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Volume Market Development (1980-2008)

Water Reuse by Application

Top 10 countries by capacity (2010)

Annual renewable
Water resources
m3/inh/year
<500
500-1000
1000-1700
1700-4000
4000-10,000
>10,000
No data

0.16 Mm3/d
Mendoza

0.02 Mm3/d
Windhoek

1.5 Mm3/d
California

5 Mm3/d
Mexico City

1.7 
Mm3/d
Florida

0.1 Mm3/d
Washington 

DC

0,4 Mm3/d
Israel

0,15 Mm3/d
Abu Dhabi

0,2 
Mm3/d
Riyadh

Agricultural irrigation

Urban uses & golf courses

Potable reuse & aquifer recharge

Industrial uses

World
7.1 km3/yr (0.18% of water demand)

5% of treated wastewater
>2000 reuse plants

*USA
1.425 km3/yr

831 reuse plants
Japan

0.291 km3/yr
218 reuse plants

Australia
0.213 km3/yr

435 reuse plants

Africa
0.293 km3/yr

20 reuse plants

EU
1.0 km3/yr

200 reuse plants

Middle East
1.218 km3/yr

72 reuse plants

*Source: Global Water Intelligence

0,5 
Mm3/d
Japan
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*Source: Global Water Intelligence
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Region No. of 
facilities

Current Status (ME, 2009)

Total floor area 
(m2)

Treatment 
capacity (m3/day)

Grey water Use 
(m3/day) Usage ratio (%)

Seoul 57 7,917,449 18,721 8,161 43.6 

Pusan 22 2,211,099 7,066 4,907 69.4 

Daegu 5 144,221 5,450 5,535 98.5

Incheon 5 241,547 23,400 6,932 29.6 

Kwangju 7 342,356 2,040 1,280 62.7 

Daejeon 5 12,796,321 226 1,617 14.0 

Ulsan 3 279,582 1,216 298 24.5 

Gyeonggi 58 7,874,258 77,087 41,922 54.4 

Ganwon 9 1,122,564 21,310 3,382 15.9 

Chungbuk 1 119,160 300 300 100.0 

Chungnam 13 815,374 215,034 119,344 55.5 

Jeonbuk 8 1,260,182 100,650 61,028 60.6 

Jeonnam 11 6,339,309 280,566 54,104 19.3 

Kyeongbuk 38 5,470,372 116,946 82,420 70.5 

Kyeongnam 9 940,670 14,895 1,605 10.8 

Jeju 5 179,643 655 324 49.5 

K-Water 15 7,292,007 1,314,467 181,424 13.8 

Total 271 55,346,114 2,201,505 573,107 26.0

Source: Park, 2011
Grey Water Reuse

01

� Toilet Flushing - 153 (42.3%), Industrial Water – 87 (24.1%),

   Gardening - 14.4%, Cleaning - 7.5%

Source: STATISTICS OF SEWERAGE, 2010

Toilet flushing

Industrial

Gardening

Cleaning

Others

Grey Water Reuse by Application

01
Use of Treated Wastewater

� Usage Ratio of Treated Wastewater: 1.3% in 2002 ��10.8% in 2008

Source: ME, 2010

Million m3/day

Amount of 
treated wastewater

Reuse Ratio
Reuse Capacity

01
Use of Treated Wastewater by Application

� On-site Reuse in WWTP: 56%

� Increasing interest in using treated wastewater for industrial application 

On-site

River environmental
flow

Irrigation

OthersIndustrial

River flow

Industrial

Irrigation

Others

Changes in Off-site reuse of TW

01

Source: Lazarova (2010)



Screening and grit removal

Sedimentation and
skimming

Biological aerobic treatment
and clarification

Chemical coagulation,
sedimentation, and filtration

Chlorination, ozonation, UV

Reverse Osmosis and
distillation

Removal of coarse solids

Removal of organic and
inorganic solids, oil, and

greases

Removal of residual oragnics,
BOD, suspended solids, and

microorganisms

Removal of suspended solids,
colloids, and nutrients

Inactivation of pathogens

Removal of ions, and low
molecular organics

Preliminary
Treatment

Primary
Treatment

Secondary
Treatment

Secondary
Treatment

Disinfection

Advanced
Treatment

Water for irrigation of
non-food crops

Water for washing and
irrigation

Water for irrigation of
crops which are not

eaten without cooking

Water for unrestricted
irrigation

Water for unrestricted
use (including indirect

potable use)

01

Source: Lazarova (2010)

MBR with immersed membranes

MBR®; MBRo

Pretreatment

Raw
sewage

MBR with external recirculation

Disinfection
Cl, UV, O3

MBR with immersed membranes

MBR®; MBRo

Pretreatment

Raw
sewage

MBR with external recirculation

Disinfection
Cl, UV, O3

MBR®; MBRo

Pretreatment

Raw
sewage

MBR with external recirculation

Disinfection
Cl, UV, O3

Secondary treatment

Tertiary 
treatment

01

Reverse Osmosis

Quatery 
treatment

Source: Lazarova (2010)

01

Source: Pearce (2010)
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Inorganic Waste Organic Waste
Heavy Metals /
Complex Waste

MF/UF + RO
MF/UF + EDR

MBR + RO Zero Liquid DischargeMBR + EDR

MBRMF/UF

01



MBR Process

Tertiary Filtration Process

MF/UF

MF/UF

02
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1960 s : Side stream MBR Idea, South Africa

1970 s : Thetford System and Dorr Oliver, USA

1988  : First US Patent for submerged membrane 
  by Professor Yamamoto of Tokyo University 

1990 s : Commercial submerged MBRs 

1998 : 1,900 m3/day (Porlock, UK)

2007    : 144,000 m3/day (King County, WA, USA)

2009 : 220,000 m3/day (Jumeirah Golf Estates , UAE)

Total:  $ 216.6 Millions 

Annual average growth rate (2005-2010): 10.9%

Number of MBR Plants: more than 1,300 (including very small plants)
•  Hollow fiber - 79%, Plate - 12%, Tubular - 9% 
•  Domestic membranes:  20~30%  
•  More than 60 % of total plants are less than 50 m3/d



(1) Submerged (2) Side stream



Source: Ben Aim, 2007

Power consumption 
(kWh/m3)

Activated Sludge 0.2~0.3

MBR 0.3~2.0
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RO NF ED/EDI Other Total

= 1,987,464 m3/day

57.3%

15.1%
7.3%

20.3% 100%
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Industry Irrigation Power Other Total

= 1,987,464 m3/day 

49.8%

22.7%

15.8%
11.7% 100%

May 12th, 2010 > Water Reuse: Global Trends and Challenges 51

Customized Recycled Water

Process
Tertiary

Nitrified

MF/RO

MF/RO/RO

Stabilized RO

Next ??

