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4E Sustainability Analysis for a Senior Level Design Course 
By David Braun 

 
1. Introduction 
 
Designed for a senior level design course, this module teaches students to analyze sustainability issues 
associated with engineering projects and introduces the green engineering design principles. “4E 
Sustainability Analysis” refers to analysis based on Environmental, Energy, Economic, and social and 
political Equity considerations [29]. While originally designed for an advanced electronics design course, 
the module could also work in other engineering disciplines. The sustainability analysis activity can serve 
as one component embedded in a design project, or instructors may assign it in parallel to the design 
process. Instructors wishing to adapt the module for earlier or later courses can simplify or augment the 
provided materials. Section 2 lists the module’s learning objectives; Section 3 outlines the classroom 
lecture topics; Section 4 describes the lecture topics and 4E Sustainability Analysis; Section 5 concludes; 
and Section 6 gives references. The module includes an example assignment prompt and grading guide. 
 
2. Learning Objectives 
 
Students successfully completing this module should be able to: 

1) Explain how an engineering design, or applications related to the design, foster or prevent 
sustainability, and  
2) Explain to what extent the design embodies the green engineering design principles.  

The module supports ABET Criterion 3 Program Outcomes: 
3 (c) an ability to design a system, component, or process to meet desired needs within realistic 
constraints such as economic, environmental, social, political, ethical, health and safety, 
manufacturability, and sustainability; and  
3 (j) a knowledge of contemporary issues. 

The module teaches sustainability analysis using the Analysis, Application, and Comprehension 
categories of Bloom's Taxonomy of cognitive skills. 
 
3. Classroom Lecture Topics and Out-of-Class Sustainability Analysis Activity 
 
This module encourages students to apply sustainability concepts to engineering projects in two ways: 

1. Analyze sustainability issues associated with engineering design ideas and applications. 
2. Analyze how engineering design ideas and applications comply with green engineering 
principles. 

 
TABLE I 

INTRODUCTORY SUSTAINABILITY LECTURE TOPICS 
Topics Slides 

Ecosystems Services 
Valuing & Pressuring Ecosystem Services 
Multidisciplinary Sustainability Perspectives 
Sustainable Design 
Green Engineering Principles 
4E Sustainability Analysis 

2-7 
8-20 
21-23 
24-27 
28-29 
30-35 

  

The slides column indicates which slides in the accompanying PowerPoint file cover 
each topic. 

 
While not strictly necessary, it can help some students to encounter the lecture topics listed in Table I 
before embarking on sustainability analysis. Lectures can superficially introduce the topics listed in Table 
I within two hours. An accompanying PowerPoint presentation contains slides supporting the topics. A 
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class session can have more value for students who have viewed the documentary “Waste = Food” 
beforehand [10]. Discussion about the lecture topics appears in section 4 below. A sample sustainability 
analysis assignment prompt appears on pages 7-8, and an assignment rubric appears on page 9. 
 
4. Discussion 
 
Sections one, two, and three above outline the module’s general goals. This module has an audience 
consisting of senior level students. It accompanies the students’ work on specific technical topics in 
engineering design projects, while having the students make connections to sustainability themes. 
Essentially, the module requires students to weave conceptual connections between their own discipline 
and other perspectives. 
 
Ecosystems Services (Slides 2-7) 
 
The Millennium Ecosystem Assessment assessed the health of the world’s ecosystems and resulted from 
a consensus of the scientific community [4]. It is comprehensive and authoritative. The entire report 
contains four volumes totaling thousands of pages. Readers who do not wish to read the entire body of 
work can find overviews in the summary introductory chapter plus chapters 1 – 3, and 28 of volume 1 [4]. 
Slides 2 and 3 introduce the Millennium Ecosystem Assessment context and goals. Slides 6 – 9 illustrate 
the ecosystem services concept as benefits humans derive from ecosystems. Photos provide examples of 
the goods, the biosphere regulation, and the non-material values people obtain from ecosystems and rely 
on for survival. 
 
