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Ecological Design Principles
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Ecological Design Principles

Integrate nature/ecology, diversity, systems approach, place based, Integrate nature/ecology, diversity, systems approach, place based, 
multiple functions, efficiency and conservation



Philosophical Difference in Design 
Approach 
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Traditional Water Infrastructure 
Thinking

• Water supply
• Wastewater management
• Stormwater management



Integrated Water Infrastructure



Possible Changes to Water System 
Design in Buildings

Rainwater   
on  roof

Rainwater from    
paved areas

Storm 
sewer

Municipal 
potable water

Centralized 
WWTP

Sinks Lawn 
irrigation

Toilets
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Two projects

• Toilet problem 
(Chirjiv Anand)

•Rainwater problem 
(Hannah West)



Daily indoor per capita water use in 
the typical single family home 

Use Liter per Capita Percentage of Total Daily Use

Showers 43.8 16.8%

Clothes Washers 56.7 21.7%

Dishwashers 3.8 1.4%

Use Liter per Capita Percentage of Total Daily Use

Showers 43.8 16.8%

Clothes Washers 56.7 21.7%

Dishwashers 3.8 1.4%

Toilets 69.9 26.7%

Baths 4.5 1.7%

Leaks 35.9 13.7%

Faucets 41.2 15.7%

Other Domestic Uses 6.0 2.2%

Total 262

Toilets 69.9 26.7%

Baths 4.5 1.7%

Leaks 35.9 13.7%

Faucets 41.2 15.7%

Other Domestic Uses 6.0 2.2%

Total 262

Mayer et al. (1999) Residential end uses of water.
American Water Works Association Research Foundation 



The Toilet Problem

• Objective:
– Determine the life cycle impacts of 

alternatives to using potable water to flush 
toiletstoilets



Case Study: Palmer and Nitschke 
Buildings 

1400 people

Roof area = 80,000 ft2

62 toilets62 toilets

18 urinals



Alternatives to Potable Water Use 
in Toilets

Conventional

Case 1

Low flush

Case 2

Rainwater (and 
low flush)

Cases 3 and 4

Composting

Case 5

Grey water



Water 
treatment 

plant

Conventional toilets (1.6 gpf) 

and urinals (1 gpf)

Case 1 Conventional systems

Low flush toilets (1.28gpf) 

and urinals (0.5 gpf)

Case 2 Low flush systems

Wastewater 
treatment 

plant

Conventional toilets (1.6 gpf)

and urinals (1 gpf)

Water 
treatment 

Water 
treatment 

plant

Conventional toilets (1.6 gpf) 

and urinals (1 gpf)

Case 1 Conventional systems

Low flush toilets (1.28gpf) 

and urinals (0.5 gpf)

Case 2 Low flush systems

Wastewater 
treatment 

plant

Conventional toilets (1.6 gpf)

and urinals (1 gpf)

Wastewater 
treatment 

plant

Conventional toilets (1.6 gpf)

and urinals (1 gpf)

Water 
treatment 

Water 
treatment 

plant

Wastewater 
treatment 

plant

Wastewater 
treatment 

plant

plantand urinals (1 gpf)
treatment 

plant

Case 3 Rainwater in conventional systems

Low flush toilets (1.6 gpf)

and urinals (1 gpf)

Case 4 Rainwater in low flush systems

Composting 
toilets and 

waterless urinals
Compost

Case 5 Waterless systems

plantand urinals (1 gpf) plantand urinals (1 gpf)
treatment 

plant

Case 3 Rainwater in conventional systems

Low flush toilets (1.6 gpf)

and urinals (1 gpf)

Case 4 Rainwater in low flush systems

Composting 
toilets and 

waterless urinals
Compost

Case 5 Waterless systems

Water 
treatment 

plant

Wastewater 
treatment 

plant



The Toilet Problem

• Objective:
– Determine the life cycle impacts of 

alternatives to using potable water to flush 
toiletstoilets



LCA is a Sustainability Tool

Economy Society

Environment

SocietyEconomy 

Environment

Society Society

Economy 



Life Cycle Thinking

Image taken from: http://www.ami.ac.uk/courses/topics/0109_lct/



Inputs and Outputs in LCA

Figure taken from EPA LCA 101 Document: 
http://www.epa.gov/ORD/NRMRL/lcaccess/lca101.htm.



Life Cycle Thinking

Construction phase
Use phase Not 

considered

Image taken from: http://www.ami.ac.uk/courses/topics/0109_lct/



Inventory for Cases 1 and 2





Inventory for Cases 3 and 4



Inventory for Case 5



Annual Potable Water Use          
(from toilet flushing)
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Annual Wastewater Generated
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Cost Comparison
Construction and Operation Costs



Energy Comparison



Two projects

• Toilet problem 
(Chirjiv Anand)

•Rainwater problem 
(Hannah West)



The Rainwater Problem

• Objective:
– Determine the life cycle impacts of using 

rainwater or potable water to irrigate and to 
flush toiletsflush toilets


