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WERF and EPA ResearchWERF and EPA Research

�� Overview of the WERF Optimization Overview of the WERF Optimization 
Program Program 

�� A look at individual task reportsA look at individual task reports

�� CHEApetCHEApet –– Pro2D/Pro2D/BioWinBioWin with Carbon, with Carbon, �� CHEApetCHEApet –– Pro2D/Pro2D/BioWinBioWin with Carbon, with Carbon, 
Heat, Energy and GHG AnalysesHeat, Energy and GHG Analyses

�� EPA Energy Conservation Measures EPA Energy Conservation Measures 
Report Report 



Energy Management

Optimization ChallengeOptimization Challenge

Approved total over $3,000,000 to date in new research Approved total over $3,000,000 to date in new research 
fundsfunds
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The “Optimization” GoalThe “Optimization” Goal

To develop and demonstrate To develop and demonstrate 
economical and environmentally economical and environmentally 

responsible processes that improve responsible processes that improve 
wastewater and solids treatment wastewater and solids treatment wastewater and solids treatment wastewater and solids treatment 

operations efficiencies and costs by at operations efficiencies and costs by at 
least 20%least 20%

20% less energy20% less energy

20% more resource recovery20% more resource recovery

20% less solids produced20% less solids produced



�� WERF Task 2 summarizes energyWERF Task 2 summarizes energy--neutral neutral StrassStrass
PlantPlant

�� WERF Task 3 creates the WERF Task 3 creates the CHEApetCHEApet modelmodel

�� WERF Task 4 creates the Plant of the Future WERF Task 4 creates the Plant of the Future 

Summary (A Sneak Preview!)Summary (A Sneak Preview!)

�� WERF Task 4 creates the Plant of the Future WERF Task 4 creates the Plant of the Future 
technology roadmaptechnology roadmap

�� WERF Task 7 is a compendium of energy WERF Task 7 is a compendium of energy 
management best practicesmanagement best practices

�� WERF Task 8 is demonstration testing of LCAMERWERF Task 8 is demonstration testing of LCAMER

�� WERF Task 9 is demonstration testing of WERF Task 9 is demonstration testing of CHEApetCHEApet



�� Evaluation of European Evaluation of European 
Best PracticesBest Practices

�� Strass WWTP Case Strass WWTP Case 

European Best Practices Report European Best Practices Report 

�� Strass WWTP Case Strass WWTP Case 
StudyStudy

�� Foundation for Foundation for 
Comprehensive Plant Comprehensive Plant 
Evaluation ToolEvaluation Tool



European Best Practices Report European Best Practices Report 

�� Dutch and Scandinavian benchmarking Dutch and Scandinavian benchmarking 
�� Enhances performance and transparencyEnhances performance and transparency

�� Allows comparisons with other utilitiesAllows comparisons with other utilities

�� Swiss and German energy manualsSwiss and German energy manuals
�� Metrics per unit process, as well as per plantMetrics per unit process, as well as per plant

�� Selected metrics are importantSelected metrics are important
�� kWh per capita, or per ML, or per kg of COD kWh per capita, or per ML, or per kg of COD 

removedremoved

�� Electrical cost per capita, or per ML, or per kg of Electrical cost per capita, or per ML, or per kg of 
COD removedCOD removed



The Strass WWTP Produces More 
Electricity Than It Consumes



�� Collaboration with the Collaboration with the 
Global Water Research Global Water Research 
CoalitionCoalition

Energy Efficiency:  A Compendium of Energy Efficiency:  A Compendium of 
Best Practices and Case Studies in USABest Practices and Case Studies in USA

�� Best practice summaries Best practice summaries 
from four continental from four continental 
groups:groups:
�� EuropeEurope

�� Americas Americas 

�� South AfricaSouth Africa

�� Pacific RimPacific Rim



�� UKWIR/ WERF/ STOWA/ UKWIR/ WERF/ STOWA/ 
HydromantisHydromantis, 2008, 2008

�� USEPA, 2008USEPA, 2008

�� PG&E, SBW Consulting, PG&E, SBW Consulting, 
20082008

�� USEPA/Global Environment USEPA/Global Environment 
& Tech. Foundation, 2006& Tech. Foundation, 2006

