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Sewage works of Yokohama City
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Bula!Thank you very much for giving an opportunity to introduce Sewage Works in City of Yokohama.I am Noriaki Yokouchi. Nice to meet you.I’m a civil engineer working for Sewage Works Management Division, Environmental Planning Bureau of Yokohama City.
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Today, I’ll introduce and explain outline of Yokohama city’s sewerage activities.Today’s topics are these items.First, I’ll talk about introduction of the city. Second, how Yokohama City developed sewerage system. Then, treatment technologies. And then, effective utilization of our assets. After that, comfortable water environment Yokohama has been achieving. At last, I’ll introduce an example of international cooperation done by Yokohama City.



Mt. Fuji

[1] Introduction of Yokohama City

Yokohama Port
Landmark Tower
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First, let’s go on to the introduction of Yokohama City.This bird’s-eyes view  picture shows central urban area of Yokohama city.You could get Mount Fuji behind of Yokohama Port in this slide. It is the symbol in Japan. And Yokohama Port is very famous Japanese trade port. 



Outline
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Land area 435 km2

Population 3.7 million
Household 1.6 million
Budget (FY 2015) USD 34 billion

Tokyo International 
Airport (Haneda)

(JPY/USD = 100)

30 min
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Location of Yokohama city is center of Japan, and nearby capital Tokyo. And it takes about 30 minutes from Tokyo International Airport, HANEDA.City area is 435㎢, and population is 3.7 million. 



International City
Nissan Stadium, where the final 
game of Rugby World Cup 2019 will 
be held.

M Meeting
I Incentive Travel
C Convention
E Event/Exhibition

International conventions

91 times (2016)

Pacifico Yokohama is a convention 
center, where the ADB’s 50th annual 
meeting was held in 2017
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And also Yokohama is international city in Japan. At the international stadium named Nissan Stadium, the final game of FIFA world cup soccer was held in 2002. Until now, many international sports events were held there continuously. And next year the final game of Rugby World Cup will be held there. I hope we can see the Fijian team to play there.This is a picture of the international convention facilities at the bay area. In 2017, ADB’s 50th annual meeting was held there, and 91 international conventions were held in 2016.



High population density

⇒ disorderly urban sprawl

⇒ rapid deterioration of

the housing environment

The high economic growth period 
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1.4million
(1960)

2.8million
(1980)

1890                      1930                      1960       1990      2010

Increase in population and number of households

The present population

About 3.7 million

High economic growth starting in the 1950’s
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Yokohama City has been developed as an international port city. Especially from 1960 to 1980, Yokohama had been drastically urbanized and the population doubled from 1.4 million to 2.8 million as Japan’s rapid economic growth.At the same time, environmental pollution became a significant  social problem.



The harm caused by urbanization
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Air pollution, water pollution, bad solid waste management had been recognize as a big social problem. There were growing calls from citizens to improve deteriorated living conditions in Yokohama City. Under these circumstances, Yokohama City started to build the full-scale sewerage system.



[2] Sewerage development
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×
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Coverage
Population
BOD in Tsurumi River
BOD in Katabira River
BOD in Ooka RiverPopulation increase

Urbanization
Industrialization

Delay in sewerage development, 
causing deteriorated living 
environment, water pollution
inundation

Lack of budget/Human resources
Shortage of technological capacity
and experience

Strategic planning and phased construction
Adoption of advanced technologies
Cooperation with private sector
Sound financial management
Strengthening of public relations
Comprehensive flood control system

Yokohama’s
approaches
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This slide shows “Population and Sewerage Services growth in Yokohama City”.Blue line is city population growth, and red bar shows the growth of sewerage service coverage.Other lines show BOD concentrations of three major rivers in Yokohama.We can understand improvement of river water quality by sewerage service expansion.