Valuing & Pressuring Ecosystem Services (Slides 8-20) 
 
Inquiring how humanity might substitute for some ecosystem services listed in slides 9 – 12 [6] leads to 
the possibility of economic valuation for ecosystem services [22] in slides 13 – 15. Slides 16 and 17 
briefly summarize the Millennium Ecosystem Assessment’s main results warning about humanity 
endangering the world’s ecosystems. Slide 18 contains the Rees & Wackernagel (as quoted in [18]) 
definition of ecological footprint as “the total area of land and water ecosystems required to produce the 
resources that the population consumes, and to assimilate the wastes that the population produces, 
wherever on earth the land/water are located.” When measured on a global scale, the ecological footprint 
measures humanity’s impact. Slide 19 shows how the total ecological footprint for the Earth’s population 
has grown over the last decades, and compares this growth to the Earth’s biological capacity. For several 
decades, humanity has consumed more global resources annually than the Earth can replenish, purify, or 
repair. Viewed simplistically as a bank account, humanity exhausts more than the annual interest earned 
and has spent years eating away at the principal. Slide 20 asks how to confront this impossible trend as an 
introduction to sustainability analysis intended to elicit insights about various strategies. 
 
Multidisciplinary Sustainability Perspectives (Slides 21-23) 
 
While numerous sustainability definitions exist, several nicely express how sustainability depends on 
multidisciplinary and systems thinking. Euston and Gibson describe sustainability as “a condition in 
which natural systems and social systems survive and thrive together indefinitely” [2]. This approach 
naturally evokes the Venn diagram of Figure 1 and slide 22 showing that sustainability can exist where 
Environmental, Energy, Economic, and social and political Equity considerations overlap. Instructors 
wishing to use a lengthier list of “E” constraints could include Ecology, Education, and Ethics. A 
sustainable society allows each human being the opportunity to develop in freedom, within a well-
balanced society and in harmony with its surroundings [8]. Such a multidisciplinary backdrop creates a 
more nuanced view of the original Brundtland Commission definition of sustainable development in slide 
23, which seeks a way to meet the needs of the present without compromising the ability of future 
generations to meet their own needs [3].  
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Figure 1 Sustainability Venn diagram motivated by the Euston & Gibson definition of 
sustainability and James White’s four sustainability “E”s. 

 
Exposing students to several sustainability definitions can ease the resistance some feel when asked to 
connect technical engineering concepts to seemingly unrelated topics. Some students feel a similar 
resistance when expected to practice high quality technical communication and critical thinking skills 
along with more technical problem solving. Using the synergies between technical communication, 
critical thinking, sustainability analysis, and systems thinking can help students solve technical problems. 
Perhaps, teaching students to dispel the imagined barrier between engineering and sustainability can 
similarly improve their problem solving skills. A desire to make multidisciplinary connections naturally 
segues into discussing Commoner’s laws of ecology [5]. 
 
Sustainable Design (Slides 24-27) 
 
Slides 25 and 26 translate multidisciplinary sustainability concept into design criteria. As described by 
McDonough, “the goal is a delightfully diverse, safe, healthy, and just world, with clean air, soil, water, 
and power, economically, equitably, ecologically, and elegantly enjoyed” [10]. To achieve sustainability, 
McDonough works to “design systems that love all the children of all species for all time” [10]. Slide 27, 
found in an environmental engineering textbook [9], cleverly summarizes such a multifaceted view of 
sustainability.  
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Green Engineering Principles (Slides 28-29) 
 
Table II and slide 29 list the EPA’s Green Engineering Principles developed “for engineers to use as 
guidance in the design or redesign of products and processes within the constraints dictated by business, 
government, and society such as cost, safety, performance and environmental impact” [21]. The EPA 
website provides an overview and more background, so this module does not elaborate further [21]. 
 

