
Ethanol Policies and Production.  Federal incentives and mandates 

have been instrumental in increasing ethanol production.
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Normalization
“Normalization is the calculation of the magnitude of the category 

indicator results relative to some reference information. The aim of 
the normalization is to understand better the relative magnitude for 

each indicator results of the products system under study” 
ISO 14044:2006

Normalization by:
1. Area of reference
2. Area of reference per capita
3. Baseline scenario (other alternatives)

iso.orgNorris, 2001, Lautier et al., 2010

External

Internal



Weighting

Climate Change

Acidification

Human Toxics

Water use

Land use

Ecotoxicity

Decision maker A:

“Weighting is the 
process of converting 
indicator results of 
different impact 
categories by using
numerical factors based 
on value-choices”

ISO 14044:2006









Normalized Values
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Normalized Values
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Several orders of 

magnitude 

separate 

normalized fossil 

fuel depletion and 

global warming 

issues from other 

impact categories.

LCAs are often 

motivated by the 

need to aid in 

comparative 

decision-making.
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Geographic Distribution of Fuel 

Processing Facilities in the US.  

Petroleum refineries (bottom) are 

predominantly located on the coasts 

near major seaports – whereas 

biorefineries (top) are concentrated 

in the northern Midwest in the Corn 

Belt States.  Consequently, federal 

biofuel mandates may be 

environmentally inefficient in some 

regions but favorable in others, 

depending upon transportation 

impacts.
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Interpretation

Adapted from Lippiatt (1999)

Interpretation

Optional



• Multiple indicators (different units)
• Multiple alternatives (Comparative Assessments)
• Uncertainty
• Decision Makers
• Environmental tradeoffs

Analytic aid in result interpretation
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Trade-off Evaluation

GW

OD

Eu

HT

Overlap areaArea: 0.3268

Area: 0.0743

Area: 0.0124

Area: 0.3899

Alternative A Alternative B

Global Warming (kg CO2 eq)

Human Toxics (kg Pb eq)

Ozone Depletion (m3)

Eutrophication (kg P eq)

Prado-Lopez V, Seager TP, Chester M, Laurin L, Arslan E (accepted)

Therefore, 
Area ↓ , Trade-off ↑



Weak 
sustainability 
perspective

Strong 
sustainability 
perspective

Full 
compensation

Partial
compensation

No
compensation

Compensation (linearity)



Normative
(External)

• “How they are”

• Relative

• Context effect

• Intransitivity

• “should be”

• Absolute

• Context free

• Transitivity

Descriptive
(Internal)

A B C
Transitivity
Intransitivity

Absolute vs Relative

Prado et al., 2012



Stochastic Outranking

Stochastic Multi attribute Analysis
(SMAA)



Pedigree Matrix

http://cxdd.broceliande.kerbabel.fr/?q=node/449/226



w2

w1

w3

W

Stochastic assignment 

of weights explores all 

possibilities within the 

feasible weight “space” 

using Monte Carlo 

Analysis (MCA).
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Stochastic Weights

8 Impact Categories
Discreet Weight = 100/8 = 12.5
Stoch. Weights = all weight space

Inclusive of all possible perspectives



SMAA-LCA results

Stochastic Outranking * Stochastic Weight = Stochastic Overall Score
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Meet the Decision Makers

mediabistro.com

1.Neutral

2.Bean Counter 

3.Water Activist

4.Global Warming Activist

5.Social Impact focused



Weight Value

ALL weight spaces

1 Criteria with HIGH 
Priority

4 Criteria with LOW 
Priority

LOW

Stochastic Weights (w/ preferences)

HIGHMEDIUM



Neutral Water Act. Bean Counter

Global Warming Social Impact

Prado-Lopez et al., 2013



• Interpretation of Comparative LCAs:

– Tradeoffs (Relative)

– Partially Compensatory

– Performance Uncertainty

– Weight Uncertainty

Conclusions



SMAA-LCA



Thank You!

Sustainable Energy & 

Environmental Decision Science

This material is based upon work supported 
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material are those of the author(s) and do 
not necessarily reflect the views of the NSF.


