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/: Sustainability : Forever ? : \|The Time scale
 ( SOME Silly QUESTIONS FOR THE PERSPECTIVE) 

• Do we know how long the Universe would last and is it sustainable ?
• Do we know how long the time would last ?  What is the nature of 

Time 
• Something Serious :What is the official definition for sustainability?

• In 1987, the United Nations Brundtland Commission defined 
sustainability as “meeting the needs of the present without 
compromising the ability of future generations to meet their 
own needs.” 



Sustainability

Precepts -Definitions -Concepts

 





Definitions of Sustainability/Sustainable 
Development

http://www.ozpolitic.com/articles/sustainability-bullseye-vs-mickey-mouse.jpg


Additionally Brundtland recognised that sustainable development 
is founded on the notion of intergenerational and 
intragenerational equity

- Intergenerational equity is the concept or idea of fairness 
or justice in relationships across generations

- Intragenerational equity is the concept of idea of fairness 
of justice in relationships within generations



Laws of 
Thermodynamics

1st Law of thermodynamics
Energy can be neither created nor destroyed. It can only change forms. 
In any process in an isolated system, the total energy remains the same.

Materials (energy) removed from the environment must reappear in equal weight at the end of the life of the 
product in which they are embedded. 
Materials and energy are simply rearranged by economic activity. 

It is important to recognise that at the atomic level the building industry never makes anything new. Existing matter is just 
transformed and rearranged by industrial processes to make new forms. 

2nd Law of thermodynamics 
As energy flows through a closed system, the energy available to that system for work decreases. The higher the 
energy-quality, the more capacity energy has to do work. As we change from one form of energy to another 
something is lost and that is heat or entropy. 



9

Dominant Worldview
• While many say there is a dominant western worldview there are also 

alternative worldviews. The differences between these are characterised 
by the values and ethical codes of conduct of the individual. These 
differences will result in different definitions of sustainability and 
behaviours. 

• Three examples of different worldviews include:

1. Anthropocentrism is the idea that, for humans, humans must be the 
central concern, and that humanity must judge all things accordingly: 
Anthropos (the term, like “human”, refers to both men and women) 
must be considered, looked after and cared for, above all other real or 
imaginary beings 

2. Biocentrism is most commonly defined as the belief that all forms of life 
are equally valuable and humanity is not the centre of existence. 
Biocentric positions generally advocate a focus on the well-being of all 
life in the consideration of ecological, political, and economic issues.

3. Ecocentrism is a philosophy that recognizes that the ecosphere, rather 
than any individual organism, is the source and support of all life and as 
such advises a holistic and eco-centric approach to government, 
industry, and individual.

• These appraoches are again dominated by certain values and may not 
result in equality across the three areas of sustainability. 

http://en.wikipedia.org/wiki/Human
http://en.wikipedia.org/wiki/Life
http://en.wikipedia.org/wiki/Equal_consideration_of_interests
http://en.wikipedia.org/wiki/Humanity
http://en.wikipedia.org/wiki/Ecology
http://en.wikipedia.org/wiki/Ecosphere






EQUITY

SECURITY

SUSTAINABILITY











 Symbol for exajoule, an SI unit of work or energy equal to 1018 joules.

https://en.wiktionary.org/wiki/exajoule
https://en.wiktionary.org/wiki/Appendix:SI_units
https://en.wiktionary.org/wiki/work
https://en.wiktionary.org/wiki/energy
https://en.wiktionary.org/wiki/joule


SCALE OF THE ISSUE







Hydrogen From Water  - Electrolysis as Basis of Electrifying the World 









https://footprintmap.org/map

https://www.visualcapitalist.com/category/energy/

https://www.nrel.gov/pv/interactive-cell-efficiency.html

http://earthcharts.org/material-consumption/

https://ourworldindata.org/plastic-pollution







SOLAR POWER – A PERSPECTIVE



CONCENTRATING SOLAR POWER



Comparison of GHG emissions from PV with those from conventional power plants 
(abased on the average US insolation, 1800 kWh/m2/year and a performance ratio of 0.8; 
bbased on the Southern European insolation,1700 kWh/m2/year and a performance ratio 
of 0.75).



Storing Energy  - Solving Problem of Variability Renewables

Thermal Energy Storage Battery Energy Storage



• Fuel wood

• Charcoal

• Agricultural waste

• Wood pellets

• Biogas

• Bioethanol (equivalent of gasoline) 

• Biodiesel (equivalent of diesel), and 

• Bioelectricity

BIO-Fuels –Back to the Future



Agro/Bioenergy Production Synergies

(FROM: biogas.ifas.ufl.edu)

http://www.google.co.zm/url?sa=i&source=images&cd=&cad=rja&docid=ry611Lw_1D9z-M&tbnid=kRRZT8i-f6B-RM:&ved=0CAcQjB0wAA&url=http://biogas.ifas.ufl.edu/digesters.asp&ei=TqM0Ut2MIoj17AbUu4GQDQ&psig=AFQjCNFBTBzZJtqdaKDHs8FUk0yS1xwaKw&ust=1379267790623545


