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Are We at

Malcolm Gladwell, author of
Tipping Point, b. 1987, father
a civil engineering professor

"the moment of critical mass,
the threshold, the boiling
point."

Discusses potentially massive
Implications of small-scale
social events.

Says real change is possible
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Water Environment Federation

Jeanette A. Brown, testimony to Congress (2/4/2009),
NEnergy Efficiency and En
Sustainable Wastewater Tr

NThe | andscape I s changin
concepts are being developed to allow plants to be
energy independent or even net energy producers.
This evolution in thinking moves wastewater
treatment plants from being major energy
consumers to net energy producers and
represents a paradigm shi



Water Environment Research Federatior

NEnergy Opportunities I n W
Bi os ol Mactls 2D09)

¢

AWater and wastewater treatment ope
energy producers; o

ANResearchers have measured the ener
samples and determined that it exceeds the electricity requirements for
treatment by a factor of 9.3 to 1. That means that domestic wastewater,

which has organic matter with embedded energy content, contains

al most ten times the energy needed

As of 2004, 1,006 facilities used anaerobic digesters; 19% generate
power with the biogas

Need more investment in research to unlock potential and development
of optimization tool



Net Zero Energy Why Bother? And
Why Even Go Beyond to Positive?

Multiple Drivers: Faclility and Location Specific
Leadership Goals: The Exciting Vision
Energy Pricing: High Costs and Subsidies
New Regulations, Now or Anticipated
State and Federal Grants for Projects

Environmental Ideals of Community
¢ Greenhouse Gases
¢ Carbon Footprint

Need for Capital Replacement



Water Services as Energy Consume

30%-6 0% of a cityO0Os energy
the provision of water services

U.S. water-related energy use is equivalent to 13%
of t he nati ondos el ectrici

The carbon footprint currently associated with
moving, treating and heating water in the U.S.
represents 5% of all U.S. carbon emissions

(From: Paul O6Cal l aghan, nWater &
Alliance,02 Environmental, paul.ocallaghan@o2env.com, + 1 604
676 3581)
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Much WWT is Fundamentally Screw

Toronto Calorimetry Study
¢ Wastewater contains10 times the energy required for
treatment
Energy embedded in wastewater
¢ Could meet between 2% and 12% of the national
electricity demand
Current WWT process Is essentially an exercise in
growing bacteria.
¢ Food & nutrition, in the form of wastewater,
¢ Give them air and oxygen, which consumes energy,
¢ End up with a waste sludge which we have to dispose of



‘ Electricity Usage Benchmarks

AwwaRF Index/EPA Energy Star

Wisconsin Focus on Energy

‘e
focus on energy-
The power is within you.

Figure 1:
Sample Curve Fitting Result
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ACEEE WATER AND WASTEWATER ENERGY ROADMAP
(WWER) 2004

Stakeholder Survey Results
One ina Series of ACEEE White Papers

Prepared by Elizabeth Brown and Neal Elliott
DRAFT: June 4, 2004




Typical Wastewater Electricity Use

Estimates of Electricity Used in Wastewater Treatment

kWh per MG treated (assumes belt filter press, no UV disinfection)

Source: "Energy Conservation in Water and Wastewater Facilities, WEF MOP No. 32, Appendix C)

Type of Treatment 1MGD 10MGD 100 MGD
Trickling Filter Plant 1,811 852 673
Activated Sludge Plant 2,236 1,203 1,028
Advanced \_N_a_ste\(vater Treatment 2 596 1.408 1,188
Plant (no nitrification)

Advanced Wastewater Treatment 2 951 1,791 1,558

Plant (with nitrification)



WEF Manual: Electricity Use by Process

(in KWh/MG)fr om WEF M. O. P No. 32, O0Energy Conse

Ap C) 1 MGD 10 MGD 100 MGD
Wastewater Pumping 171 140 118
Screens 2 1 1
Aerated Grit Removal 49 13 12
Primary Clarifiers 15 16 16
Aeration 532 532 532
Biological Nitrification 346 345 340
Return Sludge Pumping 54 51 38
Secondary Clarifiers 15 16 15
Chemical Addition 80 55 42
Filter Feed Pumping 143 82 67
Filtration 137 39 34
Thickening 6 203 131
Digestion 1200 170 155
Dewatering 0 46 25
Chlorination 1 3 3
Lighting and Buildings 200 80 30

Total Process 2951 1792 1559




AwwaRF: Energy Index Development fo
Benchmarking Water and Wastewater
Util itieS(Devine et al, 2007, 196p

Figure 1:
Sample Curve Fitting Result

Survey of Literature
and utility operations to
develop a statistical
basis for the EPA
Energy Star
performance rating for T T
wastewater. Efficency Ratio Actusl Source EUlPredicted Source EU)

¢ CBECS Daty mesFitted Curva




\ Increase Electricity Requirements with
Advanced Treatment

Carns, Global Energy Partners, LLC 2003
Energy Savings Don’'t Cover the Whole Story
- New Regulations Will Require Better (i.e.
More Energy Intensive) Treatment

kKWh /
ledi nd oqy KWh /MG 1,000 m?3
UV Disinfection +70 to +100 +18 to +2€
Membrane Treatment
Nanofiltration + 1,800 + 475
Ultrafiltration +1.000 + 264
Low pressure
microfiltration + 100 + 26

Jzone + 170 + 44




NYSERDA: Energy Efficiency In
Municipal Wastewater Treatment Plants:
Technology Assessmekitias, 2004

