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Promi
se

Improvem
ent

FBIA Marking System
Fine Bubble Industries Association (FBIA) 
helps F-B industry by Transferring Confidence 
on its Products/Services to their Users and Consumers

By Marking
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Application 
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technology
Size index 
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Cleaning on 
bathed body
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Sample
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Image Data
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MB Recognition, Count and Statistics
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Data

Standard 
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Operation
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Description
on Tested 
Sample
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method for size 
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Part1 Dynamic 
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2016/06/03
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Current status of 

Fine Bubble 
Technology
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Special Advisor & Researcher Emeritus,
National Institute of Advanced Industrial 

Science and Technology (AIST)

Japan
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APEC Workshop I
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Current Status of
Fine Bubble Technology

Akira YABE
Special Advisor & Researcher Emeritus

National Institute of Advanced Industrial Science 
and Technology (AIST) Japan

Fellow, Technology Strategy Center,
New Energy and Industrial Technology 

Development Organization (NEDO) Japan
Trustee, Fine Bubble Industries Association 

(FBIA) JAPAN
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2. Recent Scientific Progress for Ultrafine Bubbles

Many scientific publications have been published 
from several years ago related to fine bubble 
technology, especially ultrafine bubble 
technology. (2015-2018)

The mechanism of longlife duration (nearly 
stable) of ultrafine bubble (less than 1000nm) 
has been tried to be cleared by the  interaction 
between liquid-gas surface and the hydrophobic 
substances. Electron microscope measurements 
(TEM) have contributed largely.
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2. Various kinds of application technology 
utilizing  ultra fine bubble have been 
experimented basically. (New data and 
Characteristics Investigation: Toilet Cleaning, 
Semi-conductor Cleaning, Ultra fine bubble 
measurement in cultivated water etc.)
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Red Line 
were the 
cases 
with ultra 
fine 
bubbles
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Fundamental Research on the mechanism of Scale Removal
Assumptions
1.Separation & Removal of the scale by the effect of immersed 
ultra fine bubbles between scale and the surface
2.Characteristics of scale become weaker structure containing 
ultra fine bubbles 

v

v

10
mLiquid 

Flow

Separation of 
Crystalized 

Scale

Copyright 2018 Fine Bubble Industries Association. All rights reserved. 1111
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200μm 200μm

UFB Free water UFB water

Stripes signatures were observed  
on the surface of the sample after 
cleaning by UFB water  

Cleaning with rotating UFB water 
Comparison of cleaning samples’ SEM images after cleaning
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Application Fields of Fine Bubble Technology

1.Engineering Application

2.Environmental Application

3.Agricultural and Food Application

4.Medical and Cosmetic Application

3.Systematic View of Application of Fine Bubble Technology

Copyright 2018 Fine Bubble Industries Association. All rights reserved. 16

Classification of Effective Functions of Fine Bubbles
(Fine Bubbles and Ultrafine Bubbles)

A.Cleaning Effects: 
Toilet Cleaning, 
Removal of Salt from the Bridges,
Cleaning of Vegetables
Removal of Contaminants on the Semiconductor Wafers, 
Cleaning inside of Mouth, Cleaning of Ceramic membrane

B.Water Treatment (including Soil Treatment): 
Dissolution of Oxygen Lack of Ponds and Lakes
Floatation Mining of Minerals
Water Treatment of Disposed and Contaminated Water

(Minimizing the total amount of disposal in Isolated Area
Promoting the Growth of Bacterium for Disposal Treatment),
Removal of Radioactive  Substances from the Soil

C. Sterilizing Promotion Effect: 
Minimize the Total Usage Amount of Ozone, 
Maximize the Effect of Sterilizing Liquid by Changing the PH,
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D.Growth Promotion:
Growth Promotion of Vegetables (Leaves such as Lettuce,  

Increase of Total Harvest and Quality of Tomato)
Germination Promotion, 
Application of Cell Cultivation
Growth Promotion of Fishes
Prevention of Oxygen Lack of Fishes in Aquaculture 

E.Lubrication Effect: 
Lubrication of Semiconductor Wafer Transportation

F.Promotion & Control of Chemical Reaction,
Control the Limiting Transport Phenomena

G.Quality Control of Food
Control of Calorie of Mayonnaise
Freshness Keeping of Fishes
Fragrance Addition

