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Appendix A - Reference Materials

Sustainability & Sustainable Business

Berkshire Encyclopedia of Sustainability, Vol. 1-10, Berkshire Publishing Group (2009-2011)
 
www.EnvironmentalLeader.com
www.GreenBiz.com
www.SustainableLifeMedia.com
 

Sustainable Living

www.TreeHugger.com
www.inhabitat.com
www.grist.org
 

The Hannover Principles

Sections of this guide detail specific environmentally responsible design strategies. The “Hannover
Principles” are a good place to start.[1] They are, in summary:
 

1. Insist on rights of humanity and nature to co-exist.

2. Recognize interdependence between the elements of human design and the natural world.

3. Respect relationships between the human values and matter.

4. Accept responsibility for the consequences of design decisions.

5. Create safe objects of long-term value.

6. Eliminate the concept of waste.

7. Rely on natural energy flows.
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8. Understand the limitations of design.

9. Seek constant improvement by the sharing of knowledge.

 
For more information, see http://www.mcdonough.com/principles.pdf.

[1] Developed in 1992 by William McDonough and Michael Braungart for the Expo 2000 World’s Fair,
Hannover, Germany.
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Chapter 1: Introduction and Terminology

The idea of “Sustainable Design” is cropping up more and more in
today’s product design conversations. But what is sustainable design,
and how do I do it? We hope to answer this question throughout
this Guide.

Why should you read this guide?

How should you use this guide?
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Chapter 2: Sustainability and Sustainable Business

This section describes what is meant by “sustainability” and what
you need to know about this concept. It starts out broadly, outlining
why sustainability is important to the world, then what it means in
the context of business, and finally why it is important in your role
as a designer, engineer, product specialist, or other type of product
design professional.

Definitions of sustainability

Scope of sustainability

Sustainable Company

The Many Faces of Sustainable Design
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Chapter 3: Making Theory Matter - Initial Analysis Decisions

Your influence is critical

A sustainable design challenge

Environmental Impact Assessment Tools & Techniques

Choice 1: Environmental Indicators

Choice 2: Scope

Choice 3: Metrics 

 <<< Previous: The Many Faces of Sustainable Design >>> Next: Your influence is critical 
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Chapter 4: Putting It All Together

While each of the three environmental assessment choices can be
made independently to generate an impact assessment, there are
several commonly used approaches. These techniques range from
relatively quick, cheap, and low accuracy to much more expensive
and time-consuming, but with more rigorous and robust results.

Most sustainability assessments, until relatively recently, were
qualitative. Data-driven environmental impact measurements have
traditionally been too slow or expensive to acquire. Even today,
many organizations find that qualitative assessments are good
enough for their purposes. Methods vary from “back of the envelope” to more rigorous, as represented
by the following techniques.

 

 

 

 

Engineering Intuition 

Product Scorecards

Conceptual Live Cycle Thinking 

Qualitative LCA

Life Cycle Based Design Assessment 

Life Cycle Assessment
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Chapter 5: So What? (Interpreting the Results)

The previous sections have laid out the context of sustainability and
described how to know it when you see it. However, all of that
information is irrelevant if it doesn’t enable action—the point of
assessing and reporting environmental impacts is to give you
information on how design choices affect the relative sustainability of
one product compared with other options. This section and the ones
that follow show how to put all of that information into action.
 
The first step is to determine what the results of the environmental
impact assessments mean. No matter which tools or techniques you used, you should have some impact
information about your product. As was noted earlier, sustainable design is a relative concept, so you
should also have impact information against which to compare it. Common comparisons include:
 

Standards: These may be certain thresholds or impact profiles that have been accepted as
industry, or maybe even just company, standards.

Previous Designs: The goal may be to make each generation of a product more sustainable
than the previous one.

Competitive Products: Whether for market positioning or internal purposes, it is sometimes
helpful to compare to other companies’ solutions.

Alternative Designs: One of the most common is to compare variations on a given design to
each other to narrow down development to the best, most sustainable design options.

 
The comparison set should have been identified early in the process so that relevant impact information
about the alternative designs could be gathered as a part of the overall process.
 