Wastewater Treatment Plant

Sludge Treatment Center

Pumping Station

Tokyo
Bay

Item Value

Sewerage Service Rate 99.9%

Treated Wastewater 1.6mil.m3/day

Treatment zones 9 zones

Wastewater Treatment Plant 11 places

Sludge Treatment Center 2 places

Pumping Station 26 places

Total Sewer Length 11,800 km

Treatment district and facilities
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Yokohama city’s sewerage services rate is 99.9%, 3.7 million citizens have got services.There are 11 wastewater treatment plants and 2 sludge treatment centers in Yokohama city. Total sewer length is around 11,700km, it is same as distance from Yokohama to New York .These facilities have covered whole city area to give sewerage services.Daily wastewater inflow in the whole city is approximately 1.6 million cubic meter per day.



Budget and Personnel

(JPY/USD = 100)

Budget Employees
Total in City USD 32.9 billion 25,283

Sewage works USD 2.6 billion
(8%)

806
(3%)

(FY 2012)
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Total budget of Yokohama city is 32.9 billion USD in 2012.7.9% of total city budget is Sewage Works budget. It’s approximately 2.6 billion USD.Employees of Sewage Works is 806 peoples, it is equivalent to 3.2% of total employees in the city hall.



Management Policy for Sewage Works
 Improvement of water quality

• Advanced treatment method, Combined Sewer 
Overflow control

 Contribution to disaster-resilient City
• Comprehensive flood control, inclusive of structural and 

non-structural measures
• Earthquake-resilient facilities and business continuity 

preparedness 
 Contribution to global environment

• Energy and resource recovery (esp. in sludge treatment)
• International technical cooperation

 Asset Management
• Preventive O&M and rehabilitation of aging facilities
• Sustainable financial management
• Training of staffs, publicity
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Now, we mange sewage works in Yokohama City with four major policies.1st one is improvement of water quality. Of course, it’s very basic and important policy. Recently we have been applying advanced treatment method in order to improve water quality even more.2nd  is to be resilient to disaster. As you know, Japan has a lot of volcanoes and earthquakes. We also have typhoon, sever storm, especially in the summer season. Therefore, it is important to be resilient to these disasters.3rd is global environment, I mean climate change issues.4th is asset management. I invested a lot to build sewerage facilities to achieve the nearly 100% sewerage service coverage. That means we have huge facilities that should be well maintained and rehabilitated in a good time manner to ensure sustainability of our service provides.



Regeneration of the Environment

Rich greenery Minato Mirai 21 district

Clean rivers Clean rivers
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These pictures show the current situation of Yokohama. As you can see, the water environment has been regenerated and the citizens can swim in the river. 



[3] Wastewater Treatment Method 

Primary 
sedimentation tank

Aeration Tank
Final

sedimentation tank
Grid Chamber

Disinfection Tank
with chlorine

Outlet

Conventional Activated Sludge (CAS Process)
CAS is a standard wastewater treatment method that aims to 
remove organic substances.
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From here, I’d like to explain treatment technologies that support our sewage works in Yokohama City.First, let me start with wastewater treatment.We selected conventional activated sludge method. It’s usually called CAS method. Wastewater treatment with CAS method, first, start with the grid chamber. The second is primary sedimentation, the third is aeration, the forth is final sedimentation, and the last is disinfection with chlorine. CAS is very popular and standard treatment method in Japan especially in urban areas. Yesterday, when I visited Kinoya WWTP, I heard that Water Authority has just commenced the project to expand the treatment plant and the new treatment plant will come with Extended Aeration method. Both of CAS and extended aeration are a kind of Activated Sludge methods. But there are two major differences among these methods. Extended Aeration consume less electricity than CAS method, but the treatment facility using CAS method require less land space than Extended Aeration.



Anaerobic-anoxic-oxic Process (A2O Process)
The A2O process is a method that aims to remove nitrogen 
and phosphorus in addition to organic substances.

Primary
settling tank

reactor
Final

sedimentation tank

Anaerobic
cell

Anoxic
cell

Oxic cell

Agitator Return
pump

Circulating
pump

Advanced Treatment Method 
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Meanwhile, recently we have been applying advanced treatment method called A2O that can remove nitrogen and phosphorus in addition to organic matters.As this picture shows, the reaction tank is divided into anaerobic, anoxic, and aerobic cells. 



