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Module Educational Level: 
This module is designed to introduce freshman engineering students to the concept of 
“design for sustainability” and life cycle analysis through an introductory lecture 
regarding the subtopics covered by the lab and a hands-on laboratory class.  A follow-up 
class lecture time can be used to gather data from each team so that the final report can 
include the data from the whole class for comparisons and discussions about the results 
can be encouraged.  The students work in teams of 4-5 students and submit a single 
laboratory report per group, thus the exercise can also be used to encourage effective 
teaming and effective writing/communication skills.   
 
Module Alternative Suggestions 
Modifications of the exercise could be used to extend the targeted educational level 
beyond the freshman engineering level.  For example, it would be possible to extend this 
module exercise to a creative design exercise, including brainstorming alternative designs 
and estimating changes in impacts.  For this, the Autodesk Sustainability Workshop 
“Whole Systems and Lifecycle Thinking” lesson plan (available at 
http://sustainabilityworkshop.autodesk.com/design-strategies/whole-systems-and-
lifecycle-thinking) could be implemented, with the creative design portion of the lesson 
structured around the example of the toaster.   
 
If a laboratory session is not a part of the course, it would be possible to give an 
introduction and overview of the laboratory process in a lecture, then use a second 1-hour 
lecture to disassemble the toasters and record their measurements and observations, then 
spend a third 1-hr lecture reviewing and discussing results, then brainstorming alternative 
designs.   
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INTRODUCTION  

Toasters are an integral part of most modern American households.  However, most 
Americans put little thought into this common household appliance.  We put bread in, we 
wait, maybe sip some coffee, and then out pops some warm, twice-cooked crusty bread.  
The efficiency of the toaster has seen little improvement over the past several decades 
and they are not really designed with sustainability in mind.  Many toasters last long 
enough to be handed down amongst the generations and are generally only discarded 
when they are so full of charcoaled black organic funk that they are no longer considered 
operable within desirable sanitary constraints; some may not last long at all.  But what 
happens to them when they are discarded?  What are the materials that they are made 
from?  How much energy do they consume?  Is there a need for design improvements 
from a sustainable engineer’s perspective?  Engineers, ostensibly, design products for 
efficiency; to a sustainable engineer, this means taking into consideration the entire life 
cycle implications, from gathering raw materials, to production, packaging, distribution, 
use, and final end of life of a product.  The objective of this laboratory is to take a deeper 
look into the life cycle costs and environmental implications associated with this modern 
convenience and how those factors can influence design choices.  We will focus only on 
a few key steps in the life cycle of a toaster (i.e. raw materials and energy consumption 
during use) and will only evaluate the global warming potential with respect to its 
environmental implications in this exercise (we could, for example, include releases of 
toxicants to air and water, releases of nutrients, such as nitrates and phosphorus, that can 
causes ecosystem degradation, etc.); however, the overarching purpose will be to provide 
a beginning framework for “designing for sustainability.”    
 

METHODS  

• Each laboratory team will be given one new toaster for the experiment.  Data will 
be shared with the entire class so that comparisons can be made between different 
toaster models. 

• Record the toaster manufacturer and model number or name for your group’s 
toaster. 

• Record the toaster price. 

• Take the toaster out of the packaging, but save the packaging material and record 
the type of material and material weight for all packaging. 

• Plug the toaster in, through a Kill-A-Watt® meter.  Use this device to record the 
toaster’s power draw in Watts while it is operated at three different toaster 
settings (one low, one medium, one high).  Simultaneously, use a stopwatch to 
record the time it takes to toast bread at each of these 3 settings.  Determine the 
toaster’s energy consumption in kWh’s at each of the 3 settings (remember that 
the toaster may have a certain power draw in Watts, but the energy consumed, in 
kWh, to make the toast will be equal to the power multiplied by the time for the 
bread slices to toast).   



• Make toast at three different toast settings.  For each setting, record an average of 
the “toast quality” rating (each group member should rate the toast on a “Scale of 
Tastiness,” with 1 being not tasty and 5 being tasty).  

• Set a stopwatch or timer.  Disassemble the toaster.  Record the amount of time it 
took to disassemble the toaster and the number of tools required. 

• Separate the toaster packaging and toaster parts into material type categories.  
Weigh and record the mass for each material type.  Note whether it is unlikely, 
likely, or definite that the material is made from virgin or recycled materials. Also 
note whether it is unlikely, likely, or definite that the material could be recycled. 

