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MO FTHAMOATHEEEM LT VA2 TIE25 H OFHEBEEHBAEELEYT U A
yminafﬁmﬂ%&ﬁb\vvuiykﬁvz?A&&é:&ﬁ%ﬂoto

®—2 HMBREEH

FHEEKE SFUA SFUA2 SFUA3
Bz [BF1] (£HB TR ELZL) (—HTHAERETRICL MBI ER) (BB BT
é*"f EE ; SEELE| BELANL BEIRL aEELE] RELAL S5 ; BRI aEELE| BELANL S5 ; BETRIL
Al I Ou  |Taicrs| Giran) |[FUEREC| oo o |Tamices| Germn) |FREREC.| o W [Twicrs| Grreen |FRERECR L o
(m'/B) A% (%) (m*/B) KN mm oL (%) (m'/B) KN-mm HE %) (m¥/B) kN~ mm
1 950 49,851 x 50 24,926 | 1,425,000 [e) 100 49,851 0 o 100 49,851 0
2 786 1814 X 50 907 393,000 x 50 907 393,000 o 100 1814 0
3] 1908 9,245 x 0 0| 3816,000 o 100 9,245 0 o 100 9,245 0
4 520 35,250 x 0 o[ 1,300,000 o 100 35,250 0 o 100 35,250 0
5[ 1,359 9,158 X 75 6,869 362,853 X 75 6,869 362,853 X 75 6,869 362,853
6 927 16,070 x 75 12,053 154,809 x 75 12,053 154,809 x 75 12,053 154,809
7| 1.846 6,912 x 50 3456 | 1,846,000 x 50 3456 | 1,846,000 [¢) 100 6912 0
8 154 155,173] xt&# 100 155,173 0| MEHK 100 155,173 0| XFHE 100 155,173 0
9] 1,101 4,579 x 75 3434 199,732 x 75 3434 199,732 x 75 3434 199,732
10 220 4,579 x 75 3,434 409,590 x 75 3434 409,590 x 75 3434 409,590
1] 1,128 150,594| xt&F 100 150,594 0| xEH 100 150,594 0| xFH 100 150,594 0
12 635 53,654| XIHEFH 100 53,654 0| MEHK 100 53,654 o xtE&E 100 53,654 0
13] 1,327 53,654 x 50 26,827 231,000 x 50 26,827 231,000 o 100 53,654 0
14] 1,619 24,451 x 50 12,226 | 1,651,500 x 50 12,226 | 1,651,500 [¢) 100 24,451 0
15| 5497 29,203 x 50 14,602 110,000 x 50 14,602 110,000 [¢) 100 29,203 0
16] 1,196 8,553 x 75 6.415 373,959 x 75 6415 373,959 x 75 6415 373,959
17] 1,230 13,133 X 50 6,567 317,500 x 50 6,567 317,500 [¢) 100 13,133 0
18] 1,382 8,208 x 75 6,156 441,891 x 75 6,156 441,891 x 75 6,156 441,891
19 35 1,642 X 50 821 809,500 x 50 821 809,500 o 100 1,642 0
20| 1612 96.940| *t&EF 100 96,940 0| MEHK 100 96,940 0| xtEE 100 96,940 0
21 662 17,540 x 75 13,155 331,000 x 75 13,155 331,000 x 75 13,155 331,000
22| 1123 17,540 X 75 13,155 187,541 X 75 13,155 187,541 X 75 13,155 187,541
23] 1329 9,072 x 75 6,804 221,943 x 75 6.804 221,943 x 75 6.804 221,943
24] 1916 8,468 x 75 6,351 63,228 x 75 6,351 63,228 x 75 6,351 63,228
25] 3288 79.400] x&EF 100 79,400 0| MEHK 100 79,400 o x%* 100 79,400 0
26] 1467 4579] xt%EH 100 4,579 0| NEHK 100 4579 0| xtE&E 100 4579 0
Oupr=20'a= Qe = 2Q' = | Wop=EWsp= Qe = 20 = | Wop=2Wsp= Qe = 20 = | Wsp = ZWisp=
869,262 708,495 | 14,646,046 777,916 | 8,105,046 843,320 | 2746546
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1)Shi, Z., Watanabe,S., Ogawa, K. and Kubo, H. (2017). Structural Resilience in Sewer
Reconstruction: From Theory to Practice, Elsevier

2)Tierney, K. and Bruneau, M. (2007). Conceptualising and measuring resilience: a

key to disaster loss reduction. TR News 250, 14-17,
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1-2-1 Improvement of Observation Accuracy
and Enhancing Convenience of the Rainfall
Information System: Tokyo Amesh

Bureau of Sewerage, Tokyo Metropolitan Government QONaoto Suruga, Masahide Otsuka

1 Introduction

A sewage system processes wastewater discharged from households, factories, etc. to secure comfortable living
environment, and eliminates rainwater falling on residential areas and roads, and protects the city from flooding.

Bureau of Sewerage Tokyo Metropolitan Government introduced rainfall information system in 1988 with
the aim of quickly grasping weather information such as local thunderstorms and heavy rains and utilizing it for
pump operation management at pumping stations and water reclamation centers. Also, in order to mitigate flood
damage, since efforts to prepare for flood by the residents themselves are also important, from fiscal 2002 we
have been distributing rainfall situation to the internet in real time, having named it "Tokyo Amesh". We had the
highest record of about 78 million accesses in 2014.

In this paper we report that in order to further improve our customer service and expand the users of Tokyo
Amesh, from April 2016 we started distributing rainfall information with improved accuracy in Tokyo Amesh
homepage, and in November of the same year we improved the visibility of the homepage, and furthermore in
April 2017 we started smartphone support.

2 The History of the Introduction and Operation of Tokyo Amesh

Utilization of rainfall information in our bureau was started in 1983 by receiving radar observation data from
the then Ministry of Construction, because we suffered a lot of flood damage in the sewerage developed area
due to heavy rains that occurred twice in 1981 (see Fig. 1). In 1988, our bureau installed a radar in two places in
Tokyo (the urban area and suburban area) and began to independently observe rainfall and deliver the data into
the bureau, as "Amesh 500 (see Fig. 2)", which was the predecessor of the present system.

Fig. 1 Rainfall Information System Display (1983) Fig. 2 Amesh 500 Display (1990)

Then, after the system update in 2001 (see Fig. 3), from fiscal 2002 we started distributing information to our
customers/residents on the internet as "Tokyo Amesh". Since the last update more than 10 years had passed, and
to cope with the deterioration of the equipment, we reconstructed the radar base station and the central
processing station over the four years from fiscal 2012 to the end of fiscal 2015. In this reconstruction, we
adopted a X-band MP radar which can observe rainfall using horizontal and vertical polarized waves, and
improved reliability and observation accuracy, including the segmentation of observation mesh and rainfall
intensity display (see Fig. 4).

Fig. 3 Tokyo Amesh Display (2002) Fig. 4 Tokyo Amesh Display (2016)
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3 System Configuration of Tokyo Amesh

Tokyo Amesh consists of two rain radars and 86 ground rain gauges in Tokyo. And the radar observation
range is 80 km radius, covering the entire Tokyo area with two radars. Specifically, it consists of the rainfall

information central processing unit in the
center, two radar base stations in Tokyo
(Minato radar in urban area, Inagi Radar in

suburban area), 86 ground rain gauges, and 119

raindrop information terminals (see Fig. 5).
The data observed by the radars and the

ground rain gauges of our bureau are processed

by the rainfall information central processing
unit and are delivered to the Tokyo Amesh
homepage via the synthesis processing unit. In
addition, these data are delivered from the
rainfall information central processing unit to
each rainfall information terminal of our
bureau through our own optical fiber
communication network laid in the sewer pipe

4 Measures for Expanding Users of Tokyo A

Fig. 5 System Configuration

mesh

4. 1 Improvement of Observation Accuracy of Rainfall Information

Since the intensity of radar waves is
influenced by the shape of raindrops,
errors are generated in the estimation of
rainfall. By using the X-band MP radar, it
has become possible to estimate rainfall
with high precision by specifying the
shape of raindrops with the radio waves in
the horizontal direction and the vertical
direction.

The reconstruction was completed at
the end of fiscal 2015, and from April
2016 rainfall information with improved
observation accuracy has been delivered
on the Tokyo Amesh website. In the new
system, the display mesh was finely
divided from 500 m to 150 m in almost
the whole area of Tokyo, the rain intensity

In almost all areas of Tokyo, the display mesh is
displayed more finely from 500 m to 150 m.

levels to 10 levels, and "low rainfall* at the beginning of

The indication of the strength of rain was improved from 8 /
descent is also displayed.

Fig. 6 Tokyo Amesh Homepage Display Example (April, 2016)

indication was subdivided into 10 levels from 8 levels, and by displaying a low rainfall which had not been
known with the former radars, it has become possible to sense the sign of sudden rain (see Fig. 6).

