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““What you people call your natural What you people call your natural 
resources, we call our relatives.resources, we call our relatives.””
-- Oren Lyons, Faith keeper of the Oren Lyons, Faith keeper of the 

OnondagaOnondaga

IntroductionIntroduction
Ecodesign Ecodesign requires that environmental impacts be considered requires that environmental impacts be considered 
during the product planning stageduring the product planning stage

Designers can have a direct role in determining environmental imDesigners can have a direct role in determining environmental impacts.  pacts.  
EcodesignEcodesign requires thinking about the entire product liferequires thinking about the entire product life--cycle. This cycle. This 
includes understanding overall design process steps and their poincludes understanding overall design process steps and their potential tential 
impacts.  Any step in the design, manufacture, use and disposal impacts.  Any step in the design, manufacture, use and disposal of a of a 
product can result in resource depletion, habitat destruction, aproduct can result in resource depletion, habitat destruction, and the nd the 
contamination of air, water or soil. These impacts are establishcontamination of air, water or soil. These impacts are established early ed early 
in the product development process.in the product development process.

On the other hand, successful On the other hand, successful EcodesignEcodesign can reduce impacts and can reduce impacts and 
can also result in significant financial benefits.can also result in significant financial benefits.
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LockLock--in of environmental impactsin of environmental impacts

Concept design    Detail Design    Manufacture     Use    DisposConcept design    Detail Design    Manufacture     Use    Disposal or recoveryal or recovery
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Product development cycleProduct development cycle

Most Most ‘‘locklock--inin”” of environmental impacts occurs within the concept of environmental impacts occurs within the concept 
and detail design steps of the product development cycleand detail design steps of the product development cycle

Product LifecycleProduct Lifecycle

Designers need to understand the stages Designers need to understand the stages 
of the life of a product when of the life of a product when 
environmental impacts can occur. environmental impacts can occur. 
By including all of the stages in the By including all of the stages in the 
assessment of a product, designers ensure assessment of a product, designers ensure 
a comprehensive and accurate assessment a comprehensive and accurate assessment 
of the productof the product’’s potential impacts.s potential impacts.

Stages in a productStages in a product’’s lifecycles lifecycle
EXAMPLESTAGE

Product or components are burned or buried in 
landfill.

Incineration or landfilling

Product or component reuse or material recycling.Reuse, recycling or composting

Via train, truck, car, automobile, sea vessel or 
airplane

Transport (among all phases)

Product cleaned, parts replaced or upgradedMaintenance & upgrading

Energy and additional materials may be used.Installation & use

Product is distributed and purchased.Distribution & purchase

Product is assembled and packaged with 
documentation.

Assembly & packaging

Paper printed, plastic molded, alloys into circuitry, 
etc.

Component manufacturing

Wood to paper, oil to plastic, ores to metal alloys, 
etc.

Material processing

Wood from forest, oil from well, metal ore from 
mine, etc.

Raw material extraction
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Old Thinking: Linear ChainOld Thinking: Linear Chain

Supplier 
Operations

& Parts

Supplier 
Operations

& Parts

Manufacturing
(Assembly,
Painting,
Finishing)

Distribution
& Sale

Customer
Use

Customer
Use

Phases in a productPhases in a product’’s lifecycles lifecycle
Every phase in the lifecycle Every phase in the lifecycle 
can require energy and can require energy and 
additional material additional material 
inputs, as well as give inputs, as well as give 
emissions to air, emissions to air, 
water or soil.water or soil.

Additionally, the Additionally, the 
components or the components or the 
product may be product may be 
transported between transported between 
phases or within each phase.phases or within each phase.

Example: Phases in the lifecycle of a glass cupExample: Phases in the lifecycle of a glass cup
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Example: Phases in the lifecycle of a glass cupExample: Phases in the lifecycle of a glass cup

Material 
Extraction

Sand and lime 
are mined from 
the Earth.

Example: Phases in the lifecycle of a glass cupExample: Phases in the lifecycle of a glass cup

Materials 
Processing

Raw materials 
are cleaned and 
processed into 
glass.

Example: Phases Example: Phases 
in the lifecycle of in the lifecycle of 

a glass cupa glass cup

Component Component 
ManufacturingManufacturing

The material is The material is 
formed into a formed into a 
drinking glass.drinking glass.
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Example: Phases Example: Phases 
in the lifecycle of in the lifecycle of 

a glass cupa glass cup

Assembly and 
Packaging

The drinking glass 
is boxed.

Distribution and 
Purchase

The glass is 
distributed and 
bought.

Example: Example: 
Phases Phases 
in the lifecycle in the lifecycle 
of a glass cupof a glass cup

Installation and 
use

People drink 
from the glass.

Example: Example: 
Phases Phases 
in the lifecycle in the lifecycle 
of a glass cupof a glass cup
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Maintenance 
and upgrade

It is washed 
and reused 
many times.

Example: Example: 
Phases Phases 
in the lifecycle in the lifecycle 
of a glass cupof a glass cup

Example: Example: 
Phases Phases 
in the lifecycle in the lifecycle 
of a glass cupof a glass cup

Exercise:
What are the phases 
in the lifecycle of an          
ink cartridge?
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Process TreeProcess Tree

The process tree is a strategic tool that helps The process tree is a strategic tool that helps 
designers to explore the extraction and designers to explore the extraction and 
transformation of resources and materials transformation of resources and materials 
throughout the life of the product. It often throughout the life of the product. It often 
triggers common sense thinking about ecological triggers common sense thinking about ecological 
impacts and design priorities.impacts and design priorities.
Because it diagrams the materials through the Because it diagrams the materials through the 
manufacturing and use phases  of a product, the manufacturing and use phases  of a product, the 
process tree is also useful for presentation and process tree is also useful for presentation and 
discussion. discussion. 

