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Introduction 
 
A course in materials for undergraduate industrial/product design students is an important place to 
integrate an understanding of sustainability into the selection of materials for products and manufacturing 
processes. The life cycle thinking concept can be woven through the course to relate the human health 
impacts, environmental impacts and the resource depletion issues directly to manufacturing material 
properties, processes and applications. Students can build a life cycle framework for design while thinking 
about the source and aesthetics of materials used in their design process and in their design solutions. 
My experience has been that product/industrial design students come to the program with a less than 
adequate understanding of environmental and human health issues to make connections to these product 
design implications on their own. To move industrial/product design towards sustainable solutions, the 
environmental, human health and resources depletion issues need to be integrated into the 
undergraduate curriculum especially in connection with materials selection.  
 
To help students make these connections, I created an illustrated Material Life Cycle Assessment 
(iMLCA) educational tool and integrated it into my course in Materials of Manufacturing in the Product 
Design program at Keene State College during the 2007–2008 academic year. Throughout this 
undergraduate course, students engaged in projects creating illustrated material life cycle assessments in 
various material categories. This visually based educational tool for seeking and finding interdisciplinary 
connections supports the learning styles of most young designers. An integrative approach prepares 
designers by developing a broad comprehension of the material’s life cycle, extraction, and manufacturing 
cycles to the product’s end of life and the connections to human health and environmental consequences. 
As future knowledge workers involved in product design, students need to be able to formulate the 
appropriate questions and research solutions to improve the sustainability and ecological performance of 
products. The iMLCA projects nurtured an understanding of the complexities of sustainability issues while 
building competency with the methods, tools and skills needed to implement change.  
 
Context: Integrating the iMLCA into a Course on Materials of Manufacturing 
 
The selection of materials for use in a product has far-reaching influence on the resources, manufacturing 
processes, levels of toxicity, and environmental degradation. The product design process results in 
configurations of materials (and often services) to support a need. During undergraduate industrial design 
education, the courses relating to materials and manufacturing processes provide a backdrop for 
integrating the sustainability issues relating to human heath damage, environmental degradation and 
resource depletion.  
 
Ecological responsibility is supported by the accreditation standards and by IDSA. The National 
Association of Schools of Art and Design (NASAD) accreditation standards for Industrial Design includes 
in their educational program’s criteria: “The ability to investigate and synthesize the needs of marketing, 
sales, engineering, manufacturing, servicing, and ecological responsibility and to reconcile these needs 
with those of the user in terms of satisfaction, value, aesthetics, and safety.” IDSA’s Mission and Values 
statement includes a page of ecological design practice and principles stating, “Designers have enormous 
potential to reduce ecological damage and it is imperative that we seize the opportunity. Several 
indicators delineate the central role of the US in the global environmental crisis. Design can play a crucial 
role in stopping this destruction by enabling people to meet our needs without destroying the natural 
world.”  
 



The course I presented at Keene State College covered materials including the study and analysis of the 
nature, structure, characteristics, behavior, and properties of natural and synthetic materials used in 
contemporary industry. Emphasis was placed on how the properties and manufacturing processes of 
industrial materials influence the selection of materials that are converted to useful products. The course 
progressed through topics in  

• The general physical and mechanical properties of materials  

• The categories of materials (ferrous metals, nonferrous metals, plastics, ceramics and glass, wood, 
and composites) and their related processing methods  

• Destructive and nondestructive testing methods. 
  
Field trips to manufacturing facilities and laboratory experiences correlated with various units. To 
integrate sustainability issues, the illustrated material life cycle assessment projects were also correlated 
with each material category except composites.  
 
Context: A Brief Background of a Few LCA Tools 
 
The current life cycle assessment (LCA) tools have the promise to be useful and efficient methods of 
considering environmental factors during the design process. For young designers to be able to discern 
good information from these tools the underlying principles of the impact categories need to become part 
of the industrial/product design education. The various LCA tools quantify the lifetime environmental 
degradation, resource depletion and human health impacts of products, their materials and their 
associated processes. For designers to understand the results of a quantitative life cycle assessment 
there needs to be an understanding of the premises upon which these assessments are based and the 
levels of uncertainty in the numbers.  
 