4. 2 Improvement of Visibility of Rain Information

Enlargement of map 1 step — 3 steps,

/ Map selection by area — by city, town village

P ——

/ (Japanese site only)

Special alarm, Alarm,
Change of warning alarm display

Map changed parts

TOP: Tokyo Metropolitan display added
Enlargement 1: New

Enlargement 2: Place name added
Enlargement 3: New (Station name added)

Banner 2 frames — 4 frames

l«— | Image banner 1 frame — 2 frames
(Japanese site only)

Fig. 7 Tokyo Amesh Homepage Display Example (November, 2016)
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In April 2016, we refined the rainfall display mesh to 150 m, and in November 2016, we made it possible to
enlarge the map from one step to three steps. On the third stage enlarged map, main railway lines and major
stations were added, and map selection by city, town, village has become possible. Before that, only map
selection by bigger area was possible. Also, the warning alarm display position was changed to the upper part of
the screen to improve the visibility. Furthermore, for PR of our bureau, the character banner was increased from
2 frames to 4 frames, and the image banner was increased from 1 frame to 2 frames. We utilize Tokyo Amesh
for PR of sewerage business. (see Fig.7)

4. 3 Tokyo Amesh Homepage Smartphone Support

(e ]

Read me 1st (smartphone) ﬁ Sewerage Bureau link

¢ ﬁ Warning and Advisory button

Operation guide (Favorite
spots)

Favorite spot marker No.2
Weather Wamning and P
Advisories

Regisiter Favorite Spots g Current location mark

Delete Favorite Spots i Favorite spot marker No.1

Time sequential list Zoom in and out of the map with pinch in
Image banner and out, Swipe to move map

(Japanese site only)

Wider display button

ﬁ Scale button

Vv

Rain Strength

Fig. 8 Homepage Dedicated to Smartphones Display Example (April, 2017)

Tokyo Amesh homepage was built on the premise of using a personal computer, so when used on smartphones,
the characters and icons were small and the visibility and operability were inferior. For this reason, in order to
further improve customer service, we decided to add a homepage dedicated to smartphones to improve
functions and operability.

Specifically, we improved the functionality, such as present location display and registration of arbitrary point,
by utilizing the GPS function of a smartphone. Also, we improved operability and visibility by enlarging the
icons of the operation buttons etc. to be operated on a small display. This improved service has been distributed
since April 2017. (see Fig. 8).

5 Finally

In the Tokyo Metropolitan Sewerage Business “Management Plan 2016" formulated by our bureau in
February 2016, based on “Basic policy regarding heavy rainfall mitigation measures in the Tokyo metropolitan
area”, with the aim of preventing flood damage for the next 30 years, we are planning to develop sewage
facilities that can withstand 50 mm rainfall per hour. In addition, as one of the soft measures in flood
countermeasures, the X-band MP radar introduced in conjunction with the reconstruction of "Tokyo Amesh™ is
planned to be utilized for pump operation, for improving reliability to prevent flood damage. In addition, in
April 2017, we started smartphone support of "Tokyo Amesh" so that customers can prepare for flood by heavy
rain and can use it when going out.

We will continue to strive to enhance convenience and improve rainfall observation accuracy so that our
customers/residents can utilize it.

Bureau of Sewerage, Tokyo Metropolitan Government

Facilities Management Section, Facilities Management and Maintenance Division
2-8-1 Nishi-Shinjuku, Shinjuku-ku, Tokyo, Japan

+81-3-5320-6628

Naoto_Suruga@member.metro.tokyo.jp
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5 ZEXM

1) RIS (2016) [ KBS ISR 5 8 3 fEIE il ic X 2 i &0 N B2 o (e
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2-3-1 Development of Polymer Dosage Control System

Hiroshi Shiomi

Deputy director of technical development section , Planning and coordination division

1. Introduction

The polymer used in dehydrators is usually dosed at a constant flow rate. In order to constantly conduct optimal
dewatering of the sludge, it is necessary for the operator to change the dosage finely in accordance with the change in the
property of the input sludge. If the dosage cannot be properly adjusted, excess or deficiency of the polymer occurs. The
insufficient dosage of the polymer increases the water content of the sludge cake (hereinafter referred to as "water
content™), and thus, increases auxiliary fuel consumption used in the incinerator. Likewise, if the dosage becomes
excessive, the polymer is wastefully consumed. Therefore, it can be expected that the maintenance and management cost
can be reduced by constantly keeping the optimal polymer dosage.

This research aims to develop a system that automates polymer dosage to the dehydrator by using three instruments
measuring sludge properties and the like. Through this research, the polymer dosage can be properly controlled, which
can contribute to the optimal operation of the sludge treatment process.

2. Research Method

Tobu Sludge Plant of the Bureau of Sewerage, Tokyo Metropolitan Government was selected as a field for conducting
this survey. This facility site has characteristics such that the water collection system is a combined sewer system, and
that it processes the sludge consolidated from other sites. Such characteristics cause a large fluctuation in varieties of the
sludge properties put into the dehydrator, which makes the operation extremely difficult. Therefore, the performance of
the system developed for this research can be evaluated under more stringent conditions.

As for the machine subject to this research, we selected a high efficiency centrifugal dehydrator. In order to calculate the
polymer dosage, three measuring instruments were installed to one of seven dehydrators; A sludge densitometer for

measuring the solid concentration within the sludge, a water content
Raw Sludge

meter, and a colloidal charge quantity meter for measuring the Excess Sludge Sludge Cake

Sending Sludge

Dewatering
machine
- . . .. Polymer R
value of the colloidal charge quantity meter is an indicator of the I 2 Filtrate
. . . . (:Sludge Densitometer |l 1
residual polymer concentration, and the more positive value iS | @:water Content — e 1
1

electric charge quantity in filtrate.

Figure 1 shows the image of dosage control system. The measured

ul
. . .. . : Colloidal Ch
measured, the higher the concentration of the polymer remaining in © aﬂt.iﬁw:{f O\ S A |
the filtrate by dewatering is. The survey started in October 2016. Figure 1 Image of Dosage Control System

2.1. Check of Controllabillity in Control Methods

The possible control methods by the constituent equipments are as follows:

- Constant Control of Water Content: Under this control, the target water content value is set, and when the water content
is lower than the set value, the polymer dosage is decreased, and when it is higher than that value, the polymer dosage is
increased.

- Constant Control of Electric Charge Quantity: Under this control, the target electric charge quantity range is set, and
when the measured value of the electric charge quantity is lower than the set range, the polymer dosage is increased, and
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when it is higher that the range, the polymer dosage is decreased.

Controllability was evaluated by checking whether this control system could keep the water content and the electric
charge quantity within the set range by changing the polymer dosage in accordance with the fluctuation of sludge
properties. The control cycle was set to every 15 minutes, and the change range of the dosage was set to 0.05%TS per
one time.

2.2. Establishment of Control System and Check of Controllability

The control system was established by combining control methods that good controllability were recognized through
checking described in 2.1 above. The dehydrator operated by the control system was required to make water content
75% or more due to the limitation of the facility for conveying sludge after dewatering. Therefore, the control system
basically aimed at the lowest water content, while restriction was imposed so that the water content does not fall below
75%.

3. Result - - - The target water content value Water Content  emPolymer dosage
3.1. Verification of Controllability in Each Control Method h _‘—L\_' ZZ =
1) Constant Control of Water Content % " —L‘—u A - %
Figure 2 shows an example in which the control method was % " /\/\/\/A\.\/J/\ “ Zju
implemented under the condition that the dewaterability of the 2 70 N\/\/V i Zj ;5
input sludge was good. As a result of setting the water content 750 01

9:55 10:55 11:55 12:55 13:55 14:55
Time

0
to 77.0%, the polymer dosage decreased when the water Figure 2 Constant Control of Water Content

content was lower than the set value, and it increased when the (Input Sludge Was Good)

water content was higher than the set value. In both cases, the
water content converged to the target water content as time — -~ The target water content value

Water content === Polymer dosage
80.5 1.9

passed. Therefore, it was confirmed that the controllability was

80.0 18

79.5 17

good. Figure 3 shows an example in which the control method

785 1.5
\/\W’m/

78.0 1.4

was implemented under the condition that the dewaterability

Water Content(%)
Polymer dosage(%TS)

of the input sludge was bad. When the set value of the water

77.5 13

content was 77.6%, the polymer dosage was increased because 70 12

10:09 11:09 12:09 13:09 14:09

the water content was higher than the set value. However, . Time
g Figure 3 Constant Control of Water Content

(Input Sludge was Bad)

since the water content did not decrease even after that, the
dosage increased further. As a result, it became exessive. From
this result, it was found that this control method can function effectively under conditions where dewaterability of sludge
is good.

2) Constant Control of Electric Charge Quantity

The relationship between the electric charge quantity and the water content was investigated, and it was confirmed that
the electric charge quantity range within which the polymer dosage becomes optimal is 100 - 150 ueq / L. Figure 4 and 5
are the result of the control with setting the optimal range of the electric charge quantity to 100 - 150 peq / L. The value
of the electric charge quantity was kept within range by increasing the polymer dosage when the electric charge quantity
was lower than the set range, and by decreasing the dosage when it was higher than the set range. Therefore, it was
confirmed that the controllability of the method was good. On the other hand, under the condition that the dewaterability
of the sludge was good, the water content decreased too low, and a large load was applied to the facility for conveying
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sludge. Therefore, it is necessary to add some functions so that the water content does not decrease too much, such as

changing the set range of the electric charge quantity.

The target electric charge quantity -+ Electric charge quantity === Polymer dosage —— Water Content === Solid concentration
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Figure 4 Constant Control of Electric Figure 5 Constant Control of Electric
Charge Quantity (Electric Charge Quantity) Charge Quantity (Water Content)

3.2. Verification of Controllability of Control System

The control system was constructed by combining constant control of water content and constant control of electric

charge quantity. When the water content is above the setting value, control with aiming at the lowest water content is
optimum, and thus, the constant control of electric charge quantity is carried out. On the other hand, when the water
content reaches the vicinity of the setting value, the control method is switched to the constant control of water content.

This makes it possible to eliminate the disadvantages that each control method has.

Figure 6 shows the results of operation by the constructed control system. The optimal electric charge quantity range was
set to 100 - 150 peq / L and the water content set value was set to 75.0%. At the beginning of the control, since the water
content was higher than the set value, the polymer dosage was increased with aiming at the lowest water content by the
constant control of electric charge quantity. Later on, since the water content fell below the set value of water content, the
polymer dosage was decreased by the constant control of 200 The Terget letric Chrge

150
100
50 i
0
-50

water content. As a result, the measured value of the electric
charge quantity became significantly lower than the optimal

Conatant Control of Electric charge Quantity

-100
-150

range, and the water content also increased to the set value.