Process Tree: Bar of SoapProcess Tree: Bar of Soap

Life Cycle Impact AssessmentLife Cycle Impact Assessment

Lifecycle impact assessment (LCA) Lifecycle impact assessment (LCA) 
comprehensively quantifies and models       comprehensively quantifies and models       
the environmental impacts of a product the environmental impacts of a product 
throughout its lifecycle.throughout its lifecycle.
LCA is an internationally recognized LCA is an internationally recognized 
method. Its practice is guided by method. Its practice is guided by 
international standardsinternational standards

ISO 14040 LCA seriesISO 14040 LCA series



Env Stu 152: Life Cycle Assessment & 
Environmental Accounting

v. 2006.1

Copyright © 2006 by Brian Sherin. 
All rights reserved. 8

LCA Data ProcessLCA Data Process
2
Inventory

Emissions,     
resource 
depletion, 
and      
land-use

Can be 
hundreds of   
chemicals per 
material

3
Characterization

Environmental 
impacts:     
global warming, 
carcinogens 
ecotoxicity           
etc.   

Typically 8-12 
categories, via   
scientific, peer 
reviewed formulae

4
Normalization

Scales impacts 
according to 
average 
impacts of a 
person in a 
continental   
area

North American       
or European      
normalization   
available.

5
Weighting

Scales 
impacts 
according       
to 
significance 
of impacts

Weighting gives 
a useful single-
figure score.

1
Bill-of-materials

Materials,                                                      
processes,
energy used,                                                    
transport,                                                      
end-of-life

Length of list                                                  
depends on                                                      
the product

This table shows the progression of a productThis table shows the progression of a product’’s data from the definition of the materials, processes s data from the definition of the materials, processes 
and energy needs, to the emissions data and other environmentalland energy needs, to the emissions data and other environmentally relevant qualities in the inventory, y relevant qualities in the inventory, 
to the estimation and evaluation of the impacts from those emissto the estimation and evaluation of the impacts from those emissions. Normalization and weighting ions. Normalization and weighting 
are not required by ISO 14040 standards, but they deliver a usefare not required by ISO 14040 standards, but they deliver a useful singleul single--figure score.figure score.

Simplified Single Figure LCASimplified Single Figure LCA

Single-figure indicators can be used quickly                        
by designers to model the overall impacts                   
of products.

All steps combined in one factor
Inventory     Characterization      Normalization       Weighting

Single-figure indicators combine inventory and subsequent 
steps (as seen in the previous slide) in one multiplication 
impact factor. Impact factors incorporate existing inventory 
data, often from averaged processes. They report a single 
figure score per material or process.

The LCA ProcessThe LCA Process

Determine product life, functional unit, system boundariesDetermine product life, functional unit, system boundaries

Compile billCompile bill--ofof--materials with energy, transportation and materials with energy, transportation and 
endend--of lifeof life

Calculate and compare impacts of the productCalculate and compare impacts of the product’’s s 
componentscomponents

2  Make product bill-of-materials

3  Calculate estimated impacts

1 Define product boundaries
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LCA FactorsLCA Factors

EcoEco--Indicators provide a simple process for product Indicators provide a simple process for product 
developers to comprehensively calculate the ecological developers to comprehensively calculate the ecological 
impacts of products and services. impacts of products and services. 
The process requires that the total energy and material The process requires that the total energy and material 
use of the product be defined over its lifecycle. use of the product be defined over its lifecycle. 
The product elements are each quantified in relevant The product elements are each quantified in relevant 
units and multiplied by their respective ecounits and multiplied by their respective eco--indicator indicator 
factors. factors. 
The resulting numbers are ecoThe resulting numbers are eco--indicators, revealing indicators, revealing 
which elements of the product create the most which elements of the product create the most 
significant impacts and hold the greatest potential for significant impacts and hold the greatest potential for 
impact reduction.impact reduction.

1a. Define Product Boundaries1a. Define Product Boundaries

Product LifeProduct Life
The number of years the product will be used  The number of years the product will be used  
The average number of hours/year that the product The average number of hours/year that the product 
will be used.will be used.
Making comparisonsMaking comparisons……standardize lifetime (e.g., per standardize lifetime (e.g., per 
1000 hours)1000 hours)

N/AN/A

600600

600600

9494

Hrs/YrHrs/Yr

1818

1212

Quickly consumedQuickly consumed

66

YearsYears

10,80010,800ChairChair

7,2007,200AutomobileAutomobile

PackagingPackaging

564564InkInk--jet printerjet printer

HrsHrsItemItem

Typical life of common productsTypical life of common products
WearWear--out life is used to out life is used to 
calculate the lifecalculate the life--cycle cycle 
impacts of products.  The impacts of products.  The 
technology cycle indicates technology cycle indicates 
how soon the technology how soon the technology 
used in the product is used in the product is 
significantly modified. Most significantly modified. Most 
products will usually find products will usually find 
new homes and be used new homes and be used 
through the duration of through the duration of 
their weartheir wear--out life. out life. 
Determining the life of Determining the life of 
products not on this list products not on this list 
may require speaking with may require speaking with 
product manufacturers.product manufacturers.

--Source: Catherine Rose, A method Source: Catherine Rose, A method 
for formulating Product Endfor formulating Product End--ofof--life life 
Strategies, Stanford U., 2001Strategies, Stanford U., 2001

Product
Wear-out life, 

years
Technology 
cycle, years

audio system 9 4
automobile 20 7
bubblejet printer 8 5
cellular phone 3 1
computer 6 2
computer mouse 6 4
cordless phone 10 5
CRT display 6 3
digital copier 5 2
fax machine 6 2
hand held vacuum 4 6
inkjet printer 4 2
laserjet printer 8 5
LCD display 5 2
miniature robot 5 5
photocopier 5 5
portable CD player 5 10
portable radio 10 2
single use camera 2 4
telephone 5 2
television 11 4
typerwiter 15 9
vacuum cleaner 8 7
video projector 5 2
washing machine 10 5
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1b. Define functional unit1b. Define functional unit

Functional unitFunctional unit
The functional unit The functional unit 
describes the impacts describes the impacts 
/primary service of the /primary service of the 
product. There are no product. There are no 
standards for how large or standards for how large or 
small functional units small functional units 
should be. Often they can should be. Often they can 
be the same as the product be the same as the product 
lifetime.            lifetime.            
Functional units enable the Functional units enable the 
comparison of different comparison of different 
products that deliver products that deliver 
similar services.similar services.