An LCA of a product is generally based on the product’s bill of materials with component weights and 
material specifications, the product’s energy and consumables use, and its packaging and transportation. 
The boundaries of the analysis can include some or all of these inputs and are factored with primarily 
environmental and human health concerns. The impact factors are conglomerations of industry averages 
from available data, so uncertainty needs to be considered, Uncertainties stated in the Eco-indicator 99 
Manual for Designers (2000) can range from 10% to 50% within a dominant material/process category to 
100% between dissimilar categories. The simplified method proposed by Sun et al. (2003) grouped 
materials into categories that can add a further 30% uncertainty within the category. Companies that 
develop customized LCA software tools can enter more accurate data relative to their own supply chain 
and are able to reduce their uncertainty when comparing product design proposals.  
 
The levels of aggregation in the input data in some of the current product LCA tools creates a level of 
uncertainty that is less than effective numerically for the product design process at the undergraduate 
level. However, these LCA tools do inform to the relative magnitude and types of impacts. A simplified 
quantitative LCA method was used to compare the environmental impacts of four differently designed 
coffeemakers. They were disassembled, the components weighed, the weights and materials entered into 
spreadsheets and the final point totals compared statistically. The exercise provided a good lesson in 
design for ease of disassembly, but for students without a background in life cycle thinking the impact 
values would be difficult to evaluate.  
 
Having my students create the illustrated material life cycle assessments built the students’ own 
framework and background of environmental, human health and social issues related to the materials 
used in product design. Life cycle thinking can be used in conjunction with each material category to 
provide research opportunities and to illustrate the far-reaching effects of a material’s use. Material 
properties, production processes, uses and recycling options can be included in the illustrated life cycle 
assessment. Energy use, emissions, hazards, and exposures all can be linked at the various stages. This 
opens the opportunity to explore and show the benefits (if available) of alternative materials, processes 
and material recapture through reuse, remanufacturing or recycling, or a whole new way to meet a need.  
 
Context: Students  
 



Figure 1. Chris Jordan,  
Plastic Bottles (Jordan, 2007). 

Figure 3. Filtered tap 
water filling station, 
(Filtrine Mfg., 2008).  

From my experience, students come to undergraduate industrial/product design programs with a varied 
and fragmented understanding of environmental and human health issues. In most cases they have no 
idea that there may be a connection between their iPod and the health of the planet. Many, though, are 
asking questions and are looking for ways they can make a difference. The Illustrative Material Life Cycle 
Assessment (iMLCA) projects build a foundation of ecological awareness bringing scientific concepts and 
data into a visually oriented format familiar to design students. 
 
The current media talks about our body burden of toxic chemicals, about melting glaciers and polar ice 
caps, severe weather events, war, disease, and poverty. The advertising media strives to sell inadequacy 
with its new product solutions. When students, and people in general, look too hard at these realities 
there is a tendency towards hopelessness and apathy that goes against the optimistic nature of a 
designer’s psyche. When problem areas were highlighted during presentations of the student’s iMLCAs, I 
included discussions about new design or process solutions that reduce toxic or material usage. Even 
though sustainability issues are complex, incremental improvements need to be recognized and 
celebrated. While doing research for an iMLCA on PETE plastic, a student found images depicting two 
million plastic beverage bottles, the number used in the US every 5 minutes (Jordan, 2007). (Figure 1.) 
This provided a teaching opportunity to highlight some positive actions including 
a policy response by the city of San Francisco to phase out bottled water 
purchases and a product response of a filtered tap-water bottle “filling station” by 
the Filtrine Manufacturing Co. (Figures 2 and 3.) 
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Project: Illustrated Material Life Cycle Assessment 
 
Projects’ Goals 
The projects were organized around the desired learning outcomes of making connections between 
sustainability issues and materials selection with the following goals: 
 