• If your group has time, see if you are able to reassemble the toaster.  Record your 
observations regarding this activity. 

 

ANALYSIS  

Life Cycle Economic Costs 

The life cycle costs for a toaster are based on two key cost considerations: capital (price) 
and operating costs (the cost of electricity for using the toaster). For larger, more 
expensive, and long-lived products (i.e. a building, a road, a car, etc.), it may be 
necessary to convert all costs into equivalent current or future monetary amounts, but 
since the lifetime of a toaster is relatively short, inflation considerations will not have a 
significant impact; so we can consider current and future dollars to have an equal value 
for the purposes of this exercise.  See Example 1 for the calculation of the life cycle 
economic costs. 

Example 1: If toaster #1’s purchase price was $10 and it was estimated that it 
would last for 10,000 uses (making 2 slices of toast per each use), with each use 
consuming 0.03 kWh of energy, we could base the life cycle economic cost on a 
standard unit of 10,000 uses (or 20,000 pieces of toast). (Note: You could 
alternatively base this estimate on the years of useful life for the toaster and an 
average number of times the toaster is used per year.)  If the energy cost is 
$0.10/kWh (you can find this estimate from your utility bill), the total life cycle 
economic cost (LCEC) of the toaster is:    

 !"#" ! !"#$%"&!!"#$ ! !"!#!"!!"#$  

 !"#" ! !"# ! !!!" !"!
!"# ! !"!!!!!!"#" ! !"!!"!!"!  

 !"#" ! !"# 

Note that in order to compare different toasters, we need to describe all of them in terms 
of equivalent “life units;” this could be 10,000 pieces of toast, 10 years, 1 year, etc., but it 
needs to be consistent.  Note that if toaster #2 only lasted long enough to make 5,000 
pieces of toast, it would take 2 toasters to yield an equivalent 10,000-toast life.  To 
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compare toaster #2 to toaster #1, in this case, we would need to purchase 2 #2 toasters, so 
the capital investment is the purchase price multiplied by two. 

To estimate the life cycle operating costs, you will have to use your best “engineering 
judgment” to estimate the life of the toaster and how many times the toaster will be used 
during a year.  Make reasonable estimates based on your life experience; be sure to 
clearly state what your assumption is and your rationale for the assumption.  Hint: You 
could base the life of the toaster on how long your grandfather had his toaster.  State that 
your assumption is based on the number of years your grandfather’s toaster lasted.  Your 
assumption for the toaster’s use could be an average number of pieces of toast your lab 
group makes in a week, extended out to a year. State that clearly in your report.  

Life cycle economic costs can be important to consider when designing for sustainability.  
For example, the capital costs for a “green” building may be higher than the capital costs 
for a traditional building, but savings in operation expenses due to reduced consumption 
of energy and water can outweigh those initial high expenditures after a few years.  
Similarly, the life cycle costs of an energy-efficient compact fluorescent light bulb (CFL) 
will be less than that of a standard incandescent bulb, when savings in energy 
consumption and the longevity of the CFLs are accounted for, even though the initial, or 
capital, cost of the incandescent bulb is much less.  Eventually, as engineers, you will 
often be asked to calculate the return on investment (ROI), or how long it will take to 
recover invested capital, for design or efficiency improvements; understanding how life 
cycle economic costs are calculated is a first step. 

Quality of Product 

The product quality (i.e., the toast) can be compared by the average taste test ratings of 
the pieces of toast made with the product.  Which setting on your group’s toaster 
produces the best toast?  As an engineer, one of your primary objectives in design is to 
create a product or system that maximizes efficiency while still maintaining quality, so 
it’s important to be able to devise a system to rank different design alternatives with 
regards to quality.  In this step, you are assigning a quantitative variable to a subjective 
parameter.  You may choose to use an alternative ranking system other than “tastiness;” 
the important thing is to be consistent.  Show the results of your taste test, or product 
quality testing, in either a figure or a table and provide some discussion of what your 
results tell you. 

Raw Material: Recyclability 

Comment on the categories of materials for both the product and its packaging with 
regards to the recycling potential.  Include both a discussion of the likelihood that the 
product and packaging are comprised of recycled materials and the likelihood that the 
materials could be recycled after use.  In general, when a product is comprised of 
recycled materials, the life cycle environmental impacts will be less than if it were 
comprised of only virgin materials.  Also, at the end of a product’s life, when materials 
are diverted from a landfill and recycled, there is an offset of the environmental 
implications associated with extracting more virgin raw materials. 