Copyright 2018 Fine Bubble Industries Association. All rights reserved. 18

Application
Fields A B C D E F G

Engineering
Application

Environmental
Application
Agricultural and
Food Application
Medical and
Cosmetic
Application

Systematic View of "Application of Fine Bubble Technology"

Effective Functions

Copyright 2018 Fine Bubble Industries Association. All rights reserved. 19

Application Fields of Fine Bubble Technology

1.Engineering Application
Removal of Contaminants on the Semiconductor Wafers(A) 
Cleaning of Ceramic Membrane(A),
Floatation Mining of Minerals(B)
Minimize the Total Usage Amount of Ozone(C)
Maximize the Effect of Sterilizing Liquid by Changing the PH(C)
Lubrication of Semiconductor Wafer Transportation(E)
Control the Limiting Transport Phenomena(F)

2.Environmental Application
Toilet Cleaning(A), 
Removal of Salt from the Bridges(A),
Dissolution of Oxygen Lack of Ponds and Lakes(B)
Water Treatment of Disposed and Contaminated Water(B)
Removal of Radioactive  Substances from the Soil(B)
Minimize the Total Usage Amount of Ozone(C)
Application of Cell Cultivation(D) 

Copyright 2018 Fine Bubble Industries Association. All rights reserved. 20

3.Agricultural and Food Application
Cleaning of Vegetables(A)
Water Treatment of Disposed and Contaminated Water(B)
Minimize the Total Usage Amount of Ozone(C) 
Growth Promotion of Vegetables(D)
Germination Promotion(D), 
Application of Cell Cultivation(D)
Growth Promotion of Fishes(D)
Prevention of Oxygen Lack of Fishes in Aquaculture(D)
Control of Calorie of Mayonnaise(G)
Freshness Keeping of Fishes(G)
Fragrance Addition(G)

4.Medical and Cosmetic Application
Cleaning inside of Mouth(A)
Minimize the Total Usage Amount of Ozone(C) 
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Movement & Effect of Ultra Fine Bubble 

Ultra Fine Bubbles (have the diameter smaller 
than 1 m) move along the Streamline of Liquid 
Flow without the Effect of Buoyancy. 
Easy to Enter the Narrow Space

v

v

Create the Separation 
Effect of Plates and 
Scale  and Lubrication 
Effect for Plates
Enter into the Narrow 
Space of Fine Roots of 
Vegetables for Growth 
Promotion

10 mLiquid 
Flow

Ultra Fine 
Bubbles(1 m)

Effective
Cleaning of

Manufacturing
Tools

99%Decrease for the usage of water

Infrastructure Application

Cleaning of Toilets in Expressway Service Stations

Engineering Application

Higher Performance
of Grinding

Cleaning of
Bridge,
Water

Treatment

Machining,
Semi-

Conductor
Device

22

Agricultural and Food Application

Living Application

Higher Performance
of Food

Germination
Enhancement

Higher
Performance
of Washing

Machine

Higher
Performance

Bath

Higher
Performance

Shower
Higher

Quality of
Living

Life
Science

Agricultural,
Aquatic 

Products, 
Fishery
& Food

Application

23
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Application Fields]

Agricultural 
Application:

Cleaning of 
Agricultural Products

Growth 
Promotion of 
Vegetables and 
Fruits

Aqua and Fishery 
Application :

Aqua Products 
Cleaning & 
Sterlization

Growth 
Promotion of Aqua 
Products,

Food Manufacturing

80

85

90

95

100

Controlled water FB water

Duration of growth [g]

89.6

97.5
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d)19:10-20:10

"Standards for basic principle and 
measurement of fine bubbles" 

Ms. Hirona KOBAYASHI and Ms. Seika OHUCHI,
National Institute of Technology and Evaluation(NITE)

Japan

APEC Workshop I

January 19, 2021

2

3



4

5

6

7



8

9

10

11



12

13

14

15



16

17

18

19



20

21

22

23



GenerationGeneration

MeasurementMeasurement
24
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e)20:10-20:40
"Role of 

inter-laboratory 
comparison

Seiichi OSHITA, 

Project Professor
Research Center for Food Safety

Graduate School of Agricultural and Life Sciences,
The University of Tokyo

Capacity Building on Testing and Conformity Assessment of Fine Bubble 
Technologies for use in Agro-/Aqua-Culture and Water Treatment in the APEC 