�� Quantum Consulting/SWC Quantum Consulting/SWC 
Consulting, 2005Consulting, 2005

�� California Energy California Energy 

Summarizes Best Practices in Summarizes Best Practices in EstablishedEstablished
Energy Optimization/RecoveryEnergy Optimization/Recovery

20082008

�� NY State Energy R&D NY State Energy R&D 
Authority, 2008Authority, 2008

�� California Public Utilities California Public Utilities 
Commission/SBW, 2007Commission/SBW, 2007

�� Focus on Energy, 2006Focus on Energy, 2006

�� WERF/WERF/HydromantisHydromantis, 2006, 2006

�� California Energy California Energy 
Commission/Commission/NexantNexant, 2003, 2003

�� PG&E, M/J Industrial PG&E, M/J Industrial 
Solutions, 2003Solutions, 2003

�� Focus on Energy, 2002Focus on Energy, 2002

�� Water Environment Water Environment 
Federation, 1997Federation, 1997



�� Energy Management Energy Management 
TechniquesTechniques

�� Treatment Process Treatment Process 
Selection, Operation, Selection, Operation, 

�� Equipment Design and Equipment Design and 
OperationOperation

�� Energy Recovery Energy Recovery 
SystemsSystems

Summarizes Best Practices in Summarizes Best Practices in EstablishedEstablished
Energy Optimization/Recovery (cont.)Energy Optimization/Recovery (cont.)

Selection, Operation, Selection, Operation, 
and Power and Power 
RequirementsRequirements

�� Electrical SystemsElectrical Systems

�� Electromechanical Electromechanical 
Control SystemsControl Systems

�� SCADA Systems SCADA Systems 

SystemsSystems

�� Commercial Resale and Commercial Resale and 
DistributionDistribution

�� Energy EconomicsEnergy Economics

�� RegulationsRegulations



General WWTGeneral WWT

�� Wind, solar and hydro Wind, solar and hydro 
power at WWTPspower at WWTPs

�� UASB for WWTPsUASB for WWTPs

Anaerobic Sludge DigestionAnaerobic Sludge Digestion

�� CoCo--digestion of manure digestion of manure 
and food wasteand food waste

�� Linear motion mixerLinear motion mixer

Biogas CoBiogas Co--generationgeneration

Also Documents Case Studies of Also Documents Case Studies of NovelNovel
Energy Efficiency ApproachesEnergy Efficiency Approaches

Anaerobic Sludge DigestionAnaerobic Sludge Digestion

�� Columbus Columbus BiosolidsBiosolids Flow Flow 
Through Through ThermophillicThermophillic
Treatment (CBT3)Treatment (CBT3)

�� Electrical pulse sludge Electrical pulse sludge 
reduction technologyreduction technology

Biogas CoBiogas Co--generationgeneration

�� Siloxane removal from Siloxane removal from 
biogasbiogas

�� CoCo--generation generation –– fuel fuel 
cells and micro turbinescells and micro turbines

�� External combustion External combustion 
engines engines 



Renewable Energy Sources at WWTPsRenewable Energy Sources at WWTPs

Wind satisfies 67% power 
demand; solar 3%.

33% lower power unit cost

ACUA WWTP, NJ

Point Loma WWTP, CA

�� Hydro power turbine in Hydro power turbine in 
effluent generates 1.35 effluent generates 1.35 
MW (~10,000 homes)MW (~10,000 homes)

�� 22--3 yr payback3 yr payback

Carbon Canyon WWTP, CA

0,7 MW DC solar power 
meets ~17% of demand

PPP implementation

ACUA WWTP, NJ



Anaerobic Treatment of Municipal Anaerobic Treatment of Municipal 
WastewaterWastewater