-+ Electric Chagre Quantity
~—— Polymer Dosage

Electric Charge Quantity (peq/L)

16
14
12
1.0
0.8
0.6

- 0.4

Constant Control of Water Content

The polymer dosage fluctuated in accordance with the 0

variation of sludge properties and the transition of both control ? ,5:0

methods was smoothly carried out as well as the water content ; ms L L IREOR |
was suppressed to a level not much lower than 75.0%. Figure 6 Opefatioﬁ by The Cohstruéted
Therefore, it was confirmed that the controllability was good. Control System

4. Conclusion

0.2
0.0

Polymer Dosage (%TS)

As a result of verifying the polymer dosage control using the sludge densitometer, water content meter and colloidal

charge guantity meter, the following knowledge was obtained:

(1) The three instruments had high correlation with the analysis value and kept good accuracy.
(2) The constant control of water content and electric charge quantity had good controllability.
(3) The constructed control system had good controllability.

More study is needed to confirm the usefulness of this control system. Future experiment will be conducted in order to
collect verification data by operating the control system for a longer period of time, which enable to compare the water

content and the costs with the existing way of operation.
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2-3-2 Construction of Energy Self-Contained Incineration System with
Ultra-low Moisture Content Type Dehydrator

Bureau of Sewerage , Tokyo Metropolitan Government Daiki Watanabe

1. Introduction

The Bureau of Sewerage of the Tokyo Metropolitan Government (hereinafter referred to as "the
Bureau") consumes a large amount of energy of 980 million kWh, which corresponds to about
1% of the power consumption of 86 billion kWh in the whole Tokyo Metropolis annually.
Accordingly, we have a great responsibility for reducing energy consumption.Yet efforts to
improve sewerage services such as flood countermeasures and improvement of combined
sewerage system will continue to increase electricity consumption and fuel consumption, which is
expected to lead to a further increase in greenhouse gas emissions. Therefore, based on our basic
energy plan called "Smart Plan 2014" and the plan for prevention of global warming called "Earth
Plan 2017", we are working on "expansion of use of renewable energy" and "further efforts to
energy saving" in order to reduce CO; emissions. As the one of these efforts, we are developing
and introducing an “energy self-contained incineration system™. In this paper, on behalf of the
Bureau, | am reporting it in detail.

2. Energy Self-Contained Incineration System
2.1 Sludge Incinerators in Tokyo sewerage

All of the sludge from wastewater is incinerated and disposed in order to reduce and stabilize
sludge in Tokyo because disposal sites of sludge are limited. On the other hand, a large amount of
electricity and natural gas is consumed, and a large amount of nitrous oxide (N20), which is a
kind of greenhouse gas, is emitted from sludge incineration process. With global warming
potential being as high as 298, N,O affects the global warming largely. Therefore, we decided to
develop sludge incinerators emitting less greenhouse gas emissions, and we first introduced a
high-temperature incinerator. It is based on a characteristic that as incineration temperature
increases, N2O emission decrease. Hence, we first introduced a high-temperature incinerator ,
whose freeboard temperature was some 50°C higher than conventional incinerators , which is
called "first-generation type" in Tokyo. However, high-temperature incineration also leads to
increase of used natunal gas. Then we introduced a high-temperature energy-saving incinerator,
which is called "second-generation type™ in Tokyo, that reduces the amount of used natural gas
while maintaining high-temperature incineration. Furthermore, we developed an energy
self-contained incinerator, which is called "third-generation type" in Tokyo. We took notice that
the power supplied from the power generator run by incineration waste heat exceeds the power
used if moisture content is below 74%. In order to make power generation which use waste heat
most effective, the third-generation type is planned to be introduced as a main incinerator, which
is operated continuously. For further energy-saving, the second-generation type is planned to be
introduced as an adjustment incinerator, which adjusts various paramaters such as input amount
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of sludge.
2.2 Composition of the energy self-contained incinerating system

The energy self-contained incinerating system integrates an Ultra-low Moisture Content Type
Dehydrator and a third-generation type. The Technical Management Committee at the Bureau of
sewerage has evaluated four models of Ultra-low Moisture Content Type Dehydrator and five
models of energy self-contained incinerator for practical use.

3 Designing of the energy self-contained incinerating system
3.1 Design condition

Upon renovating the sludge incinerator at Shingashi sewerage treatment plant in Tokyo;
designed sewerage flow 670,000 m3/day, we worked on installing the third-generation type
incineration system for the first time in order to reduce greenhouse gas emissions.The following
were the major design challenges.

3.2 Space for equipment installation

In consideration of design amount of sludge, existing incinerators’ capacity, discontinuation
due to inspection and construction, etc., the specification of each equipment was designed as the
following: one incinerator of 250 ton per day, and three dehydrators of 60 m? per hour. Typically,
the sludge incinerator is installed at the site where old incinerator is removed, and the sludge
cake is transported from a sludge treatment plant separately established with pumps or belt
conveyors. We placed the sludge dehydrator in addition to power generator close to the sludge
incinerator, which is called "unitization" in Tokyo, in order to decrease the conveying power of
sludge cake including ultra-low moisture, so the installation space was limited.

3.3 Model Selection

We needed to ensure that the models of equipment recognized for practical use meet some
requirements. They have to achieve the target figures for greenhouse gas emission and for low
moisture content with dewatered sludge, and the actual 250-ton-capaciy incinerator must be
self-sustaining on an energy basis. It was also necessary to make a comparative review with
initial cost, running cost, etc.

Based on the sludge properties of Shingashi sewerage treatment plant, we made technical
inquiries for manufacturers of sludge incinerators and sludge dehydrator. As a result, all models
proposed met various conditions, and each of them did not have any significant differences in
total cost including initial cost, running cost, etc. Therefore, we decided to place an order for
four models and to select and adopt by bidding.

3.4 Equipment Arrangement

Fig. 1 shows the conceptual diagram of Equipment Arrangement and segments of order
placement. Compared with the existing incinerator, the number of equipment would increase such
as a power generator and dehydrators as a result of unitization. So it was necessary to review site
planning in a spatial limited site. Ultra-low moisture content dehydrators and energy
self-contained incinerators differ by model, depending on the method of incineration or power
generation. So we investigated every possible combination of site planning for equipment. As a
result, it was confirmed that equipments can be arranged and unitized under conditions we
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considered. We placed orders separately based on the type of industry. This time, we decided to
order the dehydration and the incineration facility projects separately according to the
self-contained range.
3.5 Coordination of time schedule with related construction works

To construct the energy self-contained incineration system, we placed orders for a total of four
construction works: incineration equipment, dehydration equipment, electric facilities and
foundation work for the construction site. In case one construction work gets behind, other
related works will be affected, and then delay the operation of the energy self-contained
incineration system. To prevent such a situation from occurring, we continue to coordinate the
work process as needed, manage a close coordination of the progress of each work, and then
facilitate smooth coordination for completion.
3.6 Adopted equipment

As a result of a bidding race for the renovating work of sludge incinerating equipment and
dehydrating equipment, we adopted a combined system of the fluidizing bed incinerator and
centrifugal dehydrators. Fig.2 shows a general flow of the fluidized bed incinerator adopted this
time. In order to optimize combustion along with changes of the properties and supply amount of
sludge, the system simultaneously monitors the temperature of the incinerator’s sand bed,
temperature of the freeboard and O, concentration at the exit, and optimally controls the
fluidizing air rate. By controlling to reduce surplus rate of fluidizing air, it forms a
high-temperature zone in the incinerator. As a result it can reduce N2O emission and CO;
emission related to the power of the fluidizing blower and use of auxiliary fuel. Moreover, by
generating power using wasted heat, it can supply necessary power for operation of the
incinerator itself.
3.7 Outlook for the future

Construction works are underway at present for the running of the new system in 2020. After
its operation starts, we will conduct an ex-post evaluation of N.O emissions, power consumption,
auxiliary fuel use, power generation unit price, etc.

4 Conclusion

Based on the conditions of sludge properties, installation location, etc., we examined a plan to
arrange equipment, costs, etc. in detail, and adopted the energy self-contained incineration
system. As a result, the self-sustained operation became available, in which incinerators do not
need power supply and fuel supply. We expect to contribute to global warming countermeasures
by reducing energy consumption and greenhouse gas emissions.