As you conduct the comparisons, it’s important to know what differences are meaningful. The
significance of any differences identified will depend on the products and the measurement approach
used. For even the more data-driven techniques used, not all incremental improvements are worth
investigating. As a simple rule of thumb:
 

A +/- 10% difference on one or several environmental indicators gives an indication that the
changes between the options can be considered “directionally” correct. Chances are, you’re
moving on the right path.

For a relatively simple product—like Priscilla’s cup—a difference of +/- 30% on the indicator(s)
is generally a meaningfully greener product.

For a more complex product, the decrease in impact that you should look to see to identify a
greener product are higher, perhaps +/- 40-50%, because the chances of overlooking process
steps or incorrectly modeling some assumptions increase with the complexity of the product.

 
These may seem like large percentages, but they can serve as a helpful reminder not to get caught up
in trying to tweak less relevant aspects of a product and instead to focus on the major contributors to
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its impacts. This is particularly true given the need for the designer to simultaneously balance the
environmental impacts of a product with its cost, durability, and other design criteria, along with how it
fits in with the overall product strategy.

“Wow, that’s not as accurate as I thought given all of the calculations behind our LCA data,” said Tom
reflectively.

“Actually, I think it’s pretty accurate,” responded Priscilla. “Keep in mind that measuring a single
product’s impact on a global environmental metric like climate change is like trying to predict the
weather in Boston a thousand years from today.” 

Once you have a sense for which impact areas are worth looking at, whether because of the significance
of their differences from alternatives or other reasons (e.g., a corporate focus on carbon footprint), it is
time to look for ways to reduce those impacts as effectively as possible. In many cases, there are
certain elements of the design or product life cycle that generate most of the impact. It’s often a classic
example of the 80/20 rule, with 20% of the design contributing 80% of the impact. For instance, in
decreasing the impact of an electric coffeemaker the temptation might be to remold the plastic housing,
since plastic is generally considered a less-than-sustainable material. However, simply shortening the
electric cord decreases its overall impact many times what is saved by replacing the handle; and
decreasing its energy usage may even dwarf that impact. 

“Alright, enough preparation, Tom! I think we know enough now to responsibly dig into our products.
Can I go first?” 

 

 <<< Previous: Life Cycle Assessment >>> Next: Chapter 6: A Redesigned Cup, A
Reconsidered Toy 
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Chapter 6: A Redesigned Cup, A Reconsidered Toy

Priscilla's Challenge: Redesigning a plastic cup (SustainabilityXpress
& Sustainability)

Tom's Turn: Reconsidering a children's toy (Sustainability only)

Eco-Shape Bottle: We decided to model a representation of the
"Eco-Shape Bottle", Poland Springs' redesign of their 1L water
bottle, to explore the impacts of the new design compared to the old
one. (coming soon)

 

 

 

 <<< Previous: Chapter 5: So What? (Interperting the
Results)

>>> Next: Priscilla's Challenge 
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Chapter 7: The Sustainable Design Strategies

Looking at impacts in the context of lifecycle stages is a good way to
measure them, but not as helpful when actually designing or
redesigning; after all, sustainable design strategies often affect more
than one stage.

Let’s look at a few of the strategies that Tom and Priscilla employed.

Level 1: Product Design - Parametric Optimization

Level 2: Product Development - Fundamentally Altering the Product

Level 3: Product Innovation - Changing the System

 

 

 <<< Previous: Tom's Turn >>> Next: Level 1: Product Design - Parametric
Optimization 
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Chapter 8: Communicating the Results

Product development is a process that touches many parts of an
organization and its various partners and customers. Sustainable
design can generate innovative and attractive solutions, but they
may never see the light of day unless the features and benefits can
be communicated effectively.
 
This section outlines some ways to communicate the value of
sustainable solutions to several of the major stakeholders involved
with most products.

To designers and engineers unfamiliar with sustainable design

To general management

To other parts of the supply chain

To sales & marketing

 

 <<< Previous: Level 3: Product Innovation - Changing
the System

>>> Next: To designers and engineers unfamiliar with
sustainable design 
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Chapter 9: Next Steps

Now what? Given all of the information in this guide, it might be
hard to figure out exactly what to do, or do differently, on the
proverbial Monday morning. Developing your skill in sustainable
design will take some time, but there are plenty of ways to put
these tools and techniques into practice immediately.
 
