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Systems Design for
Sustainabilit

“Design of Sustainable Systems is a
multidisciplinary field involving
fundamental sciences, business, law, arts
and engineering.”

Green chemistry, green engineering,
environmental design, sustainabillity,
Industrial ecology, natural capitalism...



System Designh & Engineering
Role

* Environmental remediation & Conservation
— Natural Capital (Air /Water /Soll)
— Human Capital
— Manufactured Capital
— Financial Capital
— Community Capital

* Design / Development / Implementation
— Industrial Processes
— Educational Processes
— Business Processes
— Research designs
— Classroom / Laboratory
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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 Green/Sustainable Design

1. Inherent rather than Circumstantial
2. Prevention rather than Treatment

3. Design for Separation
4

Maximize Mass, Energy, Space, and Time
efficiency

5. OQOutput-pulled versus Input-Pushed
6. Conserve Complexity
/. 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



\ Principle 1 |

* 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”



1 Case Study: Design Inherent
to Location

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



\ Principle 2 |

 Prevention rather than treatment

“It Is better to prevent waste than to treat or
clean up waste after it is formed”

« 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



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



\ Principle 3 |

* 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....”



| 3 Case Study: Décor Wood
Work with Wood Drilled Nalils

 Implementation of new technology

— Special Drill which Insert Wood
Inserts of Hard wood as Joiner Nails

—The Wood Also becomes 100%
Recyclable



\ Principle 4 |

* Maximize efficiency

“oroducts, 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

170 kJ cooling utility

‘ (e.g., AirJ]Conditioning)
Hot process Hot process
stream in ; : > stream out
90°C e 30°C
1 kgls
Cold process ) E ---------------------------- E Cold pr(-)cess
: : stream in
stream out : :
90°C : ; 40°C
reeeeeeeeeeeeeeeeeeeen. : l 2 kgls

300 kJ heating utility

(e.g., Hot Water)
A&S, 2002



4 Case Study: Heat/Cooling

Hot process

Integration

30 kJ cooling utility

(e.g., Air

Conditioning)

Hot process

stream in >
90°C ................ Stream OUt
30°C
1 kgls
45°C
COId proceis E .............. E : COId prOceSS
stream out+— I 60°C Lo stream in
90°C 25°C
2 kgls

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



\ Principle 5 |

* 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”



5 Case Study: Economical to
Build and Economical to Run

* 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.




\ Principle 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 Case Study: Use Simple Quick
Construction

* 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

« Easiler to disassemble & recycle



\ Principle 7 |

* 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..”



7 Case Study: Refrigerant CFC I

» C,HF,CI,

MLV R
* Non-flammable
* Non-toxic

* |nexpensive

* Effective

* Stable



7 Case Study: Refrigerant CFC |

» C,HF,CI, * Long-lived, migrate to
. Non-flammable upper atmosphere
. Non-toxic * UV-induced
. fragmentation In
* Inexpensive upper atmosphere
* Effective

leads to ozone
* Stable depletion



\ Principle 8 |

* Meet Need, Not Excess

“design for unnecessary capacity or
capability (e.q., “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 House I

« 4 Bedroom to start with Master , Kids and
Guest

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



\ Principle 9 |

* Minimize material diversity

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



9 Case Study: USE WOOD or
COMPOSITES

« WOOQOD 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.



\ Principle 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

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



\ Principle 11 |

* Design for commercial afterlife

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



11 Case Study: Plastic Lumber I

* 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



\ Principle 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)



12 Case Study: Plantation
Timber Houses

* Conversion of old factories to housing
* Use Plantation Timber to Make Houses
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GE: Defining the Principles

ECI, AIChE, ASME, SAE (2003)

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

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

Use life-cycle thinking in all engineering activities

Ensure that all material and energy inputs and outputs are as
iInherently safe and benign as possible

Minimize depletion of natural resources

Strive to prevent waste

Develop and apply engineering solutions, while being cognizant
of local geography, aspirations and cultures

Create engineering solutions beyond current or dominant
technologies; improve, innovate and invent (technologies) to
achieve sustainability

Actively engage communities and stake-holders in development
of engineering solutions



12 Principles Applied to
Redesigned Carpet Tiles

* 2.6 billion kg carpet to U.S. landfills annually

* Redesigned for recycle
— Nylon 6 or Nylon 6,6 carpet
— PVC plastisol backing replaced with branched LDPE
— Can disassemble and recycle both nylon and backing

* 2003 Green Chemistry Challenge winner



* 1. Inherently nonhazardous

— Replaced virgin calcium carbonate filler with
coal fly ash

— Replace PVC and phthalate plasticizer with
(mostly) branched LDPE (metallocene catalyst
Important)

— Less toxic flame retardant (not, Sb,O,, or
proprietary aluminum trihydrate, what is it?)

e 2: Prevent waste

— Recycle everything

— Carpet Pile material Nylon as well as Backing
LDPE !l



* 3. Minimize mass and energy use

— Low energy mechanical separation and size
reduction for recycle

— Nylon sent for depolymerization (Honeywell)?
* 4. Efficiency
— Extrusion coating requires less energy than
radiant gas fusing (VOCs)
— New tiles are 40% lighter (shipping!)
— Telescoping boxes

* 5. Output pulled rather an input pushed

— On replacement customer gets assured return
back on sales of afterlife material



* 6. Embedded complexity is investment

— Can’t make out of one material due to
performance

— Separating and recycling next best thing

* 7. Durabllity, not iImmortality

— These materials are immortal , No but have
recycling afterlife.

— OK because can recycle forever? No.

* 8. No unnecessary capacity

— Replacement market, hence demand
prediction is easy



9: Minimize material diversity
— Can’t get this down due to performance criteria

— Using same backing for multiple products is an
example of this

10: Mass/energy integration

— Cooling water in plant in closed loop

— Recycling of polymers closes the loop

11: Design for commercial afterlife

— Recycling so don’t need to worry about afterlife

12: Renewable rather than depleting

— Materials used are not renewable

— Energy used is not renewable

— ...but company has invested in a wind farm...
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