Uses
Irrigation, Street Sweeping

Cooling Towers

Low Pressure Boilers

High Pressure Boilers

Groundwater Injection

To Customer Specs



• Fouling Control 
– Stringent pretreatment required

• Removal of Trace Organics
– Non-charged small organics pass through RO 

• High Energy Consumption and Low Recovery
– Energy intensive
– Low recovery (~75%) ��������	
�	������
����	�

issues



• Separation mechanisms
– Size exclusion
– Electrostatic interaction

• Non-ionic small MW organics 
cannot be successfully removed 
by RO
– Some EDCs, PhACs
– NDMA (N-nitrosodimethylamine): 

30~40%

• Flux
– Desalination: 13~24 LMH
– Brackish RO: 14~34 LMH
– Wastewater: 15~25 LMH

1 GFD = 1.698 LMH

Source: Burbano, AWWA, 2007

• Pressure
– Desalination: 50~70 bar
– Brackish RO: 7~40 bar
– Wastewater: 7~20 bar

• MF/UF
– Flux: 40~80 LMH
– Pressure: 0.2~1.5 bar

– Permeability 100 times

High pressure leads to high energy consumption
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265,000 m3/day



Raw 
water

Product 
water

Discharge
Limit

Drinking
Water

Flow rate

• Advanced Wastewater 
Treatment Using MBR

• Funded by ME (2004~2011) 

• Water Quality

- CODMn Removal: 96%
- TP Removal: 78 %
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- Water Quality Suitability 

- Reclaimed Wastewater Tariff 

- Wastewater treatment plants: design, construction, 
operation and maintenance requirements

- Treated wastewater distribution and storage systems: 
design, construction, operation and maintenance 
requirements

• What should be standardized?



International Workshop on Reclaimed Water Use in Urban Area -From 
Water Quality to Water Safety Management for Water Reuse-
held on January 10, 2012 at Kitakyushu International Conference Center

� Coordinator: Prof. H. TANAKA (Kyoto 
University)

� Panelist: Prof. H.Y.HU (Tsinghua University)
� Prof. S.H. LEE (KookMin University)
� Mr. E. TAKASHIMA (Director, MLIT)
� Mr. F. TANAKA (Director of International Water 

Business, City of Kitakyushu)
� Mr. K. SHINODA (Director of Sewerage, City of 

Fukuoka)
� Dr. O. FUJIKI(Co-chairperson, Japanese Mirror 

Committee of ISO/TC224)

� Discussion Points 1
�

� What technologies and research should be 
developed for promotion of water reclamation 
and reuse practices in Asia where water 
reclamation and reuse is really expected 
important roles in waster resources management 
and water environmental management?  

� Discussion Points 2
�

� What condition and/or institutions should be 
introduced for co-solution of water quality 
improvement and cost(energy)-saving when 
water reclamation and reuse is promoted 
extensively?  

� Discussion point3
� 3

� What technical collaborations among three states, 
China, Korea and Japan are effective and/or 
important in the field of wastewater, particularly  
water reclamation and reuse?  



Ministry of Land, Infrastructure, Transport and Tourism

Reclaimed Wastewater Use 
International Standardization Activities 

and
Current State in Urban Area in Japan

Eijiro Takashima 
Director for Watershed Management

Sewerage and Wastewater Management Department
Water and Disaster Management Bureau

Ministry of Land, Infrastructure, Transport and Tourism

1

1. International Standardization 
Activities for Reclaimed 

Wastewater Use 

2

Water shortage is a crucial issue in many Asian cities where 
rapid economic growth and the concentration of population and 
industries are in progress. 
Many of those cities are accelerating sewerage development for 
the purpose of the protection of public health and water pollution 
control and now, treated wastewater is getting highlighted as an 
alternative water resource.

Significance of Creating International Standards Related to 
Reclaimed Wastewater Use 

To resolve water problems that occur not only in the Asian 
region but globally, it is important to promote the creation of 
international standards for recycled wastewater technology to 
enable for the stable usage of water, under the initiative of the 
three countries of China, Korea and Japan.

3

ISO/PC 253 Treated Wastewater Reuse for Irrigation

• Inaugurated as a PC (Project Committee*) in 2010 based on a proposal 
by Israel

• Standards/guidelines “Utilization of Treated Water for Irrigation” is being 
formulated

Scope of Application of “Utilization of Treated Water for Irrigation”

• International standards related to usage of treated wastewater for irrigation that 
take into consideration health, the environment, agriculture, etc.

• Design of the sewage treatment plant and process are outside of the scope of 
application

• Objective is to prescribe “performance that is necessary for usage of treated 
wastewater for irrigation”

• Major items in draft international standards (as of the current stage):

- Water quality standards for treated wastewater for various intended uses

- Procedures that should be taken to prevent or minimize the effects of the 
use of treated wastewater on people’s health and the environment, as well 
on surface stream water, groundwater, air quality, soil quality, and crops

* Temporary committee established for creating certain standards. Will be disbanded after creation of standards.

