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-  Most LCAs today present point values as results 

-  LCA practitioners (we all!!) do a lot of data picking without 
knowing its accuracy 

-  For our studies we continuously use “averages” without really 
knowing that we do … and/or how they have been developed 

42 
LCI data sourcing 

Introduction 
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LCA uncertainty analysis developing fast 

-  Most attention up till now to propagation methods: 
-  Monte-Carlo analysis 
-  analytical error propagation 
-  fuzzy logic 
-  … 

-  Producing uncertainty estimates requires: 
-  input parameters 
-  propagation method 
-  definitions 

 

Introduction 
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LCI uncertainty analysis largely disregarded 
-  Particularly input parameters for each Unit Process Data 

(UPD) point 
-  basically ecoinvent pedigree approach (“post-normal” uncertainties) 

Introduction 
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Numeral Unit Spread Assessment Pedigree 
(NUSAP) 
Ø  Indicator	  score:	  	  1	  to	  5	  à	  σg	  1.0-‐2.0	  
Ø  Characteristic:	  
• Reliability	  
• Completeness	  
• Temporal	  correlation	  
• Geographical	  correlation	  
• Further	  technological	  
correlation	  

• Sample	  size	   Weidema&Wesnæs	  1996	  
Frischknecht	  et	  al.	  2007	  

E.g.	  Geographical	  
correlation	  

indicator	  score:	  3	  
Data	  from	  smaller	  area	  
than	  area	  under	  study,	  or	  

from	  similar	  area	  
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Purpose of this work 

-  To propose a method for horizontal averaging of data where 
dispersion from both inherent uncertainty, spread and 
unrepresentativeness are incorporated in the input parameters  
-  not LCIA data 
-  not methodological choices 

Purpose 
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Definitions 

cf. UNEP-SETAC ‘Shonan Guidance Principles’ 

Horizontal	  averaging

Region Country Global

Global	  
average
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Sites

Proposed protocol 
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Definitions 

Dispersion Any form of range around a variable, resulting 
from inherent uncertainty, spread or 
unrepresentativeness 
 

Inherent uncertainty Uncertainties related to the inaccuracies of 
measurements or model at no level of 
horizontal averaging 
 

Spread Variability around an average resulting from 
horizontal averaging 
 

Unrepresentativeness Uncertainty resulting from the level of 
representativeness 

 

Proposed protocol 
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Proposed method 

-  Dispersion is the sum of: 
-  Inherent uncertainty 
-  Spread due to horizontal averaging 
-  Unrepresentativeness 

-  Combining the three into one quantitative measure of 
dispersion for each UPD point 

-  Propagation into LCI results 

Proposed method 

} 
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    Decision tree 
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EXAMPLE SOYBEANS:  
PRACTICAL APPLICATION OF 
PROPOSED METHOD 
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Inherent uncertainty: 
e.g. secondary data on Brazilian soybeans 

From: IPCC 2006  - N2O Emissions from managed soils 

Practical implementation 
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per ha ecoinvent 
2.2 (2007!) 

Cederberg 
1998 

FAO 2002  
& 2012 

Cederberg& 
Flysjö 2004 

Cavalett & 
Ortega 2010 

Castanheira 
et al. 2013 

    Database Report FAO Report Article Article 

Economical inputs Unit 
Diesel kg 55.25 51.00 - 55.25 55.25 42.8 
Nitrogen (kg N) kg 3.1 0.00 3.7 8.0 0.00 0,00 
Phosphorus (kg P) kg 26.2 17.5 28.8 31.0 33.8 26.2 
Potassium (kg K) kg 24.9 33.2 51.5 57.0 65.4 49.8 

Economic outputs             
Soybeans, kg kg 2544 2200 2867 2500 2830 2940 

Average:  
Cederberg 1998 and 
FNP 2000 quotated 
in Ostermayer 2002 

Spread due to horizontal averaging: 
e.g. secondary data on Brazilian soybeans 

Practical implementation 
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Unrepresentativeness 
e.g. secondary data on Brazilian soybeans 
-  Each data point is scored to the ecoinvent v2.2 pedigree 

approach 

Examples 
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Combining the three 

Henriksson et al. 2013. A protocol for horizontal averaging of unit process data 
– including estimates for uncertainty. Int J Life Cycle Assess (FirstOnLine). 

DOI 10.1007/s11367-013-0647-4 
Practical implementation 
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Weighted factor – weighted means 

-  "↓$ = "/'↓$↑ ↑#     arithmetic standard 
deviation 

-  )↓* = 1/+,↓*↑ ↑2   coefficient of variation 

-  )↓* = 1/(ln .↓*  )↑2    geometric standard 
deviation 

-  0 ↓"1 = ∑$="↑3▒"↓$    0↓$  /∑$="↑3▒"↓$    



Leiden University. The university to discover. 

Spreadsheet – Online resources 
http://cml.leiden.edu/software/software-quanlci.html 
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Spreadsheet – Online resources 
http://cml.leiden.edu/software/software-quanlci.html 

•  Inventory flow 
•  Unit 
•  Reference 
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Spreadsheet – Online resources 
http://cml.leiden.edu/software/software-quanlci.html 

•  Central value (arithmetic mean) 
•  Inherent uncertainty (coefficient of variation) 
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Spreadsheet – Online resources 
http://cml.leiden.edu/software/software-quanlci.html 

•  Representativeness (dropdown menu) 
•  Weighted mean, (based upon 

inherent uncertainty + representativeness) 
•  Spread (calculated amongst values) 
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Spreadsheet – Online resources 
http://cml.leiden.edu/software/software-quanlci.html 

•  Weighted mean 
•  Inherent uncertainty 
•  Representativeness 
•  Spread 
•  Overall dispersion 

•  Phi = CMLCA 
•  SD95 = Simapro 
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Propagation into LCI results - Histograms  
(= further work under construction)  
 

ecoinvent v2.2 C.V. = 0.070 
Henriksson et al. C.V. = 0.321  

Practical implementation 
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Propagation into LCI results - Histograms  
(= further work under construction)  
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Discussion 

-  Quantitative use of NUSAP is beyond original intent 
 
-  Averages or values behind the averages? 

-  Spread and inherent uncertainty often out-weight 
representativeness 

-  Absolute or comparative uncertainty 

Discussion 
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Conclusions 

-  Method is practical but intensive 

-  Better reporting of raw data   
-  including inherent uncertainties, spread in background data & 

distributions instead of averaged point values 

-  Propagation and analysis – work in progress… 

Conclusions 

Acknowledgement: This work is part of the Sustaining Ethical Aquaculture 
Trade (SEAT) project, which is co-funded by the European Commission within 
the Seventh Framework Programme—Sustainable Development Global Change 

and Ecosystem (project no. 222889). 
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Henriksson, Guinée, Heijungs, de Koning & Green (2013)  
A protocol for horizontal averaging of unit process data — 
including estimates for uncertainty. Int J of LCA. 
DOI 10.1007/s11367-013-0647-4 
cml.leiden.edu/software/software-quanlci.html 
www.seatglobal.eu 

Thank you 

Questions? 