Red tide in closed water area

15

It it necessary to remove  not only organic matters 
but also nitrogen and phosphorus to prevent red 
tide in closed water area.
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This slide shows why we’ve been applying A2O method. Nitrogen and phosphorus cause red tide in closed water area. Red tide is a huge outbreak of plankton such as water-bloom. And it causes very bad smells and sometimes death of a huge number of fish. These phenomenon deteriorate sightseeing industry as well as fisheries. 



Category
Water quality
(mg/l)(2011) Target

(mg/l)

Removal
rate
(%)Influent supernatant

BOD 170 5.3 25 97
COD 90 8.9 20 90
SS 150 2.0 50 99

T-N 27 9.4 30 65

T-P 3.5 1.1 3 69

Nitrogen/phosphorous removal rate（％）

Standard methods (1997） Advanced treatment (2010）
Nitrogen Phosphorous Nitrogen Phosphorous

４８ ５４ ７４ ８５

Average value of water quality（2011）
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The upper table shows the average water quality of influent and effluent in all WWTPs in Yokohama City in 2011. You can see that the water quality of effluent comply with the target value, which is the same as the regulations. The lower table shows the removal rates of nitrogen and phosphorus. We can understand that the removal rates by advanced method are higher than the ones by standard method.



Mechanical 
thickening

Digestion

Dewatering

Incineration

[4] Sludge Treatment Process

Sludge Digestion gas

Ash

Fuelization
(under construction)

Alternative for coal

Power generation

Neighboring garbage
incineration plant

Coal
power
plant

Cement
plant

Const-
ruction

site
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Let’s go on to Sludge Treatment.This slide shows sludge treatment process flow.Sewage sludge removed from wastewater in WWTP is transported to the sludge treatment plants and treated through these processes. Thickening, digestion, dewatering, and incineration. Then the volume of the sludge is drastically reduced. 



Moisture
Separated liquid 

by Thickening

Separated liquid
by Dewatering

Solid content

Ash

IncinerationDewateringDigestionThickening

Organics 
decomposition

Go to separated liquid 
treatment facility

Go to treatment facility
Reduction of 

volume

Reduction of sludge volume
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This slide shows the reduction of the sludge volume through the treatment processes.Through these processes, moisture and organic matters contained in the sludge can be removed or decomposed.15,000 tons of the sludge generated in Yokohama becomes 400 tons as incinerated sludge ash. It means the weight can be reduced by a four hundredth. 



Pressurized pipeline

Pressurized pipeline (extended)

Wastewater Treatment Plant

Sludge Treatment Center

Sakae II
WWTP

Tsuzuki
WWTP

Kouhoku
WWTP

Hokubu I WWTP

Kanagawa WWTP

Kanazawa WWTP

Chubu WWTP

Nanbu WWTP

Seibu
WWTP

Sakae I
WWTP

Pumping
station

Sludge generated in 11
WWTPs conveyed to 2
Sludge Treatment Centers in
the industrial zones through
pressurized pipelines

Total pipeline length: 153 km

Centralize sludge treatment since 1988

Hokubu STC
Hokubu II WWTP

Nanbu STC
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Sludge has a serious odor problem.In order to solve this problem, centralized sludge treatment system using pressurized pipeline has been selected in Yokohama city.We started this system in 1988.Thanks to this centralized treatment system, we could get odor-free transportation of odor sludge. In addition, both of two sludge treatment centers are located in the industrial areas near the seashore, where people are not allowed to live.Yokohama city adopted this odor-free sludge treatment system for the first time in Japan. 



[5] Effective utilization of resources

Countermeasures 
on inundation

Effective utilization 
of sewerage 

resources and assets
Conservation and 

creation of comfortable 
water environment

Increase of inundation damages

Increase interests in living 
environment

Water quality deterioration 
of river and sea

Increased awareness of 
recycle-based society

Increased interests in comfort 
environment

Change to 
flush toilet

Water quality 
preservation at 

public water district

Roles of Sewerage expanded with times

Expansion of Roles of Sewerage Works
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Wastewater
treatment

Reclaimed
water

Local streams
Toilet flushing

Heat source

Sludge
treatment

Digestion gas

Fuel for gas generation

Supplementary fuel

Incinerated
ash 

Material for improved soil

Material for construction

Solid Fuel Alternative fuel

Exhaust Gas Heat source

Effective Use of Wastewater and Sludge
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Now, we reuse treated water and sludge in various purposes as this chart shows. I’ll explain details. So, let’s go on to the next slide. 



