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ENERGY & WATER PROCESSES



A: SUBSTITUTION
B: REGENERATION
C: REDUCTION

Grant et al (2012) Science 337(6095) 681-686



The Iceberg Paradigm
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CLOSING THE WATER PROCESSING CYCLE
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Aeration cost = 45-75% of plant energy (w/o influent/effluent pumping)
Rosso and Stenstrom (2005) Wat. Res. 39: 3773-3780
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ENERGY & WRRF

49%



Many forms of energy in WW

Adapted from Wett (2016) IWA/WEF WWTmod
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Energy Intensity in Water Reuse
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Sobhani and Rosso (2011) WEFTEC Proc.

NORMALIZED METRICS DO NOT NECESSARILY REFLECT ACTUAL IMPACT  

INCREASING WATER QUALITYINCREASING WATER QUALITY



INFORMATION IS POWER
Rosso et al (2012) Wat. Practice Technol.
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Sobhani et al (2012) Desalination 291 106-116

Water-Energy-Efficiency
• 99% water recovery
• Zero Liquid Discharge

(from waste to commodity)
• Current 40MGD pilot in 

construction
• Minimum energy usage



BIG CHALLENGES

• IS ENERGY INTENSITY A GOOD INDICATOR?
• WHAT ABOUT POWER DENSITY?
• SHOULD THE OVERALL ENERGY COST BE THE METRIC?
• THE ADVENT OF RELIABLE AMMONIA SENSORS
• REAL-TIME AERATION EFFICIENCY MONITORING



PROCESS ANALYSIS AND AUDITS



The cost of inefficient primaries
Biogas production with and without primary settling Gori et al (2013) Wat. Sci. Technol.

REMEMBER:
CHALLENGES 

IN FLOW  
METERING



GAS SENSORS ARE MORE THAN HOT AIR

CPU

OTR = (kLa∙V) [Csat-(DOexc+DOneeded)] = kgO2
/d = $$$/d

Off-gas



Real-Time Off-Gas Analysis

- These analyzers provide 
measurements necessary for 
aeration efficiency improvement 
and aeration energy savings 
- Gas analyzers can provide real-
time measurement of aeration 
energy
- No fouling issues

Leu et al (2009) Wat. Environ. Res.
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Activated Sludge Process:
Diurnal Dynamics
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IMPORTANCE OF PROCESS DYNAMICS: POWER vs. ENERGY
POWER DEMAND CHARGES: kW and kVAR



TREATMENT vs. CARBON FOOTPRINT

Neethling et al (2011) Proc. WEFTEC

INCREASING WATER QUALITY
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!: THE LEVEL OF TREATMENT
TAILORED TO THE END-USE

MUST ALWAYS BE MAINTAINED



THE ELEPHANT IN THE COUNTRY

• The majority of ww is treated by few plants
• Most of them use pure oxygen (HPOAS)
• Near the end of their useful life
• Effluent not suitable for reclamation/reuse
• What should we do?



The Power of Fouling



PROCESS
DYNAMICS

EQUIPMENT
EFFICIENCY

POWER
BILL

MANAGEMENT
SOLUTIONS

PROCESS
ENERGY

OPERATING
CONDITIONS

��������	

���������	

�������������
��������������



Thanks to:
WE&RF

CEC
MANY UTILITIES

Daniel Nolasco
Ben Leu

Lory Larson
Mike Stenstrom

Josh Smeraldi
Luman Jiang

Reza Sobhani
Manel Garrido
Riccardo Gori

Francesca Giaccherini

DIEGO ROSSO
bidui@uci.edu
epl.eng.uci.edu
wex.eng.uci.edu