4

Linkage among China ,Korea and Japan,
through the Northeast Asia Standards Cooperation Forum

Northeast Asia Standards Cooperation Forum (July 20, 2010; Toyama)

Based on the movements, etc. of ISO/PC 253, it was agreed upon in the 9th

Northeast Asia Standards Cooperation Forum held in July 2010 in Japan 
(Toyama City) to promote global standardization of standards related to usage 
of treated wastewater in cities based on   linkage with China and Korea.

Northeast Asia Standards Cooperation Forum
Promotes cooperation in standardization activities among the three countries of China, 

Korea, and Japan, with the objective of contributing to continued standardization activities 
in the Asian region, by making shared approaches toward the development of an 
infrastructure for global standardization, development of standard specifications, joint 
proposals, and popularization of standard specifications.

5

Northeast Asia Cooperation Forum Concerning Reclaimed Wastewater 
Use  in Urban Area

Based on the agreement made in the Northeast Asia 
Standards Cooperation Forum, “the meeting of 
Reclaimed Wastewater Use in Urban Area” (RWUUA) 
was launched for the purpose of promoting cooperation 
among the three countries of China ,Korea and Japan in 
standardization activities
Participants included the Director for Watershed 
Management from the Ministry of Land, Infrastructure, 
Transport and Tourism representing Japan; the China 
Ultraviolet Disinfection Association representing China; 
and Korea Water and Wastewater Works Association 
representing Korea.

The first meeting was held in March 2011 (Tokyo) and 
the second meeting was held in June (Busan). 
Information was exchanged regarding water quality 
standards and the state of reclaimed wastewater use in 
each country, response to ISO/PC 253, and future 
approaches toward standardization

January 11, 2012 3rd meeting (Kitakyushu City)

2nd meeting of Reclaimed 
Wastewater Use in Urban Area, 

Northeast Asia Standards 
Cooperation Forum
(June 2011, Pusan)
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2. Current State of Reclaimed 
Wastewater Use in Urban Area 

in Japan

7

In Japan, the importance of wastewater 
reclamation was acknowledged through 
our experience of serious droughts.

� In Fukuoka City, which suffered large-scale 
damages from drought in 1978, and in 
various cities in the Shikoku region, which is 
plagued by chronic water shortage, there is 
active use of treated wastewater.

Low rain in recent years, increase in 
fluctuation width of annual precipitation, 
decrease in snow, etc. are causes for 
worry in relation to stable water supply 

Background Water Resources in Japan

Number of years that suffered 
droughts in the past 20 years

Reference 6-1-8 State of imacts caused by droughts over the last 20 years

0 years
1 year
2 to 3 years

4 to 7 years

8 years or more

FUKUOKA CITY

SHIKOKU REGION

8

(Note) Created by the Water Resources Department in the Ministry 
of Land, Infrastructure, Transport and Tourism based on 
materials from the Japan Meteorological Agency

Due to climate changes, there is an increased risk of droughts in addition to an 
increased risk of flooding. Over the past 100 years, annual precipitation has been on a 
declining trend. There is also an increase in the number of years with extremely small 
rainfall. 

Increased risk of Droughts due to Climate Changes 

A
nn
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l p

re
ci

pi
ta

tio
n

Approx. 1,660 mm

Approx. 1,550 
mm

Annual 
Precipitation
5-year 
moving 
Average
Trend
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� “Reclaimed Wastewater” has a great deal of potential, such as the creation of sound water 
cycles and favorable water environments, sustainable water source functions, contribution to 
enriched town development, etc. 
� In continuous town management, promoting the use of reclaimed wastewater is important.

Multitude of Potentials and Effects of Reclaimed Wastewater

Water for toilet 
flushing

Water for measures 
against heat islands

Industrial water Agricultural water

Water for melting 
snow

Water for the 
environment

U
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W
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w
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Water for heat 
source

Water for 
cleansing
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nt

Water for 
landscaping

Water for 
recreation
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Use of Reclaimed Wastewater in Japan

3.7%

27.4%

1.9%
29.2%

21.6%

7.0%

0.9%
8.0%

2.04m3/2 m3/

� In Japan, about 200 million m3 of the annual treated wastewater (14.4 billion m3 ) is recycled. 
� Of the reclaimed wastewater, about 60% is used as enviroment water

(i.e.  for landscape, river flow, recreational use, etc.)

Breakdown of use of treated wastewater (FY 2009)

Reuse amount
200 million m3/Year

River maintenance
Water for
recreational use

Water for
landscapes

Melting
snow
water

Industrial 
water 

Agricultural 
water 

Water for toilet flashing
Directly supplied to business 
establishments, etc
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before after

Conventional activated sludge process plus advanced wastewater treatment process

Applications of Reclaimed Wastewater in Large Cities (Tokyo)

River maintenance Miscellaneous waters

Miscellaneous waters Recreational Use

[Population:8.45 million]

Tokyo 
Metropolis

Water for toilet flushing in West-
Shinjuku and Nakano Sakaue areas, 
etc.

Water source for revival of 
Meguro River, etc. 

Ochiai Water Reclamation Center
SESERAGI NO SATO

Cleansing water for train systems, 
YURIKAMOME
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Applications of Reclaimed Wastewater in Medium-Scale Communities

[ Population:24,000]

Agricultural Use
Discharge into agricultural farm ponds 2000m3/day

During June – September 

Groundwater Recharge

Recharge to groundwater, the 
principal water source of Tadotsu 
Town 2000m3/day

Recreational Use

recreational water  20m3/day

Activated carbon adsorption

Tadotsu 
Town

Activated carbon adsorption

Ozone + activated carbon adsorption

Gentle stream

Small water park

Conventional activated sludge process 
plus advanced wastewater treatment 

process

(Tadotsu Town)
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Membrane treated water 
ozonated water

water 
line

� Reclaimed wastewater from sewage treatment plant (advanced treatment)  is used 
for a diverse array of intended purposes such as water for extinguishing fires, in 
addition to being supplied to groups of industrial companies

Sewage
disposal
facility

Sambo Sewage 
Treatment Plant

Ozone
treatment
facilitiesfaci

Large-scale
company
cluster Sakaihama Small- and 

Medium-sized Business 
Cluster

Core wide-area 
disaster-
preparedness 
center

NTC
(Sakai Soccer National Training Center)

Commercial/amusement 
facilities

Water pump 
facilities

Supply area: Sakaihama area, Sakai City; Approx. 
300ha

Supply target: All buildings and green space, etc. 
within the supply area

Supply capacity: Daily maximum 34,000 m3

Ozone
treatment
facilities
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� “Manual for Water Quality Standard for Reuse of Treated Wastewater” (Ministry of Land, Infrastructure and 
Transport)
• This manual presents the water quality and facilities standards to secure sanitary safety and aesthetic 

appearance/amenity as well as to prevent trouble in facility functions.  Also presents factors to consider 
when reusing treated wastewater.