Impacts/packageImpacts/package

Impacts/1000hrs Impacts/1000hrs 
sittingsitting

ChairChair

Impacts/10,000 milesImpacts/10,000 milesAutomobileAutomobile

PackagingPackaging

Impacts/1000 printsImpacts/1000 printsInkInk--jet jet 
printerprinter

FunctionalFunctional
UnitUnitItemItem

1c. Define System Boundaries1c. Define System Boundaries
System boundaries clearly specify items that are not System boundaries clearly specify items that are not 
included in the assessment. included in the assessment. 

Best to include as much of the product system as possible, but Best to include as much of the product system as possible, but 
often there are items with complex chemical compositions often there are items with complex chemical compositions 
(detergent, toothpaste, and so forth) that we do not have data (detergent, toothpaste, and so forth) that we do not have data 
for, so these are typically left out of this level of assessmentfor, so these are typically left out of this level of assessment..
Other items, such as the energy required to wash a drinking Other items, such as the energy required to wash a drinking 
glass in a washing machine, can probably be accurately glass in a washing machine, can probably be accurately 
estimated. estimated. 

Example: A coffee making machine may or may not Example: A coffee making machine may or may not 
include: include: 

materials in product and packaging, energy use, coffee filters, materials in product and packaging, energy use, coffee filters, 
water and coffee.water and coffee.
It should be possible to include all of this except the water anIt should be possible to include all of this except the water and d 
coffee, given the available impact values.coffee, given the available impact values.

Example: buttonsExample: buttons

Polycarbonate buttons used Polycarbonate buttons used 
in a jacket. Jacket has 12 in a jacket. Jacket has 12 
buttons, is worn 150 hrs/yr buttons, is worn 150 hrs/yr 
and has a life of 6 years.and has a life of 6 years.

System Boundaries:System Boundaries:
LifetimeLifetime: 150 hr/yr x 6 yr = 900 hrs: 150 hr/yr x 6 yr = 900 hrs
Functional unitFunctional unit: impacts/100 hrs worn: impacts/100 hrs worn
System boundarySystem boundary: excludes jacket, : excludes jacket, 

thread, washingthread, washing
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2. Product 2. Product ““Bill of MaterialsBill of Materials””
All componentsAll components in the productin the product

noting weight and material per componentnoting weight and material per component
Major processing stepsMajor processing steps per componentper component

such as injection moldingsuch as injection molding
Additional materialsAdditional materials needed in the productneeded in the product’’s lifes life

e.g., fuel, coffee filters, cleaninge.g., fuel, coffee filters, cleaning
Energy useEnergy use in primary and secondary modes in primary and secondary modes 

such as standsuch as stand--by modeby mode
find the amperage & voltage (watts = volts x amps)find the amperage & voltage (watts = volts x amps)……convert to kWconvert to kW

EndEnd--ofof--life scenariolife scenario
recycling, composting, landfill, incinerationrecycling, composting, landfill, incineration

Transportation Transportation 
of components and product among all these phasesof components and product among all these phases
calculate toncalculate ton--miles (weight of product (lbs) x miles miles (weight of product (lbs) x miles ÷÷ 2,000 lbs/ton)2,000 lbs/ton)
Transportation of product and wasteTransportation of product and waste

Bill of Materials for ButtonsBill of Materials for Buttons
In the billIn the bill--ofof--materials, we materials, we 
include materials, cardboard include materials, cardboard 
packaging, electricity for sewing packaging, electricity for sewing 
machine assembly, transport machine assembly, transport 
and landfilling. and landfilling. 

LandfillLandfillDisposalDisposal

0.056 ton0.056 ton--mimiTruckTruckTransportTransport

0.042 kW0.042 kW--hrhrSewing machineSewing machineElectricityElectricity

0.050 lb0.050 lbInjection moldInjection moldManufacturing processManufacturing process

0.025 lb0.025 lbPackage paperPackage paper

0.050 lb0.050 lbPolycarbonate (PC)Polycarbonate (PC)MaterialsMaterials

12 plastic buttons12 plastic buttons

Weight x distance; 
e.g., 0.075 lb x 1500 
mi ÷ 2,000 lbs/ton

120 V x 5 Amp 
÷ 1000 W/kW x 
5 min/60 min/hr 

3. Calculate Impacts3. Calculate Impacts

Compile impact scoresCompile impact scores
Once the billOnce the bill--ofof--materials is complete,             materials is complete,             
materials and processes are multiplied         materials and processes are multiplied          
by the impact factors by the impact factors to give the overall          to give the overall          
impact score.impact score.
First, calculate the total impacts over the life        First, calculate the total impacts over the life        
of the product. Next, calculate the impacts           of the product. Next, calculate the impacts           
in the functional unit.in the functional unit.
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3. Calculate Button Impacts3. Calculate Button Impacts

Input Amount x Factor = Impact
millipoints

Polycarbonate 0.050 lb. 180 /lb. 9.00
Paper 0.025 lb. 27 /lb. 0.68

total weight 0.075 lb.
Injection Molding 0.050 lb. 11 /lb. 0.55
Electricity: Sewing 0.050 kW-Hr 20 /kW-Hr 1.00
Transport: Truck 0.056 ton-mi. 9.7 /ton-mi. 0.55
Landfill:
  PC 0.050 lb. 1.6 /lb. 0.08
  Paper 0.025 lb. 5.3 /lb. 0.13

Total Impacts/Life 11.99

millipoints/unit

3. Button impacts in the functional 3. Button impacts in the functional 
unitunit

We calculate the impacts in the functional unit, which is impactWe calculate the impacts in the functional unit, which is impacts per s per 
100 hours that the jacket is worn. To do this we multiply by 100100 hours that the jacket is worn. To do this we multiply by 100
hours and divide by the number of hours the jacket is worn.  hours and divide by the number of hours the jacket is worn.  

We round final impact values to 2 We round final impact values to 2 
significant figuressignificant figures because this more because this more 
realistically represents level of precision of realistically represents level of precision of 
the assessment process.       the assessment process.       