DSM (Demand-side Management):
¢ On-site electricity generation (outfall hydropower)

¢ Reducing electricity purchases through efficiencies (fine
bubble diffusers, reduced MCRT, automatic DO monitoring)

¢ Shifting to off-peak electricity purchases (reduced aeration
during mid-day, effluent storage)

¢ Using alternative fuels (gas storage for peak-price period
generation)

¢ Using alternative treatment technologies (sludge drying
with waste heat, heat extraction from sewage)



ACEEE: Roadmap to Energy in Water

and Wastewater Indusiy. 2007

American Council for an Energy-Efficient Economy,
roadmap workshop with EPA, AwwaRF, WERF,
CEC, IEC, NYSERDA, ASE

Training on energy practices
Performance standards and metrics
Metrics tied to permits and loans
Reporting system web-based

Proposed steering committee to:

c Collect information
c Coordinate demonstrations
¢ Avoid duplication

Did not happen!



Different Approaches to NZE

Can Target Net Zero Electricity

¢ Distributed electricity production: solar, wind, biomass
Can Embrace Peak Electricity Reduction

¢ Demand Management

Can Move to Net Zero Energy
¢ Electricity balanced with Gas

Each Approach Can Achieve NZE

¢ High energy efficiency - Strass

¢ Supplemental biogas production - EBMUD
¢ Alternative energy development i ACUA



- Wastewater Plants Can Produce
Enough!Electricity to/Meet.Demands

(D. Parry, CDM)

ElectricDemand PotentiaElectric Supply

Lighting

rocesses Othercorganio/wwas
Includiing-EQG

Anaerdlic

Aerattonaand Puimping digestioncof

other!liguid

Energyifrom

processes WIVssdilids biosolids




NZE Thru Efficiencies: Strass, Austr

Strass WWTP: Serves tourist population; 200,000
pe in summer)

Percentage of energy self-sufficiency was steadily
Improved starting from 49% in 1996 to 108% in
2005, without co-substrates

¢ Biogas converted to electrical energy by the 340 kW CHP
unit at a high average efficiency of 38%.

¢ Maximum transfer of organics to digesters increased
organic loading, decreased SRT and increased gas
production

¢ Intermittent aeration controlled by on-line effluent ammonia

¢ Energy savings from side-stream treatment using
DEMON®-process for deammonification



\ Energy Payback from Process
Improvements: 30 to 50% Reduction

Carns, Global Energy Partners, LLC 2003

Energy Impacts of New Technologies -
Energy Savers in Wastewater Treatment

KWh /
Ted nd oqy kKWh /MG 1.000 m?3
Fine pore diffusers 140 37
Ultra-fine pore diffusers 210 55
DO control systems 50 to 100 13 1o 26
Blower control systems 50 to 150 26 to 40

Energy efficient blowers 100 to 150 26 to 40



Electricity Production at WWTP

Original Purpose: emergency generation and
peak shaving

New Purposes:

¢ Baseload electricity

¢ Thermal heat production for digester
¢ Thermal heat for residuals drying

¢ Heat capture during incineration for steam for
electricity, heating and cooling

New Technologies: gas clean up, advanced
engines, microturbines, fuel cells




Advances In Transforming Organic Solid
to Energy

udge to Biogas: Anaerobic Digestion
udge to Syngas: Gasification

udge to Oll: Pyrolysis

udge to Fuel: Carbonization
Supercritical Water Oxidation: Aquacritox

noumouowm




Anaerobic Digestion for Biogas

Evolving Purpose of Digestion

¢ Solids reduction for operational efficiency
¢ Pathogen and Odor Control for regulations
¢ Blogas production for energy efficiency

Optimizing Digester Performance
¢ From a standard of 38% to 50% to 65%+

¢ Measuring performance as gas yield per feed
mass (cubic feet of gas per pound of VS feed or
milliliter of gas per gram of feed)



Optimized Biogas Utllization
(from Dru Whitlock, et al, CH2M Hill)

Digester Gas Treatment System moisture, coz,

H2S, Siloxane removal)

Energy Recovery Technologies - CapEx
¢ Boilers $200 per kW.

¢ Reciprocating Gas Engine $2,200 per kW.

¢ Gas-turbine Generator $2,200 per kW.

¢ Microturbines $2,700 per kW

¢ Fuel Cell Systems $7,100 1 $9,800per kW



Gas Treatment Technology




Pretreatment of Wastewater Sludges

(from Dru Whitlock, et al, CH2M Hill)

Processes and Mechanisms: Sonication,
Thermal Hydrolysis, Cambi Thermal
Hydrolysis Process, BioThelys Process,
Homogenization, Pressure Release

Mechanical Shearing Methods: ABS-Kady
Biolysis Process, Lysate Centrifuge, Pulsed
Electric Field



Advanced Anaerobic Digestion

(from Dru Whitlock, et al, CH2M Hill)

Multiple Goals: Pathogens, Odors, Energy, VSD

Conventional High Rate with Recuperative
Thickening AD System

Processes Employing Mesophilic Temperatures
¢ Mesophilic Acid Hydrolysisd Single Tank AD System
¢ Mesophilic Acid Hydrolysisd Plug Flow AD System

Processes Employing Thermophilic
Temperatures

Temperature-Phased AD Systems
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Gas Clean-up
and Electricity
Generation

Lethbridge Wastewater Treatment Plant, Alberta, Canada