- To use the process of creating an iMLCA to explore cross disciplinary research methods  
- To use the process of creating an iMLCA to create a framework for life cycle thinking  
- Build awareness of the human health connections to materials and manufacturing processes  
- Build awareness of environmental degradation and resource depletion connections to materials and 
manufacturing processes 
- Build teamwork skills reflecting the complex and interdisciplinary nature of sustainability issues 
 
Project Description and Introduction 
Student teams created illustrative material life cycle assessments of a material of their choice from each 
of the following categories: ferrous metals, nonferrous metals, plastics, ceramics and glass, and wood. An 
iMLCA example of aluminum was provided showing the connections between the raw material sources 

 
Executive Directive 07-07 

Permanent Phase-Out of Bottled Water 
Purchases 

by San Francisco City and County Government 

June 21, 2007 
Cited: “More than one billion plastic water 

bottles end up in California’s landfills each year, 

… phthalates into the groundwater….more than 
47 million gallons of oil, the equivalent of one 

billion pounds of carbon dioxide released into 

the atmosphere.” 

Figure 2. Government policy 
(Newsom, 2007). 



 
Figure 4. Costs and externalities. 

Figure 5. Product/Material flows in a biophysical 
and economic context. 

through processing, consumer uses to end of useful life, including the material’s physical and mechanical 
properties. A digital version of the poster was made available to student teams to use as a jumping off 
place. Discussions of research methods illustrated the differences in sources including, mass media, 
trade journals, academic research, and primary source research. Suggested references included the 
textbook sections on the material, class handouts, industry standards organizations, Webelements Web 
site, industry leader Web sites, quantitative life cycle assessment studies, and academic technical 
papers. Connections were made to the health affects of material decisions related to workers and end 
users and to the depletion of resources using sources from government, consumer and advocacy groups, 
material safety data sheets and scientific studies.  
 
Preparation Lessons 
Lesson plans were presented with 
discussions on cost externalities, the 
biophysical economy, and toxicology. I 
created diagrams to help illustrate the 
complex systems characteristics.  
 
Costs and Externalities 
The cost of materials is an important 
consideration in the selection process, but 
materials also have external costs to the 
environment and to society (Figure 4). A diagram was used to illustrate internal and external costs related 
to a material and its subsequent product. Internal costs related to material selection include tooling/set up 
costs, purchasing, shipping and inventory costs, waste disposal costs and recycling. External costs to 
society include toxic waste clean up, disposal to landfills, creating and enforcing regulations, public health 
care, environmental degradation from extraction, energy generation, primary processing, and defense 
costs for protecting resources. Portions of these external costs may be born by the company depending 
on the circumstances and thus are reflected in the internal costs influencing the cost of the product.  
 
Product/Material Flows in a Biophysical and 
Economic Context 
To create a strong foundation for launching 
efforts in designing for sustainability, the 
connections between the economic and 
biophysical worlds need to come to life for the 
student. Taking lessons based on the First Law 
of Thermodynamics or the conservation of 
energy and thus materials, the energy and 
physical resources entering the system will equal 
the energy and material leaving the system. As 
materials are concentrated during primary 
processing or conversion, some energy is 
embodied in the higher quality material while the 
excess energy is dissipated and the lower quality 
waste materials are released. The material 
balance principle of material throughput, 
balancing inputs and outputs, is an important 
concept in life cycle thinking (Jackson, 1993). 
The second law of thermodynamics refers to the 
irreversible tendency of energy and matter to 
dissipate or flow from higher concentrations to 
lower concentrations (Shapiro, 1953). In order for 
the process of creating and using high-quality 
materials to be sustainable either a constant input of energy is required (Jackson, 1993) or constant 
energy input and a closed loop to recapture high quality materials is required (Ayers, 1993). A sustainable 
constant energy input suggests renewable energy resources. A closed loop to recapture and add value to 



Figure 6. Students collaborating. 

materials suggests system wide dematerialization, reuse and recycling to minimize material dissipation 
into states of non-usefulness. The dissipative nature of materials and energy suggests detoxification to 
reduce human health and environmental damage (Geiser, 2001). 
 