Examples: 11.99 rounds to 12 and 0.0255 Examples: 11.99 rounds to 12 and 0.0255 
rounds to 0.026rounds to 0.026

Button impacts x  Button impacts x  Functional timeFunctional time = = 11.9911.99 x  x  100 hr 100 hr = 1.33  = 1.33  
Lifetime Lifetime 900 hr900 hr

=  =  1.33 1.33 millipointsmillipoints
100 hours worn100 hours worn

Comparison: Zippered JacketComparison: Zippered Jacket
Step 1: Lifetime, functional unit, system Step 1: Lifetime, functional unit, system 
boundaryboundary

Functional Unit: 190 hr/yr x 4 yrs = 760 Functional Unit: 190 hr/yr x 4 yrs = 760 
hrshrs
Functional unit: impacts/100 hrs wornFunctional unit: impacts/100 hrs worn
System boundary: excludes jacket, thread, System boundary: excludes jacket, thread, 
washingwashing

Step 2: Bill of materialsStep 2: Bill of materials
Materials: Materials: 

zinc (0.025 lb), copper (0.043 lb), cotton zinc (0.025 lb), copper (0.043 lb), cotton 
tape (0.044 lb), package paper (0.039 lb)tape (0.044 lb), package paper (0.039 lb)

Manufacturing: metal machining (0.068 lb)Manufacturing: metal machining (0.068 lb)
Electricity: sewing (120 V x 5 A Electricity: sewing (120 V x 5 A ÷÷ 1000 1000 
W/kW x 0.05 hr = 0.03 kWW/kW x 0.05 hr = 0.03 kW--hr)hr)
Transport: truck (0.151 lb x 1500 mi Transport: truck (0.151 lb x 1500 mi ÷÷
2,000 lb/ton = 0.113 ton2,000 lb/ton = 0.113 ton--mi)mi)
Disposal: landfill Disposal: landfill 
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Step 3. Calculate Zipper ImpactsStep 3. Calculate Zipper Impacts

Input Amount x Factor = Impact
millipoints

zinc 0.025 lb. 81 /lb. 2.03
copper 0.043 lb. 160 /lb. 6.88
cotton 0.044 lb. 140 /lb. 6.16
paper 0.039 lb. 27 /lb. 1.05

total weight 0.151 lb.
Metal machining 0.068 lb. 1.2 /lb. 0.08
Electricity: Sewing 0.030 kW-Hr 20 /kW-Hr 0.60
Transport: Truck 0.113 ton-mi. 9.7 /ton-mi. 1.10
Landfill:
  zinc 0.025 lb. 0.25 /lb. (est.) 0.01
  copper 0.043 lb. 0.25 /lb. (est.) 0.01
  cotton 0.044 lb. 0 /lb. (est.) 0.00
  paper 0.039 lb. 5.3 /lb. 0.21

Total Impacts/Life 18.13
functional unit time 100 hrs lifetime (hrs) 760 2.39

millipoints/unit

Comparative AnalysisComparative Analysis
Comparison of the Comparison of the 
impact of buttons impact of buttons 
compared to a zipper. compared to a zipper. 
Buttons have lower Buttons have lower 
impacts per 100 hours impacts per 100 hours 
of garment wearing. of garment wearing. 
Polycarbonate is the Polycarbonate is the 
highest impacting part highest impacting part 
of the buttons. The of the buttons. The 
cotton tape on the cotton tape on the 
zipper creates larger zipper creates larger 
impacts than the impacts than the 
polycarbonate. polycarbonate. 0.00

0.50

1.00

1.50

2.00

2.50

3.00

Buttons Zipper
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Landfill Paper
Landfill copper
Landfill zinc
Truck
Electr
Machine
paper
cotton
copper
zinc
Landfill Paper
Landfill PC
Truck
Electr
Inj Mold
Paper
PC

Further analysisFurther analysis
Can further break down Can further break down 
the information to see the information to see 
what contributes to the what contributes to the 
eco impacts for each eco impacts for each 
componentcomponent

Water eutrophicationWater eutrophication
Photochemical smogPhotochemical smog
Ozone depletionOzone depletion
Human toxicity/cancerHuman toxicity/cancer
Human respiratory toxicityHuman respiratory toxicity
Habitat alterationHabitat alteration
Global warmingGlobal warming
Fossil fuel depletionFossil fuel depletion
EcotoxicityEcotoxicity
AcidificationAcidification

Sources of Impacts: Polycarbonate

GlobalWar
m

11%

Fossil Fuel
4%

Ecotox
60%

Respir
15%Smog

5%

Water Eutr
4%Acid

1%
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Example SummaryExample Summary
This example evaluated the This example evaluated the 
environmental performance of a button environmental performance of a button 
and zipper; and zipper; 
It was not a conclusive evaluation of their It was not a conclusive evaluation of their 
respective design qualities. respective design qualities. 

Zippers keep out cold better, they are Zippers keep out cold better, they are 
stronger, but they break more often. stronger, but they break more often. 
Buttons pop off but can be readily replaced, Buttons pop off but can be readily replaced, 
while a broken zipper is difficult to replace.while a broken zipper is difficult to replace.

Conclusion:Conclusion:
A singleA single--figure LCA is a powerful tools for figure LCA is a powerful tools for 
modeling the modeling the environmental performanceenvironmental performance
of a product or system, but it does not provide of a product or system, but it does not provide 
all of the necessary designall of the necessary design--related information related information 
that a designer usually needs to keep in mind.  that a designer usually needs to keep in mind.  

