¥

diesel, low-s, ., |diesel, low-s. ..
diesel, low-s, .,
disposal, mu. ..
disposal, se...
electricity, 1...
light Fuel o, ...
reqgional disk. ..
tap water, ...
transport, b...
transpork, C...
kransport, F...
transpart, ...
transport, |...
treakment, r...
treatment, ...

General information | Graph | LCT resulks | LCIA resulks | Chart | Sankey diagram | Parameters

= Properties 52 | Bl Consale B3 ¥ = O

Property Yalue
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File Edit Window Help
A =BE| B &-
B Naw.., 22 Sea...| O || 5 Diesel Bus Uncertainty 2 = B
&
Categories | B transport, larry ... I— Lea 7
= '[! openlca
% Projects \-b{ B regional distribu, .. |—+| kreakrment, rain. ., I— j
isp Produck systems
¥ Lc1a methods =
+- P Processes Blight fuel oil, bur... |—+| Bdisposal, separa. .. I— ) Ny
+-{ Fl Flows =
+- " Flow properties —{ =
T ) prep | B kransport, Freig... |—+| B kreatment, sew... l— ’ T g ]
+ Lnit groups —
2 actors —
H Sources | Belectricity, low v... |—+| disposal, munici. .. l—
L{ Btap water, at us... l— | diesel, low-sulp. .. l—
Objects —|—=-Efaﬁ5aer&|efw—=—|——>| B diesel, low-sulphur, atr... |—>| Boperation, regular bus {(Copy ID: 8510736c-. ..
| diesel, low-sulp... I—
| B transport, barg. .. I—
| transpart, crud... I—
- zeneral infarmation |Graph | LCI resulks | LCIA resulks | Chart | Sankey diagram | Parameters
< —
— = properties 2 & Console el R R ~ =0

Filter {* = any string)
Property

Value
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File Edit ‘Window Help
a ok . a . =
N :[E!N;A:Z'E.:Eo'
B Mav... &3 ll_ | Sea... | = O || ;52 Diesel Bus Uncertainty 52 l = d
@ & B [ﬂ
— e
Categories 1€a,
==
= [@ openlca e
: K [ T ' '
H 1_,"' Projects e M o
[ e il | ==
i{dsp Product systerns L & = = ' ' —I=
]:_‘-i LCIA methods 1 —1 I
B P. s e e e e e e =TT
B+ F} Processes e e e e e —E
--]'_F:I Flows e | ==
: = i HE H T H 12 1. Hi | | H =
"]_an' Flow properties [r— ==
M) Uit groups o ol I —jr—n| =r
]5 Ackors Ve & e b e e e =
o sources == = =Hc
=r
=HC
=
=E
I LYY T LY Pt Ll
= = I e )
DhiEEtS ==l I r—r
1 i
= =
e
(AT T e e T T
i
M- = T LA 8 Y ey ll.E
o L | ep—. ) o e L
! 8 o ]
-F_"I-F_"I--F_"I-Er
[{ ] 11T} [l]
General information | Graph | LT results|LCI.ﬁ. results|Charl:|S.E|nkf:~,.f diagram | Parameters
[i] I ]
= Propertiss i3 l = Cu:unsu:ule| =5 |I=l> - = H

Properky

Walle
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File Edit indow Help

T FLy
B Nav... &2 Sea... | O || g5 Diesel Bus Uncertainty 52 = B
< Product system: Diesel Bus Uncertainty
Categories
= P cpenica LCI results =Y .
' Projects .
Inputs Outputs Matrix method

Sequential method 1

—

=k Product systems
& LCIA methods Flow | Cateqory | Flow property | Amount | Unik Flow | Category | Flow property | Amourer=ormey

Pl Processes

4th step, a: Calculate the product syster
R e select sequential calculation,
and true for uncertainty

A this will start the approximation

Objects General information | Graph |LCI results | LCIA resulks | Chart | Sankey diagram | Parameters

T -

=l properties 52 | & Consale e = =0

Property YWalue

=l Sequential method
Zalculate uncertainties krue
Lower limit af a scaling Fackor 0.000001
Maximurmn number of ikerations 1000

£

Filter (* = any string)
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File Edit ‘Window Help
- |_|:1_| lu_.;,_. F N
moE Pt T O i *Diesel Bus Uncertainty o — O
! [ i - Standard deviations maw be wrong. Cause: Ak leas. .. inpubs was maore than 20 percent of the mean value
s i, Product system: Diesel Bus Uncertaint Standard deviati b C At | inpt than 200 t of th |
Categories
= I[7 openlca LCI results {Calculated with: Sequential method; iteration™Maximum: 1000; lowerLimit: 0.000001; uncertaintyCalculation: true) oy .
% Projec
* Produ Inputs Outputs
4 LA Floy Categaory | Flow property | Amount | Unit | Standare | Flow Category | Flow property | Amount | Unit | Standard devia|#
- Fl Proce [F] Ocoupation, industri,..  resourc... || Area*time  1.735... m...  3.344080 | [F|iAcetaldeh... airfuns... |k Mass 4,1358... kg 2.42932547337
#-_F Flows |F| Occupation, traffic a... resourc... || Area*time  3.981... m... 7.67461% | |F]| Acetaldeh... airfhigh... [k Mass 4.453... kg 417832930310
- " Flow [ \F| Transformation, fra,..  resourc,.. [ Area 5.187... m?*  9,99574( | |F| Acetone airfhigh... |k Mass 1.086... kg 702377156093
+ i Urit g |F| Transformation, toi...  resourc,.. |R| Area 2,168... m*  4,18007Y | |F| Acrolein airfhigh... |k Mass 2.493,.. kg 132774509771
“F Actar: |F| Transformation, ko k... resourc,.. |R| Area 4,970,.., m*  9.53073: | |F] Aluminum soilfagr... |k Mass 4,781... kg 419685058522
H saure |F| Water, lake resourc,.. |Fl  Molume 4,945,,, m*  7.36364¢ | [F]| Aluminum waterfr.., |k Mass 3.945,,. kg 2.23867474094
|F| Waker, river resourc,.. |Fl  Molume 1.236... m? 1.173960 | |F] Aluminum waterf... |k Mass 3.511... kg 43412, 6356729
|F| whater, well, inground  resourc,.. R Wolume 2,591... m? 1.84216z | |F] Aluminum airflow ... |k Mass 5.263... kg 6,91217395025
|F | Alurnininm airfhigh... |k Mass Z.443... kg 1.27043348120
|F | Ammonia airfuns... || Mass S.0E-6 kg 4, 70735943633
S |F | Ammonia airfhigh... || Mass 1.853... kg 159563962759
Jects [F] Ammonia...  waterjr... [B] Mass 7.341... kg  191.002650637
o Diesel Bus Une [F] Ammonia...  waterf... [R] Mass 1.383... kg 2.88316455785
|F | Ankimony waker),.. |k Mass 2.365... kg 9,73364301108
|F | Ankimorey airflow ... |F|] Mass 7.084... kg 5.61843968753
|F | Ankimorey airfhigh... |k Mass 1.406,,. kg 2.57995609062
|F| Antimony waterfr... |kl Mass 1.035... ka 335642201359
< + 3 W{ES >
Genetal information | LCT results | LCIA results | Chart | Paramneters
= properties 52 | Bl conscle =B }:w ¥ =B
Properky Value
=l Sequential method
Calculate uncertainties true
Filker {* = any stri Lower limit of a scaling Factar 0.000001
Maximurmn number of ikerations 1000
< ¥
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4th step, b: Simulate the product system,