TABLE II 
GREEN ENGINEERING PRINCIPLES [21] 

 
1. Engineer processes and products holistically, use systems analysis, and 

integrate environmental impact assessment tools. 
2. Conserve and improve natural ecosystems while protecting human 

health and well-being. 
3. Use life-cycle thinking in all engineering activities. 
4. Ensure that all material and energy inputs and outputs are as inherently 

safe and benign as possible. 
5. Minimize depletion of natural resources. 
6. Strive to prevent waste. 
7. Develop and apply engineering solutions, while being cognizant of 

local geography, aspirations, and cultures. 
8. Create engineering solutions beyond current or dominant technologies; 

improve, innovate, and invent (technologies) to achieve sustainability. 
9. Actively engage communities and stakeholders in development of 

engineering solutions. 
 

 
 
4E Sustainability Analysis (Slides 30-35) 
 
By writing sustainability analyses, students learn to explain how engineering projects, their applications, 
and their impacts foster or prevent sustainability. Analyses relate energy and resource consumption issues 
relevant to technical project facets to sustainability issues. The analyses involve environmental, social, 
political, and economic aspects. Slides 31-35 guide students to answer questions about four sustainability 
“E” areas: 
 

Ecology 
1. Which natural resources and ecosystem services does the project use directly and indirectly? 
2. Which natural resources and ecosystem services does the project improve or harm? 
3. What ecological impacts result? Where? How much? 
4. How does the project impact other species? 

 
Energy 

1. How much energy does the project use? 
2. From which sources? 
3. Are the energy sources renewable, efficient, or polluting? 
4. What impacts result? 
5. Ensure that all material and energy inputs and outputs are as inherently safe and benign as 

possible. 
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Economy 
1. What economic impacts result? Consider: 

• Human Capital – What people do. 
• Financial Capital – Monetary instruments. 
• Manufactured or Real Capital – Made by people and their tools. 
• Natural Capital – The Earth’s resources and bio-capacity. 

2. How much does the project cost? Who pays? 
3. How much does the project earn? Who profits? 
4. When do costs and benefits accrue?  
5. What inputs does the project require? 
6. When do project products emerge? 
7. How long do products exist?  
8. What maintenance or operation costs exist?  
9. What happens after the project ends? 

 
social and political Equity 

1. Who does the project impact?  
Who are the direct and indirect stakeholders? 

2. How does the project benefit or harm various stakeholders? 
3. To what extent do stakeholders benefit equally? Pay equally? 
4. Does the project create any inequities? 
5. Consider various stakeholders’ locations, communities, access to resources, economic power, 

knowledge, skills, and political power. 
 
In select engineering courses, the author had students post their sustainability analysis work on individual 
or common wikis. Please see http://sustainability-and-ICs.pbworks.com/ [1]. The wiki contains a brief 
introduction to sustainability, sustainability data, and examples of sustainability analyses written by 
students in several electrical engineering course sections. 
 
5. Conclusion 
 
This module teaches students how to analyze sustainability issues associated with engineering design 
projects. When employed in an upper division engineering design course, the module complements 
typical design activities by providing a strategy for students to assess their work from multiple 
sustainability perspectives. Prior experience introducing similar sustainability analysis assignments into 
electrical engineering lab courses shows that having students write about sustainability issues associated 
with their weekly engineering experiments advances students’ abilities to define sustainability and 
analyze sustainability issues [26]. If successful, the module might encourage students to pursue 
engineering projects designed to foster sustainability, either in incremental or revolutionary manners. 
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 SUSTAINABILITY ANALYSIS ASSIGNMENT  
 

This assignment practices analyzing sustainability issues associated with an electronics design idea and its applications.  

Read about sustainability on http://sustainability-and-ics.pbworks.com/ [1]. Sustainability describes a condition in which 
natural systems and social systems survive and thrive together indefinitely [2]. A sustainable condition allows people to meet 
the needs of the present without compromising the ability of future generations to meet their own needs [3]. Because 
humanity now consumes and pollutes the Earth’s resources faster than natural and human systems can replenish and clean 
them, we do not currently live in a sustainable manner [4]. Consider Commoner’s laws of ecology, which sound 
unsurprisingly similar to laws of physics:  

• Everything connects to everything else 
• Everything must go somewhere 
• Nature knows best and bats last 
• There is no such thing as a free lunch [5].  