Region
19th & 21st January 2021

1st Workshop, Virtual



DO: 9 mg L-1  

S. Liu et al. (2013),  Chemical Engineering Science

25oC, 20h

5
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Preparation before visiting

Experimental procedure

DW: 3 x 50, barley seeds 

UFB: 3 x 50, barley seeds 

UFB DW

UFB DW

Sowing in the dark
Time: June 05 18:50 (0 h) 9



5 x 2L- bottles 
(Distilled water volume = 1.5 L)

All the bottles were stored in 
a incubator at 23 oC

5 x 2L- bottles 
(Full of UFB water with no head space)

Experimental procedure

10

Count of germinated seeds (150 seeds for each)

UFB Control
(Submersion for 22.3 h)

11

Ultrafine Galf
Pressure: 0.3 MPa
Water flow rate: 16.61 L/min
FZ1N-10 12

Results in each economy



UFB generator installed in Hanoi

1. Air-ultrafine bubble water (UFB) were generated in 15-L distilled 
water  for 1 hour (everyday)

2. Room temperature (GALF): 30-37oC (No air conditioner) 
3. Room temperature (Germination experiment): 23-26oC (air 

conditioner) 
4. Distilled water (DW) temperature: 26 - 31oC
5. Dissolved Oxygen (DO) of DW: 7.6 – 8.0 mg/L
6. DO of UFB: 8.06 - 9.48 mg/L

15

Promotion of germination – Hanoi
Seeds harvested in 2013 (low quality)

nmijt
テキストボックス
       Viet Nam

nmijt
テキストボックス
Viet Nam Naional University
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1. Air-ultrafine bubble water (UFB) were generated 
in 15-L distilled water  for 1 hour (15:45 – 16:45)

2. Room temperature: 26oC (Air conditioner 
setting: 17oC) 

3. Distilled water (DW) temperature: 26oC
4. Dissolved Oxygen (DO) of DW: 7.6 mg/L
5. DO of UFB: 10.77 mg/L

Time: July 05 15:45

UFB generator installed in Bogor

Fan

Air conditioner 
setting: 17oC

18

Promotion of germination – Bogor
Seeds harvested in 2016 (high quality)

19

UFB generator installed in MetroGrow Hawaii

21



EExperimental procedure (at MetroGrow Hawaii)
getting the cooperation of Dr. kerry Kakazu

20:10, Dec 11
Start submersion

11:00 Dec 12
11:00 Dec 13 

16:05 Dec  
10
Generate 
UFB
for 60 min.

10:30
(14.3 h)

Check germinated seeds 14:00
(17.8 
h)

17:00
(20.8 h)

20:00
(23.8 h)

Change water
20:30 Dec 12

11:30
(39.3 
h)

Air UFB generation
At New site: DDec. 10, 2018, 16:05 to 17:05 (60 min.), Room temp.=27.0oC, Water (26.5 oC→41.0 oC)

After moving to Current site, UFB water was sampled into 4 glass bottles (50 mL) according to ISO
Sampled UFB water: DO=10.83 mg/L & 25.5 oC at 18:07
Control (Distilled water): DO=8.99 mg/L, 24.0 oC at 18:30 

Water
(15h)

Water
(3 h)

Water
(7 h)

Water
(10 h)

Water
(0 h)

Water
(15 h)

Water
(0 h)

Water
(0 h)

New water Change water
11:00 Dec13

Additional 
observation

18:30
(46.7 
h)

Seeds 
were left 
on wet 
papers 

and 
covered 

with 
plastic 
films
(15 h)

22

Promotion of germination – Hawaii
Seeds harvested in 2016 (high quality)

23

2.4x108/mL 2.6x107

UFB was generated on December 10, 2018 at MetroGrow Hawaii and sampled 
on Dec. 11 in glass bottles with pipettes according to the regulation of 
ISO/TC281 with getting the cooperation of Dr. Kerry Kakazu.
After 1 day of sampling, air bubble was appeared.

2.5x108/mL 1.9x107 2.4x108/mL 1.5x107

UFBs were generated in Hawaii and those concentrations were 
measured 8 days later in Japan.

24

UFB water was generated on June 5th and transported to Chian Mai by 
air, then used for germination test on June 14th to 15th.

