
an introduction to 
life cycle assessment 



life cycle assessment 
 LCA is an objective process to evaluate the 

environmental burdens associated with a 
product, process, or activity throughout its 
entire life cycle from raw material extraction to 
final disposal 



a life cycle view: incandescent or fluorescent? 
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lca is a way to… 
•  Compare inputs and outputs associated with alternative products, 

materials, or processes. 

•  Determine points within the life cycle or given process where the 
greatest reduction in resource requirements and emissions might be 
achieved. 

•  Assist in guiding the development of new products that reduce the 
overall impact on the environment. 

•  Establish a comprehensive baseline. 

•  Assist in substantiating product claims about reducing impact on 
the environment. 

•  Supply information for public policy or public relations 



lca avoids shifting burdens 
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history of lca 
• Previous incarnations 

– Ecobalance 
– Resource and Environmental Profile 

Analysis (REPA) 

• LCA lore… Coca-Cola, 1969 



history of lca, cont 
• Use of LCA followed environmental 

concerns of the day 
–  1970s – energy crisis  LCA for fuels, energy 

systems 
–  1980s – waste  LCA for consumer products, esp. 

containers, and waste management 
–  1990s – pollution  LCA for industrial process 

changes 
–  2000s – built environment  LCA for materials, 

buildings; climate change  LC carbon footprint 



overall steps of lca 
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Based on ISO 14044:2006 Standards for Life Cycle Assessment 
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the scope of an lca 
•  The scoping process defines the LCA’s purpose, 

expected product, boundary conditions, and 
assumptions. 

• Questions that must be answered: 
–  What is the purpose of the LCA?   
–  What materials, processes, or products are to be considered?  
–  What is their function? What is the functional unit? 
–  What will be addressed?  Is this a comparative LCA? 
–  Who is performing this LCA?  How and by whom will it be 

used? 
–  What are the limitations of this LCA? 
–  What are the system boundaries? What stages are included? 



selecting a functional unit 

• Definition: the amount of product, 
material, or service to which the LCA is 
applied 



functional unit examples 

• Cloth and disposal diapers 

• Paper and plastic bags 

• Foam and ceramic coffee cups 

• Fluorescent and incandescent bulbs 
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data sources for lca 

• LCA databases 
• Engineering literature 
• Industry associations 
• Government agencies 
• Company reports 



the net for search/organizing 
1.  google and scholar.google.com 
2.  Sciencedirect.com 
3.  Web of Science 
4.  Proquest (esp. professional literature) 

Keywords: remember to try units  
(e.g. MJ, $) and names of inputs and outputs 
Also: getting better daily, but bear in mind that many 

resources are still only in print.  



government agencies  
•  US Economic Census – many sectors (http://www.census.gov/econ/

census02/guide/INDSUMM.HTM ) 

•  United States Geological Service – mineral commodities  
 (http://minerals.usgs.gov/minerals/) 

•  US Residential Energy Consumption Survey (http://
www.eia.doe.gov/emeu/recs/) 

•  US Manufacturing Energy Consumption Survey (EIA) 

•  Europe Integrated Pollution Prevention Bureau (http://www.epa.ie/
Licensing/IPPCLicensing/BREFDocuments/) 

•  Plus various, but many around the world do not put information 
on the web yet 



industry associations  

•  International Iron and Steel Institute 
(www.worldsteel.org) 

•  Semiconductor Industry Association (www.sia.org) 
•  Japan Building Association (only in Japanese) 



measured / modeled data 
• Scale-up of bench-scale results 
• Measured emissions / energy 
• Chemical synthesis 
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why impact assessment? 
•  Inputs/outputs do not consider potencies.   

–  A kg of lead vs. a kg of iron 
–  A kg of 2,3,7,8-tetrachlorodibenzodioxin vs. a kg of water 
–  A kg of CO2 vs. a kg of CH4 

•  Impact analysis reveals the environmental 
influences of the LCA activities and prioritizes them 
in order of their effects on the environment or 
health. 
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tradeoffs in lca 

•  There is no established method to weigh or 
evaluate tradeoffs among multiple criteria! 

•   Weights typically assigned depending on 
corporate, community, or environmental 
priorities 

Global 
Warming? 

Ozone 
Depletion? 



limitations of lca 
• Limited development of models 
• Time, expense, difficulty collecting 

data 
• Uncertainty introduced by system 

boundaries 
• Complexity of modeling 



electronics case study 
• Dell Inspiron 2500 

– Intel® Mobile Pentium® III processor  
– 512 MB memory,  
– 15-inch LCD screen 

• US $1449 in 2001 

• Residential Use 



Use Phase Assumptions 
• Lifespan : 3 years 
• Use pattern of Laptop computers (EPA), and 

power value for use modes of the Inspiron 
2500 (Dell): 

Mode Time in mode (%) Power (watts) 
off 60% 1.26 

sleep 10% 9.05 

idle 30% 18.32 



Material 
(Calc.) 