Water Quality Standard for Reclaimed Wastewater in Japan

Basic 
parameters

Standard 
application 

point
Flush toilet water Spray water Water for landscape Water for 

recreational use

E. Coli

Reclamation 
facilities 
outlet

Not detected Not detected See the remark (Note 1) Not detected

[Control target] 
2 degrees or less

[Control target] 
2 degrees or less

[Control target] 
2 degrees or less

2 degrees or lessTurbidity

pH 5.8 to 8.6 5.8 to 8.6 5.8 - 8.6 5.8 - 8.6

Appearance Not offensive Not offensive Not offensive Not offensive

Chromaticity (Note 2) (Note 2) 40 degrees or less 10 degrees or less

Odor Not offensive Not offensive Not offensive Not offensive

Residual 
chlorine

Boundary of 
responsibility

[Control target]
Free residual chlorine 
0.1mg/L or 
combined residual chlorine 
0.4mg/L or more

[Chlorine target]
Free residual chlorine 
0.1mg/L or 
combined residual chlorine 
0.4mg/L or more

See the remarks (Note 3)

[Control target ]
Free residual chlorine 
0.1mg/L or 
combined residual chlorine 
0.4mg/L or more

Facility 
standard

Facilities equivalent to or 
more than the sand filtration 
facilities to be provided

Facilities equivalent to or 
more than the sand filtration 
facilities to be provided

Facilities equivalent to or 
more than the sand filtration 
facilities to be provided

Facilities equivalent to or 
more than the chemical 
precipitation sand 
filtration facilities to be 
provided

(Note 1) Coliform counts of 1000CFU/100mL employed tentatively
(Note 2) Standard value to be set as required on the basis of request of users
(Note 3) Not specified  because treatment other than chlorination may be done from a viewpoint
               of preserving the eco-system and the use of reclaimed water is based on requirement
               that no process will involve use of water that in contact with human beings.

[ Remarks ]
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Required Treatment Process for Achieving Water Quality Standards

In order to achieve water quality standards, additional treatment that 
corresponds to the usage purpose with respect to treated water is being 
implemented

Sand filtration + Ozonation
Sand filtration + Ultraviolet disinfection
Biofilm filtration + Ozonation
Chemical precipitation + Sand filtration + Ultraviolet treatment
MBR (Membrane bioreactor) etc.

A-JUMP
(Advance of Japan Ultimate Membrane Bioreactor Technology Project)
The government-initiated project to demonstrate the validity of MBR to an actual 
system with model municipalities.(FY2009 2010)
model cases

Introducing MBR to an existing treatment plant coordinating with   
     reconstruction 

Satellite treatment using MBR

It is a process to treat wastewater from  the pipe before reaching  a sewage treatment 
plant  for the purpose of  reclaimed wastewater use. 16

Immersed MBR combined with  biological phosphorous removal
Demonstration of the applicability of MBR based on remodeling and
utilization of existing facilities
Review efficiency based on use of air-lift pumps, etc.

(2) Overview of satellite MBR demonstration project
MBR using ceramic MF membrane
Demonstration of applicability of MBR in satellite sewerage
treatment 
Review operating efficiency such as of the establishment 
of high permeation flux that makes use of the
characteristics of ceramic

Treatment capacity: 5,000 m3/day
Treatment method: Anaerobic-Anoxic-Oxic MBR

Treatment capacity: 360 m3/day
Treatment method: Circulating nitrification-denitrification MBR

II dd MMBRBR bibi dd iithth bibi ll ii ll hh hh l
(1) Overview of renovated MBR demonstration project

Membrane unit inside 
reaction tank (downward 
view)

MF membrane (flat membrane) unit

Review efficiency based on use of air lift pumps, etc.
Advanced treatment using existing facilities is possible, 
without having to expand facilities
Significant reduction of power consumption is possible

Possible to ensure favorable treatment water quality that 
is adapted to reuse
Stable treatment even at pump locations, etc. is possible

Exterior of demonstration plant

MF membrane (ceramic)

Exterior

Side
view

Enlarged

Results of A-JUMP
Are published as “Guidelines for Introducing Membrane Treatment Technology into Sewerage 
[2nd edition]”

Overview of A-JUMP
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In order to supply reclaimed wastewater of the desired quality 
in a stable manner, it is important to 

evaluate the stability of sewage and reclaimed water quality
evaluate the treatment process
carry out appropriate safety management

From Water Quality to
Water Safety Management

18



Thank you  

for your attention!! 
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Potential of Membrane Treatment 
for Reclaimed Water

A Project by Water Plaza Kitakyushu

January 10, 2012
Fumihiko Tanaka, Manager

Overseas Water Business, Construction Bureau, Kitakyushu City

Introduction to Kitakyushu City
Located at the northern tip of Kyushu at the western end of the Japanese Archipelago 

Gateway to Asia
Manufacturing city with a concentration of industries and technologies

Iron, chemicals, machinery, ceramics, ICs, etc. 
Rich natural surroundings 210 km of coastline, 40% of city area is forested

Outline of Kitakyushu City
Area: 488km2

Population: 980,000
Average temperature: 16ºC
Annual rainfall: 1,600 mm
GDP: 3.5 trillion yen

P1

Japan’s first modern steel mill constructed in 1901

Developed based on heavy industry and chemical industry, 
particularly steel and chemicals

Driving force 
behind Japan’s 
rapid economic 

growth

History of Industrial Development in Kitakyushu City (1)

P2

Concentration of 
population

Accumulation of 
companies

Forest of chimneys and Japan’s worst ash (108 t/km2)

Sea of Death, Dokai Bay, where even Bacillus coli disappeared 
(DO: 0.6 mg/L, COD: 48.4 mg/L)

Turbid, filthy black river (Murasaki River) 
(BOD: 58 mg/L)

Pollution caused by industrial growth (1960s)

Dissolved propeller

P3

Triggered by activities of the Women’s Association, citizens, corporations, and 
officials worked together to take action to defeat pollution.