25



Promotion of barley seed 
germination by UFB water

UFB  
UFB 6 5 IDEC 6 14  
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Water passed 
through a reverse 

osmosis membrane

Raw data

26

Promotion effect of UFB on barley seed 
germination was supported by 

Inter-laboratory collaborative test
between countries, Vietnam, Indonesia, 

USA, Thailand, and Japan

Promotion effect of UFB on barley seed
germination was supported by

Inter-laboratory collaborative test
between countries, Vietnam, Indonesia,

USA, Thailand, and Japan

Acknowledgement to financial support by 
METI International Standardization Program and FBIA, Japan.
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f) 18:00-18:15 
“Activities in Chile”

Mr. Manuel VIAL, Head of Research & Development 
KRAN

Chile
KRAN

APEC Workshop I

January 21, 2021

INDEX

CHILE

KRAN

01

03

02

SUCCESSFUL CASES

04FINAL WORDS

01 CHILE
LAND OF CONTRASTS

Source: NASA

Source: Pixabay

Source: Unsplash

01 CHILE
AGRICULTURE

Source: Unsplash

• +5.500 km2 crops cultivated

• +6 million tons in production

• +9.000 million USD in exports

Source: INE, 2020

Source: INE, 2020

Source: ODEPA, 2020



01 CHILE
AQUACULTURE

Source: Unsplash

• +6.000 km of coastline

• +1,5 million ton anual 
production

• +700 processing plants

Source: Sernapesca, 2020

Source: Sernapesca, 2020

Source: Gobierno de Chile

01 CHILE
WATER TREATMENT

Source: Unsplash

• +750 million m3/year industrial 
use

• +3.000 liquid waste treatment
plants

• +50% audited plants didn’t
comply with regulations

Source: INE, 2019

Source: INE, 2019

Source: Ministerio del Medio Ambiente, 2020

02 KRAN
WHO WE ARE

Interdisciplinary Team Our Vision:

Give back to the 
environment what we 

have taken from it

Our Strategy:

Through a strong R&D 
department we deliver 

tailor-made solutions for 
each client

03 SUCCESSFUL CASES

AGRICULTURE

- Promotes plant growth
- Improves plant health
- Efficient use of water

- Seabed purification
- Efficient oxygen transfer
- Improvement animal health

AQUACULTURE

- Reduction in chemical use
- Better performance
- Better efficiency in aeration

WATER TREATMENT



AGRICULTURE

• Project: Lettuce Growth Monitoring

• Goals: Reduce cycle times, increase yield

• UFB Properties involved:

Oxygen Transfer Efficiency - Zeta Potential -
Radicals Formation 

• Results: 10 days cycle time reduced
166% increased yield
Pythium sp fungae erradicated

No UFB

UFB

03 SUCCESSFUL CASES

AGRICULTURE

• Project: Lettuce Growth Monitoring

• Goals: Reduce cycle times, increase yield

• UFB Properties involved:

Oxygen Transfer Efficiency - Zeta Potential -
Radicals Formation 

• Results: 10 days cycle time reduced
166% increased yield
Pythium sp fungae erradicated

No UFB

UFB

03 SUCCESSFUL CASES

AGRICULTURE

• Project: Oranges post-harvest disinfection

• Goals: Increase the shelf-life of the product

• UFB Properties involved:

Zeta Potential – Radicals Formation – Surface Tension

• Results: 8 weeks increase in shelf-life
Chlorine use was no longer necessary

03 SUCCESSFUL CASES

AQUACULTURE

• Project: FONSA (Healthy Seabeds)

• Goals: Restore de seabed to aerobic condition

• UFB Properties involved:

Neutral Buoyancy – Oxygen Transfer Efficiency

• Results: Beggiatoa bacteria was eradicated
Sludge decomposition accelerated
DO levels increased
Biodiversity reactivated

03 SUCCESSFUL CASES



AQUACULTURE

• Project: Flow Ice

• Goals: Replace peracetic acid to sanitize fresh 
salmon with an ecofriendly solution

• UFB Properties involved:

Zeta Potential – Radicals Formation – Surface Tension

• Results: +735 mV ORP v/s +576 mV ORP
Increased shelf-life and improved certification

03 SUCCESSFUL CASES

WATER TREATMENT

• Project: DAF

• Goals: Reduce chemicals consumption

• UFB Properties involved:

Size Distribution – Zeta Potential

• Results: 50% decrease in coagulant maintaining efficiency

03 SUCCESSFUL CASES

04 FINAL WORDS

Source: Unsplash

“ACTIVITIES IN CHILE”

Manuel Vial – Head of Research & Development
manuel.vial@kran-nanobubble.com



Fine Bubble Technology in China
-Application and Standardization

APEC Workshop I

January 21, 2021

g)18:15-18:30

CONTENTS
Overview
FBT applications
Standardization of FBT
Initiatives

OVERVIEW
Fine bubble technology in China

start from the 1970’ in metal extraction
First standard

in the 1990’ about fine bubble aerator
Micro/nano Bubble Committee of Chinese Society of Particuology

established in 2018
National Technical Committee on Standardization of Fine Bubble Technology

established in 2019 (mirror TC of ISO/TC281)
FBT has been widely used in many areas including agriculture, aquaculture, 
water treatment, cleaning, flotation column, chemical industry, ultrasound 
contrast agent, and etc. now.

OVERVIEW



OVERVIEW

FBT APPLICATION - water

With the fast economic growth, more and more 
attention has been paid to the water pollution 
problem.

But nowadays the situation is changing rapidly.

Surface water
2012 grade I-III 69%, bad (below V) 10% 
2020 grade I-III 80%, bad (below V) 1%

FBT APPLICATION – water

before after

HOD 33 g/L
NH3-N 4.98 g/L
P 0.51 g/L

HOD 12 g/L
NH3-N 0.28 g/L
P 0.11 g/L

60 days

FBT APPLICATION – water - urban sewage



river sediment just because of 
their size.

FBT APPLICATION – water - urban sewage

LLincomycin
two stages

fosfomycin 0.5

FBT APPLICATION – water - industry sewage
pharmaceutical industry

FBT APPLICATION – water - industry sewage
PPapermaking wastewater

FBT APPLICATION - agriculture

Principle: Transfer oxygen directly to the root of plants by FBs to improve the 
environment of growth.

Advantage: Significantly increase the output and improve the nutritional quality of the 
plants.



FBT APPLICATION - agriculture

FB generator

Highly diffused system design Output increase: 49.7%  (unhusked rice)
71.3%  (rice)

Plan: 10000Ha in 2021

FBT APPLICATION - agriculture

FBT APPLICATION - agriculture

1 20 .5 0 .53 59 .5 8 .7

2 19 .9 0 .49 51 .3 8 .5

5 20.4 0.51 53 .3 8.4

6 19 .3 0.52 56.8 8.6

20. 1 0 .51 52 .4 8.6

1 18.3 0. 18 37.1 8.3

2 19.3 0. 16 36.8 8.2

5 19.1 0 . 18 36.2 8.3

6 18.6 0. 18 37.7 8.3

18 .5 0 .25 35.5 8 .5

salinity:  0.5%
pH: 8.5

salinity: 0.2%
pH: 8.3

5 months

Unhusked rice:  6120kg/Ha

Tomato
Output 30.3%, Vc 68.1%, Lycopene 52.0%

FBT APPLICATION - agriculture

Cucumber
Output 34.3% , Vc 64.6%, Soluble sugar 57.1%

Watermelon
Output 69.8% , Vc 48.8%, Soluble sugar 66.0%



FBT APPLICATION - agriculture

FB generator for soil sterilizing FB generator for hydroponics FB generator for bean germination

FBT APPLICATION - aquaculture
Jelawat (mad barb)

FBT APPLICATION - aquaculture
4-5 days ’ fish hatching
Length 7mm ~8mm 
quantity 30 % ~35% increase
Deformity 10%-15%→ nearly 0% 
Belly emptying time 8hrs → 3hrs

more healthy

GGain 1 kg 14 months→12 months(cost 15% )
Rate of water exchange 100%~150%/month →nearly 0%
Feeding stuff needed /kg 1.7kg → 1.2kg cost 30%

NO antibiotic
NO hormone

More delicious

Standardization of FBT
FBT is an excellent technique in many fields, whether it is used in water treatment or in agro-/aqua-
culture, It is all the result of fine bubble effects in water. It seems that FBT can be used anywhere with 
water. 