Treated water

Wastewater treatment plant

Water discharged into public water bodies

Used in facilities such as toilets（Sold recycled water）

Usage for small streams

Heat/Cool for air conditioning 22
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Because we have huge amount of wastewater inflow, most of them are discharged to rivers and the sea.On the other hand, some of  treated wastewater is used in these purposes after additional treatment such as sand filtration and ozonation treatment.This picture shows the usage of reclaimed water for toilet flushing. This picture, for small streams. The last one, reclaimed water is used for air conditioning as a thermal resource.
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Overview of reclamation of treated wastewater

Electric room Control room

Blower
Pumping 

equipment

Filtration 
tankOzone 

reaction tankWater tank

Ozone 
generator

Exhaust 
ozonizer

Ventilation 
control room Upflow 

Filtration tank
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This picture shows the overview of the ozonation facility.Reclaimed water is produced through additional treatment such as ozonation and sand filtration in addition to the standard treatment. Those additional treatments ensure the safety in the use of reclaimed water.



Treated Water
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Yokohama Arena

Nissan Stadium

Shin Yokohama 
Central Building

Kohoku Wastewater 
Treatment Plant

Transportation pipe 
for ozonated water

Resources 
and Waste 
Recycling 

Bureau

Futoo
Minami Park

Shin Yokohama 
Park

Reclaimed water is used for toilet flushing, carried to the local streams, and so on.
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This slide shows the example of recycling of wastewater in one of treatment plants in Yokohama.Reclaimed water is transported through pressurized pipeline, like these blue lines.Considering cost effectiveness, reclaimed water is sent to big commercial and municipal consumers near WWTPs as this picture shows.



25

Sewage Sludge

Sludge treatment center

Digestion gas

Incinerator ash

Coal alternative fuel

Power generation using digestion gas

Auxiliary fuel for incineration

Improved soil for backfill

Cement raw material 25
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When it comes to sludge, we don’t dump any sludge into landfill sites. We utilize all amount of incinerator ash as material of backfill soil for construction works or cement. As for digestion gas, we use them as power generation fuel or supplemental fuel for incineration. And recently we inaugurated sludge drying facility to produce coal alternative fuel in order to make our 100% reuse of sludge more certain.
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Effective Use of Facilities
Appropriate Asset Management

Well-planned pipe cleaning
(Preventive Maintenance System)

TV camera survey

Solar Panel on the roof of treatment facility

1980              1990                2000           2010

Outstanding 
Debts

Interest 
Expence

Peak of Interest 
Expence: 643 
million USD

Peak of 
Outstanding Debts: 
12 billion USD
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Yokohama City invested a lot to expand sewerage service especially from 1970’s to 1990’s.As a result, peak of total outstanding debts was around 12 billion USD. Therefore, Yokohama City has been considering asset management and the amount of debts has been decreased as this line shows.These pictures show the examples of effective use of facilities and well-planned maintenance and rehabilitation.



Countermeasures 
on inundation

Effective utilization 
of sewer resources 

and assets
Conservation and 

creation of comfortable 
water environment

Increase of inundation damages

Increase interests in living 
environment

Water quality deterioration 
of river and sea

Increased awareness of 
recycle-based society

Increased interests in comfort 
environment

Change to 
flush toilet

Water quality 
preservation at 

public water district

Roles of Sewerage expanded with times

[6] Comfortable water environment
Expansion of Roles of Sewerage Works



Restoration of water environment

Treated wastewater from WWTP

Maintained 
by the 
community
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Small streams in the city area are usually reclaimed to build roads because the flow rate becomes lower along with urbanization.  But this picture shows an example of restoration of a small stream using treated wastewater.The greenery along this stream is maintained by the citizens and companies in the neighborhood.This is also a good example for the promotion of sewage works.