If your company or industry has any sort of sustainability scorecard,
use it to assess your current design or an existing company product
or component. If there isn’t a specific scorecard that applies to your
context, one like the 3M example given earlier or the LiDS Wheel can work. More important than getting
it “right” at this point is determining what is difficult to score and what is more straightforward. Did you
have enough information? If so, where did it come from and is it reliable? If not, how would you find it?
Once you have done this for one product, do it for another one or for a design idea to get comfortable
using these methods to compare options. If you are at a loss for examples use some general ones, such
as glass bottles versus plastic ones, or paper bags versus plastic ones. A little research should turn up
enough information about those products to get you started.
 
An easy place to start with data-based life cycle analysis is with the downloadable SolidWorks models, if
you’re a SolidWorks customer and user. If you have SolidWorks, you can use SustainabilityXpress for
SolidWorks parts, since it’s a standard component of the software.[1] There’s value in learning to use
the software, but more importantly, you can start to see the impacts that your various design decisions
have on the environment. This is a good way to test your intuition as well. Are there environmental
impacts from some materials that surprised you? Is there are greater or smaller difference between
options than you would have thought? Most sustainable design entails narrowing down options and
making trade-offs, so the more you have a basic feel for some of the impacts the easier it will be to find
those changes that are meaningful and significant.
 
Once you have developed some familiarity with the concepts, frameworks, and design and decision
support tools, it is important to incorporate them as often as possible, even when others aren’t. There is
nothing wrong with having greater insight into your products than is expected. Hopefully, however, you
will be able to discuss the impacts and implications with your fellow designers as well as others in your
organization and its partners.
 
For those who want to be acknowledged as proficient with SolidWorks Sustainability, there is a two-level
certification program under development. You may be familiar with the traditional Certified SolidWorks
Associate (CSWA) and Professional (CSWP) certifications; SolidWorks is developing analogous
certifications for sustainable design, the Certified Sustainable Design Associate (CSDA) and Certified
Sustainable Design Professional (CSDP). Stay tuned for more information—and if you’ve managed to
read through to this section, rejoice in the fact that you’re armed with enough knowledge to pass the
CSDA!
 
If you are interested in becoming an LCA expert, there are numerous guides and courses that can
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develop the in-depth knowledge of the LCA process. Once you have gained hands-on experience, there
is an exam-based qualification program developed by The American Center for Life Cycle Assessment for
those interested in being designated as an LCA Certified Professional (LCACP). Note that the focus of
this sort of LCA expertise is on assessment, and not on product design and development processes.
 
Lastly, try to connect with other developers, designers, and engineers working to incorporate
sustainability principles into their work. There is a great deal of research about sustainable design
available and underway, with plenty of academics interested in exploring the topic. There are
professional networks and organizations around the world. There is a partial list at the end of this guide
to get you started, but more are arising all the time. Whether you have come to this guide because you
wanted to or because you had to, you will find that there are plenty of people who can guide you and
resources that can help you succeed at sustainable design.

[1] SustainabilityXpress is included starting in SolidWorks 2010. Users of SolidWorks 2009 can download
it through the SolidWorks Labs website.
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The specific process of Life Cycle Assessment (LCA) has a
standardized set of steps and outputs in the form of environmental
impact measures. [1] It is defined as “an objective process to
evaluate the environmental burdens associated with a product,
process, or activity by identifying energy and materials used and
wastes released to the environment, and to evaluate and implement
opportunities to affect environmental improvements.” [2]

The standardized LCA process has four major steps:

1.      Goal and Scope Definition – What are we trying to learn?
2.      Life Cycle Inventory (LCI) – What’s embedded in the product?
3.      Life Cycle Impact Assessment (LCIA) – What effects does it have?
4.      Data Interpretation – What does it all mean?
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As with other assessments, it is important to clarify the purpose and extent of the LCA. A Goal & Scope
document will consider to the following questions.
 

1.   What are we trying to understand?
LCAs are designed to address such questions as:

· What activities in the product’s lifecycle contribute most to its overall environmental
impact?
· What are the environmental consequences of changing a step in its production?
· What are the environmental consequences of changing the materials in the product?
· What are the environmental consequences of using recycled rather than virgin material for
the product?
· What is the environmentally-preferable choice among products A, B or C?
· How does this product compare to its previous version?