Comparing ImpactsComparing Impacts
Reference Product: RadioReference Product: Radio

A hypothetical radio is our A hypothetical radio is our 
reference product. Its housing reference product. Its housing 
is made from hi impact is made from hi impact 
polystyrene (HIPS), the radio polystyrene (HIPS), the radio 
is  manufactured in East Asia is  manufactured in East Asia 
and transported to North and transported to North 
America by airplane (~4000 America by airplane (~4000 
miles)miles)
For the sake of simplicity in For the sake of simplicity in 
demonstrating how to use demonstrating how to use 
ecodesign strategies with   the ecodesign strategies with   the 
impact factors, some impact factors, some 
components (electronics, components (electronics, 
cable, switches, paper box) cable, switches, paper box) 
are excluded from this are excluded from this 
example.example.
Life = 1,000 hours, power = 6 Life = 1,000 hours, power = 6 
wattswatts

Reference RadioReference Radio

Input Amount x Factor = Impact
millipoints

HIPS 2.0 lb. 40 /lb. 80
Injection Molding 2.0 lb. 11 /lb. 22
Power 6 kW-Hr 20 /kW-Hr 120.0
Transport 4.0 ton-mi 25 /ton-mi 100.0
Landfill:
  HIPS 2.0 lb. 2 /lb. 4.0

Total Impacts/Life 326.0
per 1000 hr lifetime

millpoints/unit
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Reference RadioReference Radio
Input Amount x Factor = Impact

millipoints

HIPS 2.0 lb. 40 /lb. 80
Injection Molding 2.0 lb. 11 /lb. 22
Power 6 kW-Hr 20 /kW-Hr 120.0
Transport 4.0 ton-mi 25 /ton-mi 100.0
 Landfill HIPS 2.0 lb. 2 /lb. 4.0

Total Impacts/Life 326.0
per 1000 hr lifetime

millipoints/unit

0

50

100

150

200

250

300

350

μ
pt

s

Reference Radio

 Landfill HIPS
Transport
Power
Injection Molding
HIPS

Alternative A: Recycled MaterialsAlternative A: Recycled Materials
By replacing the primary polystyrene (PS) with secondary PS, we By replacing the primary polystyrene (PS) with secondary PS, we 
reduce the overall impact from 326 to 306, a 6% reduction. reduce the overall impact from 326 to 306, a 6% reduction. 

Recycled PS Factor = 30 vs. 40 for raw PSRecycled PS Factor = 30 vs. 40 for raw PS

Input Amount x Factor = Impact Amount x Factor = Impact
millipoints millipoints

HIPS 2.0 lb. 40 /lb. 80 2.0 lb. 30 /lb. 60
Injection Molding 2.0 lb. 11 /lb. 22 2.0 lb. 11 /lb. 22
Power 6 kW-Hr 20 /kW-Hr 120.0 6 kW-Hr 20 /kW-Hr 120.0
Transport 4.0 ton-mi 25 /ton-mi 100.0 4.0 ton-mi 25 /ton-mi 100.0
 Landfill HIPS 2.0 lb. 2 /lb. 4.0 2.0 lb. 2 /lb. 4.0

Total Impacts/Life 326.0 Total Impacts/Life 306.0
per 1Khr life per 1Khr life

6% Reduction
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Reference Radio Recycled PS
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Alternative B: Energy EfficiencyAlternative B: Energy Efficiency
By improving the energy efficiency of the electronics in the radBy improving the energy efficiency of the electronics in the radio, io, 
reduce the electrical energy use from 6 kWreduce the electrical energy use from 6 kW--hr to 2 kWhr to 2 kW--hr, and we hr, and we 
reduce  the overall impact from 326 to 271, a 17% reduction.reduce  the overall impact from 326 to 271, a 17% reduction.

Input Amount x Factor = Impact Amount x Factor = Impact
millipoints millipoints

HIPS 2.0 lb. 40 /lb. 80 2.0 lb. 40 /lb. 80
Injection Molding 2.0 lb. 11 /lb. 22 2.0 lb. 11 /lb. 22
Power 6 kW-Hr 20 /kW-Hr 120.0 2 kW-Hr 20 /kW-Hr 40.0
Transport 4.0 ton-mi 25 /ton-mi 100.0 5.0 ton-mi 25 /ton-mi 125.0
 Landfill HIPS 2.0 lb. 2 /lb. 4.0 2.0 lb. 2 /lb. 4.0

Total Impacts/Life 326.0 Total Impacts/Life 271.0
per 1Khr life per 1Khr life

17% Reduction

millipoints/unit

Reference Radio Recycled PS

millipoints/unit
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Alternative C: Efficient TransportAlternative C: Efficient Transport
Changing the mode  of transport from 747 jet to container ship, Changing the mode  of transport from 747 jet to container ship, we reduce we reduce 
the impact from 326 to 228, a 23% reduction. the impact from 326 to 228, a 23% reduction. 

Cargo ship Factor = 0.56 tonCargo ship Factor = 0.56 ton--mimi--11 vs. 25 tonvs. 25 ton--mimi--11 for intercontinental air for intercontinental air 
transporttransport

Input Amount x Factor = Impact Amount x Factor = Impact
millipoints millipoints

HIPS 2.0 lb. 40 /lb. 80 2.0 lb. 40 /lb. 80
Injection Molding 2.0 lb. 11 /lb. 22 2.0 lb. 11 /lb. 22
Power 6 kW-Hr 20 /kW-Hr 120.0 6 kW-Hr 20 /kW-Hr 120.0
Transport 4.0 ton-mi 25 /ton-mi 100.0 4.0 ton-mi 0.56 /ton-mi 2.2
 Landfill HIPS 2.0 lb. 2 /lb. 4.0 2.0 lb. 2 /lb. 4.0

Total Impacts/Life 326.0 Total Impacts/Life 228.2
per 1Khr life per 1Khr life

30% Reduction

millipoints/unit
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Alternative D: Extend Product LifeAlternative D: Extend Product Life
By doubling the functional life of the product, the energy use pBy doubling the functional life of the product, the energy use per unit time er unit time 
stays constant, but the other factors decrease by 50%. Overall, stays constant, but the other factors decrease by 50%. Overall, we reduce we reduce 
impact per 1000 hours of use from 326 to 223, a 32% reduction. impact per 1000 hours of use from 326 to 223, a 32% reduction. 