Partnership

Citizens

Officials Corporations

Improving a sewage 
treatment plant

Strengthening regulations 
and monitoring

Signing a pollution 
prevention agreement

Development of CP 
technology

Initiatives to Defeat Pollution

Citizens on a company tour Citizens attending a lecture by 
a university professor

Movie produced by citizens

P4

1960s Today

Clear sky

110 species living in the ocean

Kitakyushu after Restoration of the Environment

P5



Sweetfish living in the 
restored clear flowing water

The spread of sewage treatment systems led to a 
sharp improvement in the water quality of the 
Murasaki River. 

Successful Improvement of Water Quality (Murasaki River)

P6

Environmental pollution (sulfur oxides)
mgSO3/100cm2/day

Economic growth (value of shipments of 
manufactured products: 100 billion yen)

Source: World Bank MEIP (survey of 
experience in Japan)

Simultaneous Environmental Measures and Economic Policies (Win-Win)

Environmental load was reduced, yet economic 
growth continued.

Technologies which benefit the environment and the 
economy are useful for Asia

Economic growth 
accompanied by reduction of 

environmental pollution

P7

Dalian City in China
Environmental Model District 

Improvement Plan
Surabaya City in Indonesia  

    Composting kitchen garbage
Cities of Qingdao and Tianjin in 
China

Japan-China Recycling 
City Cooperation Project

Cebu City in the Philippines
    Environmental education

Phnom Penh City in Cambodia    
Leakage control

Environment Bureau:

Water Bureau:

Examples of International Cooperation by Kitakyushu City, Taking Advantage 
of its Experience of Environmental Restoration 

Improvement of the atmosphere in Dalian City 
(1994 to 2000)

Signing by the mayors of Kitakyushu and 
Tianjin (at the Prime Minister’s Residence)

Training on composting in Surabaya City

River cleaning in Cebu City

Technical guidance in Phnom Penh P8

International Technological Cooperation by 
Kitakyushu City on Sewage Treatment Systems

(1) Technological guidance (dispatching 
employees overseas)

[1] Advice on introducing sewage treatment system policies
[2] Guidance on controlling the operation of treatment plants 

and pumping stations
[3] Holding seminars

(2) Training personnel (accepting overseas 
trainees)

[1] Lectures (city’s independent curriculum)
(Planning, design, maintenance, management, PR, etc.)

[2] Tours of treatment systems

Frequency: 156 times
(total of 1,612 people)

Number of countries: 96

Long-term (1 year or longer): 4 times 
(4 people), 3 countries

Short-term (less than 1 year): 31 times 
(total of 48 people), 6 countries

Major cases in recent years
Kunming City, Yunnan Province, China (from 2006, in cooperation with JICA)
Saudi Arabia (from 2007, in cooperation with JICA and CGUS)
Surabaya City in Indonesia (2007 to 2008, in cooperation with JICA and CLAIR)

Achievements in sewage treatment systems (1990 to 2010)

Study and training in Kitakyushu City (lectures and 
visits to treatment plant)

Seminar for citizens of Kunming 
City (2006)

P9

Absolute shortages: 0.01% of the world’s fresh water is 
usable

    

Increasingly severe pollution of water sources: rapid 
urbanization
Rising water demand: 30% increase from 2000 to 2025 
(In Asia, accounts for 30% of water drawn)                  Percentages of the world’s water

Expansion of the water business market (estimated by METI, approx. 
87 trillion yen in 2025)

State of Water around the World

Design, component supply, 
construction, consulting

Management/operating 
services Total

Water supply 19.0 trillion yen 19.8 trillion yen 38.8 trillion yen

Desalinization of 
seawater, etc. 8.4 trillion yen 3.8 trillion yen 12.2 trillion yen

Sewage treatment 21.1 trillion yen 14.4 trillion yen 35.5 trillion yen

Totals 48.5 trillion yen 38.0 trillion yen
86.5 trillion yen

(2007: 36.2 trillion yen)

Business

Project

n
)

Approx. 2.5 
increase
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Approx. 1.4 billion km3 of 
water on the globe

97.4% is 
seawater, etc.

2.53% is 
fresh water, etc.

Breakdown of 
the 2.53% 
freshwater

Glaciers etc. 
1.74%

River, lakes, marshes etc. 0.01%
Groundwater: 0.76%

What is the Water Plaza?

Consists of a pilot plant and a test-bed for full-scale testing. 
Pilot plant: A new energy-efficient desalinization plant combining membrane treatment of sewage with 

desalinization of seawater
Desalinization capacity: approx. 1,400 m3/day
Goal is energy-saving of 30% to 40% (from past level)

Test-bed: Corporations, etc. can install their machinery to 
simultaneously perform multiple tests.

First in 
Japan

Facility designed to develop technologies, verify operations, and produce 
information on advanced water recycling systems.

