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Introduction 
Understanding the human health, ecological health and resource depletion impacts of products through 
their entire lifecycles can be a daunting task. Most design teams lack methods to model these impacts 
and to make “green” design recommendations based on measurement and objective information.  
 
Life cycle assessment (LCA) is an increasingly accepted method to quantitatively model ecological and 
human health performance and thus enable the design of less-impacting products and systems. This 
paper describes a sequential method of teaching LCA to students of product, interior, apparel and 
transportation design, so that they increase their understanding in an incremental process. The simplest 
level introduces the student and the life cycle assessment calculation process. The second level requires 
them to build a system bill of materials by disassembling an existing product so that they can model its 
performance. The most complex level explores a new concept for which there is no competitor in the 
marketplace to compare its performance. Solutions to some of the more challenging potential bottlenecks 
in the assessment process are also offered.  
 
Context of environmental impact assessment 
 
Environmental science, a discipline distant to the system development process, has evolved rapidly over 
the past few decades. Victor Papanek pointed out many years ago that the science of environmental 
studies is the discipline that the design process must integrate if we are to design more ecologically 
friendly products and services (Papanek, 1995).   
 
Many branches of environmental science provide benefit to companies

 
(Lewis & Gertsakis, 2001). 

Environmental management systems (EMS) are protocols, usually focused on a factory site, for reporting 
on material inputs and outputs and establishing annual improvement goals. Life cycle costing (LCC), in its 
expanded environmental mode, assigns costs to all elements in the production, transport, use, reuse or 
recycling and end-of-life of a product, including the costs to the producer, the user, and others such as 
municipalities that may land-fill or incinerate the product. Risk assessment calculates the likelihood of a 
range of events that could damage the company economically or tarnish its reputation. Material content 
analysis is an environmental impact assessment method based on the premise that all of the chemicals in 
a material will eventually become available in the form of emissions to air, soil or water—a premise that 
many biochemists and geochemists do not accept. The MBDC Design Protocol is an example of an 
assessment method based on material content analysis (McDonough & Braugart, 2004).  
 
LCA is a systematic environmental and human health method that models the entire life cycle of products, 
beginning at material extraction from nature, and ending at product land-filling, incineration or recycling, 
and including all steps in between. The International Organization for Standards (ISO) 14040-series 
guidelines codify the practice of LCA, which is the only branch of environmental science yet thus codified

 

(Guinée et al., 2002). LCA methodology is built on the following crucial parameters:  
 
1. LCA models global, not local impacts. 
 Global warming (or climate change) is a global impact, while water use is largely a regional or local 

problem; scientists have not yet developed an LCA characterization method for water use. 
2. LCA models impacts based on emissions, not material content. 
 Chemical emissions to air, soil or water become available to interact with organisms, geologic and 

atmospheric processes. If they do not become available as emissions, they are not a problem. 
3. LCA models long-term impacts, not short-term impacts. 
 A toxic chemical compound that changes quickly to a non-toxic compound (such as carbon monoxide 

changing to carbon dioxide) is excluded. 
4. LCA models the entire life cycle to insure that burdens are not moved from one life cycle 

phase to another. 



 Excluding entire phases of a product system can lead to deceptive claims. For instance, to exclude 
the impacts of electricity production from an electric car and claim that it is a “zero-emission” vehicle 
is clearly misleading, because the environmental impacts of electricity production are substantial. 

5. LCA models multiple impact categories to insure that burdens are not moved from one impact 
category to another. 

 LCA methods usually model impact categories that rest within three meta-categories: ecological 
health, human health and resource depletion. To only model human toxicity and not model global 
warming can lead the design of a system to change in such a way to decrease toxicity and increase 
global warming, which defeats the comprehensive goal of LCA.  

6. LCA results clearly describe the product system. 
 The reader of the assessment results should be able to easily recognize what was included and 

excluded from the model, as well as the units by which the product system is modeled. 
7. Companies employ LCA more often for internal development processes than for external 

marketing and public relations.  
 It is possible to use LCA for public claims; ISO 14020 series standards delineate conditions for 

publishing the results of LCAs. The requirements for public comparisons with competing products 
(comparative assertions) are significant.  

 
Most LCA results report in the form of multiple impact categories; however, single figure LCA results 
report all impacts in one value that combines all of the individual impact categories. Using normalization 
and weighting methods to create single-figure LCA scores is allowed by the ISO standards, especially 
when the results of the model are not publicized.  
 