Input Amount x Factor = Impact Amount x Factor = Impact
millipoints millipoints

HIPS 2.0 lb. 40 /lb. 80 2.0 lb. 40 /lb. 40
Injection Molding 2.0 lb. 11 /lb. 22 2.0 lb. 11 /lb. 11
Power 6 kW-Hr 20 /kW-Hr 120.0 6 kW-Hr 20 /kW-Hr 120.0
Transport 4.0 ton-mi 25 /ton-mi 100.0 4.0 ton-mi 25 /ton-mi 50.0
 Landfill HIPS 2.0 lb. 2 /lb. 4.0 2.0 lb. 2 /lb. 2.0

Total Impacts/Life 326.0 Total Impacts/Life 223.0
per 1Khr life over life

Increase life 100%

32% Reduction
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Alternative E: Design for Alternative E: Design for 
Disassembly & RecyclingDisassembly & Recycling

Allow half of the value of difference between the primary and thAllow half of the value of difference between the primary and the secondary e secondary 
materials to be subtracted if the product has been designed for materials to be subtracted if the product has been designed for fast fast 
disassembly and recycling, and no landfilling disassembly and recycling, and no landfilling Reduction of 20%Reduction of 20%

value of the recycled HIPS is 40value of the recycled HIPS is 40--(40(40--30)/2=35. Eliminate 4 landfill impact millipoints30)/2=35. Eliminate 4 landfill impact millipoints

Input Amount x Factor = Impact Amount x Factor = Impact
micropoints micropoints

Polystyrene (PS) 2.0 lb. 40 /lb. 80 2.0 lb. 40 /lb. 18
Injection Molding 2.0 lb. 11 /lb. 22 2.0 lb. 11 /lb. 22
Power 6 kW-Hr 20 /kW-Hr 120.0 6 kW-Hr 20 /kW-Hr 120.0
Transport 4.0 ton-mi 25 /ton-mi 100.0 4.0 ton-mi 25 /ton-mi 100.0
 Landfill PS 2.0 lb. 2 /lb. 4.0 0.0 lb. 2 /lb. 0.0

Total Impacts/Life 326.0 Total Impacts/Life 260.2
per 1Khr life per 1Khr life

20% Reduction
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Alternative F: CombinationsAlternative F: Combinations
Combining strategies A through E produces a significant reductioCombining strategies A through E produces a significant reductionn

Recycled plastic (overRecycled plastic (over--rules DfD), 100% lifetime, improved power efficiency, rules DfD), 100% lifetime, improved power efficiency, 
alternative transport, eliminated landfill from recyclingalternative transport, eliminated landfill from recycling
Almost a 75% reduction in impactAlmost a 75% reduction in impact

Input Amount x Factor = Impact Amount x Factor = Impact
millipoints millipoints

HIPS 2.0 lb. 40 /lb. 80 2.0 lb. 30 /lb. 30.0
Injection Molding 2.0 lb. 11 /lb. 22 2.0 lb. 11 /lb. 11.0
Power 6 kW-Hr 20 /kW-Hr 120.0 2 kW-Hr 20 /kW-Hr 40.0
Transport 4.0 ton-mi 25 /ton-mi 100.0 4.0 ton-mi 0.56 /ton-mi 1.12
 Landfill HIPS 2.0 lb. 2 /lb. 4.0 0.0 lb. 0 /lb. 0.0

Total Impacts/Life 326.0 Total Impacts/Life 82.1
per 1Khr life over life

Increase life 100%

75% Reduction
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Impacts and Life Cycle PhaseImpacts and Life Cycle Phase

PrePre--manufacturing (Phase 1): suppliersmanufacturing (Phase 1): suppliers
Manufacturing (Phase 2): operationsManufacturing (Phase 2): operations
Use Use ((PPhhaassee 33)): customers: customers
Comparison of productsComparison of products

SUV, Bank Account, Leather BootsSUV, Bank Account, Leather Boots

SUV Phase 2: 
Mfg
15%

Phase 1: 
Pre-mfg

15%

Phase 3: 
Use

70%

Bank
Account

Phase 2: 
Mfg
85%

Phase 1: 
Pre-mfg

10%

Phase 3: 
Use
5%

Leather
Boots

Phase 2: 
Mfg
20%

Phase 1: 
Pre-mfg

80%

Phase 3: 
Use
0%

From: Green to Gold, Esty & Winston

Environmental AccountingEnvironmental Accounting

Increasingly focus on addressing the costs of Increasingly focus on addressing the costs of 
sustainabilitysustainability
Information / resources available from EPAInformation / resources available from EPA

http://www.epa.gov/opptintr/acctg/resources.htmhttp://www.epa.gov/opptintr/acctg/resources.htm
What is Environmental AccountingWhat is Environmental Accounting

National level: natural resources accounting National level: natural resources accounting 
(macroeconomic)(macroeconomic)
Firm/Organization: estimation and reporting of Firm/Organization: estimation and reporting of 
environmental liabilities and financially material costsenvironmental liabilities and financially material costs
Departmental: managerial accounting of Departmental: managerial accounting of 
environmental issues to support the overall operation environmental issues to support the overall operation 
of the firm/organizationof the firm/organization
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Environmental AccountingEnvironmental Accounting
What are environmental costs?What are environmental costs?

Conventional costsConventional costs
Capital equipment, materials, labor, supplies, utilities, real eCapital equipment, materials, labor, supplies, utilities, real estatestate

Potentially hidden costsPotentially hidden costs
Regulatory: notification, reporting, monitoring, training, insurRegulatory: notification, reporting, monitoring, training, insurance, ance, 
taxes/fees, etc.taxes/fees, etc.
Upfront costs: site assessments, supplier qualifications, procurUpfront costs: site assessments, supplier qualifications, procurement ement 
inspection, R&D, etc.inspection, R&D, etc.
BackBack--end costs: closure, disposal, postend costs: closure, disposal, post--closure careclosure care
Voluntary: community relations, audits, feasibility studies, etcVoluntary: community relations, audits, feasibility studies, etc..

Contingent costsContingent costs
Future compliance, penalties, fines, property damage, personal iFuture compliance, penalties, fines, property damage, personal injury njury 
damage, legal expenses, natural resource damage, etc.damage, legal expenses, natural resource damage, etc.

Image costs:Image costs:
Relations with: customers, employees, suppliers, investors, lendRelations with: customers, employees, suppliers, investors, lenders, ers, 
regulators, etc.regulators, etc.

