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Emissions to 

air, water, soil

Resources: 

Minerals, electricity, 

water, crops

Adapted from: 

http://sustainable-graphic-

design.blogspot.com



Polycarbonate biphenyls (PCBs)

PCB mass production began in 
1935  by the Monsanto 

Corporation, and was banned 
in 1976



Electric 
cars
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Gains in Efficiency

Energy and material 
Intensive Process

1. Problem Shifting 
(Between stages)



Disposal
Use 

Phase
DistribManufac.

Raw 
Materials

New Battery LCA

Energy Savings 
(less CO2)

Toxic workspace

2. Problem Shifting 
(Between impacts)

Toxic end of life



LCA Framework

ISO guidelines 14044: 2006

1.

Improvement Assessment 

Or

Comparison

Functional Unit (FU):
-One load of laundry
-A sheet of paper
-1 kg of corn

Goal and Scope



Improvement
Assessment

Comparative
Assessment

• Single Product
• Discreet Values

• Data Scarcity
• Multiple Products

Goal & Scope: Motive

Magnitude of 
Impact

Trade-off



Goal & Scope: System Boundaries

• Environmental concerns
• Stakeholder identification



Goal & Scope: Functional Unit



LCA Framework

2.
Process A

Inputs per FU:
- 3 kWh Electricity
- 15 gallons of water
- 40 m2 of land
- 10 gallons of diesel
- 50 lbs of plastic

Outputs per FU:
- 4 kg of CO2 to air
- 15 gallons of 

contaminated water
- 3 grams of particulate 

matter
- 5g of dioxins

Inventory Analysis



• Measurements

• Publications

• NREL - US LCI

• Ecoinvent

• Input/Output

• GREET

Inventory: Sources



www.openlca.org

Inventory

Inventory



3.

Ozone

Impact AssessmentImpact Assessment

Inventory

Characterization
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Selecting indicators

Select specific emissions:

CO2
CH4
VOC
NOx
SOx
PM

Characterization:

Global Warming Potential
Eutrophication
Acidification
Human Toxicity
…



Impact Assessment

Ozone

Impact Assessment

ISO guidelines 14044: 2006

Classification

Characterization

Impact Category Definition



LCIA Methods

• CML 2001

• Eco-Indicator 99

• IMPACT 2002+

• ReCiPe

• TRACI

Jolliet et al., 2003

IMPACT 

2002



http://www.epa.gov/nrmrl/std/traci/traci.html



• Global Warming Potential (kg CO2 eq)
– Infra-red absorbing efficiency, decay (time)

• Acidification (H+ eq)

-Air emissions and deposit (rain, snow, dry)

-sulphur dioxide, nitrogen oxides, ammonia

• Eutrophication

– Runoff( Terrain, precipitation, volatilization)

Characterization Factors



• Smog (O3 eq)

– Ground level ozone

http://www4.ncsu.edu/~richardv/documents/Lecture11TRACIAssessment.pdf

Characterization Factors



• Uncertainty

• CF for emerging materials

• Accounting of long term emissions

• Regional differences

– Preexisting conditions

– Buffering capacities

Challenges/Limitations



Improvement:  (Single product)

Guide actions/Hotspots

Raw material Process Manufac Use disposal

Use of Results

Raw material Process Manufac Use disposal

Raw material Process Manufac Use disposal

Raw material Process Manufac Use disposal

Comparative:  >1
Tradeoffs/prevents burden 
shifting

Global Warming

Ozone Depletion

Eutrophication

Human Toxics



LCA activity



1. Sign up



Computer Fan exercise in



2. New Project & Save

Fill in the form

New & Save



3. Import Inventory

a. Go to Manage Tab
b. Transfer ALL Inventory from 

available  approved

Available Inventory

Approved Inventory



3. Import Inventory

Import ALL inventory from: 
• Materials
• Energy
• Transport
• Methods
• End of Life