 
LCAs usually do not address such things as social impacts or financial considerations so must be
used in conjunction with other decision support tools.

 
2.   What is the functional unit?
In order to compare two product systems, it is necessary to choose a measure of the function
of the systems that is consistent between the two. For instance, for a coffee maker it might be
cups brewed, for laundry detergent it could be washing cycles, for paint it could be surface
protection over time.
 
3.   What environmental impacts should we consider?
A great deal of attention has been given to greenhouse gas emissions, with some organizations
focusing mainly on their resulting carbon footprint, although this is just a subset of all of the
possible environmental impacts that can be assessed. It is up to the organization to decide what
factors are important to them.

 
4.   What are we comparing?
LCAs are only useful when used to compare options. A given product can be compared to
previous versions, competitive offers, alternative design options, industry benchmarks, target
impact levels, etc.
 
5.   What is our system boundary?
Product life cycles intersect a great many processes, some more directly linked to the product
itself than others. An assessment cannot cover everything so system boundaries clarify what it
will include. The following figure shows a possible system boundary chart for a styrofoam cup.
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Source: Design + Environment, Lewis & Gertsakis

 
Some of the standard product life cycle scopes include:

·      Cradle to grave – Usually denotes all phases from raw materials through disposal
·      Cradle to cradle – Like cradle to grave except that it tracks where the product’s
elements go after end of use, with special attention to recycling and reuse
·      Cradle to gate – Includes all phases up until it leaves production (the factory
gate), bound for the customer, since this is the end of most manufacturer’s ability to
directly influence impact
·      Gate to gate – A very narrow LCA, just focused on only one particular phase of
the production process

 
6.   What assumptions should we make?
Whether it’s product usage behavior, availability of raw materials, manufacturing capacity, or
any number of variables affecting a product’s actual life cycle, LCAs require assumptions. They
are unavoidable so the key is to identify and document them.
 
7.   What are the data requirements and level of detail?
Data on actual product life cycles is more accurate, but much more expensive, labor intensive,
and time consuming to collect than data from tables based on generalized information. The
right balance depends on how the results will be used, as well as on data source access.
 
8.   How do we allocate the burden of byproducts and other process complexities?
In many production processes, coupled or by-products occur, raising the question: To which
product should these impacts be allocated? Assigning all the impacts to one product leads to
“falsely benign” by-products. Methods for distributing multi-product impacts include allocating
them by mass, energy value, market value, exergy, or substance content.

 
The depth and intensity of the LCA can be decided based on the answers to these questions. A “full”
LCA would include actual environmental impact data gathered once the product has actually gone
through its entire life cycle. Such detailed LCAs can take months and thousands of dollars to do and
are, by definition, only possible to complete once the product is in use and has gone through all phases
of its life cycle. This increased accuracy may be worth it for benchmarking or reporting purposes.
 
It is also possible to do an “LCA light,” using generalized data tables and educated assumptions about
an item’s production and use. While not as accurate as LCAs reflecting actual impacts, they can be done
relatively quickly and with a high degree of confidence in the results with the data sets and software
tools available, even by people without in-depth LCA training. Perhaps most importantly, they can be
done during product development and planning stages, allowing environmental impact considerations to
play a part in design decisions.
 

Inventory Analysis
The next phase entails creating a list of all of the components of the products life cycle that fall within
the defined system boundary. It has three major steps:
 

·         Construct a process flowchart that shows the following:
o   Raw materials
o   Mfg processes
o   Transports
o   Uses
o   Waste management
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·         Collect data for:
o   Material inputs
o   Products and byproducts
o   Solid waste, air and water emissions

·         Calculate the amounts of each in relation to the functional unit
 
The resulting Life Cycle Inventory (LCI) provides a breakdown of all of the energy and materials
involved in a product’s system at a level of detail that provides a basis for evaluation.