Societal costsSocietal costs
Environmental degradation; impacts on people, property, and theiEnvironmental degradation; impacts on people, property, and their welfarer welfare

D
ifficulty to quantify

D
ifficulty to quantify

Economic ConsiderationsEconomic Considerations

Reduced costs: Conventional Reduced costs: Conventional 
CostsCosts

Raw materials costsRaw materials costs
Example: reduction in solvent usage Example: reduction in solvent usage 
for semiconductor processingfor semiconductor processing

Photoresist cost of $250/galPhotoresist cost of $250/gal
Coating equipment puts out 7cc per Coating equipment puts out 7cc per 
waferwafer
Actual thickness needed is only Actual thickness needed is only 
0.032cc/wafer0.032cc/wafer

99.5% INEFFICIENT!99.5% INEFFICIENT!
Simple modifications reduced use to 3 Simple modifications reduced use to 3 
cc/wafercc/wafer
Monthly reduction from 3,431 gal to Monthly reduction from 3,431 gal to 
1,838 gal1,838 gal

19,116 gal/yr = $4.8M!19,116 gal/yr = $4.8M!

Economic ConsiderationsEconomic Considerations
Societal/Global CostsSocietal/Global Costs

Estimated marginal cost of carbon emissions = Estimated marginal cost of carbon emissions = ££70/t70/t--
C ~ $140/tC ~ $140/t--CC
UK FTSE 100 generates 1,126 t of CO2/UK FTSE 100 generates 1,126 t of CO2/££1M sales1M sales

1 t CO2 = 0.273 t C1 t CO2 = 0.273 t C
307 t C/307 t C/££1M sales = 153 t C/$1M sales1M sales = 153 t C/$1M sales
$21,500 marginal cost/$1M sales$21,500 marginal cost/$1M sales
If accounted for would reduce margins by 2.1%If accounted for would reduce margins by 2.1%

Example: BPExample: BP
2005 Revenue = $267B, Net income = $22B; P/E = 9.63; 2005 Revenue = $267B, Net income = $22B; P/E = 9.63; 
Market Cap = $205BMarket Cap = $205B
Operations Operations 78Mt CO2 = 21.3 Mt78Mt CO2 = 21.3 Mt--C x $140/tC x $140/t--C = $3BC = $3B

1% of Revenue; 13.6% of Profit1% of Revenue; 13.6% of Profit
Possible market cap impact = $3B x 9.63 = $29B!Possible market cap impact = $3B x 9.63 = $29B!

FTSE data from Henderson Global Investors, The Carbon 100, 2005
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SarbanesSarbanes--Oxley (SOx) 2002Oxley (SOx) 2002

SarbanesSarbanes--Oxley Act of 2002Oxley Act of 2002
Transparency of informationTransparency of information

Outcome of Enron, MCI, and other corporate debaclesOutcome of Enron, MCI, and other corporate debacles
Improved financial liability disclosuresImproved financial liability disclosures
§§401(a)(j): shall disclose all material off401(a)(j): shall disclose all material off--balance balance 
sheet transactions, arrangements, obligationssheet transactions, arrangements, obligations……that that 
may have a material current or future effect on may have a material current or future effect on 
financial condition.financial condition.

““MaterialMaterial”” issues in this broad provision, and related issues in this broad provision, and related 
§§409 include environmental liabilities.409 include environmental liabilities.

Definitely includes environmental clean up liabilities, but Definitely includes environmental clean up liabilities, but 
what about potential liabilities for climate change?what about potential liabilities for climate change?

Environmental transparencyEnvironmental transparency
Toxics Release Inventory (TRI), begun in 1988Toxics Release Inventory (TRI), begun in 1988

Coves 650 chemicals and chemical categoriesCoves 650 chemicals and chemical categories

Effects of TransparencyEffects of Transparency
US TRI Emissons v. US GDP
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1988 $/lb 1988 $/lb 
emitted: emitted: 
$2,243$2,243
2004 $/lb 2004 $/lb 
emitted: emitted: 
$8,302$8,302
270% more 270% more 
efficientefficient

Check out: www.scorecard.org

MetricsMetrics

““What gets measured, gets What gets measured, gets 
donedone””

W. Edwards Demming W. Edwards Demming 

What gets measured, and What gets measured, and 
rewarded, gets donerewarded, gets done

Use of Use of ““ScorecardsScorecards”” and and 
““DashboardsDashboards””
Determination of Key Metrics Determination of Key Metrics 
and setting Metric Targetsand setting Metric Targets
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MetricsMetrics
EnergyEnergy

Energy usedEnergy used
Renewable energy Renewable energy 
used/boughtused/bought

WaterWater
Water usedWater used
Water pollutionWater pollution

AirAir
GHG emissions: GHG emissions: 
Releases to air by type of Releases to air by type of 
chemical (e.g., NOx)chemical (e.g., NOx)

WasteWaste
Hazardous wasteHazardous waste
Solid wasteSolid waste
Recycled wasteRecycled waste

ComplianceCompliance
NOVs (notices of violations)NOVs (notices of violations)
Fines or penalties paidFines or penalties paid

Track both relative & Track both relative & 
absolute metricsabsolute metrics

Per unit of production Per unit of production 
for normalization and for normalization and 
measure of efficiency, measure of efficiency, 
but still need to know but still need to know 
the TOTALthe TOTAL

Capture data at Capture data at 
multiple levels within multiple levels within 
the organizationthe organization

Identify divisions, Identify divisions, 
departments or departments or 
processes that need processes that need 
the most attentionthe most attention

Collect information for Collect information for 
the whole value chainthe whole value chain

SuppliersSuppliers
Users/CustomersUsers/Customers

Example: Example: 
Q1 Q2 Q3 Q4 Trend Q1 Q2 Q3 Q4 Trend
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C C
D D
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D D
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C C
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A ELEMENT Wtg
B+ 5.1 Work Environment 30%     
B 5.2 ISHEM 50%     
B- 5.3 Waste Mgmt + PP 20%     
C 2.1
D TOTAL 100%
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Provide a Work Environment that Protects Workers and the Environment

Provide Efficient and Effective Implementation of ISEMS

Provide Efficient & Effective Waste Mgmt, Minimization, and Pol. Prevention

0

93%

0    

1    

  