Environment and Disaster Prevention 

Public Park and Underground Rainwater Tank

Rainwater from Sewer
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This is another example of creation of comfortable space. We built a flood control reservoir under the park in collaboration between sewerage project and the public park project.
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 Actions in Cebu city, the Philippines

[7] International Cooperation
in the field of wastewater management
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From here, I’d like to introduce international cooperation in the field of wastewater management.These photos were taken in talks among Yokohama City and Cebu City in the Phillipines.



Collaboration between Cebu and Yokohama

City of Cebu City of 
Yokohama

Promote sustainable urban development

セブ市の現地
企業など

Relationship between businesses and 
academic organizations 

Private sector and 
academic sector

 

Government of 
Philippines

Government of 
Japan

Collaboration

Cooperative agreement
between the cities

JICA、ADB、WB etc

Relationship between the National 
Government

MCDCB

Local 
businesses
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Yokohama City focuses on City to City collaboration because we believe we can utilize our knowledge, experiences and technologies to solve various kinds of issues regarding urban development.In 2012, Yokohama City and Cebu City made an cooperative agreement aiming to achieve sustainable urban development.In addition to that, Cebu City and Yokohama City also have close relationship among relevant organizations such as JICA, ADB, central governments of both countries.



2012 Cooperative agreement for sustainable urban development   
was signed

2013 to 15 Long-term vision for urban development in metropolitan 
Cebu was elaborated 

2015 Road map for the urban development including
improvement of septage management and sewerage system
was also elaborated

2015 Amcon’s pilot project on septage management
2016 Project proposal by Yokohama City to JICA to improve

septage management in Metro Cebu to JICA 
2017 JICA started feasibility study for the septage management

project

Collaboration between Cebu and Yokohama
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Under that cooperative agreement, from 2013 to 2015, Mega Cebu Vision 2050, long-term vision for urban development in metropolitan Cebu was elaborate.In 2015, road map for the urban development including improvement of septage management and sewerage system was also elaborated.Then, in the same year, Amcon, a private company based in Yokohama implemented pilot project in Cebu to demonstrate their sludge dewatering equipment.
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Sludge dewatering equipment from Amcon Inc 

Sludge separator of Amcon German equipment

Rate of moisture content of 
mud cake after pressing

75% 87.8%

Actions in Cebu city, the Philippines
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This slide shows that pilot project regarding septage management in Cebu City.Septage means sludge collected from septic tanks. Septage needs to be collected in order to maintain the water quality of effluent of septic tanks.There was an existing septage treatment plant in Cebu City even before this pilot project. However, the existing plant received very limited amount of septage because the dewatering machine in the existing plant didn’t work well enough. Therefore, some of vacuum tracks deposited the septage into the dump sites directly as Mr. Hashimoto mentioned.But, after installing the new Amcon’s dewatering machine in the plant, we realized that the new machine can treat septage very efficiently. More portion of water contained in the septage could be removed by the dewatering machine, so that the volume of dewatered sludge was reduced. That means cost for deposit of dewatered sludge was reduced. In addition to that, we understood that quality of water separated from septage was better than before.
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Outline of the Septage Management Project

I. Septage Collection and Transport

II. Septage Treatment

Septage Treatment Plant

III. Sludge 
Disposal/Reuse
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Based on the results of the pilot project, Yokohama City proposed the full-scale septage management project in metropolitan Cebu.And now, feasibility study for the full-scale septage management project is being conducted by JICA based on the proposal of Yokohama City. Yokohama City also has been involved in the study as an advisor for JICA.This slide shows the outline of the septage management project.The project consists of three components, Septage collection and transportation, septage treatment, and sludge disposal.Through this project, we assume that septage collection will be promoted and then function of septic tanks and living conditions of households will be improved a lot.However, further actions will be needed in the near future because removal rate of organic matters by septic tanks is not high enough.Nevertheless, we chose this approach at the preliminary stage before introducing sewerage facilities because we understand step-by-step approach is needed in the context of each city. 
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thank you for your attention
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We think that there is no universal solution to urban issues and Yokohama City’s approach may not be directly applicable to the cities, however, it is believed that sharing our experiences and know-how will lead to overcoming various urban issues of each city.This is the end of my presentation. Thank you very much for your attention. Vinaka!
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