Impact Assessment

Once a detailed LCI is created, environmental impacts can be ascribed to its parts, and if desired to the
whole system. There are four steps to the Life Cycle Impact Assessment (LCIA) process, the first two of
which are considered mandatory, while the last two are optional.[3]

1.      Classification
Classification involves assigning specific environmental impacts to each component of the LCI. It
is here where decisions made during the scope and goal phase about what environmental
impact categories are of interest come into play. The figure below shows one well-known set of
classifications, called midpoint categories, and how they map to domains of damage they
cause.[4]
 

 

 

 

 

 

Commonly Used Impact Catagories[5]
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Impact

Category

Scale Examples of LCI Data

(i.e. classification)

Common

Possible

Characterization

Factor

Description of

Characterization

Factor

Global

Warming

Global Carbon Dioxide (CO2)

Nitrogen Dioxide (NO2)

Methane (CH4)

Chlorofluorocarbons

(CFCs)

Hydrochlorofluorocarbons

(HCFCs) Methyl Bromide

(CH3Br)

Global Warming

Potential

Converts LCI data to

carbon dioxide (CO2)

equivalents Note:

global warming

potentials can be 50,

100, or 500 year

potentials.

Stratospheric

Ozone

Depletion

Global Chlorofluorocarbons

(CFCs)

Hydrochlorofluorocarbons

(HCFCs) Halons Methyl

Bromide (CH3Br)

Ozone Depleting

Potential

Converts LCI data to

trichlorofluoromethane

(CFC-11) equivalents.

Acidification Regional

Local

Sulfur Oxides (SOx)

Nitrogen Oxides (NOx)

Hydrochloric Acid (HCL)

Hydroflouric Acid (HF)

Ammonia (NH4)

Acidification

Potential

Converts LCI data to

hydrogen (H+) ion

equivalents.

Eutrophication Local Phosphate (PO4)

Nitrogen Oxide (NO)

Nitrogen Dioxide (NO2)

Nitrates Ammonia (NH4)

Eutrophication

Potential

Converts LCI data to

phosphate (PO4)

equivalents.

Photochemical

Smog

Local Non-methane

hydrocarbon (NMHC)

Photochemical

Oxident Creation

Potential

Converts LCI data to

ethane (C2H6)

equivalents.

Terrestrial

Toxicity

Local Toxic chemicals with a

reported lethal

concentration to rodents

LC50 Converts LC50 data to

equivalents; uses

multi- media

modeling, exposure

pathways.

Aquatic

Toxicity

Local Toxic chemicals with a

reported lethal

concentration to fish

LC50 Converts LC50 data to

equivalents; uses

multi- media

modeling, exposure

pathways.

Human Health Global

Regional

Local

Total releases to air,

water, and soil.

LC50 Converts LC50 data to

equivalents; uses

multi- media

modeling, exposure

pathways.

Resource

Depletion

Global

Regional

Local

Quantity of minerals used

Quantity of fossil fuels

used

Resource

Depletion

Potential

Converts LCI data to a

ratio of quantity of

resource used versus

quantity of resource

left in reserve.

Land Use Global

Regional

Local

Quantity disposed of in a

landfill or other land

modifications

Land Availability Converts mass of solid

waste into volume

using an estimated

density.

Water Use Regional Water used or consumed Water Shortage Converts LCI data to a
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Local Potential ratio of quantity of

water used versus

quantity of resource

left in reserve.

 
 

2.      Characterization
Once the impact categories have been identified, conversion factors – generally known as
characterization or equivalency factors – use formulas to convert the LCI results into directly comparable
impact indicators. This allows different types of plastics and metals to be compared as to their impacts
on Global Warming, for instance. The table above gives some commonly used characterization factors
for each impact category.
 
There are well over a dozen categorization and characterization methods.[6] Each maps materials to
impacts based on scientific research, with many materials having impacts in multiple categories.
Classification is usually facilitated by software that can take the component inputs and calculate
allocated impacts based on either actual data gathered or standardized data tables. While there are pros
and cons to each classification tool, some have been adopted more broadly than others.
 

3.      Normalization (optional)
Some practitioners choose to normalize the impact assessment by scaling the data by a reference
factor, such as the region’s per capita environmental burden. This helps to clarify the relative impact of
a substance in a given context. For instance, if global warming contributions are already high in the
context in which the product is being assessed, a reference factor would normalize whatever the
product’s global warming contributions are in order to clarify its relative impacts.
 