Analyze sustainability issues associated directly or indirectly with your design idea.  

• Explain how your design or applications related to the design contribute to or prevent sustainability. References [6]-
[25] provide helpful information.  

• Consider issues related to Energy, Environment, Economics, and social or political Equity, four “E”s of 
sustainability. 

• Explain to what extent the design embodies the green engineering design principles[21]  
1. Engineer processes and products holistically, use systems analysis, and integrate environmental impact 

assessment tools.  
2. Conserve and improve natural ecosystems while protecting human health and well-being.  
3. Use life-cycle thinking in all engineering activities.  
4. Ensure that all material and energy inputs and outputs are as inherently safe and benign as possible.  
5. Minimize depletion of natural resources.  
6. Strive to prevent waste.  
7. Develop and apply engineering solutions, while being cognizant of local geography, aspirations, and cultures.  
8. Create engineering solutions beyond current or dominant technologies; improve, innovate, and invent 

(technologies) to achieve sustainability.  
9. Actively engage communities and stakeholders in development of engineering solutions. 

Post your sustainability analysis as a wiki or webpage, and email your url before class before class on _________. Your 
wiki should clearly reference your design idea. Hint: read the assignment rubric and use the paramedic method.  

The above assignment describes baseline requirements. Feel free to go beyond this guideline and consider a more in-depth or 
creative analysis. Here are a few illustrative examples: 

• Perform a quantitative Life Cycle Analysis, not just qualitative. [27, 28] 
• Explain how to make the design idea function more sustainably. 
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Sustainability Analysis Grading Rubric Braun 
Topic  Points 

Possible 
 

Explain how your design or applications related to the design 
contribute to or prevent sustainability. References [6]-[25] provide 
helpful information. 

 10  

Consider issues related to Energy, Environment, Economics, and 
social or political Equity, four “E”s of sustainability. 

 5  
Explain to what extent the design embodies the green engineering 
design principles[21]  

1. Engineer processes and products holistically, use systems 
analysis, and integrate environmental impact assessment 
tools.  

2. Conserve and improve natural ecosystems while protecting 
human health and well-being.  

3. Use life-cycle thinking in all engineering activities.  
4. Ensure that all material and energy inputs and outputs are 

as inherently safe and benign as possible.  
5. Minimize depletion of natural resources.  
6. Strive to prevent waste.  
7. Develop and apply engineering solutions, while being 

cognizant of local geography, aspirations, and cultures.  
8. Create engineering solutions beyond current or dominant 

technologies; improve, innovate, and invent (technologies) 
to achieve sustainability.  

9. Actively engage communities and stakeholders in 
development of engineering solutions. 

 5  

Your instructor could access your sustainability analysis wiki url on 
their first attempt. 

 2  

Creativity    
Extras    
TLCCC (Technical and Learning Content, Completeness, Commentary)  4  
PPLGS (Presentation, Professionalism, Legibility, Grammar, Spelling)  4  
    
Total  30  
 
 
 



- 10 - 

 



- 11 - 



- 12 - 

 



- 13 - 

 



- 14 - 

 



- 15 - 

 



- 16 - 

 



- 17 - 

 



- 18 - 

 



- 19 - 

 



- 20 - 

 



- 21 - 

 



- 22 - 

 



- 23 - 

 



- 24 - 

 



- 25 - 

 



- 26 - 

 



- 27 - 

 



- 28 - 

 



- 29 - 

 



- 30 - 

 



- 31 - 

 



- 32 - 

 



- 33 - 

 



- 34 - 

 



- 35 - 

 



- 36 - 

 



- 37 - 

 



- 38 - 

 



- 39 - 

 



- 40 - 

 



- 41 - 



- 42 - 

 



- 43 - 

 



- 44 - 

 



- 45 - 

 