�� UASB Reactors: 60UASB Reactors: 60--70% 70% 
BOD removalBOD removal

�� Simple polishing (e.g. Simple polishing (e.g. 
lagoons) to achieve lagoons) to achieve 
secondary levelssecondary levels

Rio Frio WWTP, Colombia

secondary levelssecondary levels

�� Negligible power Negligible power 
consumption; potential of consumption; potential of 
biogas cobiogas co--generationgeneration

�� Capital and O&M costs Capital and O&M costs 
comparable to primary comparable to primary 
treatmenttreatment



Anaerobic Digestion OptimizationAnaerobic Digestion Optimization

Mesa NW WRP, AZSouth Columbus 
WRF, OH

Columbus Biosolids Flow-
through Thermophilic 
Treatment  (CBT3)

80% combined 
electrical/thermal efficiency

< 10 year pay back

OpenCEL pulsed electric field 
produced 32% more biogas 
treating 53% of WAS 

Improved sludge dewatering



CBT3 Process
Mesa NW WRP, AZ

Anaerobic Digestion Optimization Anaerobic Digestion Optimization 
(cont’d)(cont’d)

RP1 WWTP, Ontario, CA Ina Rd. WRF, AZ

Linear motion mixer required 
~ 90% less energy than draft 
tube mixers

< 3 year pay back 

Co-digestion of manure and 
food waste increased 
biogas/power generation over 
manure alone

Lower carbon footprint

< 8 year pay back



Digester Biogas CoDigester Biogas Co--generation generation 

South WWTP, King Co., WA Lancaster WRP, CA

Microturbines capital and O&M 
cost estimates at $4,000/kW and 
$0.020/kWh 

Target  of > 90% of plant energy 
demand not met via CHP

Fuel Cell capital and O&M cost 
estimates at $9,000/kW and 
$0.035/kWh

Tested unit produced ~1 MW at 
full capacity



Digester Biogas CoDigester Biogas Co--generation (cont’d) generation (cont’d) 

StirlingStirling External Combustion Engines External Combustion Engines 

�� Simple biogas pretreatmentSimple biogas pretreatment

�� Moisture removalMoisture removal

�� Compression (2 psi)Compression (2 psi)

Corvallis WRF, OR

�� 27% power efficiency27% power efficiency

�� 75% total efficiency with CHP75% total efficiency with CHP

�� 43 kW/unit43 kW/unit

�� Installation cost $3,000 Installation cost $3,000 --3,500/kW3,500/kW

�� Simple payback of 4Simple payback of 4--4.5 years4.5 years



�� Look forward 40 years Look forward 40 years ––
water quality, energy, water quality, energy, 
valuesvalues

Technology Roadmap and Technology Roadmap and 
Treatment Plants of the FutureTreatment Plants of the Future

�� 30 attendees at 2009 30 attendees at 2009 
WorkshopWorkshop

�� USA, Canada, Europe, USA, Canada, Europe, 
SingaporeSingapore



Workshop FormatWorkshop Format

�� “Visioning” the Plant of the future“Visioning” the Plant of the future
�� What effluent/reuse quality will be needed in 2040?What effluent/reuse quality will be needed in 2040?

�� What will be the common treatment technologies in What will be the common treatment technologies in 
2040?2040?

What research and breakthroughs are needed to What research and breakthroughs are needed to �� What research and breakthroughs are needed to What research and breakthroughs are needed to 
create or improve technologies to make WWTPs create or improve technologies to make WWTPs 
energyenergy--sustainable?sustainable?

�� Can we achieve carbon and energyCan we achieve carbon and energy--
neutral treatment? neutral treatment? 



How can we achieve water, carbon and 
energy-neutral treatment?