3. Goal and Scope

Purpose:
Compare 3 design choices for fan blades Steel

Plastic

Aluminum

System Boundaries:
Cradle to grave

Functional Unit:
Use of a fan for 1 year



3. Build Components

Material

Processes

Transport

Component/

Activity

Product 
Life Cycle

Use 
Phase

Transport



Truck

3. Build Components

Plastic

Inject 
Molding

Car

Plastic 
Blades

Component/

Activity
Plastic FanHousing

Wiring

Plastic

Inject 
Molding

Copper
Metal 

Processing

Inventory

Component Product
Life Cycle

1yr 
electricity

Transport



3. Create Component

a. Go to Build Tab
b. Select “Component/Activity

c. New
d. Fill in Name & Description
e. Save!
f. select



3. Create Component

Drag inventory from:
• Materials
• Processing
• Transport

Drag inventory,
Specify quantity (ex. kg)
..
And SAVE



1. Aluminum Blades

2. Plastic Blades

3. Steel Blades

4. Housing

5. Wiring

6. Electricity

Aluminu

m
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c
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Electrici

ty



Aluminum Fan Plastic Fan Steel Fan

4. Create product life cycles

a. Go to “Product life cycle”
b. “+”
c. New (Fill form)
d. Save
e. Select



• Alum. Blades
• Wiring
• Housing

Place “components” into the “product life cycle”

Recalculate & Save

Aluminum Fan



Go to “Analyze”

Drag 3 fan types and



40



Overall





LCA studies must:

• Have a clear goal and scope

• Defined system boundaries

• Record of all data sources and calculations



LCA provides a comprehensive view by 
applying generalized assumptions 
(pros/cons)

How could you apply an

LCA to your projects?

(open discussion)

LCA applicability to PDS 



Part II
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Interpretation

Adapted from Lippiatt (1999)

Interpretation

Optional



Characterized results (ReCiPe)

Impact category Unit LIQUID POWDER
Metal depletion kg Fe eq 0.000199 0.00443
Water depletion m3 0.00266 0.00138
Terrestrial ecotoxicity kg 1,4-DB eq 0.000706 0.000262
Agricultural land occupation m2a 0.0102 0.021
Ozone depletion kg CFC-11 eq 9.24E-09 6.65E-09
Climate change kg CO2 eq 0.090378177 0.102304355

Ionising radiation kg U235 eq 0.00689 0.0203
Marine ecotoxicity kg 1,4-DB eq 0.00051 0.00104
Human toxicity kg 1,4-DB eq 0.0195 0.041
Urban land occupation m2a 0.00143 0.000775
Freshwater ecotoxicity kg 1,4-DB eq 0.000702 0.00117
Terrestrial acidification kg SO2 eq 0.000518689 0.000436512
Marine eutrophication kg N eq 7.05104E-05 7.92817E-05

Photochemical oxidant formation kg NMVOC 0.000306118 0.000289197
Fossil depletion kg oil eq 0.0329 0.0392
Freshwater eutrophication kg P eq 0.0000349 0.000042

Particulate matter formation kg PM10 eq 0.000159255 0.00015987
Natural land transformation m2 0.0000195 0.0000115 P
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• Multiple indicators (different units)
• Multiple alternatives (Comparative Assessments)
• Uncertainty
• Decision Makers
• Environmental tradeoffs

Analytic aid in result interpretation



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

50



• External Normalization

• Lack of uncertainty data

• Data set discrepancy

• Weight Insensitivity

• Weighting

• Discreet values

• Single Score

• Over simplistic

Limitations of Existing Interpretation Practices

51
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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 (under review)

Therefore, 
Area ↓ , Trade-off ↑



Normalization Algorithms

External Normalization

Climate Change Human Tox Acidification

N
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Outranking Normalization

Preference, p = avg (SD)
Indifference, q = p/2

Climate Change Human Tox Acidification
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• Linear
• Absolute

• Non linear
• Relative



Magnitude 
Insensitivity

Compensation

p= preference threshold
q= indifference threshold

Outranking



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
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Weight

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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Neutral Water Act. Bean Counter

Global Warming Social Impact

Prado-Lopez et al., 2013



Weight Value

ALL weight spaces

1 Criteria with HIGH 
Priority

4 Criteria with LOW 
Priority

LOW

Stochastic Weights (w/ preferences)

HIGHMEDIUM



• Interpretation of Comparative LCAs:

– Tradeoffs (Relative)

– Partially Compensatory

– Performance Uncertainty

– Weight Uncertainty

Conclusions

Thank you!
valentina.prado@asu.edu



SMAA-LCA Tool 
(Alpha Version)



Thank You!

Sustainable Energy & 

Environmental Decision Science

This material is based upon work supported 
by the NSF under Grant No. 1140190. Any 
opinions, findings, and conclusions or 
recommendations expressed in this 
material are those of the author(s) and do 
not necessarily reflect the views of the NSF.