Human Health and Toxicology 
The literature describing the effects of toxic materials on human health uses language from the fields of 
toxicology and industrial hygiene. Toxicants can enter the body through inhalation while breathing, 
ingestion with food or objects and with airway clearance, absorption through the skin or through direct 
injection, and are subsequently transported to target organs. The amount and type of damage depends 
on the potency and amount of the toxicant, the route of entry and the susceptibility of the person exposed. 
Information about these affects comes from human epidemiological studies, animal studies, cell tissue 
studies, and some environmental toxicity studies. The very basic concepts in chemistry introduced with 
the physical and mechanical properties of materials portion of the course ties directly into this unit. Some 
of the more toxic materials have been regulated through restrictions and release limits. This brief 
introduction to toxicology gives the industrial design student a framework for understanding compliance 
issues related to materials as well as a basis for precaution. The research methods create a grounding for 
understanding scientific data from material safety data sheets to the more complex claims by suppliers. 
The students gain a background and an understanding of why they should safeguard the makers and end 
users of the products they will be designing.  
 
Student Experience 
 
The student teams divided up their research tasks into four stages: 
  
- Extraction, including global locations, processing location, transportation, yield percentages  
- Primary processing or conversion including energy inputs, percent yields, and materials properties 
- Secondary processing (manufacture and assembly stages) 
often including many processes of forming, cutting, 
machining, and finishing and preconsumer waste recycling 

- End use (can include distribution, retail, and transportation) 
and recycling including percent recycled, down-cycled, 
reused, and remanufactured 

   
Students find images of the processes and end products, and 
the assignment states that they must include images of people 
either doing the work or using the product. Images with people 
doing work and using the products reinforce the human health 
connections that are often missing from discussions about 
materials. It is more difficult to find images with people and the students often fell short of this goal and 
had to be encouraged to refine their searches. Environmental degradation issues created by releases to 
the air, water, and land along with human health exposures at each stage were researched. The location 
and habitat degradation of resource extraction activities were also researched. Students found good 
information for some areas but inadequate information in other areas reflecting the state of the current 
information available. More information was available on the materials uses, properties and 
manufacturing processes. 
 
The research information and images were compiled into one document showing the material flow from 
extraction to end of useful life and recycling. AutoCAD was used because the students had a level of 
competency with the software but Photoshop could also be used. The usual organizational issues of 
working with large size digital files on various computers under different log-ins had to be worked out. 
Students compiled their own research and images into a Microsoft Word document before entering their 
section of the iMLCA and a Gmail™ account was used as a common “server.” The student teams 
presented their posters using talking points suggested by a presentation checklist. During a midterm 
discussion, the idea was brought up to create a worksheet to help remember what to look for and to help 
organize research. The students helped create the topics for the worksheet and the instructor formalized 



Figure 7. Student presenting iMLCA. 

the guidelines into one sheet. The students found the new worksheet very helpful while working on the 
subsequent iMLCAs.  
 
Assessment 
 
While the artifact of the iMLCA poster is a 
record of the research and the students 
making connections between a material and 
its impacts, the incorporation of life cycle 
thinking is the primary learning objective. A 
presentation checklist was provided to the 
students and was used to assess learning in 
the areas from research methods to 
remembering to think about the human 
exposures. The grading of the iMLCAs was 
based half on the individual student’s work 
and half on the overall team effort. The 
learning outcomes showed a progressive 
improvement in the students’ research skills and their ability to critically assess sources. The teamwork 
improved tremendously and by the fifth process, students were working very well together. The student 
that took on the leadership role to organize the team meetings and activities played a key role in the 
process and received extra credit.  
 