In the future, we will design not only incineration process but also various facility
constructions leading to other global warming countermeasures through energy creation and
energy saving.
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Fig. 1 Conceptual diagrams of the site planning for equipment and segment of order placement
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Fig. 2 General flow of fluidized bed incinerator
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OME—, [ILm%E, )IEE, JEEWH7. SO
1 [EFL&HIZ

PRI FAGEART T, B i /AKE ORERE & KABEE D &OHIA B L. KE & B % il &
T4 [T el) ICKAEHTELEML TRV, Bx R2BHANMThhTng V9

S| LKA v 2 =BT R 26 R X 0 E IR EBEERR A B A KT D TIEIC XY
BHHA CEZD, R 27T 2 HIT 5% (AT » 7 A0 Jaak) 258 L. PRk 27 4F 12 AT 2EE
AT UCHERH LT 4% (A0 fEq%) 2588 L7,

T ORI ROMBMERE D & < ERERUE S TR Y | BEFD 1~3 % (LT, [1Ek%)
EWVH ) OERMEME EMISL L TND Z END, ZIE DRI EIED LT EIRO R {bICBRLA TS, £
Z T 28ARELIRRIT, ERIEEVL Lz mEELBER S (4, 55%) (BLF, MEREER] Evo,) 1TkE
A2 T, TERR OB ERGERR A 2 KT DRI IEIC L0 . KO T =T HEERRE S
Ve ¥ —OHEEHARETHD 1 mg/ L LAWITHERF U7z & FAKMBERE /) B BN ORI KL 5 Z
EERMERR LTz, R 29 FEE T, KA X —Tpidln ik L U, RELTIE & T TR &
HALTZRAKEDO R EZ T L TR Y, RUAREREZGTND, RIERTIE, EOWFELFERIZD
WTHET S,

2 FREREIE
21 WNEBHEZOME
ARl 2 —1%, KBRS 5 RINT 3 D340 D 45 RBND BUCHE DR S ONERL 28 4F B D 1E A FE 5
ZRIVIRLE,
x1 REEBOBKRUTRK 28 £FEDELERE

1ERR 1) 2% JEL
1% 2% 3% 4% 5%
PGS ALER 5 A7y7 A0 | KEHE | AO/AFHUE A0 2797° A0
WLERRES) (m’/ H /) 25, 100 37, 500 37, 500 48, 000 45, 500
BEKE (m) 4.0 4.5 4.5 5.7 5.7
AU E A7y BUE BUE ATy ATV
(KALER) (450 wm) | (450 1 m)
P 2 2 2 1 1
RS | ALBKE (/B /HL) 23,910 28, 540 26, 720 43, 200 45, 860
(28 4RFE) | BGHTHEERERT (h) 14. 4 12.2 12.8 15.6 16. 6
BOD-SS 14 (kgBOD/kegMLSS/ H ) 0. 14 0. 26 0.18 0.11 0.12
MLSS (mg/L) 1, 600 1, 200 1, 600 1, 500 1, 500
THIRIRIE L 0.5 0.5 0.5 0.5 0.3
HALEEER =R (%) 0 - - 100 12
ATERATY 7 WAL 0.7 - - - 0.7

TERGRIT IR 2 BARUKIR & 1

RAEBEDORIIPRIEL TWD Z LD, DO A 5 F < WIINZRWIFIE,
RBUTIE U CERR B 728 F87) T 225K F0

FEOBAEFFEZAT> TG L TWD, £, BIEIERR
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[ZOWTIE, FiEZHME LTAT v 7 A0 fiiX TH D 1 RIFBEKEERREIIG CIoEim e L,
A< b5 RITFHE LB E L O OMEBRBEM COHRE L2l 52 L2 AL LT, FHZEFEIRL,

WRDOIHDEHE S LTV D,

22 TeERBRERR

TIXFRR 26 FFENSBIEICE S £ TONtigk OBBRNEZ IR LD TH D, k27T H 2 A
D 5% (AT v 7 N0 Jaak) OFRBEEIIICED . Rk 27 4F 12 HIZIIBEEEE A V7 L ICHE
B L724% (M0SERR) 23BE L7z, 4 2L 05 RIMERERILEINTBY ., 2 ZHFER Y ¥ —

DAL AR & < B S 47z,

TRR26EE ER2TEE ERR28EE ERL29FEE
£ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £
mg&% MIEﬁE 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
.
BFE) | (m3/B) | | s | % | = [ 2 [ 2 | 2 | % | % | % | o= | ox [ o2 | x| x| =
# £ # # £ # 2 # # 2 # 2 # # 2 #
1-1%
roone | 2100 D | s | E——)
1-2% b
(27yIa0) | 22100
1T [ I I I I I I I [ I
(m) 37,500 —| | &r;ﬁ#ﬁﬁlﬁl%kxﬁﬁti{ I I
2-2% i
(mE) 37,500 M |I$'~I=téf¥-lf
3-1%
(AOSE) 37,500 — H
3-2%
e | 750 P
4% RIGEEHIE
(A,05%) 48,000 BRI R —
oy 48400 | HORRE maERi
(RTYTA,0) '
1 FER26 EEMNSER 29 EEIZE T 5 ERZEIRR

3 FR28 FEDOEMEAIZDONT
3.1 ZEHIRAE

Rk 27 AR 12 RIZ 4 R EHBRE L2
TR, EBIREEGR T 1 AR %
HpElR 52 & Loz, B2, Z Ok
RCOREAKEIRDOA A—PHER L TND,
(KR CTrEEE 2 &, 505 EGR Tk R
2 BDOMF A BDEIR L o> TS,

4 BEERE L7oYra . AHEE OBGLA &
g U C, EREWEOEIEG ML T L
FOZ LMD, ZORENSEEMKE 1 BD
HITEERR DS FTREZLL N D 3 /34 — 2D
THEZEm L (F2),
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e @)

R 18 511 :% J2
1023 415

(HZII\CO
110m3/min, 190kW (4% F8)

160m3/min, 275kW X 28&
(5RA. EXBFER)

2 ERERALA A—DH

300m3/min, 400kW X 2&
300m3/min, 380kW X 2&
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()@%LH%@LH%1AEE(%#®>

i 51136 JRLR D AVER K B A T RE 72 EPH Tl S BTk JEk | Al & U, TERRIL 2 AilElis 2 ki3
Do

(2) ERFRDEREM 1 B1BEr (FHOQ)

25 B R D AUER K B A HE N S B OOk R I 2 BiEls & L, (ERREEEE 1 AiElR%d v — 7 BT
I TH D 13 B D 16 BFod 3 BRI 5,

(3) EERDERM 1 &5&ix (FHOQ)

SMQ@ iR 71k TR BB | BEESOREM A2 B (B — 27 FE o 3 REFIZIN %, 8 4 KRffH]
L E— I %O 1 KA E T 8 MR T 2),

x2 ZBHEAEOEH (TR 28 F£E)

& E il 5 E B 2K TEHR SR
DO 23ElR T & 5 7Kk & (DO fHill4En)
S =

D fERIEmEA bw JEL 5 9000m’/h, 24 R EE
TEK %A 2H DO i1
& 511 126 J8 2H DO i1

@) . L. | DO ASEfR T & 27K (DO D)
fERA I~2w 1 s 3 R (13 BE~16 BF)
ERUEES A 26 DO il

@ L L. | DO MR T & % sk (DO i)
Rk I~2w | &S 8 IR (4 Wi~ B, 13 Be~17 %)

32 REHRE

FMHQ L@ TIHERRIZH N TEEME A 1 BICHIBRT 2 RERH 23 & 5 7o D12 F ORFRIHF 26 R &
1 B DOERBREE TS, —h. %ﬁ@f EH R 2 BIEEE T DO filfH 21T > TR . Al
VB D B E O LI CEBRENTIE 2 B OEKRERE L 22> Tz (K3)

R ER BT, *ﬁ®fiz%ﬁﬁ%ﬂ%IAAwm%HE&&ofkb FEWIC
EG & 7o TV D, O E@ TR, ENENOERBRIC LD DO HlIEZIT-> TR Y, Al JE L71
PEE L o TV (B 4),

30,000 18,000
16,000
25,000 ‘ l - ~ 14,000 HNZe
_: 7
< 20000 ﬁ Z 12,000 R\
% U \ ~ ~ £ 10,000
K F0-0-0-g-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0
I]]\lm/“ls,ooo TERA 51,2 %) mﬂ 8000 o
K _ . 4,000 EREEA (4,5%)
5 000 #O1é@%% T '
’ > 4 ﬁf#@ 18E5H 2,000
. %#Ow@ % | ] 0 S
FELPELPEPELLe ARSI S SR S A SR S P o
o= Z (D) (5/17-18) <o~ HED)(5/18-19) 0= 1E(B)(5/23-24)  ~o=FHD(5/17-18) ~o-F#4 @) (5/18-19) -o-F Q) (5/23-24)
X3 FERZREREDOHFEHRS H4 ERIERREREDREH#R
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AR h O AK T | =T R 2 2 B EICHIE L2 L 24 SO TIRHEH sk
THRET ORME R D72 (B5), Yt —TIaMRE Th 2 LB OKEREIZET D720, K
FkT =T HHERREOEHAEL Ing/L (PR 284FE) L LTEY., ZoREHEZBELRY

V7 TETCWEDIEIEHRDOHRTH -
7=,

. TRENOFFTONTER B
BRI & K SRIMEARE
FHMEERB L, FEEToe s B
RIDWY Lo, FHEOTITEE ﬂ
1 B OEERHIEZ 24 BEAT 5 728, E
BB RIFTEAIR D RORRE R
SN, ZTOKE, 7 rE=THESH %

BRIEIE & REFREN R b EWD
FER LT oT2, RO L OITIFIF RS

DFER L 705 TV, R 1 B1E =5

ER DB D3RV ARAFE@ D 7 23 LI E
BFEA MRV R & IR o T,

2.5 2 3
N
1.5 -
1.1
1.0 /
0.5
0.0 - . . . . : -
FLLIPPLLLELee

== D (5/17-18)

== 143)(5/23-24)

FREHRIZE T AMFKTVETHEERREDHR

&#(5/18-19)

— E 1F1E

LIEDFERNG . SFMTE@OEIEITIEIC LY | K 28 FEDOBIRIS 2175 2 L & LT,

x3 RAEHRICE TS 2MEEFOMR LTE

o | sempse Z;fii% %mfﬁfiﬁm %jj?ﬁﬁ%ﬁ .
@ Eifz 2.3 0.122 8. 4 X
@ E;j iiﬁ s 0.139 7.3
® };:jfiflf? 1.1 0.133 7.5

3.3 R 28 FE_EEMEAER

Rk 28 AEFEIT K REE YL 7. 8mg/L,
KALELEE ) BJFEAL 0. 191kWhr/m® & W h
H 28 FEO I HSEETH D 8. 2mg/L &
0. 200kWhr/m* %2 7 U 79 % BiFifE R CTh -
72 (FR4), BOD R ONT e T HE2EHEEIC
DONThH, BEHEEZZ V7 TETBY, &
FEALER R B C & 2 (5135 B R 51 2 (B ediE A 9
HZ ET, KEUELEZ VX —ZWLT
HIEFRETHEMNTEZEEZD,
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F4 T2 FEZMEEFIMAAEER

ok 28 R | Rk 27 E | Rk 26 R
BOD 3 5 8
(mg/L) (10) (9) (6)
TrETVE R SR 0.6
(mg/L) (1.0) b o
PEH 7.8 8.2 10.0
(mg/L) (8.2) (10. 4) (10.6)
FRALBREE 7 0. 191 0. 180 0. 187
BN (kWhr/m®) (0. 200) (0.171) (0. 206)