Water Plaza Kitakyushu
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  PILOT PLANT AREA 

MBR SEWAGE TREATMENT 

UF+RO MEMBRANE 



Characteristics of the Water Plaza System

Various options to suit users’ needs:

   Responds flexibly to required water quality and cost

    Modular equipment can be installed anywhere (quality/cost: low                        high)

Sewage

Seawater

MBR

UF

Sewage RO

Seawater RO

Sewage recycling process

Seawater 
desalinization process

Product water

Drainage

Low-pressure pump

Medium-pressure pump

Germs or other 
pollutants

Ions or other low 
molecular substance

MBR-UF 
membrane RO membrane

Water with pollutants removed

Water with low molecular 
substances such as ions 
removed

Recycling

Dilution of seawaterReduction of intake water

Reduction of 
equipment scale Reduction of drive power Desalinization to same 

level as seawater 

Used to generate 
electric power at the 
Shinokura Power Plant 
operated by Kyushu 
Electric Co.
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Irrigation water � Industrial water � Potable water

Hollow fiber 
membraneFlat membrane

Characteristics
Processing in a small space because no settling tank is needed
Shorter processing time (standard activated sludge method: approx. 10 hours 

MBR: approx. 6 hours)
Can remove phosphorus and nitrogen, achieving advanced treatment
Requires periodic chemical cleaning or replacement of the membrane (once 

every 8 to 10 years) 

At the Water Plaza, two types of membrane (flat membrane, hollow fiber 
membrane) are used for testing.

Membrane separation activated sludge method [MBR (Membrane Bioreactor)]
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Characteristics
Much energy is needed to pass water through a permeation membrane 

(pressure of about 5 MPa) lowering the salinity saves energy
(corroborative research by the Water Plaza)  

Bacteria, salt, dioxins, and other substances dissolved in water can be 
filtered potable water quality

The Water Plaza uses world-leading 16-inch modules 

RO membrane module structure 
(hole diameter: approx. 0.001�m)

Left: 16-inch module (diameter: 400 mm)
Right: 8-inch module (diameter: 200 mm)

Reverse Osmosis (RO) Membrane
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Type Inflow water quality 
(sewage)

Treated water quality
Hiakari Sewage 
Treatment Plant MBR

BOD 150 2.3 0.6
SS 164 2 ND
TN 27 14 3.9
TP 3.1 0.96 0.8

Remarks Average in 2009 Average in 2009 Sept. 2011

Unit: mg/L

Comparison of Treated Water Quality

Influent 
(sewage)

Activated sludge 
(MBR)

Treated water 
(Hiakari STP)

Treated water 
(MBR)

Product water
P15
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International business center for advanced water 
technologies centered on Water Plaza Kitakyushu

Adding the flavor of Kitakyushu:
Industrial tourism: Using the assets of a manufacturing city
Environmental education: Showing children the importance of conserving the environment 
and life

Concept of the Kitakyushu Water Hub

Communicating know-how

International study and 
training

OJT at an actual facility

Mastering advanced technologies

Human 
resource 

development

Expanding overseas

Water 
business

Business matching From show cases to business 
negotiations

Casting a spell using treasures of 
the city

Industrial 
tourism

Historic site of the Higashida First 
Blast Furnace

Kitakyushu Eco-
town

Research 
and

development

Water Plaza Demo 
Plant

Water Plaza Test 
Bed

  

Linking to the world

Information 
exchange

Holding an international forum Producing information on 
advanced water technologies

From Kitakyushu 
City to the world

Appreciating water and greenery

Physically experiencing the splendid 
properties of water

Waterside activities

Environ-
mental 

education

Six pillars of 
the Kitakyushu 

Water Hub
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Promoting research, development and 
commercialization of advanced technologies

Informing members about the next 
generation of environmental technologies

International development of the 
water business

Upgrading and expanding 
the test-bed
Expanding the research 
fields
Establishing the Kitakyushu 
brand

Reconstructing the management 
building and creating the Water 
Business Center (tentative name)
Educating water experts
Spreading information around the world

Providing places for relaxation amid abundant 
water and greenery
Training environmental experts
Linking with nearby facilities to publicize the 
treasures of the city

Supporting research and 
development by corporations

Creating a stream habitat for 
fireflies

Installing an eco-house

Opening showrooms

Conducting OJT study 
and training

Range of Initiatives

Hiakari Plant 
(burning mixed sewage 
sludge and garbage)

Water Plaza Kitakyushu

Sludge drier

Digestion tanks

Management 
buildingSettling pond

Primary settling 
pond

Aeration tank

Final settling pond

Disinfection facility

Sludge Energy 
cycle

Steam
Electricity

Kanmon Strait Hiakari Sewage Treatment Plant



Kitakyushu City is the driving 
force of the water business in 

Japan

Technologies from Kitakyushu City to the World
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Reclaimed Water
in Fukuoka City

Reclaimed Water Symbol

Road & Wastewater Bureau FUKUOKA City
2

Overview of Fukuoka City

Population: 1.48 million people
Area: 341 km2

Percentage of sewered 
population: 99.5%

1889: Fukuoka city is born (50,847 people)

3

Fukuoka City, Not Blessed with 
Water Resources

Japan      1,690   5,000

Annual 
precipitation

Gross annual 
precipitation per capita

(mm) (m3/year/person)

Fukuoka City   1,612 375

River in the city where 
the bottom is visible

There are no large rivers 

in Fukuoka city
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Heavy Drought in Fukuoka

Dam that became dried up due 
to droughtWater trucks being sent out

1978    1,138      287      13,433

Annual 
precipitation (mm)

1994       891      295   0

Number of days with 
water rationing

Number of water 
trucks sent out
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Development of the Water-Saving City

4 pillars for “development of the water-saving city”

Popularization of water-
saving devices

Efficient supply of tap waterRaising awareness of water-
saving

Popularization of general 
service water

Popularization of water-saving 
faucets 95.9% (2010) 

Popularization of water-saving 
toilet bowls

Average daily water supply per person
276 L/person/day (2010)

Citizens that possess awareness of water-
saving

85.9% (2009 municipal government questionnaire)

            Large city in Japan Average 340 
L/person/day (2010)

Water revenue ratio 95.8% (2010)

    Large city in Japan Average
91.8% (2010)

Use of reclaimed water 
(treated wastewater)

