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Wastewater Intensification Workshop

Sudhir Murthy, PhD, PE

Developing and Implementing Intensification at Water Reclamation Plants
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Innovation and Intensification are Baked in 
our Infrastructure
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Thermal Hydrolysis
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Source: Cambi 

Haug, R.T., Stuckey, D.C., Gossett, 
I.M., McCarty, P.I. (1978)

Effect of thermal pretreatment on 
digestibility and dewaterability of 
organic sludges, 

J. Water Poll. Control Fed., 50, 73.

Cambi
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Sidestream Anammox

• Compressibility
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Densification
• Sedimentation (Gravitational)

– Hydraulics
– Solids Inventory
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Approximately 
80 inDENSE implementations 



MLSS Not RetainedRetained
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Maximize Nitrification Rates
 Ammonia levels and temperature are too low for free NH3 inhibition
 Residual ammonia allows AOB to grow closer to their maximum growth rate

 Monod Curves for AOB and NOB

From: Kartik Chandran,
Columbia University



Maximize TN Removal

Batchelor, B (1983). Simulation of single-sludge nitrogen removal. Journal of Environmental Engineering



AvN Control

Intermittent aeration control AvN



Control-type NHx effluent TIN-effluent Blower
energy

Power savings

DO-control 0.9 mg/l 7 mg/l 820 kWh/d 0

ABAC 0.9 mg/l 7 mg/l 782 kWh/d -5%

AvN 1.4 mg/l 1.8 mg/l 542 kWh/d -34%

Tschars, Italy
AvN- Optimizing for Nitrogen/ Energy



Co-Diffusion 
AvN Ratio

NH3

NOx

NO3 NO2
-

Storage or VFA

X N2

NH3 AMX

Moving Media IFAS

Fixed Media IFAS Biofilm 
attached to 
fabric sheets

Plastic 
media 
biofilm 
carriers

Modules
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MABR - counter diffusion

20 I

Downing and Nerenberg (2008) Applied 
Microbiology and Biotechnology, 81:153–162



Biological Treatment Systems Architecture

Look for synergies (1+1>2)



Example Retrofit Equipment Building Blocks

- MBR

- Decanters

-Clarifier

- Hydrocyclones

- Screens

- MABR

- IFAS

- AvN Control

- PdN Control

- pH Control

Process Separator Physical Selector Media Selector Control

- Activated Sludge

Tremendous Opportunities for Intensification in Existing Infrastructure 



– Mechanical and Hydraulic 
Equipment

0

1

2

3

4

0

2

4

6

8

10

12

14

15:57 16:04 16:12 16:19 16:26 16:33 16:40 16:48 16:55 17:02

m
gN

O
3-

N
-N

O
2-

N
/L

, m
gD

O
/L

m
gN

H3
-N

-T
IN

/L

NH3-N TIN NO3-N NO2-N DO

– Biofarming can be leveraged 
in a systems approach for 
any bioreactor

– Sensors and process control 

• Horizontilize Lifecycles

Intensification Theme
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