But, in practical, the performances of FB generators varies widely although they are all called FB 
generators. To achieve better market order and reach conformity, standardization is the best solution.

According to the development of FBT, besides some issued standards relating to generators, we are now 
investigating other standards:

Generator(issued) dispersed aerator, rotary disc aerator
high speed aeration centrifugal blower, jet aerator
blast submerged aerator, rotary brush aerator

Measurement Microbubble size analysis- Submerged image analysis methods
Characterization of generator Measurement of oxygen mass transfer in clean water
Application Engineering design and construction for FB application in saline-alkali soil



Initiatives
IInternational Conference on FBT each year or every two years to make FBT more popular.
China will be willing to undertake the first conference in 2022

International comparison tests (Under way)

Versailles Project on Advanced Materials and Standards (VAMAS)
The main objective of VAMAS is to promote world trade by innovation and adoption of advanced materials 
through international collaborations that provide the technical basis for harmonisation of measurement 
methods, leading to best practices and standards.

Focus on the evaluation of FB generator performances to achieve harmonious results to 
improve the conformity

Zhaojun LI
Institute of Process Engineering, Chinese Academy of Sciences
zjli@ipe.ac.cn
86-10-62521688
86-13520079628

h)18:30-18:45
“Activities in Indonesia”
Application Finebubble Technology to
Agri-aqua Farming

Prof. Dr. Aris Purwanto
IPB University
Indonesia

APEC Workshop I

January 21, 2021

o We have to take food management and agricultural development seriously,” the 
President said during the Opening of the 2021 National Working Meeting of Agricultural 
Development with the theme “Strengthening the Role of Agricultural Sector in 
Supporting Economic Growth amid the COVID-19 Pandemic” (Monday, 11/01/2021)

o President stressed that agricultural development for agricultural commodities such as 
soybeans, corn, sugar, and garlic, all of which are currently still being imported, is of 
great importance. “We have not imported rice for almost two years. I want to see what 
conditions are on the ground, whether we’ll consistently do it for the coming years,” he 
said, while calling for an agricultural development scheme to address the matter 
(importing commodities).

APEC Workshop I



o Promote germination of seed

APEC Workshop I

Rice seed

Soybean seed Gmelina arborea Roxb. Seed

6 months

18 months

o Increase the density of fish/shrimp in fresh water fish/shrimp pond)

APEC Workshop I

Dr.Anto Tri Sugiarto M.Eng, Indonesian Institute of Sciences

Ministry of Environment and Forestry

o Increase the quality of pond water

APEC Workshop I

o Promote germination of garlic seed

Garlic bulbs need to be 
stored for 5-6 months 
before replanting due 
to dormancy

Apply finebubble technology for breaking dormancy and promoting 
germination of garlic seed

Application of ultrafine bubble (UFB)  water 
for breaking dormancy of garlic seed (local 
variety)
o Dissolved oxygen (DO) UFB water 8ppm
o Immersion time 24 jam
o Storage temperature 18 2ºC.

APEC Workshop I

o Promote germination of garlic seed

plumula is the part of a young plant that 
becomes the shoot system > 60%

Finebubble generator (FZ1N-10,
IDEC Corporation)

breaking dormancy 

Garlic bulb 1 month after harvesting



APEC Workshop I

o Promote germination of garlic seed
4 weeks after treatment

Control (water) UFB water 8ppm

control

Time (week)

Pl
um

ul
a 

le
ng

th
 (%

)

60%

Grow at Experimental Field (>900 m above sea level))

Size and weight is not significant different as original seed

UFB

Garlic seeds are ready to 
grow from 5-6 to 2-3 months

APEC Workshop I
Grow at Farmer field (>900 m above sea level)

Planting (October 8, 2020)

Harvesting (January 14, 2021)

Growing

https://finance.detik.com/foto-bisnis/d-5335872/pertama-di-ri-benih-bawang-putih-hasil-ultra-fine-bubble/4

Restore the glory of garlic production 
using ultrafine bubble technology

First time in Indonesia, garlic was 
harvested from garlic seed treated 
using ultrafine bubble

APEC Workshop I



i) 18:45-19:00
Activities in Korea

-Introduction of fine bubble 
applications for the agriculture 

and  the aquaculture 
Chang Gyun Kim, Inha University

Korea

APEC Workshop I

January 21, 2021
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