EREEME B RUTVESTHZEREEIIERRRIE)
O AOBUEIZ_EHEEBEE TUyi-THERITHSEY
2—DBETFEEBEZE)
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4 T 29 EEDRMHAIZDONT
41 ZEEIAE

gk 28 AREEIXE IO FIE L LT B — 7 BRI Z S e 13 R b 17 REO K| & TR D>
O R ORIV T, TR OERBGEE G A @E 2 G0 e 24 1 BHIL T 1 AiEis s
L. 23 DB BIREEGRIZ AT REZR fiPH TR B2 ) CHER R~ DK BEAR 2 532 & T, BHIE
EKEDOMNHKD Z ENTET, R 29 FEITZ OF AR E 272 BT EBIEERREZ & SICHEH
L. TEHRFZOEEFEOHIFH 2 X DI T 72O OB %2 it LTz,

B 6 13t v ¥ —DOK RN O & SIS ONE X Z R LTV D, GERIT- TWDE— it 1
o (2-2 %) ICLDEIAZIZ, b9 1 (1-2R) Mz 252 &2k b, 2 MFH Lo EiN X a0
IRD 3 /83— CTRRAEZ T - T,

C E— LRt HABRR

- ' ' IR
~ | 32 Il s-1 [l 22 2 (| 12 f i
A A . WA || IHE || Rdd SRbth

Syl =5
| — — I=

RIGHE

5% | | 4% ||32% ||3-1R || 222% || 1% || 12% || 111%R | EILEM

M6 BRIDEENERCEDLER (FERK29 F£E)
(1) BE®IT T DIRAA (FHD)
—k2-2 % (A& 190m°) & —ik1-2 % (A2 A& 4, 190n") Z&M (1 Re~7 ) HEASK
L. {HARR 7 2 Hidlr &b 72 58 (8 RE~13 KF) L& (19 Rf~24 IF) 12 1 {iT DIRIAZRZIT 9 (%
ZITEOHEKRENE, BIBICIERAATEKEBRR FICLVBHRRELETHZETHD),
(2) B 2 DA H (D)
—L2-2%R L 12 RAEEMHEK L, 15KR T 2 BIERE 72 55002 2 A Z1T 5,
(3) BAIZ 1 thDFRIA A (REE (KL UEM))
Ik 2-2 RAEARMHEK L, BB 7 2 Bifilis b 72 282 EAREIT S,
723, TERRIEEBEDOTERNZ OV, EEBEOHIEIR R 2 RIFEE L 0 0L e — 2 Bk
WA ETe 13 B D 19 B4 1 Bifls s L, T LS ORFHIC DU TR O 26 MU 0O FsR
26 Uz iEfin A s L CGEIR AT 72,

42 FREHER

GO, ORI OFMEIZ L VEREZITomHD OB, BFRNEOREEZEROIZAERN: B 2
L. BfilfEoKE (—Rit A EL ORISHRITARE) OVEz2 77 7Lz (BT),

Yt X —OFEKBARIL, HERICE—7RHD, 8RN D 13 FFEIZT THAKKR 7 2 Hifls
L2 ZO% 1 BEERAR T, 19 KD 24 FREIZNT THO 2 s L 2D 2 — Lo T
%o FILBHIBRIA I K o THH KR V7 2 BIEERREO KOS R A K EDS L S LT D Z &gy
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Mmool

Iﬂliﬁ‘ &1t (5/15~17, 5/19~21) I [EﬁZﬂ(4/17~ 4/20~21, 4/23~24. 4/26~30) ] | 1t (5/9~12, 5/14) |
11,000 11,000 11,000
5 ARAA A
10,000 &40 | 10,000 | &#® |- 10,000 M ek
Wird | BRAR I A~ ARL
< 9,000 ok ) < 9,000 v : o 9,000 - - »
o0 R S @ M ) . /
Illlﬁl 8,000 : \ / ﬁl 8,000 2 |§i| 8,000 \
NG IN : / I AN /
K 7,000 [ \ 2 N % 7000 | 1/ X 7,000 / \
R owo NS S I\RAF AN CSNARE-me VERF AN\
LS 6,000 | ] / ¥ 6,000 ™ ¥ 6000 Y -
5,000 K RIGMARAKE - 5000 K EEMAAKE | o0 \..,/ — RRGHEAKE
coves—RAAKE cocee —HRAKE ’ BEPK | eeeeo—mmmAKE
4,000 N N N N A 4,000 N Y Y 4,000 .

1 B—iBtRIAAICK HKEFEELDOHRE

T, EREBIGEHE~OKBEERT D4, ABAPOLHERETO 7 HMEICEEEEF LT
EIR AT S TR AR 8 lTR LTz,

ERIEEARTHD 4 % E 5RI1T, TRTOHBICE N CEREHENREIZIZE ELR->TED ., 4
FIEEFEIT 4, 360kWhr/ H . 5 REEEEIL 5, 470kWhr/ B TH o 7=, — . ERREEMEIL. 2 B HOE
HRRENCIG U CHE L TR W . T O#PHIL, 8, 490kWhr/ H ~10, 510kWhr/H TH -~ 7=,

— . REIEROIRAKT =T EREE L 2 FEHEICHE L2 E 2A, FAO LTI
R IR EE TR 2R A B D L RO BIRWEER &> Tnve (B9),

ZNENDOGMCTEIREZIT - 72 7 BN DWW CRERE /) EFUHEAL & ik 22 R A fr & EEE
B U CREM L7k R AR 5 IOR Lz, EREN R, K RERREE L L ICKHFORRDE
WHER T oo, FHFE@QN TR TOHE TR BWERE 2oL EHK & LTI, KEARNPKE W]
IZBRIARZAT 5 Z LI Lo TIER B~ DK EAM 2B L, ALBREET] O @i M BIRE EGR DK & E5IE 03
BMLIZZ S22 b0 EEZTND,

PLEDFERN G FHQOEEEFIEIZ LY | SRk 29 FEOEIIHCAITH 2 & & Lz,

(2@ || sm@e ||zrowmziw)
12,000 120

IE\1\10000 100

=~ 7\ =7 -

£ ~ LN MM g ° 2.2

= 8,000 80 2 20 .

i EF N\,

7 6,000 60 g @ 1.5 1.3

& . ~ ol N

Ezlooo w0 ¢ ¥ 10

& 2,000 20 g 0.5

&~ I o

)

Mo - = 0 £ o0 : : : : :
TIZTREATTIZRAAATIZREAT 8 S P p P o Fprpedse
EEREEE EEEEEEN EEREERE
SIS A S SRS A SRS BB “=FHD(5/16~17) =KD (4/26~27)

— KR —— R GRAMI~2E) — BHRAREER) — BHR GREAR) -8R (5/10~11) —BFE

RS HEHTORRBERENER B9 BEHORFKIETHERBEDHS
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x5

REHMICH 1T 2 ZHEE FOMBR &

PEMEER | mmmmm | s

B RIS RFHRE |
Gt AT B IR R ST

(kWhr/m?) (mg/L)

(mg/L)

D |® 1M, K1 2.2 0.126 7.8 A
@ |#=2m 1.3 0.119 7.3
KHFR | @1 1.9 0.124 8.6 X
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4.3 FpK29 FE _EEEAER

6 A OEERIZHT-»> Tk, HOBEKR 7 2 A
HHARFIZ — Uk 2 MLDIRIAZ AT 9 & & BT, 13K D
16 KfE T — 7 B TR 2 TR DOIEKR
> 72 R £ CIERGR SR A 1 iR S LT,
Flo, TERROAR AR T D720, (ERIERR LA
REZRMR Y KEZ T DB AL LT, 9 HE TDHE
TR, Bk EZERIRE 7. 8mg/L, KALPETE ) &
HAAZ 0. 175kWhr/m® & BAFR kR CTH -7 (K 6), BOD
LT =T HERRBEIZONTH, ZNETOL
IAHEHAEE )T CETCRBY, KELELAT X
NX—ZWNTHEIRETHZENTETND EEX
el

5 F&H

SMAEK D ZENTEI,

&6 T2 FEZMIEEFIMAMER

Wk 29 FEEE | SRk 28 £REE
BOD 3 3
(mg/L) (8) (10)
TUESTHERE R 0.8 0.6
(mg/L) (1.0) (1.0)
BEEH 7.8 7.8
(mg/L) (7.9) (8.2)
IKALERTE ) B 0.175 0.191
JRHAL (kWhr/m®) (0. 188) (0. 200)

TRE 29 4 4 B~9 AEHEIE
(BOD R UPVE-THE 2 3R 1458 B SR BR 1)

O NOKIEF—sHEIEEZME e ThEREY
s —0BE T EEEEE)
(1) WAk 28 FRE 1, TERROEEMEIR G 2B 2 A B ZA 1 AEHEL T 1 AiElise L,
2230 VAT BIE R SR FTRE 2R iPH TR B % 23T TR R~ DK EA T 2l 3 s & 35 2 & Tt
IKZEHEIERTE 7. 8mg/L, KALFRE S EJFHAL 0. 191kWhr/m® & BAF7ekE R L7220 . B IHIR & AKE D