Use of rainwater

Concentrated remote control of 
water pressure/flow rate based 
on motorized valves

Water Control Center

Outline of Measures Related to Water-Saving 
Water Use in Fukuoka City (Enforced in 1979)

6

Effective Use of Reclaimed Water 
(Treated Wastewater)

“Utilization of Recycled Water Model Project”
Ministry Of Construction (Currently the Ministry of Land, Infrastructure, Transport and Tourism)

                (1979)

June 1, 1980

Start of water supply

Treated wastewater is a valuable water resource within the city

First in the country to commercialize reuse of treated wastewater
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Background behind Recycled Water Project

1978 Major drought (287 days of water rationing)
1979 “Outline of Measures Related to Water-Saving Water Use in Fukuoka City”

   Started on “Utilization of Recycled Water Model Project”
Recycled water supplied to buildings with a total floor area of more than 5,000 m2

1994 Major drought (295 days of water rationing)
1998 Applicable buildings were expanded from at least 5,000 m2 to at least 3,000 m2

December 2003 Enforcement of “Ordinance to Promote Water-Saving in Fukuoka City”
     First in the nation to make usage of general service water mandatory

                          Recycled water supplied to buildings with a total floor area of more than 3,000 m2

Enforcement of “Ordinance Concerning “Utilization of Recycled Water 
Model Project”

   Specifications regarding the usage method of recycled water (fees, etc.)
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Ordinance to Promote Water-Saving 
in Fukuoka City (Enforced in December 2003)

Responsibility of citizens/business operators
Strive to effectively use water and save water

Necessary measures such as improving watershed conservation functions and linkages 
with water source regions and watershed areas

Within districts where the installation of general service water is promoted, it is mandatory 
for business buildings with a total floor area of at least 3,000 m2 (5,000 m2 outside of the district) 
to use general service water for flush water for toilets
When applying for building certification, cities provide advice/guidance/orders for 
corrections

Responsibility of the city

Approaches by the city
with water source regions and watershed areas

Promotion of general service water

Strive to prevent leakages,  adjust water distribution, raise awareness regarding water 
saving,  provide information on water-saving methods and water resources, stable supply 
of water

9

Methods for General Service Water

(1) Wide-area circulation type (reclaimed water)

(2) Individual circulation type (circulation in the
building)

(3) Non-circulating type (use of storm water, etc.)

Treated wastewater is further treated and effectively used in 
the region

Sewage water from within the building is treated and used 
as general service water

Storm water is stored within each building and used as 
general service water
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The Service Area

Area of supply area 1,414 ha
Length of reclaimed water pipe 100 km
Water supply amount 5,400 m3/day

Seaside Momochi 
District Waterfront 

District

Tenjin 
Watanabedoori 

District
Hakata station 

District

Kasii 
District

Island City District
(2010)
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Water Quality and Treatment Flow of 
Reclaimed Water

Water quality standards (“Manual on the Reclaimed Wastewater Quality Criteria” April    
2005, Ministry of Land, Infrastructure, Transport and Tourism)

Reclaimed water (flush water for toilets)

E. coli Turbidity pH External appearance Odor Residual chlorine
Not detected 2 degrees 5.8 to 8.6  Not offensive  Not offensive 0.1 free or 0.4 mg/l combined
                           or less

Treatment flow
Coagulation 

sedimentation treatment

Ozone treatment Sand filtration Chlorination Fiber filtration
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Number of Reclaimed Water Supply 
Facilities and Water Volume

2010
Supply facilities 376
Average amount 5,400m3/d
Max amount  6,800m3/d
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Supply Facilities

Private facilities 278 locations

Public facilities 65 locations

Parks, streets, etc. 28 locations

Housing complexes   5 locations

Total 376 locations

Intended uses
Flush water for toilets, watering plants, etc.

Private 
facilities 

74%

Public facilities
17%

Parks,
streets, etc.

7%

Other
1%

(2010)
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Fee Comparison

Approx. 20% cheaper than using only clean water

Unit price of water supply (FY2010)

Tap water (for business use) 456 yen/m3 (6 USD/m3 )

Recycled water         307 yen/m3 (4 USD/m3 )

Increase in capital investment for double piping, etc. and 
maintenance and operation costs, etc. can be sufficiently 
recovered through difference in fees

(in the case of general office buildings)

When amount of water used is 4,000 to 9,000 m3/month
Annual difference is approx. 10 to 20 million yen

                                                                           (0.15 0.20 million USD)
(Comparative estimation where clean water: reclaimed water = 40:60 and 100% clean water)
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Increase the amount of reclaimed water 

Future Approaches for the Recycled 
Water Project

Expansion of intended uses

Promote expansion of supply destinations and supply districts, 
and supply recycled water to even more people

Currently, still at a usage of approximately 1% 
of treated wastewater

Expansion of supply facilities/districts

Currently, intended use is mostly flush water for 
toilets (more than 99%)

By developing new intended uses, an increase in the usage 
amount can be promoted

For example, linkage with greenery business such as rooftop gardening 
(environmental measures) and usage towards landscaping facilities 
such as Seseragi (natural, therapeutic water environments) (activities to 
raise awareness, etc.)



Growing tide of management system standards 
and their potential for reclaimed wastewater use

Osamu Fujiki

Co-chair, Japanese Mirror Committee for ISO/TC224 

10 January 2012

International Workshop on Reclaimed 
Wastewater Use in Urban Area
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1. Why should we collaborate on the platform of Northeast Asia 
Standards Cooperation Forum?

2. Growing tide of management system standards – the key to thrive 
on the world market

3. Why should we commit ourselves to the management system 
standards?

4. Potential of management system standards to expand the scope of 
the management of the reclaimed wastewater use “from water 
quality to water safety management”

Topics

23 2011 7

ISO 
Distribution of ISO secretariats of TC and SC among countries  

Germany 
USA 

UK 
France 

Japan 
China 

Korea 

Let us catch up with the European 
countries and USA  on the platform of  
Northeast Asia Standards 
Cooperation Forum !

hina

Northea
Cooper
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1. Why should we collaborate on the platform of Northeast Asia 
Standards Cooperation Forum?

