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Sustainability

Meet the needs of:
Environment 
Economy 
Society

________________
The “Triple Bottom Line”
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Environment

Human Environments
Water, wastes, food, housing, 
transportation, communication, 
health, crime 

Natural Environments
Ecosystem function, biodiversity, 
natural capital, species, 
communities, ecosystems
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Economy

Natural capital
Human capital
Organizational (social) capital
Financial capital
Technological capital

(human and organizational can be 
linked as intellectual)
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Society

• Need to support values and goals
– Individual
– Religious
– Community
– National 
– Global
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Sustainability Criteria

• Improve effluent quality: oxygen demand, 
nutrients, micro pollutants

• Minimize energy use
• Maximize energy production
• Increase water reuse, biosolids recycling
• Reduce greenhouse gas emissions
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Improve quality of effluent
• Oxygen demand

– Activate sludge, long sludge age
– Nitrification, even longer sludge age
– Increase aeration requirement

• Nitrogen
– Nitrification, then denitrification in anoxic zones

• Phosphorus
– Concentrate biologically
– Can precipitate as calcium phosphate or sturvite
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Improve quality of effluent
• TSS

– Alum flocculation, filtration
– Nanofiltration

• Micropollutants
– Non-degradable COD
– Colloids
– Pharmaceuticals 
– Endocrine disrupters
– Personal care products
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Minimize Energy Use

Industrial
20%

Commercial
16%

Waste
7%

Transportation
37%

Residential
20%

12,756 kWh/person
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Lampman, O’Connor and Santos, 2008
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Minimize Energy Use

SBW Consulting, 2002
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Increase of Energy Demand for Treatment (%)
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Energy Efficiency
• Optimize aeration
• Increase size
• Improve dewatering
• Technologies:  Variable frequency drives, 

high efficiency motors, high efficiency HVAC
• Manage lighting 
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Energy Production
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Daigger, WER, 2009

0.4-0.8 kWh/person-d
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Daigger, WER, 2009
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Microbial Fuel Cells

•High efficiency
•H2 production at 
anode
•Low power 
production
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Solar Energy

112,000 KWh
16 ft x 540 ft
$50/watt installed
34,000 sq ft/MG

ODOT Solar Facility
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Biofuels from algae

Much more complicated than first considerations

Algal capture of sunlight is not efficient

Algae need to be metabolically limited

Ponds need to be shallow and covered

High cost of biodiesel results from high cost of 
ponds, processing of algae
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Water Reuse

LINDA MACPHERSON
Presented to: WateReuse Association
Northern California Chapter Meeting
May 16, 2008
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Reduction of GHGs
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U.S. Wastewater GHG Emissions 
(2004)• 52.9 TgCO2e total

– 36.9 TgCO2e CH4 (6th largest source of CH4)
– 16.0 TgCO2e N2O (5th largest source of N2O)

• Emissions from wastewater have increased 40% 
since 1990

• <1% of total U.S. GHG emissions (7,074.4 
TgCO2e)
– 27% of GHG emissions from Waste sector (Landfills 

largest waste source)

Source: Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-200
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U.S. Wastewater Treatment Plant 
CH4 Emission Sources
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U.S. Wastewater Treatment Plant 
N2O Emission Sources 
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What would a sustainable WWT 
look like that maximized effluent 

quality?.
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What would a sustainable WWT look 
like to minimize energy consumption 

and maximize production?

Anaerobic 
Sludge Blanket 
Reactor

PC

..

Methane, CO2

Effluent for further treatment

See publications of Lettinga
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• Use BOD to make methane
• Large solar panels
• Reduce aeration
• Reduce sludge age
• Do not nitrify if possible
• If nitrification is required, then denitrify
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What would a sustainable WWT look 
like to maximize water reuse?
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Water Types
• Wastewater
• Primary Treated Water
• Secondary Treated Water
• Reclaimed Water
• Drinking Water
• Purer than Drinking Water
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A huge paradigm change:  
separate wastewater, treat 
locally

Daigger, WER, 2009
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Daigger, WER, 2009
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Daigger, WER, 2009
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What would a sustainable WWT look 
like to minimize GHG emissions?

Listen to Ruffier’s talk this afternoon.

WWT appears to not be a major contributor to  
GHG emissions

Need greater understanding of N20 production in 
nitrification
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The Sustainable Plant
1. Reduce water use, increase organic inputs if 

possible, use anaerobic methane generation 
after primary clarifier if organic concentration 
if high enough.

2. AS with nitrification and denitrification plus 
biological phosphorus removal.

3. Anaerobic digestion with land disposal, 
composting if possible, strict source controls 
of toxics and metals.

4. Further additions of sand filters, MF, NF, and 
RO to fill water reuse opportunities.
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Meeting the Triple Bottom Line

Economy

Environment

Social