Okala impact factors are single-figure LCA values that designer teams can employ to model the 
environmental impacts of products and systems. The Okala LCA method employs impact evaluation 
methods developed by the USA EPA (TRACI impact characterization

 
(Bare et al., 2002), US 

normalization values
 
(Bare, Gloria, & Norris, 2006)), and the U.S. National Institute of Standards and 

Technology (NIST weighting) (Lippiatt, 2006). Table A specifies the impact categories modeled in the 
TRACI impact method. The Okala impact factors are the first single-figure values that use a complete 
North American LCA method. Okala impact factors are available for more than 240 common materials 
and processes using process inventory data from Europe and the US European process inventory data 
was used instead of US process inventory data in cases where the European data was more thorough 
and reliable. The Okala impact factors were published in the Okala Design Guide, coauthored by Louise 
St. Pierre, IDSA; Steve Belletire, IDSA; and me as part of an EPA /IDSA Partnership (White et al., 2007). 
 

Table A. 
TRACI Impact Categories   

Ecological Health Damage 
Human Health 

Damage 
Resource 

Depletion 

Global Warming Human Toxicity 
Fossil Fuel 

Depletion 

Ozone Layer Depletion Human Carcinogenicity   

Water Eutrophication 
Human Respiratory 

Health   

Photochemical Smog     

Acidification     

Ecotoxicity 
     

 
Impact Categories characterized by the TRACI impact assessment methodology 
 
The Okala Design Guide also lists global warming impacts (in lb. of CO2 equivalents) for each material 
and process. Carbon footprint modeling is increasingly popular because it is a simpler and sometimes 
less controversial process than LCA modeling

 
(Wiedema, 2008). It follows the same life cycle framework 

as LCA. 



 
Threading environmental modeling through the design curriculum      
 
Instructing students of design to incorporate LCA requires a different approach than instructing students 
of environmental engineering and science

 
(Nair, 1998; Cooper, 1999; Vexzzoli, 2003). Steps in the LCA 

modeling process can be vexing and difficult to navigate. This exacerbates many design students’ 
distaste for calculations and other forms of “left-brain” cognition. To reduce the difficulty of negotiating this 
process, I broke it into three steps. Each step and associated assignment adds a layer of complexity that 
demonstrates how to successfully model the product that they will design.   
 
The first assignment (Figure 1) provides the students with a system bill of materials for a product (in this 
example a stereo system) where all of the materials and material processing steps and transportation 
distances and modes are defined. The student must estimate the number of hours that the product 
delivers service. If the product has multiple owners over its life, the total number of hours used is 
calculated for owners. Students then calculate the total amount of electricity consumed over the product’s 
life, and fill in the form for those components which will be landfilled or recycled. They select the 
appropriate factor from the Okala impact factor menu, multiply the values to deliver impacts per 
component, and add all of the system components together to deliver the total impacts for the system 
lifetime. As a last step, students divide the impacts per system lifetime by the hours of use per system 
lifetime to yield the impacts per hour of service. Once this LCA is complete, the students redesign the 
product to reduce the impacts per hour using any strategy that they can imagine

 
(Yeang, 2006). 

 
The learning objective of this assignment is to allow students to observe how materials, processes, 
energy use, transportation, and product longevity all directly influence environmental and human health 
impacts of a product over its lifetime. This is the most essential lesson that designers must understand, 
because it exemplifies the complex interrelationships among these elements. This task avoids 
disassembling the product and identifying all of the materials, which although that is an educational 
endeavor, it is a complex process that distracts the student from the central learning objective. 
 



 
Figure 1. Example 1

st
 assignment: LCA form provided with bill of material information. 

 
The second assignment (Figures 2 and 3) begins with a physical product that the student dissects, 
weighing each part and identifying the materials and processes for the product. Several iterative work 
sessions and a scale to weigh components facilitate this process. Students then build a system bill of 
materials as in the first assignment, with estimated hours used, electricity used over the lifetime, 
transportation methods and distances, and probable end-of life treatments. As before the reference 



product is used as a baseline and the new product concept should have a 15% or larger reduction in 
impacts per hour used to be larger than the level of uncertainty in the data. 
 
The objective of this assignment is to show students how to “start from scratch” in the design and the 
impact modeling process. By successfully completing this assignment, they learn that it is possible to 
apply the process to any future product or system.  
  

 
 
Figure 2. Example, second assignment: LCA of a redesigned product. 
 

 
 
Figure 3. Redesigned sander, Joshua Wong, ASU ID student, 2008. 



 
The third assignment challenges the investigator the most; it requires making an LCA model for a new 
product for which no competitors exist. To accomplish this, they first create a new product concept that 
has not direct competitor in the marketplace. The student then calculates the impacts for multiple 
products that currently deliver some of the services that new product will deliver. In this example (Figure 4 
and 5), a hospital room information retrieval system combines the functions of a centralized desktop 
computer and a nurse’s personal digital assistant. The key to creating the baseline model here is defining 
a functional unit that specifies the multiple services provided by each of the reference products and 
correctly calculating and comparing these to the services delivered by the new concept. 
 
