The Nanobubble
Paradigm In
Wastewater
Treatment

A fundamental shift in dissolved
oxygen mechanics, energy
efficiency, and sludge reduction.

mmmmmm  Operational efficiency and ROI analysis for municipal and industrial facilities.
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Traditional Aeration is the Ultimate
Energy Bottleneck

00-80%

of a standard plant’s total
energy consumption is
monopolized by traditional
aeration.

Conventional millimeter-
sized bubbles rise
rapidly to the surface,
wasting immense
blower energy.

Standard Oxygen Transfer
Efficiency (SOTE) remains
stagnated at a mere
6-10%.

Excessive chemical usage
and high sludge volumes
(100-160 ml/g) compound
operational OPEX.
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The Mechanics of
the <200nm Scale
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<200 Nanometers Neutral Buoyancy Hyper-Surface Area
Invisible to the naked eye. Capable Negligible rise rate. Bubbles remain High zeta potential stabilizes
of penetrating biological matrices suspended uniformly in the water aggregates for settling while
deeply without disrupting column for hours to days, simultaneously disrupting flocs to
structural integrity. fundamentally altering contact time. vastly improve dewaterability.
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The Physics of Dissolution:
Suspension vs. Escape

The Old Way: Macrobubbles The New Way: Nanobubbles
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Nanobubbles redefine Standard Oxygen Transfer Efficiency (SOTE) by eliminating

the rapid surface escape that plagues conventional diffusers.
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The Aeration Showdown:
Macrobubbles vs. Nanobubbles

Operational Dimension Traditional Aeration Nanobubble Aeration

Bubble Size Millimeters <200 nm

Oxygen Transfer (OTE) 10-40% Up to 90%

Lifespan Seconds Hours to days

High (blowers, intense

maintenance) 30-50% Reduction

Energy Consumption

Uniform, deep
throughout column

Sludge Production 100-160 ml/g 40-70 mi/g

DO Penetration Surface [/ upper levels only

Pollutant Removal (N) Moderate (~96%) Exceptional (~99%)
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Strategic Integration Across the Treatment Continuum

Plant Integration Map

1. Aeration & Activated Sludge 2. Dissolved Air Flotation (DAF)

Cuts aeration energy by 30-40%. Attaches to fine solids, oils, and
Removes oxygen-inhibiting colloids. Delivers up to 10%
surfactants. Stabilizes sludge improvement in TSS removal with
performance. reduced chemical dependency.

Nanobubble
Integration

3. Anaerobic Digestion 4. Ozonation & Oxidation

Optimizes hydrolysis. Boosts biogas Achieves near-100% removal of

methane yields by 10-30% via recalcitrant organics and dyes in

selective micro-aeration. minutes through Reactive Oxygen
Species (ROS).
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Enhancing Biological Breakdown
and Flotation Efficiency

Activated Sludge DAF Flotation

Microbial
[?r? A I;:::f Breakdown
Accelerates
Colloid/Oil
Particle
Surfactant
Removal
Stabilizes activated sludge while directly Exceeds traditional microbubble DAF by capturing
lowering specific oxygen uptake rates. ultra-fine solids. Yields a 10% absolute improvement in Total

Suspended Solids (TSS) removal while simultaneously
lowering required chemical coagulants.
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Targeted Micro-Aeration Optimizes
Anaerobic Digestion
(A
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By enhancing microbial mass transfer and methanogen activity, the
digester produces more energy while outputting less physical waste.

Methane

Key Mechanism:

Nanobubbles enable selective
micro-aeration. This controls
destructive sulfides and
stabilizes pH without
disrupting the core anaerobic
environment.

Selective
Micro-Aeration

=~ 10-30%
Increase

In biogas methane yields

10-30%
Reduction

in Volatile Solids
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Chemical-Free Oxidation via ROS Generation

As nanobubbles collapse, they release a burst of Reactive Oxygen Species (ROS).

High internal pressure Bubble collapsing inward Reactive Oxygen Species
(ROS) Generation

Near-100% degradation of Requires 40% less ozone (drops Outperforms large bubbles in mass
recalcitrant organics and dyes in from 25 to 15 mg-03/g-MLSS) to transfer, minimizing total energy
minutes. achieve 80% bacterial death. needs for advanced treatment.
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The Energy Impact Dashboard

Overall reduction in plant energy Oxygen transfer efficiency vs. traditional Improvement in Standard Oxygen Transfer
consumption compared to conventional aeration, drastically lowering continuous Efficiency (SOTE), directly translating to
macrobubbles. blower demands. immediate operational OPEX cuts.
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SOIVing the Sludge and Volume Reductfcfn Visual
Dewaterability Bottleneck hdic NS

60% Reduction in
excess sludge
production due to less
filamentous bacteria.

> 40 mi/g

Dewaterability Bar Chart

Capillary Suction Time (CST) Decreased by 14.6 - 18.2%

Specific Resistance to Filtration (SRF) Decreased by 18.8 - 29.6%

Moisture Content Decreased by 13.6 - 19.5%

Compact sludge forms with fewer floc-formers (like Corynebacterium), .

simplifying handling and drastically cutting disposal costs. IngenuityWorx

sure, monitor, eclve -



The Compounding Value Equation

[ 30-50% [60% [ Reduced
Aeration Excess Coagulant __
Energy + Sludge + & Ozone —
Cut Reduction ] Dependency ]

While initial capital integration costs are higher than standard diffusers, the
compounded reductions in blower power, disposal logistics, and chemical
feedstocks create an unmatched, accelerated long-term ROI.
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ChucaoTech has been designing, building, and installing a wide variety of nanobubble injectors
and systems for mining, waste treatment, aquaculture, agriculture, and many other unique
markets for over 8 years. They have installations around the world and have pumped well over
200 million gallons of water through the injectors.

Their robust design, high throughput of solids, combined with durable materials of construction
such as HMWPEP, titanium, HDPE, and stainless steel are the class of nanobubble equipment.

T

ChucaoTech has over 9 standard injector sizes with
liquid flow rates from 15 gpm up to 3250 gpm and the
abilty to add 0.5 to 62 lbs/hr of a gas as nanobubbles.
They have the ability to combine injectors for larger flows
or gas additons or build project-specific injectors and
ancillary equipment.

For design, specification details, or a quote, please
contact:

Bob Burger, Ingenuityworx, bob@ingenuityworx.com
Todd Blanchard, GSRMC, todd@gs-rmc.com
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