The process of applying the concepts of environmental degradation, human health damage, and resource 
depletion to the life cycles of the materials used in manufacturing gave the students a venue for looking in 
further detail at specific consequences. The students were also asked to write two reflective summaries, 
one on their readings and classroom discussions and another on their learning experiences creating the 
iMLCAs. For the first paper, the students were asked to  
 

“Build an argument about why we still need to dematerialize and detoxify even if we aim for a 
Cradle to Cradle system in our utilization of materials. (This is a chance to reflect on your 
readings and point out similarities and disparities in the points of view.)”  
 

Using this and other guidelines for the paper the students referenced readings from Materials Matter 
(Geiser, 2001), Cradle to Cradle (McDonough & Braungart, 2002), OKALA Learning Ecological Design 
(White, Belletire, & St. Pierre, 2007) and their textbook Industrial Materials (Helsel & Liu, 2001). Students 
took the assignment to heart prompting comments like, “I personally put pressure on the environment 
every time I drive my car, throw away garbage or even take a shower” and “Detoxification of our products 
is the key to creating a healthier … lifestyle.” 
 
At the end of the semester, the students are asked to write the second paper: 
 

“Reflecting on the illustrated material life cycle assessments of the five materials you have done 
this semester, develop an argument for a product design guideline(s) that would be helpful in 
reducing environmental and human health damage and minimizing or stopping resource 
depletion.”   
 

The papers reflected overall systems thinking and gave specific suggestions. “The entire system needs to 
be taken into consideration, it needs to be a cycle and we need to recycle and stop just down-cycling and 
calling it quits.” “Having safer products will definitely attract more consumers to a certain company.” 
“Materials that are hazardous to human health over time are removed from production, like lead…” “…by 
taking away dangerous and harmful glues and adhesives, and replacing them with nonharmful 
substitutes.” “…at least a certain percentage of the whole product must be able to be recycled…” 
“Ideation, product design, and engineering are where the effort must start and it must continue past the 
product’s end of life.” The student followed with a list of company product design goals. “The real key is 



working together as a society to create products that appeal to consumers and influence a more natural 
and healthy lifestyle.”   
 
A pretest was given at the beginning of the semester asking students, “What comes to mind when you 
think about the terms sustainability, ecofriendly, and green.” More in depth questions were asked about 
sources of information on a material’s impacts on human health and the environment, life cycle stages, 
the second law of thermodynamics, and the term entropy, and the influence of a material’s life cycle on 
material choice. The same questions were included on the final exam showing an improvement in the 
understanding of the impact of materials and a grasp of life cycle thinking. A student’s view of 
sustainability went from “making a minimal footprint” to “the ability to sustain a livable, happy and 
productive life while preserving resources … that allow future generations to live the same way.” Most 
students did not try to define the term entropy in the pretest, but the postcourse responses included “our 
inability to use all the energy we produce which means there is waste.” A student’s pretest response 
about material choices stated, “It depends on the function of the product, how long it is to be used and the 
environment in which it will be used.” The student’s post course response added “producing the material 
might have a greater effect on the environment and on humans that the actual product does. Each stage 
is linked together and …we must assess the hazards and benefits when deciding on a material.” 
 
Conclusion 
 
A course in Materials for Industrial/Product Design students is an important place to integrate the 
understanding of sustainability into the selection of materials for products and manufacturing processes. 
The life cycle thinking concept was woven though the course to relate the human health and 
environmental impacts and the resource depletion issues directly to manufacturing material properties, 
processes and applications. Designers synthesize information and make connections as they go through 
the design process, and the visually based iMLCA process supported their learning styles. The concepts 
of sustainability cross many academic, business and policy disciplines and point to a need for seeking 
and finding the interdisciplinary connections that lead to solutions. This integrative educational approach 
prepares designers by developing a broad comprehension of the material’s life cycle and the human 
health and environmental consequences. As future knowledge workers involved in product design, 
students are able to formulate the appropriate questions and research solutions to improve the 
sustainability and ecological performance of products. The iMLCA projects nurtured an understanding of 
the complexities of sustainability issues while building competency with the methods, tools and skills 
needed to implement change.  
 
A special thanks to students Rich Picarelli, Nick Steinbrick, David Sudhalter, and Andrew Watson. 
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