(2) Rk 29 FEREIE, (1) OBEHAIINZ ., LB 2 oK E ' — 7 REHIZ 2 MikiATe Z & T
KEDOFHELZ XY | BRI BRI E R 2 EBIE AT i iR 21T 72, TORER, 9 AFTOE
FEE TR K 222 HIRE 7. 8mg/L. AKALEE S BIFEENL 0. 175kWhr/m® & B2 RE2GD Z LT

77—7
—o

(3) =B DB B R & B 5 B T & M= R EB R R A 2 55 2B i A M6 HH 5 1

FEITE Y # —2ROKEUEEE RNV X =DM RA T - 72,

6 SEOEMEH

BUE, Yo H— TR 2 RO FH THEAED HNTEY | MAEREIEE 2 TPk 30 £ XV
2-1 RN EHFREE CTH D, EHHEET 5 2-1 RITNE T EREE ) D UES FEALER & 72 0 | s
BEHALTLUANERHINDZ END, AR TEVLBMREZ BIET 2 Z LR SN TN D,
BEFED 1 R &P THKEE AT R TAL T L T 5B LR R D Z LD, BIEHFEDOS S
75 kAR | KEYE BRIV —EAHE L T TETH D,
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SE Xk
DALZEE — 5k v 2 =261 D ZHhE BEOBGRIZ DU T (FEBIHRE), SRR 26 4R K E BARhT
FesERes, PHE—21E0
2) T2 B 2 “HEEEDO I DOW T, K 26 FEEAKE AT RS, IIARRIE )
AL EE KA X =BT D HE R OBHLIZ OV T (FHIH), TRk 25 4REEKE
Wb sER £ S, HHBERIEN
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2-4-4 EEKBEELUA—BEHIZBITALEDBEHDEA &

TOMRIZCOWNT

WEEE—-TKEFEGHT HaKk\BrEtr2r— HH HA

1 [FLCHIC

TARKERTIE, TRKEFENPODOREDHRT APHEALHNIIT 5720, KLELTE R
WMILT O A BRI A EZHED TV D,

— . EHHOHER R EOE MR ﬁméhfwé@%% E DB R ILF
—ZERHLTCWDLD, 77 N ROXIERE RIRFICEE R ORER R T A HIBAZ [T 72
BYMBENRMLETH D, %%é&k@ﬁ742Tﬁméﬂéixw% %, EIT, 2=,
FRET, OA s E DN H Y | %%ﬁé%@%4%%£@fvékwbﬂfwéoé%f
T—=NRNrbe— MRXFT =N rbe— Mol ZERICBTLHAEANETXLE—OF 2F
HEATXHREED TETNDLIIENL, AFOXY —~JBOA = RHED - DITIT,
HREIZOWTOXMNRBLETH D,

A, BRITRH TN TREMTEEN, 27 MR EORTEZAT D%
A A —F (LED) " EFE XL TETWD, BEKFEE L F—Tid, EFM{LLZEHBHO
MAREBEZEH T 5720, 26 FEEN DS 2T EFEITHIT T, 5 B EEEES
& HiEHET A2 ZO 7 POSEIC LED A ZE AL, £ 2 CAR Tk, LED EIE A
ORWEEANZ 1 FHOBHEHEOHIBI R IOV THET D,

2 LED BEHEAMORKRE

HAEKEAEEY X —OFHEMIT, BT IR, ESHETHL, BEMOPRERE
BRER EOKLEMHRBEEBZHEOIENIC, FIBFERLE L TEAKBEE Y X —FHE=E,
B R MRk AR S S T S E ﬁﬁﬁ%%% SEECHTHOEEMTH D,

Yt ¥ —Tix, EF{L L TV 7= ok Bt m:@%%aw_owf TR 21 AR E D

BEFOEFIZEFLTEY, E%ﬁé%% SEOFTROBEICH - - Tk, ST Z2
ZRE LR B BB T 7 Ll KT T D g VTMLH%%%%ALTVKO

1&2Mﬁp«wvc1émim@ﬁm DREFOWBAZN O~ &2 (R E LTV
N HBEOBHBMENEMILL TVl ZOEFZLHFEIICMZD 2 &L L,
WHE, LED BB ADOHN N TE2OH D L AT, BEOZHECEKEFELLIEA T
oo BV —TCHbEMAEZMFLIEE A, EHICEDIOENAIAEND Z &0 5, LED
M ZE AT L LT,

TRk 26 AEEEICHUS EIC LED BB ZE AL Z LI K OKFEAEE X —TlEHH T
DFEF Lo T,
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3 WBHREHREIEBICHITSH LED BEHADEA
31 BREBORE

LED MBI 0 A%, F RIS 2 #5443 2 PO B0 K E EBE & Bl i AT I
N EWEBB I~ O Faxtg e Uiz, ¥k 26 (£ 0 MR ME R LHF T, K
RUBE fi g% O FERBA B i O I B M L THEBB A~ LED Ml OBE A% 4T 5 Z L L Lo,
Rk 21 AR EEIC E N L7 BRI R o B L F R EH L5 OKL a3k 2 3t %) O Tidewn
ZEMDL, HETORIN -EECHEILIDIZI Lo, T2, THOHMBN L -2
EMB LR 26 EEICONTIE, RBRICIBORAKFEL L X —HEELETF &%
MHEEHE L. ZOMOEFTIZ DWW TIXFERR2THEEICLEDBOEAZITH Z L & Lz,
i TARRE & T2 B3 2 T X107 d (1),

£—1 H6-H2T ZEKBEL Y —EEFBAZMREIE (LED L& 4) I BHAT

fi T. fi T.
ﬁ"; ﬁ“ﬂgj 1 L85 7
1F H27 J
2F H27 WEKFAEE X —KEERE, T
3F H26 “AKBER VY —FB=E, BT
AT HoT %:%%@%ﬁ%%%%ﬁ%%i\
BriE B = BT
5F H27 J
3.2 HWHBDEE

WH . LED MEIXBEGFORBP LKL Cary 7 FTHY ., MHOHEE A X— R &K
BMCTEL2RENRHL, LnL, BHABREOKREZIZLETT 256, BRIEESKIER—
RORBEENLEL R AFERBAREL D, YRk 26« 27 FFE O R E%E ~0D LED
RIAOHRETHETIX, FBEECKEERER EEABMICIETE TS CERWEFTSER
i Tt olzicd, M TIELERICITHIBERb-T-, 22T, FERMEZEMT L
D, EHBRIEEFREARHA L, RFIA— NIERNICFEZMZ RV TRELE, 20k
D, BEOREIWCIZ) =a— T AHEHGELZRRLE, Voo —T7 VERGE S, BE
HBEHBREOBRMNREZZOEEFEMNTELOT, RAER—FZAVHZ 5 FHE a2 X b
EHIH CE ., BERROBBPRRE L2 L) CMELZRE LTI EMLZ NS (K—1),

M—1 Y=—a—7)IHEAEE (Panasonic HP & Y)
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T oMHAGEONL SBIEAMICERICIES Lo EzEALL, L2L, HEOD
RUIIE CTHFEROREIZIED>TETLES LD, BHICHI S2HETE ML
WREZMI T, FHERL L TORELME TS L2HM TRELZIMA -, BAETIE, #HX
PR E O MBI X LED BIICIRE SN TEI W R WA oML S 2 LIk > T,
JIS BHEICHER L2 MEEICIEM < L O ICRETE 2, FIC, HBRIEORE o7 2 HE
D EFMEE L TICRT (F—-2),

ZOFRBEREAE D Z LI Ko CLED BB ORIKN ARG RTH LN, ERDEZXE
X > 7,

-2 PFARBEICIIVBEEOTIHWBEEORAEHKRE (FR2ITEFEBRBRIEFROH)
fit T %% B R TEREE (1
= % e T B R (1x) & ARSI ()
(1x) *1
B L AR FES
3 1,633.9 891.5 750
Fﬁ
BT e HAE AT 1,113.6 860.7 750

X1:JIS Z 9110 : 2011 AR ERAICLIEHEDHERE

3.3 BEGMICELELRAIAXDEE

LED FEBR I, HBRAD WD HB =T e Lic, FR 26 FELHETIEH, HE= 1D
BLANOEHB 3 FICAKEy Y —Z2 Wm0 EHA L THLE, L, BEKEA
U —FEROE FTITHALINRNEZL MFEENHFRAEL T (K—2) HlFFL T
Wik oA A THBEMNTER Mo, TORUEMRET L0, ANEE YV —
ODREMBELL TOILEND DN, LEEOBHMZHEEMIDRPE DT, FRk
2T TH CILEE F~D N ¥ —3E % ik o 7,

K—-2 %6KBELVS—EERIBTER
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3.4 BT

LED A fE TICH 7= > Tlx, ME=EIT R ICEEE2ITV., =S ICTHONTIZ, F
HICEEA2 T o772, ERR 26 EFE R N 2T 4HEFE O LED MO R EGET. FEXENBEKLOEEHR

Haomd (R-3),

Tk 26 FREIT. BEKFAEL Y Y —HBEREKLOE T (3F) ~o LED A% OZKE (109
B) T H4RMCTHEBMLEZ, LEDBIH~OLZHWORNZRT (KM—3~5), £z,
BT, BREB~OXEAHLZVE S, FHFHTE=— v — M TEEZITV, F
B Lo oBE 2 FITIEXE2To 72 (K—6),

fifRCEH O RN DO BFIZOWTOIEEEZIT - 12,

YRk 27T FFEIL BB OKRY OBRBE, KEERREL O N LEREGHTNL 172
EnB . KEERBREBERICONTITERICEEZITV, B A i @ /0 5855 ot & OV
g tHEFT OB =~ LED M FE ORE D H L HICEEEIT o 7o, BUGEE & Ak 27 4 2

