
 

 

 

A DIGITAL CONTROL SYSTEM FOR 
OPTIMAL OXYGEN TRANSFER 

EFFICIENCY  
 

Arnold Schwarzenegger 
Governor 

APPENDIX E:  
TECHNOLOGY TRANSFER 

INFORMATION 
 
 
 
 
 
 
 
 
 

 

Prepared For:  
 

California Energy Commission 
Public Interest Energy Research Program 

 
 
 
 

 

P
IE

R
 F

IN
A

L
 P

R
O

J
E

C
T

 R
E

P
O

R
T
 

Prepared By: 

Southern California Edison 
University of California, Los Angeles  
Utility Technology Associates 
  
 

January 2010 
CEC-500-2009-076-APE 
 





  

 

Prepared By: 
Southern California Edison  
Lory Larson 
Los Angeles, California 95616 
 
 
 

 Prepared For: 
Public Interest Energy Research (PIER) Program 
California Energy Commission 

 
 Paul Roggensack 
 Contract Manager 

 Michael Lozano 
 Program Area Lead 
 Industrial/Agricultural/Water End-Use Energy 

Efficiency  

 Virginia Lew 
 Office Manager 
 Energy Efficiency Research Office 
 
 Thom Kelly, Ph.D. 
 Deputy Director 
 ENERGY RESEARCH & DEVELOPMENT  

DIVISION 

 Melissa Jones 
 Executive Director 
  

DISCLAIMER 
This report was prepared as the result of work sponsored by the California Energy Commission. It does not necessarily represent 
the views of the Energy Commission, its employees or the State of California. The Energy Commission, the State of California, its 
employees, contractors and subcontractors make no warrant, express or implied, and assume no legal liability for the information 
in this report; nor does any party represent that the uses of this information will not infringe upon privately owned rights. This 
report has not been approved or disapproved by the California Energy Commission nor has the California Energy Commission 
passed upon the accuracy or adequacy of the information in this report.  





1

Documenting Improved Aeration 
Efficiency Using Off-gas Analyses

CWEA Annual Conference 2007

Shao-Yuan (Ben) Leu, Pan Jiang, Diego Rosso, Lory E. Larson, 
Roger Sung, Pramod Kulkarni, and Michael K. Stenstrom

UCLA Civil and Environmental Engineering



2

Outline

Introduction
The modern wastewater treatment not only focus 
on effluent quality, but also energy consumption

Background
Terminology & literature review
Off-gas analysis 

Methodology
Real-time Off-gas Monitoring System
Field Experiments

Results and Discussion
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Introduction
Activated Sludge Process

Aeration needs energy (45~75% of the total)
Fine-pore diffusers to increase aeration efficiency

AerobicAnaerobic/
Anoxic

Sludge Recycle
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Terminology

MCRT = Mean Cell Retention Time 
OTR = Oxygen Transfer Rate (mass O2/time)
OTE = Oxygen Transfer Efficiency (%)
(OTE = OTR / Total Oxygen Supplied)
SOTE = OTE at standard conditions
(20°C, 0 mg/l DO, 1 atm, 0 salinity, etc.)
Alpha factor (α) – water quality estimate
(kLa Process water / kLa Clean water)
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Diffuser Fouling
Fouled pore 
Diffuser cleaning test

FouledNew
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Diffuser cleaning test

CleanedFouled
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Literature Review

CLC

CLC

RP2

RP2

LAI

TDI

TDI

TDI

TDI

TDP

TDP

WND

CCC

LAH

LAH

RP2

SLR

SJC

LAI

TDO

TDO

TDO

TDO

TDO
TDO

USCUSC

USM

WNO

CCC

CCC

CCC
CCC

LAG

LAG

LAH

LAH

RP2

RP2

RP2RP2

RP2

IRA

IRA

IRAIRA

IRA IRA

LAI

LAI

LAI
LAI

TDI

TDI
TDI

TDO
TDO

TDO
TDO

TDO

TDO

CRM

CRM

CRM

CRP

CRP

CRP

LAG

LAG

IEC

RP2

LVC

LVC

LVC

LVC

OCO

OCO

OCO

TDI TDO

TDO

TDO
TDO

TDO
TDO

USM

USM

USMUSM

USP

USP

USPUSP

CCC

1 2 3 4 5
1.2 1.4 1.6 1.8 2.2 2.4 2.6 2.8 3.2 3.4 3.6 3.8 4.2 4.4 4.6 4.8

log(MCRT/QairSP)

0.00

0.40

0.80

1.20

1.60

2.00

2.40

α
SO

TE
 / 

] 
(%

/ft
)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

αSO
TE / ] (%

/m
)

αSOTE /  ] vs. log(MCRT/Q
airSP

)

New diffusers
Aged diffusers
Old diffusers
Cleaned diffusers
Fit: New diffusers
Fit: Cleaned diffusers
Fit: Aged diffusers
Fit: Old diffusers

new

cleaned

fouled

<24 mo.

Rosso et al., 2005
SOTE=f (MCRT, 
Qair) 
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Diffuser Cleaning
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Off-gas Test

Accurate
Real-time

Developed by 
Redmon et al., 
1983 
Basic theory 

ASCE, 1997

2 2

2

O in - O outOTE =
O in Aeration tank

Set up off-gas test

Off-gas test is an easy way to measure SOTE
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Off-gas Test

HOOD

AIR 
CAPTURE 

PIPE

O2 PURITY 
METER

TO 
VACUUM 
CLEANER
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Original instrument

Instrument sizes

Field-scale 1.0

Field-scale 2.0
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Project Outcomes

Automatic analyzer
Real-time measurement
Small Hood

Maintains accuracy

An easy-to-operate off-gas monitoring system

Original 
11ft×3ft 
~100lbs
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Field Experiment

10 MGD treatment plant
Aeration uses fine-pore diffusers
Grab sample and off-gas test 1/hr for 24 hrs

Anoxic

Polishing tank

Waste 
sludge

Sludge recycle

Aerobic

Process tank

Aerobic

Equalized 
primary 
effluent

MLE recycle

Effluent
2 31

: Hood positions
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Field Results

Recorded Signals
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Results
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24-hour Test – SOTEoff-gas/SOTEclean water
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Long Term – Cleaning Frequency

Reference: Rosso et al., 2005
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24 hrs – Plant Operation

Real-time monitoring system provides useful 
information for plant operation
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Conclusions

24-hour experiments confirmed our previous 
observations
Energy-saving potential quantified
Our database as a valuable tool for accurate 
design and specification of aeration systems 
and plant operation
Current work on feasibility of blower upgrade
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