Risk 
management management 

Revised 
regulatory 
approach 

Technology



Research Needs Research Needs –– Summary of Summary of 
Highest PrioritiesHighest Priorities

OPTIMIZATION OF CARBON TO ENERGY 

HEAT 
RECOVERY BETTER 

HEAT 
RECOVERY BETTER 

DISINFECTION 

FIXED 
FILMS

NUTRIENT 
RECOVERY

BETTER 
AERATION

MEMBRANES

MICROCONSTITUENTS



One Vision of the FutureOne Vision of the Future
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A Second Vision of the FutureA Second Vision of the Future

Adopts the Anammox process into the main 
wastewater treatment train

   Option 1: 
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A Third Vision of the FutureA Third Vision of the Future
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LCAMER Demonstration StudiesLCAMER Demonstration Studies

�� Tool being upgraded by Tool being upgraded by HydromantisHydromantis

�� Demonstration testing by CH2M Hill Demonstration testing by CH2M Hill 
at subscriber utilitiesat subscriber utilities

�� Collaborations with Gwinnett County Collaborations with Gwinnett County 
and Pinellas Countyand Pinellas County



�� PlantPlant--wide modeling and mass balance wide modeling and mass balance 
calculation toolcalculation tool

�� COD, BOD, SolidsCOD, BOD, Solids

�� Carbon (Calorific), Heat, ElectricityCarbon (Calorific), Heat, Electricity

Carbon Heat Energy Assessment and Carbon Heat Energy Assessment and 
Plant Evaluation Tool (Plant Evaluation Tool (CHEApetCHEApet))

�� Carbon (Calorific), Heat, ElectricityCarbon (Calorific), Heat, Electricity

�� GHG Emissions, Carbon FootprintGHG Emissions, Carbon Footprint

�� WebWeb--based availabilitybased availability



CHEApetCHEApet Flow DiagramFlow Diagram
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Demonstration StudiesDemonstration Studies

�� Demonstrating Demonstrating CHEApetCHEApet at at 
subscriber utilitiessubscriber utilities

�� Collaboration with Oregon ACWA: Collaboration with Oregon ACWA: �� Collaboration with Oregon ACWA: Collaboration with Oregon ACWA: 
two utilitiestwo utilities

�� Collaboration with MiamiCollaboration with Miami--DadeDade



EPA EPA –– ECM ReportECM Report

�� One of several EPA One of several EPA 
contributionscontributions

�� Focus on equipment Focus on equipment 
replacement, operations replacement, operations 
modifications and controlsmodifications and controlsmodifications and controlsmodifications and controls

�� CHP (cogeneration) CHP (cogeneration) 
presented separatelypresented separately

�� Innovative (1 to 5 yrs), and Innovative (1 to 5 yrs), and 
emerging (developmental), emerging (developmental), 
technologiestechnologies



Organizational AlignmentOrganizational Alignment

�� Chapter 2 presents Chapter 2 presents 
recommended recommended 
approachapproach

�� Financing resourcesFinancing resources�� Financing resourcesFinancing resources

�� Available toolsAvailable tools

�� Related studiesRelated studies



Define the MetricsDefine the Metrics



Energy Conservation MeasuresEnergy Conservation Measures

�� Detailed discussions and information Detailed discussions and information 
about ECMs available for individual plant about ECMs available for individual plant 
processesprocesses

•• PumpingPumping

•• Aeration controlsAeration controls

•• Blowers and diffusersBlowers and diffusers

•• Advanced technologies Advanced technologies 
(UV, membranes, (UV, membranes, 
anoxic zone mixing)anoxic zone mixing)

•• SolidsSolids processingprocessing

•• DigestionDigestion

•• IncinerationIncineration

•• Thermal dryingThermal drying



Case StudiesCase Studies

�� 9 detailed case studies selected from 30 9 detailed case studies selected from 30 
candidate sitescandidate sites

�� Detailed analysis of each ECM, facility Detailed analysis of each ECM, facility 
cost, payback, energy savingscost, payback, energy savingscost, payback, energy savingscost, payback, energy savings

�� Aeration: blowers, diffusers, controlsAeration: blowers, diffusers, controls

�� SRT and DO controlSRT and DO control

�� Solids incineration upgradesSolids incineration upgrades

�� Pumping, aeration and thickening controlsPumping, aeration and thickening controls



Questions?Questions?