4.      Weighting (optional)
This process entails combining all of the indicators together, each with its own weighting, to create a
single “score” that reflects a certain prioritization of the importance of each type of impact. Weighting is
more of a political than scientific process since giving, say, global warming’s score more weight than
acidification’s is a values-based decision. Stakeholders may differ significantly on their views about the
importance of impacts, as shown in the chart below.[7] 
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Many practitioners choose to leave the impact scores broken out into categories, with no weighting at
all. Although this approach creates a more complicated report, it enables impact comparisons between
products on a more granular level.
 
Weighted “single score” LCAs have the advantage of generating one, easy-to-communicate impact
number, often expressed as “millipoints.” However, even within the community that supports this
approach there are two schools of thought. Some believe that there should be a standard weighting,
while others feel that companies should be free to weight impacts as they see fit. One of the advantages
of a standard weighting, as is used in the Okala approach among others, is that products can be
compared to each other more easily since the single impact scores are only meaningful if compared
among products with the same weighting. A second benefit is that companies can’t “game” the
assessment to make their products look better than they are by emphasizing the areas in which the
product does well and decreasing the effect of categories in which the product has problems.
 
The advantage of variable weighting approaches is that they can be customized to fit an organizations
goals and values. For instance, if an organization is making global warming a priority, it may want to
weight that category much more heavily as it is assessing the impacts of its products. As long as the
weighting remains constant within its own LCAs, the disproportionate weight it gives to this category is
fine. There are some sustainability accounting and reporting standards that focus almost exclusively on
greenhouse gas emissions, making it useful for organizations using them to put almost all of the weight
on that subset of impact factors.[8]
 
 
 

 
 

Interpretation

Although listed fourth, life cycle interpretation actually occurs throughout the whole LCA. It involves the
ongoing process of clarifying, quantifying, checking, and evaluating the information used by, and
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resulting from, the life cycle inventory (LCI) and impact assessment (LCIA) phases. The standard
covering LCAs, ISO 14044, gives two main objectives:

·         Analyze results, reach conclusions, explain limitations, and provide recommendations
based on the findings of the preceding phases of the LCA, and to report the results of the
life cycle interpretation in a transparent manner.
·         Provide a readily understandable, complete, and consistent presentation of the
results of an LCA study, in accordance with the goal and scope of the study.

 
To achieve these objectives, the ISO standard states that interpretation should cover at least three
major elements.

·         Identification of the significant issues based on the LCI and LCIA. Which life cycle
phases or components stand out as major contributors to overall impact? What are the
anomalies?
·         Evaluation which considers completeness, sensitivity, and consistency checks. Is all
the information needed for interpretation present in the LCI and LCIA? How reliable is the
information related to any identified significant issues? How much do changes in such
factors influence the overall results? Are all of the assumptions, data, characterization
factors, etc. that were used in the assessment consistent internally and with the overall
goal and scope of the LCA?
·         Conclusions, recommendations, and reporting. As discussed in later sections of this
guide, a great deal of an LCA’s value depends on how its results are communicated to
people involved in making relevant decisions, whether other designers, engineers,
management, marketers, or other parts of the supply chain.

 
It is very important to note that no matter how carefully assembled, analyzed, assessed, and measured,
LCAs are never the “real” answer. They require interpretation, which is turn requires transparency and
judgment. The data sources, assumptions, and all other relevant information needs to be transparent to
decision makers so that they can understand the full context of the results of the life cycle inventory
assessment. Deciding among design options is not as easy as just comparing LCIA numbers, whether
single- or multi-factor, weighted or not. LCIA results can be a source of insights, but do not stand alone
in guiding product development choices. Engineers will need to take them in the context of the other
attributes they are trying to optimize, including cost, manufacturability, performance, and so on. In
addition, there are myriad other factors guiding product development decisions not covered by LCAs,
including social impacts and acceptance, pricing, political agendas, and regulations.
 