B, FHIZOWTIE, Ko

HIZEFWWIZIT T2/ R, 2 HAICOWVWTIETIT RXRTOHEBICEEEITY) 2L Lo T,

#&—3 LED BEAMD

BEE. FERBRVEEXEH

BXTE T

i 2 e 2 % B %
) LED s E 109 &
5 ] P e EBRE 32 4 4 B
HoAKEEr s - | BT T )
H26 e NEE > H— 8 (FT) (&<t
%% BO| WEBASEE (WEAT) 120 B H)
B | JewmARASRE 324
[4 ] # | LED BBHZE 121 &
WA MGREMA R | B R ARARA 224 8 H i
AT WO| WEBHSEE (WRAT) 120 B (+a)
15 R AT £ | EWARARE 445
# |LED MW E 134
[4 B] B | FERHBEASGHE 8+& 2 HM
. 2 M| BEISRE (BKAT) 23 & (FA)
£ | IEWHRPBAE 74
i AR B S8 AL &
Ho7 [2 F] % | LED A 25 75 &
o ORISR 184 6 H
EEKBAEL S — - "
B B T WO BEBASEE (RRAT) 82 & (FA)
S £ | W AMARAe 184
_. |LED HBI&A 1616
4
HEHABIISRE 94
[5 8] B F mo|o N B
(1 9] i T BRI 8 B 2 HIH
§ BRI E (WAT) 24 B (FH)
[5BF~1p] PEER 1 .
L HEHABIISRE 64
BEE AT 8B
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M—-3 MIAr (HXLT)

K—4 EIdg

M—-6 EHINOELE
-5 I (LED)

4 LEDEBEBHOEAME

41 IEBRRBRICBITIENFAELEENRIRABEEEOLE

AR, SWEORPSTHMZEE L ET, mtﬂﬂ%Lm’WELtﬁ®é
xR ERE L, £—4 OBPAREREMOREMII AT LI, 2 MOTHEFIZL-T
53,811 (kWh/4) HIJ L. M L8 OHBIJEERIT 69% &AL,

it T#% OEEEOE DA RIZOWTIE, ROGETHELLZ, —EHHOHEEEN =
WOWTIHHRBARBEEMICENEHAREI N TV WVWED, EMALFEIIETTE 2V, £
T, BERBIONZVWHAEHEMOBRPLIEHROEB &R CENABIRELERE T Z L
L7 (M—7), HFEHHBALEESROAMNIT, RAAMIUIAIC a2 MEK, EFFHER
Bk, TTV %, XBEHAERSEREENTWVWDH, T 2T FEEND 28 FEE I T THEE
NENPPFDV L TWD I ENDNb,

-7 EERRALERENEDHED
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M—T07 7 7%FEILICRET 2R -AOBALEROEFEMEICZY, 2HO T
I X > T 45,100 (kWh/4) HIJL L. §E T OBIRERIX 17% & 72 o7z,

MR &, R EHRFR O RIS BB o B A o 53,811 (kWh/4) Zxf L T, RHALE
PO ERME TIL 45,100 (kWh/4E) LW H DO TH Y , LED OB AIC L > THHEL TV
FETIHRENEGEONTZLEZD, B, REMICKH L CEBMEN 84%I1 & EFE - KA
I, BRSO RMOBE L OBEVWSCHRIEIERICER SINDIZTOMOARORELE X L
nb,

x—4 EERRABTHEOLEL (kWh/F)

TR g H Mo R EE | ML RO EFMHE BIA
(A) (B)

@ i T i 77,944 265,750 —
@ H26 4% T.H% 51,146 249,610 —
® H27 4 T.H % 24,133 220,650 —
@ fE L af—H27 4 F i L
. 53,811 45,100 84%
%
® W LEOHIEE (@,
D) 69% 17% —

HRB) 28 JE 28 O HI ok & 0 FEHEE 45, 100 (kWh/4) (X, CO. HEH EICHBE 5 5 & 22 (COx-t/
) A L7 Z &2y, —RFEE ILEFH2OHEEL R D,

Wk 27 AEE THC L, LH O LAl & i T &T%’Eﬁ/\ﬁﬂwﬁlﬁﬂ L ICEWRMEAE R E L
MRIIH -8 DBV THD, TZTOEMEITETORARMZ ST SETHEL .
S NN - i N e TN %ﬁ{ﬁ&%ﬁﬂ?f@ﬁﬂﬁ&ﬁ%#ﬁ%b\OD A RE & TS
ML CHREZMAEREBLZOND, ZOMENL, LED %%%%7\?‘5%6:63&\ ot
BWREMNOM\AZH N THELRIREL RICEBRORELZRET LI LENADTHD EE
z 5,

a) 23 E AR E RS = o> B R iE

25 O | T '/

B =T e

EE [EE i =] =]
= F A I == o = =
- - EE BE == E= L = o
w5 - R ER R Em XL = [ =
e == Ay F0O = = = - = = = B
= - Bg = =5 ES - =
i = T T & = = F5
=+ *T [=F=} = = =
I = 9= =
=1 =
BE =

e

[S
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5 EHYIC

HORUER T %E77%xhﬁo<éF%Lw%ﬁj~mm$’ﬁit£ﬁf§y~
(FRk 28 4F 12 H) THSAMRICHBIT S LED ML K RZ BB 100% & L, A~ —
%IZW%*ﬂVﬁ@ﬁW(¥&28$SH)TH B & B o B - HoHTRF T3 LED
fkzFAHIELTWDS, ¥RHTH, 7— A7 Z 2 2017 (Fik 29 4F 3 H) THIHE=EIZ LED
W% 2020 4FFE E ClIZBB LR 100%EALEHHEL TWD,

HEKBEE L Z —TlE, Kot o & — I 0BT THE = R &K O LED b % %
L, BRBUOABEELLEEZRIREGELIZENTER, 5%, PHAKBFBEE ¥ —IC
BWTHBEHRMO LED/bZ Mk L CiED D & & bz, A 3B O E A % FEM I
# D T <,
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2-4-5 HXOEKBEELUA—IZHEITS

THEEORMEAIZDONT

P T AKEFRBEHR A0S KFLEES X —
EHRET. BAR -, KLY (B R FTAKES—ER)
HORE S — B R A R

1. [FL®HIC

R FARERIT, KEGKBIZLDBHRKEBE~OHERE, EHOFEHEOHIWIC XD
Brx VX —0OmM iz BEL T, WHAKEEZXALX—HHED & HEELE Lz e
HPEEEZIEHL TS,

HREKEARE X — (LI, éﬁ/&~)fiiﬁ&%%ﬁi@%%ﬁﬁ%amkb
7o THIBRIBEKGEE ) OFEMHAZEER O SRKICHE CHM L., REEICHIERIEKRL TREHR
DB AKEZLE L Y, £/, XEE ﬁ;@@ﬁ%ﬁ%kbf 5y 7K AT Eh g A G L
BRFEORWEIME ~OKEE 7R Z & 2 WA A 2 ok 26 F5 X0 BEREmICiT -
TW2, ZOMOY L2 —I2B T2 Z@#EBRORAMAICZEAL T, 2 ORE K O
ReWwET 5,

2. :§m"¢fj¥(:0b\’c

TARLEIZEBNT, —MICKEXBEBLENHEHEOH §
ﬁi%v—%ﬁ7®%M %509%£ﬁ$&ki T
KE (%K) txx X —MHE (XEE) &R
W7 T 7 O E 52 L CHEEE IO TR E AT
ODFEFEEHMEICL, @R AM~ORXEZHET O TH
Do M 1ICRTEY, KELEELEMEH RO L
TEREER7 PVIETEMmMLS, REH T, FR 25 |17 u
ENPNOARFEOENEZRGB L, BFEANNALTALT v 7°ﬁ_ 5 ;ggéﬁgﬂﬁmmz S
HEMZRETHIETHEARKBEE VX —TOERE
TREORMAZHEEL TWD,

: IR
SEE

CERBEERLL. BAEARD
Hli 5 L=

BEEE ENEAREELL
=E&HOB T, KEREICTRE
HREILERET

i O Ot

-BiEORRGECEEEED
IXICEYKERELENERA
BHIROMILERR TET-H

CBEEF, SOUHEHEED
IRIZRYMLEHE

Y

M1 Z#HEEREFZX

3. MEHF+RNEAE
3.1 HIBBREBGZICLKIZEZRHFOIEMAHA JE—— ww QPR

R R S & R T B 0 2% R R & R B = (777 gyl |
kf%%%ﬁ@éﬁéﬁ%%ﬁ@I%@eﬁf%é(ﬂ e

2), KLUHENITRHEDHDLHEITBN T, MiRdiEx
'EL? ﬁﬁ*ﬁ@*%@ﬁﬁ/—’mﬁ%&éc‘:b\Oﬁ*ﬁfcﬁ?@é{/ﬁ %JﬁgmﬁgHﬁDO@*Ei*
-~ -7 DEDZ S35

DHTCEZOKFB LB IGFTE 5, SEEI TR
K2 HIEBKEELEDOASA—D

M ZZERHRX
[CEx (RE)
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%?V&~Tm\%W@mﬁity&—m%ﬁ$ﬁzm%ﬂﬁkbf RV EWaRiit)
BWT S FRL 28 D b HRAEM & &

B G% A2 B TR 27 A for W T IERE =X o B fE 3%
BH G U YRR 29 4F 1T 38\ T il il 3% 0 2 K o fl