Biodiesel Processing



Biomass for Electricity Generation in Biodiesel Processing

(SOURCE: http://3.bp.blogspot.com/_bCNdcYdqloQ/S9jg4-iNsFI/AAAAAAAAAMA/E7jJT3RVEfQ/s1600/palmtree-biomass.jpg)

http://3.bp.blogspot.com/_bCNdcYdqloQ/S9jg4-iNsFI/AAAAAAAAAMA/E7jJT3RVEfQ/s1600/palmtree-biomass.jpg




Materials are A Finite Source





We are 8 Billion People Planet











Balance in DesignBalance in Design

Past  : Only Economics



Balance in DesignBalance in Design

Present : Life Cycle Eco: Cradle to Grave



Balance in DesignBalance in Design

Future: Life Cycle Eco: Cradle to Cradle

End of Life Use
Lifetime Ecology Footprint
Lifetime Environment Footprint
Lifetime Total Resource Footprint
After Life and Renewal/Regeneration



12 Principles of Sustainable ENERGY & Material 
Design

1. Inherent rather than Circumstantial
2. Prevention rather than Treatment
3. Design for Separation
4. Maximize Mass, Energy, Space, and Time efficiency
5. Output-pulled versus Input-Pushed
6. Conserve Complexity
7. Durability rather than Immortality
8. Meet need, Minimize excess
9. Minimize Material Diversity
10. Integrate local material and energy flows
11. Design for commercial Afterlife
12. Renewable Rather than Depleting

From Suprit Pal Singh



• Inherent rather than circumstantial “designers should evaluate the 
inherent nature of the selected material and energy inputs to ensure 
that they are as benign as possible as a first step toward a sustainable 
product, process, or system”

Principle 1Principle 1



• North Facing Full Double Glazed Windows
• South Facing Insulation Excess
• East to West Ventilation

1 Case Study:  Design Inherent 
to Location

1 Case Study:  Design Inherent 
to Location



Principle 2Principle 2

• Tremendous $$ spent on waste treatment, disposal 
and remediation; in the past not always considered 
in cost of plant - full cost accounting (life cycle 
analysis)

• Usually requires extra unit operations
• Industrial mindset is changing

• Prevention rather than treatment
“it is better to prevent waste than to treat or 
clean up waste after it is formed”



2 Case Study:  Non-Toxic Paints- 
Inherent Colors

2 Case Study:  Non-Toxic Paints- 
Inherent Colors

• Implementation of new technology
–Inherent Color Glazed Tile Roof
–Wall Surface as Natural Brick
–Wall Surface as Natural Oiled Wood



• Design for Separation; 
“many traditional methods for separation require 
large amounts of hazardous solvents, whereas others 
consume large quantities of energy as heat or 
pressure. Appropriate upfront designs permit the self-
separation of products using intrinsic 
physical/chemical properties….”

Principle 3Principle 3



3 Case Study:  Décor Wood 
Work with Wood Drilled Nails
3 Case Study:  Décor Wood 

Work with Wood Drilled Nails

• Implementation of new technology
– Special Drill which Insert Wood 
Inserts of Hard wood as Joiner Nails

–The Wood Also becomes 100% 
Recyclable      



Principle 4Principle 4

•Maximize efficiency
“products, processes, and systems should 
be designed to maximize mass, energy, 
space and time efficiency”

• Mass and energy efficiency is standard 
Engineering optimization

• Related to 8 (no overcapacity)
• Related to 10 (mass & energy integration)



4 Case Study:Heat/Cooling 
integration

4 Case Study:Heat/Cooling 
integration

Hot process 
stream out
30°C

Hot process 
stream in
90°C
1 kg/s

Cold process 
stream in
40°C
2 kg/s

Cold process 
stream out
90°C

300 kJ heating utility
 (e.g., Hot Water)

170 kJ cooling utility
 (e.g., Air Conditioning)

A&S, 2002



4 Case Study:  Heat/Cooling 
integration

4 Case Study:  Heat/Cooling 
integration

Hot process 
stream out
30°C

Cold process 
stream in
25°C
2 kg/s

Hot process 
stream in
90°C
1 kg/s

Cold process 
stream out
90°C

30 kJ cooling utility
 (e.g., Air Conditioning)

160 kJ heating utility
 (e.g., Gas Heating)

45°C

60°C



• Ouput-pulled rather than Input-pushed “approaching design through 
Le Chatelier’s Principle, therefore, minimizes the amount of resources 
consumed to transform inputs into desired outputs”

Principle 5Principle 5



• The design should be such that the cost of Building should be less and 
hence they would be demand driven. Also the house should use less 
energy when we live in them.

• The Eco-House should not be a fancy fad or only be giving Bragging 
rights for being iconic. It should be Utilitarian.