 ---
 
[1] LCAs are part of the ISO 14000 (environmental management) standards, and are specifically
addressed by ISO 14040:2006 and 14044:2006.
[2] Society of Environmental Toxicology and Chemistry (SETAC), 1990
[3] As dictated by the ISO 14044 standard
[4] “IMPACT 2002+” LCIA methodology / Dr. Olivia Jolliet, Univ. of Michigan
http://www.sph.umich.edu/riskcenter/jolliet/impact2002+.htm 

[5] “Life Cycle Assessment: Principles and Practice,” Scientific Applications International Corporation,
EPA/600/R-06/060 (May 2006), pg. 49.
[6] For a good overview of many of the major methods, see Appendix B: LCA and LCI Software Tools in
“Life Cycle Assessment: Principles and Practice,” Scientific Applications International Corporation,
EPA/600/R-06/060 (May 2006),  pp. 74-77.
[7] Source: T.G. Gloria, B.C. Lippiatt, and J. Cooper, “Life Cycle Impact Assessment Weights to Support
Environmentally Preferable Purchasing in the United States,” Environmental Science and Technology,
November/December 2007.
[8] Carbon footprint standards such as PAS 2050 and the GHG Protocol fit this description.

http://www.sph.umich.edu/riskcenter/jolliet/impact2002+.htm
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Commonly used LCA Tools

A 2006 survey of 65 LCA practitioners[1] reported that:
58%* used GaBi (PE International)
31%* used SimaPro (PRé Consultants)
11%* used TEAM (Ecobilan)
Other tools cited:

·         BEES (NIST)
·         Umberto (ifu Hamburg)
·         ECO-IT (PRé Consultants)
·         Excel-based spreadsheets
·         Math package (e.g. MATLAB, Mathematica)

 
 

Impact Assessment Methodologies

Impact assessment methodologies are the systematic calculations that are used to get from an LCI (life
cycle inventory) flow, such as carbon dioxide or sulfur dioxide, to the environmental impact that it
causes. The results of these calculations typically measure either midpoint or endpoint effects (endpoint
effects are sometimes called damage effects). For example, the following chart shows how some

midpoint effects map to their respective endpoint effects[2]:
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While the endpoint or damage effects are the ones we really care about, these can be difficult to
measure directly. For example, how many degrees of global average temperature increase are caused by
one firm’s activities? It’s very hard to measure such a fractional effect, so we tend to measure the
midpoint effect of greenhouse gas emissions, which lead to global average temperature increases. Most
impact assessment methodologies use midpoint measurements. 
 
There are several impact assessment methodologies that are commonly used in the LCIA steps of an
LCA, which include classification and characterization, and optionally normalization and/or weighting.

Some of these impact assessment methodologies are described below.[3]

 
 
CML (“CML 1996”, “CML 2001”)
The CML methodology, developed by the Institute of Environmental Sciences at the University of Leiden
in the Netherlands, is the most widely-used and often considered the most complete methodology. It
uses primarily European data to derive its impact factors. It groups the LCI results into midpoint
categories, according to themes; these themes are common mechanisms (e.g. climate change) or
groupings (e.g. ecotoxicity). There is a “CML 1996” and a “CML 2001” method. Its results can be
viewed as a spreadsheet that presents characterization factors for more than 1700 flows (2001).
 
The CML impact assessment methodology is the one we have chosen to calculate the results for
SolidWorks Sustainability.
 
For more information, see:

·         Institute of Environmental Sciences, Leiden University, The Netherlands: Handbook on
impact categories "CML 1996", http://www.leidenuniv.nl/cml/ssp/projects/lca2/index.html
·         Institute of Environmental Sciences, Leiden University, The Netherlands: Handbook on
impact categories "CML 2001 ", http://www.leidenuniv.nl/cml/ssp/projects/lca2/index.html
·         Institute of Environmental Sciences, Leiden University, The Netherlands: "Life Cycle
Assessment, An operational guide to the ISO standards, Volume 1, 2 and 3",
http://www.leidenuniv.nl/interfac/cml/ssp/projects/lca2/lca2
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Eco-Indicator (“95”, “99”)
Like the CML methodology, the Eco-Indicator method includes classification (“categories of effect”) and
characterization steps, grouping the LCI results into midpoint categories.
 
These impact data are then weighted according to a social evaluation process. For example, the Eco-
Indicator 95 method specifies that 1 death per 1,000,000 inhabitants is equal to 5% surface loss of an
intact ecosystem. This weighting is performed in order to compare different types of environmental
effects directly together; the results can then be presented as a single score, the so-called Eco-Indicator
score.
 
Impact factors for Eco-Indicator 99 are collected and published in a spreadsheet by the Institute of
Environmental Sciences, Leiden University, The Netherlands, and are furnished by PRé Consultants,
makers of the Sima Pro LCA software package.
 