89%    1    

0

0.95 100%    

0

0

5.3.7 Develop scrap metal inventory 
and submitted to DOE/SSO by the 
end of the 3rd quarter of FY07.

5.3.6 Report to DOE/SSO on 
percentage completion of EMS 
Awareness Training.

5.2.1 Completed mandatory and 
supervisor-required ES&H training 
requirements, per the SLAC 
Training Database Metrics 
Reporting System

5.2.2 Corrective actions resulting from 
ISM reviews, validations and 
assessments are completed in a 
timely manner or have DOE 
approval for plan to complete 
during FY07

 

0  

5.2.3 Documented incidents of 
unauthorized work during FY07

Based on FY06 baseline, SLAC 
evaluates waste reduction 
opportunities for low-level waste 
generation from routine operations 
and provides recommendations to 
DOE

5.3.2.1

0

Reduction in generation of 
hazardous waste from routine 
operations by the end of FY07 
relative to the 1993 baseline

5.3.3 Complete assessment of the 
implementation & performance of 
CMS project.  Assess chemical 
inventory redcution and costs and 
implementation of improvements 
in ES&H data management. By 
9/30.

  

5.1.7

Timely corrective action follow-up 
and closure for safety ES&H items

5.3.1

5.2.4 Significant concerns or findings 
related to staff and line 
management understanding of 
ISMS and the ISO 14001 
elements of EMS

5.2.5 Quarterly report on trending is 
provided as related to safety 
occurrences

5.2.6

Recycling of Non-Hazardous 
Waste

5.1.4

5.1.5

5.1.6

5.1.1.1

5.1.1.2

5.1.2

0.57

Type A or B accidents

Reportable occurrences of 
releases to the environment

5.1.3

46%   

5.3.2.2 SLAC develops a radioactive 
waste generator training course 
which emphasizes reduction, 
reuse, and recycling: content, 
format, and plan by May 1; pilot 
by Aug. 1; final plan by Sep. 1

5.3.2.3

Instances of uncontrolled spread 
of radioactive contamination per 
DOE M 232.1-1A

Overdue corrective action issues 
and non-compliances are reported 
timely per DOE reporting criteria

IH self-assessment program 
review conducted by 3rd quarter 
of FY07

5.3.4 Reviews and updates the 
objectives and measurable targets 
for pollution prevention and 
environmental stewardship in the 
site EMS

Comprehensive self-assessment 
program review of lessons learned 
program conducted and results 
submitted to DOE/SSO

5.3.5 Completes PPOAs to include at 
least 1 PPOA in each of the five 
(5) pollution prevention and 
sustainable stewardship goals 
identified in Attachment 3 of DOE 
Order 450.1, Chg. 2
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ESH & Shareholder ValueESH & Shareholder Value
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Market Performance v. Market Performance v. 
Environmental PerformanceEnvironmental Performance

Over 200 mutual funds dedicated to socially or environmentally rOver 200 mutual funds dedicated to socially or environmentally responsible esponsible 
investinginvesting
Socially screened portfolios have $2T in assets Socially screened portfolios have $2T in assets 

Only about 10% of totalOnly about 10% of total
Dow Jones Sustainability IndexDow Jones Sustainability Index
FTSE4GoodFTSE4Good
Calvert FundCalvert Fund

Corporations Getting the Point?Corporations Getting the Point?
February 01, 2007: collaboration between 10 major February 01, 2007: collaboration between 10 major 
US companies and 4 environmental NGOs called on US companies and 4 environmental NGOs called on 
US Govt to quickly enact strong legislation to US Govt to quickly enact strong legislation to 
reduce greenhouse emissions.reduce greenhouse emissions.

Congress to quickly enact legislation (no later than Congress to quickly enact legislation (no later than 
20082008
Stabilize CO2 at 450Stabilize CO2 at 450--550 ppm550 ppm

100100--105% of 2006 emissions in Yrs 1105% of 2006 emissions in Yrs 1--55
9090--100% of 2006 emissions in Yrs 6100% of 2006 emissions in Yrs 6--1010
7070--90% of 2006 emissions in Yrs 1190% of 2006 emissions in Yrs 11--1515
6060--80% reduction by 205080% reduction by 2050

Cost effective approachesCost effective approaches
Cap and TradeCap and Trade
Encourage early actionEncourage early action

Executive PocketsExecutive Pockets
GE: EHS Framework/PowerSuiteGE: EHS Framework/PowerSuite

““Session ESession E”” –– business unit leaders in everybusiness unit leaders in every
operation must present their EHS performance operation must present their EHS performance 
annuallyannually
Failure to meet goals: public embarrassment Failure to meet goals: public embarrassment 
and possible career limiting impactsand possible career limiting impacts

Northeast UtilitiesNortheast Utilities
20% of evaluation and bonus calculation based on 20% of evaluation and bonus calculation based on 
environmental resultsenvironmental results

ShellShell
GHG emissions, spills, injuries, diversity account for up to 25%GHG emissions, spills, injuries, diversity account for up to 25%
of executive bonusesof executive bonuses

SC JohnsonSC Johnson
Bonus calculation includes product line Bonus calculation includes product line ““GreenlistGreenlist”” scores scores 
(toxicity & environmental impact)(toxicity & environmental impact)

ChiquitaChiquita
Bonuses for farm managers tied to compliance with Rainforest Bonuses for farm managers tied to compliance with Rainforest 
AllianceAlliance’’s banana certifications banana certification
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The significant problems we face cannot be solved at The significant problems we face cannot be solved at 
the same level of thinking we were at the same level of thinking we were at 
when we created them.when we created them.
-- Albert EinsteinAlbert Einstein

““Failure is not an optionFailure is not an option…”…”
-- Gene Kranz, NASA Flight DirectorGene Kranz, NASA Flight Director
when addressing NASA engineers to come when addressing NASA engineers to come 
up a solution to filter C0up a solution to filter C022 from the air of from the air of 
the crippled Apollo 13 spacecraft to save the crippled Apollo 13 spacecraft to save 
the crew.the crew.