5 Case Study:  Economical to Build and 
Economical to Run
5 Case Study:  Economical to Build and 
Economical to Run



Principle 6Principle 6

•Conserve complexity
“embedded entropy and complexity must 
be viewed as an investment when making 
design choices on recycle, reuse, or 
beneficial disposition”

• More focused on products than processes
• Less complicated products can more easily be recycled
• If a product is complex then it should be designed to be 

reused



6 example:  PCs6 example:  PCs

• Pre-Fab Wood House is made from 15 
different types of fasteners 
(unnecessary  complexity)

• Replaced with 5 type of Fasteners or 
Nails or Bolt Screws

• Easier to disassemble & recycle

6 Case Study:  Use Simple Quick 
Construction

6 Case Study:  Use Simple Quick 
Construction



• Durability rather than immortality; 
“It is therefore necessary to design products with a targeted lifetime 
to avoid immortality of undesirable materials in the environment. 
However, this strategy must be balanced with the design of products 
that are durable enough to withstand anticipated operating 
conditions..”

Principle 7Principle 7



Example: CFC’s

• CxHyFzClq

• Non-flammable
• Non-toxic
• Inexpensive
• Effective
• Stable

7 Case Study:  Refrigerant CFC7 Case Study:  Refrigerant CFC



• CxHyFzClq

• Non-flammable
• Non-toxic
• Inexpensive
• Effective
• Stable

• Long-lived, migrate to upper atmosphere
• UV-induced fragmentation in upper atmosphere leads to ozone 

depletion

7 Case Study:  Refrigerant CFC7 Case Study:  Refrigerant CFC



Principle 8Principle 8

•Meet Need, Not Excess
“design for unnecessary capacity or 
capability (e.g., “one size fits all”) solutions 
should be considered a design flaw”

• Don’t over design things; keep contingency factors low
• Extra size means wasted material and energy



8 Case Study: Modular House8 Case Study: Modular House

• 4 Bedroom to start with Master , Kids and 
Guest

• 2 Bedroom later with 2 Bedroom dismantled 
at the time of empty Nest.



• Minimize material diversity 
“options for final disposition are increased through 
upfront designs that minimize material diversity yet 
accomplish the needed functions”

Principle 9Principle 9



• WOOD can be used in Variety of Ways.
• Plastic Composites which are Recyclable are also possible to be used 

as Flooring, Structural element as well as Walls.

9 Case Study: USE WOOD or 
COMPOSITES
9 Case Study: USE WOOD or 
COMPOSITES



Principle 10Principle 10

•Integrate Material and Energy Flows
“design of products, processes, and 
systems must include integration and 
interconnectivity with available energy and 
materials flows”

• Make use of what you’ve got available
• Heat integration (example 4)



10 Case Study:  Make Ash Bricks 
on Site

10 Case Study:  Make Ash Bricks 
on Site

1. In LaTrobe Valley of Victoria we burn lot of Coal to 
make energy. 
2. The resultant Ash is a waste as well as difficult to 
utilize 
3. A study has devised to means to mix this Ash with very 

little cement and make Brick Molds which are Cold 
settable.

4. These Bricks can be used for construction and provide 
excellent Noise absorbent Walls



• Design for commercial afterlife
“To reduce waste, components that remain functional and valuable 
can be recovered for reuse and/or reconfiguration”.

Principle 11Principle 11



• Disassembly of equipment for reuse of components
• Creation of “plastic lumber” from used polymeric packaging material 

(molecular reuse)
• Using wood Chaff to make MDF Boards

Examples11 Case Study: Plastic Lumber 11 Case Study: Plastic Lumber 



Principle 12Principle 12

•Renewable rather than Depleting
“Material and energy inputs should be 
renewable rather than depleting”

• Don’t want to deplete our natural resources
• Need resources to be there for future generations

• Energy: solar, wind, hydroelectric, geothermal, 
biomass, hydrogen (fuel cells) 



• Conversion of old factories to housing
• Use Plantation Timber to Make Houses

Examples
12 Case Study: Plantation 

Timber Houses
12 Case Study: Plantation 

Timber Houses



Some Further Reading General on 
Sustainability

• Barbier, E. B. (1987). The Concept of Sustainable Economic Development. Environmental Conservation, 14(2), 101–
110. https://doi.org/10.1017/S0376892900011449

• Hirsch, F. (1976). Social Limits to Growth. Harvard University Press. 
https://doi.org/10.4159/HARVARD.9780674497900

• United Nations. (2015). Transforming our World: The 2030 Agenda for Sustainable Development. 
https://sdgs.un.org/publications/transforming-our-world-2030-agenda-sustainable-development-17981

• WCED. (1987). Report of the World Commission on Environment and Development : Our Common Future. UN,. 
https://digitallibrary.un.org/record/139811
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This archive edition keeps the content as originally presented. Figures and forecasts are of their date.
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