Product Disassembly and Design for Environment Implications 

Generally, if it takes more than one tool and a long time to disassemble a product, it is 
unlikely that materials will be recycled, even if it is technically possible.  Also, a difficult 
disassembly makes it not very likely that a product will be repaired if one component 
breaks.  Watch the video clip “Design for Disassembly and Recycling” on Autodesk’s 
Sustainability Workshop webpage and discuss this issue, qualitatively, as it relates to 
your toaster, including a discussion of toaster disassembly observations (i.e. How many 
tools did it take to disassemble the toaster? How long did it take to disassemble? Were 
you able to reassemble your toaster?) 

http://sustainabilityworkshop.autodesk.com/strategy/design-disassembly-and-recycling 
For more context on the global implications of a product that is not designed to be 
disassembled for upgrade, repair, and/or recycling, watch The Story of Stuff, Electronics.  
Discuss the possible implications of toaster design in a global context (i.e. What might 
happen to the product at the end of its life?). 
http://www.storyofstuff.org/movies-all/story-of-electronics/ 

Limited Life Cycle Global Warming Potential 

A life cycle assessment is a way to measure a product’s full environmental impacts 
through all stages of the product’s “life,” from gathering the raw materials needed to 
produce it to final disposal.  Each stage in a product’s life will have environmental 
impacts, such as the release of greenhouse gases, associated with it.  Because many 
sustainable engineers, policy-makers, industries, and others have recognized the 
importance of considering the full life cycle when trying to decide between alternative 
product designs, processing methods, etc., the International Organization for 
Standardization (ISO) has developed guidance documents to standardize life cycle 
assessment methods, and organizations such as the US National Renewable Energy 
Laboratory have compiled huge collections of data on life cycle impacts for various 
products and processes.  More information on life cycle assessment can be found in 
Allenby (2012), Bauman and Tillman (2004), or on the US Environmental Protection 
Agency’s website (http://www.epa.gov/nrmrl/std/lca/lca.html#define).   
The total life cycle greenhouse gases of a toaster will include the greenhouse gas 
emissions associated with transportation of the raw materials, manufacture of the product, 
transportation to a commercial retailer, transportation and use of the toaster by the 
consumer, and ultimately disposal at the end of life.  The life cycle of a toaster is shown 
in Figure 1.  In this limited life cycle analysis, we will just look at the environmental 
impacts associated with two life cycle stages (“materials,” which is a combination of 
“extraction of natural resources” and “material processing” and “toaster use”).  Also, we 
will only analyze one category of environmental impact: global warming potential 
expressed in equivalent carbon dioxide emissions.  In a full life cycle assessment for a 
product, we would not only include all life cycle stages, but we might also analyze other 
categories of environmental impacts. Those might include water use, land use, toxic 
emissions to water, toxic emissions to air, freshwater eutrophication potential, etc.    
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Figure 1.  Life cycle stages for a toaster, from Lankey and Davidson (1997). 

Using the raw material weights measured in the laboratory for both the toaster and the 
packaging, calculate the total global warming potential associated with the extraction and 
production of each material.  The global warming potential (GWP) is the sum of emitted 
greenhouse gases, including CO2, N2O, CH4, etc., expressed as equivalent to the “global 
warming potential” of CO2.  These calculations take into account the radiative forcing 
and longevity of each greenhouse gas, as compared to carbon dioxide.   Methane has a 
global warming potential that is about 25 times that of carbon dioxide, while nitrous 
oxide’s global warming potential is 310 times that of carbon dioxide (see EPA’s Climate 
Change webpage http://epa.gov/climatechange/index.html for more explanation).  (hint: 
use an Excel worksheet for these calculations).   
  

Table 1.  Global warming potential associated with the extraction and production of 
possible materials found in a toaster (from EcoInvent database, http://ecoinvent.org/). 

Material Equivalent GWP  

(kg CO2/kg material) 

Cardboard 0.21 

Light Plastic 4.4 

Polycarbonate 11.4 

Steel 1.4 

Copper 15.9 

Aluminum 11.5 

Mica 7.2 



 
Using the average greenhouse gas emissions profile for Rapid City, South Dakota (shown 
in Table 2) or for your zip code, determine an equivalent GWP for energy use over the 
life of your toaster. (Note: You can look up the CO2 and N2O emissions for your location 
on EPA’s Power Profiler website, http://www.epa.gov/cleanenergy/energy-and-you/how-
clean.html.  Remember that in order to convert the given mass output of N2O to an 
equivalent GWP in units of kg CO2, you will need to multiply by 310.) The total GWP 
per megawatt-hour (MWh) is the sum of the GWP for CO2 and N2O, which is 1233 kg 
CO2 for Rapid City, SD.  You will also need to apply your estimated lifetime energy 
consumption for your toaster (estimated in the life cycle cost analysis). 