The data are then normalized, or divided by a common reference value, to facilitate communication. In
the case of Eco-Indicator 95, the data are normalized after classification using the annual European
contributions per inhabitant for the impact category. In Eco-Indicator 99, the data are normalized based

on published information furnished by PRé Consultants[4].
 
Because Eco-Indicator is a single-score LCA methodology, we do not include it as an option in
SolidWorks Sustainability.
 
TRACI
The “Tool for the Reduction and Assessment of Chemical and Other Environmental Impacts”, or TRACI,
is an impact assessment methodology developed by the US Environmental Protection Agency. As with
the other impact assessment methodologies, TRACI is primarily a midpoint approach. It differs from the
CML methodology in that the data comes primarily from North American sources. However, the TRACI
methodology is not as comprehensive or complete as the CML method. For this reason, we have
programmed SolidWorks Sustainability to perform the calculations using TRACI as well as CML, but
haven’t enabled the TRACI results as an option.
 
The following is a handy chart that demonstrates the difference between single-score and multiple-
indicator impact assessment methodologies.
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[1] Cooper, J.S.; Fava, J. (2006), "Life Cycle Assessment Practitioner Survey: Summary of Results",
Journal of Industrial Ecology
* percentages include overlap due to usage of multiple tools
[2] “IMPACT 2002+” LCIA methodology / Dr. Olivia Jolliet, Univ. of Michigan:
http://www.sph.umich.edu/riskcenter/jolliet/impact2002+.htm  
[3] Information for this section was taken from “Life Cycle Impact Assessment (LCIA) Methods” from the
GaBi LCIA documentation, which can be found at http://documentation.gabi-software.com/1_LCIA.html.
[4] More information can be found at http://www.pre.nl/eco-indicator99/.
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 <<< Previous: Appendix B - A Deeper Look at the LCA
Process
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Rudy Ruggles

Collaborative Innovation Services, LLC

Rudy Ruggles is the President of Collaborative
Innovation Services, LLC, a consultancy helping
organizations use the tools and principles of
sustainability to create innovative solutions to
strategic and organizational challenges. His work
combines his 20 years of professional experience
working with clients in multiple industries to enhance their organizational learning,
knowledge management, and innovation capabilities with his expertise in
environmentally and social responsible business practices, particularly as they apply

to product design and development.

Along with his client work in this area and an MBA from the Kellogg School at Northwestern University,
he has earned a Certificate in Sustainable Design from the Minneapolis College of Art & Design.

Asheen Phansey

DS SolidWorks Corporation

Asheen Phansey joined SolidWorks in 2010 as product manager for SolidWorks
Sustainability and all-around sustainability advocate for the company. His expertise
in nature-inspired design, product lifecycle stewardship, closed-loop business models,
and green marketing has been built through a career in technology, business and
academia.

Asheen travels widely speaking on sustainable innovation around the world and
teaches MBA courses in Sustainable Entrepreneurship and Green Marketing as an
Adjunct Professor at Babson College. Prior to SolidWorks, Asheen founded the

consultancy Quaking Aspen to help companies develop sustainable innovation toolkits, building on his
years of innovation experience in the biotech, software, and aerospace industries.

Asheen holds a BS in Chemical Engineering from Cornell University and an MBA from Babson College,
and has received a certificate in nature-inspired design from the Biomimicry Institute.

Benjamin Linder

Olin College of Engineering

Dr. Benjamin Linder is an Associate Professor of Design and Mechanical Engineering
at Olin College of Engineering, where his teaching and research efforts are focused
on sustainable design, international development, human centered design and
creative design methods. These efforts are directed at developing techniques and
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approaches that further a more ecologically connected and socially informed design
practice.

As an experienced teacher and practitioner of product design, Linder regularly
advises and delivers workshops for practitioners, educators and the Public. He is a

co-organizer of the International Development Design Summit that brings people together from over 20
countries to build local, creative design capacity.

Dr. Linder received a B.S.E. in Mechanical Engineering and a B.S.E. in Electrical Engineering from the
University of Michigan where he studied engineering design with Professor Panos Papalambros. He
received his M.S. and Ph.D. in Mechanical Engineering from the Massachusetts Institute of Technology
where he studied product design and design education with Professor Woodie Flowers.
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