2. Growing tide of management system standards – the key to thrive 
on the world market

3. Why should we commit ourselves to the management system 
standards?

4. Potential of management system standards to expand the scope of 
the management of the reclaimed wastewater use “from water 
quality to water safety management”

Topics

ISO Technical 
Committee (TC) 
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Quality management and quality assurance 

Environmental management 

Societal security 

Service activities relating to drinking water supply 
systems and wastewater systems - Quality criteria 
of the service and performance indicators 

Project Management 

Energy Management 

Asset management 

 Emerging Management System Standards 

6



management system
system to establish policy and objectives and to achieve those objectives
Management system standards
Type A: management system requirements standard
standard that is intended to provide the market place with relevant specifications 
for the management system of an organization to demonstrate its capability to 
meet internal and external requirements

Type B: management system guidelines standard
standard that is intended to assist an organization to implement and/or enhance 
its management system by providing additional guidance to the elements of a 
management system requirements standard, or stand-alone guidance with no 
equivalence to a management system requirements standard
Type C: management system related standard
standard that is intended to provide further information on specific parts of the 
management system or guidance on
related supporting techniques, in addition to management system standards

What is management system standards? 

7 8

1. Why should we collaborate on the platform of Northeast Asia 
Standards Cooperation Forum?

2. Growing tide of management system standards – the key to thrive 
on the world market

3. Why should we commit ourselves to the management system 
standards?

4. Potential of management system standards to expand the scope of 
the management of the reclaimed wastewater use “from water 
quality to water safety management”

Topics

/

   With respect to the Central Government Bodies, Members shall use relevant 
international standards as a basis for their Technical Regulations.

      Members shall ensure that their Central Government Standardizing Bodies 
accept and comply with the Code of Good Practice (referred to as "CGP") for the 
Preparation, Adoption and Application of Standards

9http://www.jisc.go.jp/cooperation/wto-tbt-guide.html 10

Agreement on Government Procurement
Article VI: Technical Specifications
1. Technical specifications laying down the characteristics of the products or services to 
be procured, such as quality, performance, safety and dimensions, symbols, terminology, 
packaging, marking and labeling, or the processes and methods for their production and 
requirements relating to conformity assessment procedures prescribed by procuring 
entities, shall not be prepared, adopted or applied with a view to, or with the effect of, 
creating unnecessary obstacles to international trade.
2. Technical specifications prescribed by procuring entities shall, where appropriate:
(a) be in terms of performance rather than design or descriptive characteristics; and
(b) be based on international standards, where such exist; otherwise, on national

technical regulations, recognized national standards, or building codes.
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1. Why should we collaborate on the platform of Northeast Asia 
Standards Cooperation Forum?

2. Growing tide of management system standards – the key to thrive 
on the world market

3. Why should we commit ourselves to the management system 
standards?

4. Potential of management system standards to expand the scope of 
the management of the reclaimed wastewater use “from water 
quality to water safety management”

Topics WHO GUIDELINES FOR THE SAFE USE OF WASTEWATER, 
EXCRETA AND GREYWATER  Volume 2

Wastewater use in agriculture

12



Water sources 
black water, grey water, rainwater, etc.) 

Wastewater reclamation 

Distribution system 

Application, use and consumption 

Management of water chain from water sources through use 

Management of water 
source portfolio

Management of water 
reclamation and effluent 
water quality

Management of 
distributed water quality

Management of 
reclaimed water use

13

Thank you for your attention!

14
Plenary meeting of ISO/TC224 in Vienna, May 2011 



Water Plaza

First 
Sedimentation 
Tank

Final 
Sedimentation 
Tank

Reactor
Digestion 
Tank

Grit 
Chamber

Application of MBR Reconstruction of Hiagari STP Application of MB Satellite STP

 

Reclamation of Water Circulation  in Murasaki River

Risk of Water Resource Shortage

Stockholm Environment Institute,Comprehensive 
Assessment of the Fresh-water Resources of the 
World,1997 

Establishment of “Kitakyushu Asian Center for Low Carbon Society” (Asia 
Green Camp), the country’s first, with an objective to promote low-carbon 

societies and create environmental business in Asia

Promote 
in Asia!

Hiroshi Komiyama, President
(Former President, Tokyo University)

Development of Eco-Business in Asia

Energy 
business

Recycling 
business

Water 
business

Environmental-
impact control 

business
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Energy Business

Optimized energy distribution according to power requirements
Visible energy and CO2 control system

Creation of local energy management

Large-scale batteriesHydrogen 
by-products

Power grid
Hydrogen network
IT grid

Smart 
Community 

Center

Next-generation SS

Smart Houses

Data Center

Smart Buildings

Smart
Schools

Rent-a-Cycle
Station

Smart Factories

Natural gas
Co-generation

Wind power Solar power

Binary power
supply

Power Generation 
through New Energy 
Sources
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Kyoto University HSE Technical Report Series 194 

 

International Workshop on Urban Water Reuse 
 

都市における再生水利用に関する国際ワークショップ 

 

Date: January 10th, 2012 

Location: International Conference Room , Kitakyushu International Conference Center  

Hosted by: Ministry of Land, Infrastructure, Transport and Tourism (MLIT) 

City of Kitakyushu 

Kyoto University Global COE Program - Global Center for Education and Research on 

Human Security Engineering for Asian Megacities 

Kyoto University CREST Program - Development and Evaluation of Water Reuse 

Technologies for the Establishment of 21st century type Water Circulation System 

 

Office Address: C1-3-182, Katsura Campus, Kyoto University, Nishikyo-ku, Kyoto, 615-8540, Japan 



 
 

 

 
 

京都大学グローバル COE プログラム 

アジア・メガシティの人間安全保障工学拠点 

Kyoto University Global COE Program 

Global Center for Education and Research on 

Human Security Engineering for Asian Megacities 