 
Table 2.  Global warming potential for the generation of electricity in Rapid City, South 
Dakota (from EPA Power Profiler, http://www.epa.gov/cleanenergy/energy-and-
you/how-clean.html).  Rapid City’s fuel mix for power generation is roughly 70% coal, 
with hydro as the second predominant source. 

Category Equivalent GWP  
(kg CO2/MWh) 

CO2 854 

N2O 379 

TOTAL GWP per MWh 1233 

 
Sum the GWP associated with the two life cycle stages to determine the limited life cycle 
global warming potential of your toaster.  Using the information from each lab group’s 
toaster, create a bar graph showing the CO2 emissions associated with the raw materials 
and use stages for each toaster.  See Figure 2 for an example of this type of figure (yours 
will show the percentage contribution of raw materials and electricity to the total global 
warming potential, rather than beef production stages). 
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Figure 2.  Carbon dioxide emissions associated with Northern Great Plains beef 
production, showing the implications of cattle feeding stages, Christopher Lupo, 2011  
The “backgrounding” phase refers to the introduction of calves to a feedlot and includes 
a diet of mainly forage (hay) and some grains; the “finishing” phase refers to the 
fattening of mature cattle before sale and includes a diet of mainly grains with some 
forage.  By looking at the total impacts of each feeding stage, beef producers can make 
some adjustments to diet, length of time cattle spend in various feeding stages, etc. in 
order to make informed decisions to reduce their impacts.  

 Engineering Design Decisions 

Construct a “house of quality” or an engineering decision rubric that to compare the 
different brands of toasters based on the categories of parameters you have measured in 
this exercise.   

For this, an engineer will typically consult with clients and potential users of a product or 
service to determine which decision factors are most important and a weighting factor 
can be applied.  Considering the product quality, lifetime (which in this case, we are not 
able to measure), costs, and sustainability implications, how would you choose between 
different design options?  
First list the design objectives that you are going to evaluate (hint: think about the list of 
parameters we have measured and/or estimated in the previous sections).  Then for each 
objective, assign and define units for evaluation (See Example 2).  
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Example 2. (Dym and Little, 2009, p. 69).  

Objective: Beverage container should be environmentally benign 
Units: Rating assessment of most environmentally desirable alternative from 0 
(worst) to 100 (best). 
Metric: Assign points according to the following scale: 

 Completely reusable:      100 points 
 Material is recyclable:      90 points 

 Material is easily disposable:    50 points 
 Material is disposable with difficulty: 25 points 

 Material is a hazardous waste:   0 points 

 

After assigning a similar metric to each of your design objectives, you can create a chart 
that includes each metric in rows, with design alternatives (i.e. different toasters) in 
columns, and simply sum the total score for each toaster.  If you are consistent with your 
units, these can be summed for each design alternative and a highest score ranking would 
indicate your design decision.  
For example, you might want to assign a total point scale of 100 units, so you distribute 
points to each objective based on how important you decide that objective should be to 
the overall design.  Then, you might assign 20 points to global warming potential and 
derive a metric from 0-20 points for different global warming potentials, as shown in the 
above example.  You may decide that taste is worth 40 points; then you would derive a 
scale (you could multiply your taste scaling on a 1-5 score by 8 to weigh this objective 
for the design decision) for toast taste based on 0-40 points, as shown in the above 
example.  
How does your toaster rank as a design alternative?  How does it compare to other 
models of toasters, based on the results of other groups’ data?   
In your conclusions, provide some ideas for design modifications and improvements that 
could improve a toaster’s design. 
 

ASSIGNMENT  

As a group, produce a single laboratory report that addresses all of the analyses noted and 
includes an introduction, method, results, discussion, and conclusion section.     
Follow the guidelines of “Writing for Your Audience” (Allenby, 2001) when preparing 
your lab report.  Submit 2 copies of your report; one copy should be your final edited 
report and the other should show the edits and comments of each group member (use the 
change tracking mode when proofreading). 
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