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Today’s References

● Professor, Hart

– http://www.ce.utexas.edu/prof/hart/333T/documents/Sustaina
bleEngineering.pdf

● Wikipedia, and so on



Sustainable Engineering

● Traditional Engineering Vs. sustainable Engineering

● In “Traditional / Conventional” Engineering

– Human exposed to toxics in food, air, water and soil

– Rising demand for energy for transport, manufacturing, heating & 
cooling

– Depletion of non-renewable resources (Petroleum, metals, phosphorus)

– Excessive demand for water for homes, agriculture and industry

– Rising demand for land for housing, food production and economical 
activities (Production, retail, transportation)

– Ecosystem damage and habitat loss due to pollutant discharger

– Impact on global climate



Conventional Engineering

HighLow

1. Emission of Toxicity

2. Emission  of carbon

3. Pollution

4. Usage of non-renewable energy

5. Ecosystem damage and habitat loss

6. Impact on global climate 

1. Energy Conservation

2. Recycling

3. Reusing 



Sustainable Engineering

HighLow

1. Emission of Toxicity
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4. Usage of non-renewable energy
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Sustainable Engineering

● Another viewpoint

Conventional Engineering Sustainable Engineering

Consider “Object” Consider “System”

Focuses on technical issues Integrated technical issues 

& non-technical issues

Solve the immediate problem

(Now)

Solve problem 

for the indefinite future

Considers the local context

(User)

Consider the global context

(Planet)

Assumes others will deal with 

politics, ethics & societal issues

Acknowledges the needs for  

engineers to interacts with experts 

in other disciplines 

related to the problem



Sustainable Engineering

● Stage of sustainable solution



Sustainable Engineering

● Control



Sustainable Engineering 

● Definition

– There is no fixed definition

– The 12 principles of Green Engineering 

[Anastas & Zimmerman, Environmental Science & Technology, 2003]

– The process of using energy and resources at a rate that does not 
compromise the natural environment or the ability of future 
generations to  meet  their own needs 

[Wikipedia]

– What’s your definition? 



The 12 principles of Green Engineering

● Anastas & Zimmerman

– 1. Apply green chemistry

– 2. Prevent rather than treat consequences

– 3. Design for separation

– 4. Maximize mass, energy, space and time efficiency

– 5. “out-pulled” rather than “input-pushed”

– 6. View complexity as an investment rather than a complication

– 7. Durability than obsolescence

– 8.  Meet need without excess

– 9. Minimize material diversity

– 10. Integrate local material and energy flows

– 11. design for commercial “after-life”

– 12. Renewable and readily available



Example : Tire design

Conventional Engineering :

“Functionality”

-“Resists sand abrasion and heat”

Sustainable Engineering :

“Functionality” + “Sustainability”

-“where will all the rubber for tire?”

- “where will tires go at the end of  usage?”



Topics in Sustainable Engineering

● IJSE

– Engineering design for sustainable development

– Sustainable technology innovation

– Life-cycle engineering

– Energy conservation and low-carbon manufacturing

– Sustainable power engineering and renewable energy technology

– Waste minimization, remanufacturing, reuse and recycling technology

– Sustainable material development

– Sustainable packaging solution

– Sustainable process engineering 

– Sustainable supply chain management

– Sustainable transport engineering



Tools for S.E.

● Some tools

– Design for Environment (DfE)

– Life-cycle Assessment (LCA)

– Eco-industrial parks (EIPs)

– Pollution Prevention (P2)

– …….

– Industrial Engineering techniques  ?



DfE

● Design for  Environment

Consideration :

1. Less material

2. Less material variety

3. Recycled materials

4. Recyclable materials

5. Ease of disassembly

6. Less energy consumption

7. Longevity

8. modularity



LCA (1)

● Life-Cycle Assessment (3Steps approach)

– Step 1. Define System / product boundaries

● Determine product life, functional unit, system boundaries

– Step 2. Make BOM

● BOM

– Step 3. Calculate estimate impacts

● Calculate and compare impacts of the product’s components



LCA (2)

● Button Vs. Zipper



LCA (3)

● Button

– Polycarbonate  buttons used in a jacket (= 12 buttons)

– Worn 150 hrs / yr

– 6 years life

● Step 1 : System Boundaries

– Life time  150 hrs/yr * 6 yr = 900 hrs

– Functional unit  impacts / 100 hrs worn



LCA (4)

● Step 2 : BOM 

– 12 plastic button

Button

polycarbonate Package paper

Button

polycarbonate Button …….



LCA (5)

● Step 2 : BOM 

– 12 plastic button

Button

polycarbonate Package paper
Injection 

mold

Sewing 

machine
Truck Disposal

Material Manufacturing

Process

Transportation Disposal



LCA (6)

● Step 2 : BOM Button

polycarbonate Package paper
Injection 

mold

Sewing 

machine
Truck Disposal

Weight Weight Weight Electricity Weight- Distance Weight

0.05lb 0.025lb 0.05lb 0.042 kw-hr 0.056 ton-mi N/A

120V * 5Amp / 1000 w/kw * 5 min / 60 min / hr

0.075lb * 1500 mi / 2000 lbs/ton



T

● T



LCA (7)

● Calculate button impacts



LCA (8)

● Zipper



LCA (9)

● Zipper





Another example (1)

● Which is  better?



Another example (2)

● Spoon case



LCA (10)

● Conclusion

● Problem

– Criteria  1

– If multi-criteria exist

● Environmental impact

● Functionality

● Design



Next  Week

● What we discussed

– Sustainable  engineering

– DfE / LCA

● What we will discuss

– Multi-criteria Decision making for MSE

– Modeling & Simulation  

– Semi-conductor Manufacturing Systems 