Mass 
(g) 

Gold 0.36 

Silver 1.4 

Epoxy 264 

Palladium 0.06 

Nickel 0.99 

Zinc 0.1 

Neodymium 0.02 

Tin 9.33 

Lead 6.13 

Material 
(Diss.) 

Mass  
(g) 

ABS 373 

PC 406 

Other  
plastics 

343 

Glass  300 

Copper 270 

Aluminum 512 

Steel 845 

Other 442 

bill of materials 



stage and product comparisons 



product lifespan change 



the lca paradox 

• LCAs are so problematic (expensive, 
inefficient, contentious) that they 
border on the unworkable as a routine 
assessment tool 

• LCAs show substantial utility as 
consciousness-raising devices that 
lead to environmental improvement 



a utilitarian resolution  
of the lca paradox 

• Retain the breadth of approach and 
consciousness-raising aspect of the 
LCA 

• Strip away enough of the complexity 
to dramatically improve the efficiency 
(i.e., streamline the LCA process) 



streamlined life cycle 
assessment 









assigning values to the matrix 

• 4 = No environmental impact 
• 3 = Minimal environmental impact, i.e., 

less than the expected average 
• 2 = Moderate environmental impact, 

i.e., about the expected average 
• 1 = Substantial environmental impact, 

i.e., more than the expected average 
• 0 = Very high environmental impact 





matrix values example 
3,1 Packaging, Materials Choice  

• Score 4 if no packaging is used 

• Score 0 if packaging is not marked for 
recycling, contains three or more 
materials, contains no recycled 
content, cannot be reused, etc. 



• Score 3, 2, or 1 depending on  
– use of recycled or recyclable packaging 

materials 
– minimization of materials diversity 
– existence of recycling infrastructure 
– involvement of packaging engineer on 

product team 

matrix values example 
3,1 Packaging, Materials Choice  



slca scoring 

An overall environmentally responsible product rating 
can be computed by summing the matrix values: 

(i.e., add up all the values in the matrix) 



slca example: comparing 
automobiles of past and present 



a: generic 1950s automobile 



  

b: generic 2000s automobile 



characteristics of generic 
automobiles 

Materials:
 Plastics
 Aluminum
 Steels
 Fluids
 Other
 Total (kg)
Fuel Efficiency (mi/gal)

Exh. Catalyst

AC

2000s 

27

Yes

HFC-134a

1950s 

15

No

CFC-12

101
68
793
81
391
1434

0
0

1290
96
515

1901



matrix: generic 1950s automobile 

MC EU SR LR GR

PR

PM

PP

PU

RD

3

0

4

0

2

MC    EU    SR    LR    GR 



  
matrix: generic 1950s automobile 

9/20 10/207/20 6/2012/20 44/100

11/20

3/20

14/20

6/20

10/20

MC EU SR LR GR

PR

PM

PP

PU

RD

2 2 3 3 2

0 1 2 2 1

3 2 3 4 2

1 0 1 1 0

3 2 2 3 1

MC    EU    SR    LR    GR 

score=64 



matrix: generic 2000s automobile 

3 3 3 3 3

3 2 3 3 3

3 3 3 4 3

1 2 2 3 2

3 2 3 3 2

MC EU SR LR GR

PR

PM

PP

PU

RD

13/20 14/2012/20 13/2016/20 68/100

13/20

10/20

16/20

14/20

15/20

MC    EU    SR    LR    GR 

Score=86 



Dell Inspiron 4100 Components Streamlined Life Cycle Assessment 

Ana Maria Leal  .  Rosa Mitsumasu  .   Alicia Tejada 
Industrial Ecology  . GIS .  Spring 2010 

•  Functional Unit: The service provided by portable  computing 
during a timeframe of six years  

•  Scenarios 
- Scenario 1: two computers.   
- Scenario 2: one redesigned laptop 

Weighting  

Resource Extraction 7% 

Product Manufacture  65% 

Product Packaging & Transport  3% 

Product Use  17% 

Refurbishment, recycling and 
disposal  8% 

Total  100% 



Dell Inspiron 4100 Components Streamlined Life Cycle Assessment 

Ana Maria Leal  .  Rosa Mitsumasu  .   Alicia Tejada 
Industrial Ecology  . GIS .  Spring 2010 
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• May not need to or be able to define 
scores with numbers 

• Can use relative or qualitative metrics: 
– Poor, needs improvement, good, very 

good, excellent 
– As compared to baseline: worse, same, 

better 

qualitative approach  
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slca for your project 
• Define scope and functional unit (basis 

for comparison) 
• Develop criteria for scoring 

• Final report should explain rationale for these criteria 

• Determine if categories should be 
weighted or all the same 

• Assign numerical or qualitative values 
• Calculate scores 