The learning objective of the last assignment is that it is possible to construct a baseline LCA model from 
which to compare a novel product concept. Although the basis of the comparison is often not as rigorous 
and factually grounded as in the second assignment, it provides practical insight about whether this new 
product concept is indeed worth pursuing from an environmental perspective. 
 

 
Figure 4. Example, third assignment: LCA of a product with no existing competitor. 
 
This chart compares the life cycle performance of the new concept (patient pixel) to the performance of 
two separate products that it would ostensibly replace. Reduced electricity consumption of the new 
concept improves its performance considerably. 
 

 
Figure 5. Medical system, Nate Patulski, ASU ID student, 2007. 
 



Overcoming Stumbling Points 
 
Stumbling points in the LCA modeling process can confuse and paralyze students; it is helpful to prepare 
the students with strategies to manage the complicated steps.   
 
Functional unit. This is the unit by which people receive service from the product. The default functional 
unit for many products is hours of use. Beginning the learning process with a model that uses this 
functional unit minimizes confusion. Many products, however, have different functional units: disposable 
cups have a functional unit of “per use,” while reusable cups have “per use cycle.” Depending on whether 
you focus on moving people or goods, a bicycle can have a functional unit of person-miles or pound-
miles. Many products can have quite specific functional units (vitamin dense carbohydrates for vegetables 
or pages printed for a printer). Forging an agreement between student and instructor on a new functional 
unit before completing the modeling process is prudent. 
 
Specifying life cycle phases. It is usually best to include all life cycle phases. There are cases where 
this is difficult or impossible. For instance, if you are analyzing the performance of a material for which 
you lack impact factors, but you understand in great detail the rest of the information about its life cycle, 
you can model it without the material and clearly label the results as excluding the production impacts of 
the material.  
 
Estimating energy use. All modes of energy use must be clearly understood, including stand by or 
“ghost” consumption. Products usually have their consumption printed on them (in amps or milliamps). 
Amps are multiplied by 115 volts to deliver the watts consumed by the system. This result is divided by 
1000 and multiplied by the number of hours used in that mode to deliver kilowatt-hours of electricity. Fuel-
combusting systems require more complex calculations. 
 
Estimating transportation distances and modes. Clarifying where the product will be manufactured, 
where it will be used and where it will be landfilled or incinerated is crucial. Modeling impacts from 
manufacturer to the distributor (which often is much simpler than the complex distribution chain that many 
products pass through) is almost always done, while modeling transport from the distributor to the user 
and from the user to the end of life treatment is less crucial. Modeling the transport of various 
components to the manufacturer is extremely difficult unless you have access to detailed supplier 
databases, so it is usually omitted. Any transportation phases omitted from the model should be clearly 
described in the assessment reportage. 
 
Extrapolating missing Okala impact factors. If due caution is used and the information is clearly 
marked in the assessment reportage, students can extrapolate values for missing material and process 
values. A common example of this is for missing landfill or incineration values. If polymer is not on the 
landfill or incineration Okala impact factor list, but other polymers that have chemically similar properties, 
then a similar value can be used and clearly indicated in the model report. 
 
The Urgency of Identifying Material and Process Data 
 
Experienced users of Okala impact factors (and other LCA methods) recognize the many common 
materials and processes for which we lack basic process inventory data (Baumann & Tillman, 2004). 
Bamboo, di-isocyanate adhesive, new biopolymers, bio-fuels and common metal and plastic finishes are 
just a few examples of the items for which we need the process inventory data requisite to calculate 
Okala impact factors and CO2 equivalencies. Even more salient is the need to accurately model the 
impacts of production in such places as China where dirty coal-fired factories and electricity generators 
spew out mercury and other toxins to serve the ever-growing global appetite for inexpensive products. 
We desperately need the capacity to model the impacts from these dirty production conditions and 
compare tem to production in production in parts of the world where stricter pollution standards are in 
force. 
 
Virtually all funding to collect such data comes from European governments, notably the Swiss 
government. The US National Science Foundation and US Environmental Protection Agency do not fund 



this crucial and technical research. The design associations and individual designers play a crucial role by 
pressing our client companies on this problem. With sufficient requests from the companies that the 
design professions serve, the US research institutions can adopt a more enlightened and constructive 
policy.  
 
Educators play a key role in preparing future designers to evolve the profession for the good of society 
and the natural world on which we depend, a world increasingly imperiled by the magnitude of impacts 
from anthropogenic systems. We can demonstrate to students, the design professions and the 
businesses that it is possible to model environmental performance of products and systems and also 
model improvements that can protect the quality of life in the future.  
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