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Sustainability

Meet the needs of:
= Environment

= Economy
= Society
— q D Economic [g&c{;u:aml}
The “Triple Bottom Line i
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Environmental |
(Ecological) f"
—C

Economy

Natural capital

Human capital
Organizational (social) capital
Financial capital
Technological capital

(human and organizational can be
linked as intellectual)
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Population
-Density

Night Light

Environment

= Human Environments

= Water, wastes, food, housing,
transportation, communication,
health, crime

» Natural Environments

= Ecosystem function, biodiversity,
natural capital, species, g
communities, ecosystems
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Society

» Need to support values and goals
— Individual
— Religious
— Community
— National
— Global
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Sustainability Criteria Improve quality of effluent

o Oxygen demand

Improve effluent quality: oxygen demand, :

nutrients, micro pollutants - A_Ct'_v_ate,smcjge’ o SlLEH ErE

— 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

Minimize energy use

Maximize energy production

Increase water reuse, biosolids recycling
Reduce greenhouse gas emissions
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Improve quality of effluent

Minimize Energy Use
TSS gy

— Alum flocculation, filtration
— Nanofiltration
Micropollutants

— Non-degradable COD

— Colloids

— Pharmaceuticals

— Endocrine disrupters EIEE LT RO N\

\

\\Jnduslria\
— Personal care products - 20%
7%

Residential :
20% rCommermaI
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Minimize Energy Use

Figure 1. Average Percentage of Energy Use by Process in Wastewater
Treatment Facilifies

Solids Lighting/

Parameters Range of Vales

Dbserved Gengric (31
Engrgy (15 1b BODy (kWhib BOD) 04-28
Engrgy (1) MG trgated (KWhMG 5QE - 24201 279 - 928
OTE (%) (2] 28 - 83
Electrical Use for Tatal Plant

Operations (KWhMG) 10734530 678 - 1
Treatment % of Total Plant Energy Used for
Process Secondary Treatment Only (%) 27 - 60 25 4]

70% (1) Electrical energy for the secondary wastewater treatment process only
(2) Creygen Transter Efficrency for ar activated sludge and Iagh pusity oxypen activated didge
processes
(3) See reference [2]
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Figure 4. Energy Used per Pound
of BOD Removed by Secondary
Treatment Only

I
.|

T
D +J

KWHh/Lb BOD removed

A
+ 5

01234567 8910M1
Wastewater Treatment Plants

SBW Consulting, 2002

School of Chemical, Biological and Environmental Engineering

Figure 6. Total Plant Energy Used
per Million Gallons of Wastewater
Treated
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Figurs 3. Energy Used per Million
Gallans Treated for the Secondary
Treatment Process Only
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Figure 5. Oxygen Transfer
Efficiency
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Figure 7. Percent of Total Plant
Energy Used for Secondary
Wastewater Treatment Only
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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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Table 6—Energy avalable from palkstants contained in wastewslor in W psrson.'
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0.4-0.8 kWh/person-d
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Table T—Enargy recovery oplions.

Increase of Energy Demand for Treatment (%)

echnology

Conventional

Conventional + UY

Conventional + 05 .5 log

Conventional + 0;2log

Conventional + MF/UF
Conventional + NF/RO
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Energy Production
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« A typical WWTT facility processes 1 million gallons per
day (MGD) of wastewater for every 10,000 in population
served.

= Anaerobic digesters are generally used when wastewater
flow is greater than 3 MGD.
s For each MGD processed by a plant with anaerobic

digesters, the available biogas can generate up to 35 kW.

 The heating value of the gas produced from the anaerobic
digesters is nominally 60 percent that of natural gas (1000
Btu per cubic foot), but with maximum digestion and
proper cleanup can be increased to as much as 95 percent.
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Solar Energy

ODOT Solar Facility

112,000 KWh

16 ft x 540 ft
$50/watt installed
34,000 sq ft/IMG
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Water Reuse

it
e But just downstream
we have another

MWy oo e

Water Treatment Plant

LINDA MACPHERSON

Presented to: WateReuse Association
Northern California Chapter Meeting
May 16, 2008
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Microbial Fuel Cells

Resistance

*High efficiency
*H2 production at
anode

*Low power
production

BUBIGUBW

aburyaxs uoiud
sequELD
21goisy

Fuel (Substrate

Schematic diagmm of a typical two-chamber microbial fuel cell
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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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LINDA MACPHERSON

Presented to: WateReuse Association
Northern California Chapter Meeting
May 16, 2008
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Reduction of GHGs U.S. Wastewater GHG Emissions

T * 52.9 TgCO.e total  (2004)
Carbon Dioxide concentration . ] - — 36.9 TgCO,e CH,
0 ; — 16.0 TgCO,e N,O
bt 1= e BT 2

¢ Emissions from wastewater have increased 40%
since 1990

| Suttate serascls

(7,074.4
[t A TgCO,e)

; ‘.’ - - — 27% of GHG emissions from Waste sector (Landfills

Methane concentration

largest waste source)

. Source: Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-20(
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U.S. Wastewater Treatment Plant .S. Wastewater Treatment Plant
CH4 Emission Sources N20O Emission Sources

Nitrficatian’
Danitriication
Processes

0.06%
Anastobic Systoms
2%

Septic Systems
TE%
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What would a sustainable WWT
look like that maximized effluent
quality?




What would a sustainable WWT look
like to minimize energy consumption
and maximize production?

Use BOD to make methane

Large solar panels

Reduce aeration

Anaerobic . Methane, CO2 Reduce sludge age

gleu;(ggrBlanket g"r ! |:> Effluent for further treatment Do not nitrify if possible

If nitrification is required, then denitrify

See publications of Lettinga
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What would a sustainable WWT look Water Types
like to maximize water reuse? 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 _ ""'%'._-’_I.'.}_'*
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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.

. AS with nitrification and denitrification plus
biological phosphorus removal.

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

. Further additions of sand filters, MF, NF, and
RO to fill water reuse opportunities.
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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 N,0 production in
nitrification
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Meeting the Triple Bottom Line

Economy

Environment

Social
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