(35T AR T 2 AT 5 7 B1 KBBERO LR
W X — DKM fERR O E R LA E ISR R (RS) ﬁgiﬁt.ﬁfm) ﬁ;’fi
Fo RV OE LM, BRI T PR et s
ST EARR O REAE T L HIC A~D B B 72 HEAR Ty T
%o HIREREG CEmER L b CHB~ORE el BEREAR I
ZHIBR L., BLERED - O MEEFHEIKZ kL oS sl e 16002 AL
TWb, FRAKE (T-N) 20~30 mg/L 20~30 mg/L
28 HRIE
3.2 KMEBHEHRADKERESBEELICKDEHHEIHOBRMEHS
Yk 2 — DKL IL B 37 4F R
B OVE gk & bl LT Rk 17T FF IS E L
7o Wi e 1T ek fi Lk E RN R BHm T
AAMAYy FPb@mL< Ao TWND, TIT,
BVE K WL PR i 5% o~ 43 K 3 % AT B HE o B BE A G
L. Eﬁﬁlﬁu’\@7}<£ﬁﬂ >R REEO 1B E
N AR CHmOLI I E TCEREEHRD
Jﬁftﬂ:%fléﬂinéﬂ%k%:ﬁotojFﬁk 26 &
DR 28 AR E TIZ HME AR~ D K Bl 3 HBRADKERDESH 3 MEH
Sy 42%72 B 48% F THHK & & 72 73
B 29 4FE 8 AICIZTE HITHI 50%~E @iz, ZNIC XV, HiakEEE 2 EEND 16

IR ERA~G D E L, ECHEROEREE N ZH T2 2 T ¥ —2F0KRED

BOHIZH A7z (X 3),

4 HREEE

4.1 ZFRAIBOIEH»
IR S Y N A== IR B Syt

VN C L B i R f@ﬁ&ﬁ%%l4_rﬁ
CHRBIAT—F2~THE LENGFRE 3
FAEBRMLE L, WHREREMAESZE LT A

M EE 2 HIEICER K L CEROZFE) 2 i &
Lz, 20& &, HlRESERAL O C Al #

BT 2 WM ER OB TR T
1.3mg/LTHDDITx L, EERMETIX2.8
mg/L CToH YV | FlIRBEKIC LD BRI T
I 1 S FEIB LT K D I EE O D IR A 2 2R
R TE, ok, ERMECHLB LW
DALE O EALIZ R DN T,
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WVEM Mgk O MK EERBEEROEKEOHRE (CFEAL27T~29 ) 2K 5125R7T,
BERRUICE DL, KA & ISR AKOEERZREZIAFEELLEL TCTFEI- THBE L
TW%, Fpk 2T HFE LT 5 & FIREBKER 2 M EH L 72 Ak 29 F 5 TITHA &
HITK 2FOEZNDIKRBF L TWD,

M5 MRAKEERREOHR (£ BAR:x A HER)

4.2 *REEHHIRE DA A

R 27 A EE N B SRR 29 A FEE T OO VY i a5 U O R RF ) A X 6 1T R T, HUME X
AKERL Sy 2 B0 L 7o fE B Y i R D ik ﬂ%iw%ﬁﬂﬁ@&%@bf(m-wwm2m$
R B (K - 540kW) 1 AEER, 6121 () 1 FEEBEERA~ALT7 M52 N TE L,
Flo, BMENARHONELZ ML, RO E % FETITH 2 &, Y] 7 s 2
DATONTEZ b ZDORRICOBRDBDoTLHERNEZZIOND, THITEY, FFITFERK 29 4F 8
AOBALET, ik XREENEZAFEE LB L TH 1IHER TR Tl
(7)), —HTHMEROERKENEOB L >TZHNMTIE LT, B —2KLE L TiT
EREE AR T 22 N TE,

X 6 5 M 5% X & 0 & 45 K ]

X7 REBZOEAKEND
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4.3 —HEETOIEM
Rk 25 FEMN D, PR 29 FEE TO
il 4 B OO SR 2 X 8 ISR, PR IR AU iR
OEMH Z Wi CIEKRED -2 & T, 7
T 7 MEwh T H D oKk EFREE L 10,3
mg/L (FRE 27 ). 9.3 mg/L (CEAk 28
). 8.5 mg/L (CEAL 29 ) LKL
TW5b, iz, FEZEO R W EEH ~ 0
B KR ZmOICHERT 5 2 & T, FhRk 29
AR BE (PR i oD 25 SRR B ) B R AL IS D W )
T 0. 113 kWh/m® CER 28 4E ) 25 0. 107 B8 — 5% ET O
kWh/m® (CFRRk 29 AF ) IRk T2 2 N TE e, BB ¥ — DRk 28 FF D 5 29 4F &~
DX MVIFETEZMWVWTEYD KERBELEZRIAX—OWMMEZEBTHI ENTE T,

5. 5

CTHVERICERSXERBIORRKE OB T B A AT o R LT O XD

RRRERFE LT,

(1) MHIRBLXELREOFE IR T, RO F 10 2 BIHIER S iz, FERk 29 4 E 0k
it 7K A %2 S8 VL ) PR R SKCE RS TE  DART & el L C L HPEMER & B IS IR U <A 2 E
I,

(2) Fpk 29 4E £ 8 H I VG fifi 5% ~ o> /K B AL 4y 8 1 Ak o BUML A & 26 R o 3 Ul 75 i s 4 B
EATO TR, R EREOFEBEEHEZMO TN TE, B ¥ —2KOEE
BewE ) B AL 2 A R RF ) & i L TR L BRI T 2 2 e s T E T,

(3) _HEBCTOFMICI VT, Fpk 28 FE N B ERK 29 FFE~D XY R VITAE T % [
WTED, KEEXELEAZRX VX —ZMILTDHIENTE T,

5 & X

D EHELETIEDN AR AKBELY X —ICB T D HI BB IERIC L D EFREIIKO
B DWW T ¢ 5 54 B FKEFZE R F S

2) VERRBREIE D @ A SIS O 2 R AU M T 728 72 2 B2 D W T s 58 52 (]
TAKEM IR RS

3) BNLIEMIE D - A XSS IZ F5 1T D MR SR SO AR IS & D A RO N B 2= o i o
Kowf. 53 [a] T /K& BF 90 %6 & &
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2-4-6 FAEKBELUZ—DOF—FRERBBEMFEAIZEIT S

BEMR AR HIRE RO REE
W T AGEEBHT B E ALY S — X Ty VAN KB Lk

1 FC®HIC

WAHTKERTE,. KAV 7 - RNT VU EyI7O0MEBELEZOHDOERRIOH Y
FaERIELZ, FTRKEY—ECRAOIbR25mEICHEY BT, TG E 2016 2K E L
77 o, =X T — - HIBKIRERBILR K E LT, =m XA —KKGH [ A~—FT T
2014, HERIE BB IEZHE T 7 — X 7 5 2 2010] 25 E L., = %/ X— 8l m 728k
BEMAEEBET AL L BT, 2017THE3IHIC [T—RAF T2 2017) #F-I0EEL. &5
OB R AP EHIBICIY LA TN D,

BiEKRKEEE Y Z =128V TH, KB ERMOA = 2L F—FEH0 OSHEIZE
DB R E OB T R X — RO A EBAICHED TR Y, Rk 27 K
O [ —REGEEBERFE] Fr35F (UT, TZ2—®RF] &) LinHEREINTZES
KBRS DT T HREEH AT 20BN ZB LT,

A —RIF IR OBV RIS LR BN EZRIBICHE T2 E2RRMEOFE 7 v U Kk
OCMEN 7o UNARELR2LZ LT HEBENNSKBICHB IS & &b, MESIRE FIZ
THREAHWE ST 22 & TNO (BREHRTAO ) rHEOHIBH RN MHETE S,

AREETIX, 2016 (FRk 28) A4 4 A~2017 (CFRk29) £6 ADX—FRFL Yt ¥ —
DR OB 4 50 (BLF, THERF ) EWH) L OEET — XDz ITn, =X
NE =L OEEDNRTAOHBHRIZONTRIAEEZIT -T2 DO THET S,

2 BHEME

B fFRBEE L Z—THALLY =R, M—11C7R9 KD IS mBhBE AT & i #s
BB DEIBEARMETH 5,

M—1 2—RERBBEANFOHE T 0 —
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Z—RPFTIE -2 " T XD ICBERAFARNTRAK T —F 2B L THAELIRBESED
A AR EIZE VAL WO X — el s, ¥ - ICEMBINary T Ly
P TRIAZMYIAALEMSE, TOEMEREBRBEERL LTHFIIHET 20 TH 5,

_2 l@nﬁ*&

— 7 FRKELE Y 2 — ORERIFBEA R TIE, =32 & IBEAF ~Df
KREMENPLOPRE2ZNETNRE 70 U KR OFES 70U & E0 5 KOk EE TT
STBY, ZLOENPRLETH D,

M—-3 #HHAFRKBELVZ—KERF US5F) OLEIO—

FR-ITEART LI, X —RFONRITMERF LB L TO1%RE L /NE | W
AL 3T%RENSSRD, Z—ARFiE, @HEEICEK D RKE (101.3kPa) O 2 51
MMESNTREBTHRANT L5720, BEEAFNTHORET AOEBNB/NE LR | BEEFE O
Wi (X7 2 ET) ETHRRF LR TRERMBN I /N7 MITED L0 o0k

(SRR
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®—1 BAFEHROLER

TE kP H — R IR

(4 547) (H 3 5IF)
AL EE BE t/H 250 250
S mm ¢ 8,200 ¢ 5,000
PAEES mm ¢ 8,890 $ 5,928
o BN E ) -0.4kPa *+ G 150kPa + G
Ji| (s t JE 77) (100kPa) (250kPa)
k¥ FANREmIRE C 865 860

B FEAKEAE Y X — Tk, 2011 (CFEAk 23) 4FEE~2014 (CERK 26) FEED 4 » F % D0
JCEERO 3 B OMMICH 3 BFE L TH—RENEZ SN X —RIFOEANITY
ST B LI BGEECHETATORNKEZLET L2008 T I v 7 7 0 )V Z B
BL, —BEEEZREERSINEZD, TN RLEOCFHEEZ T2 LT, BIEETIEK
ERFTTITNVESEHNEZIT>TWVD,

3 IRILX—HIBEDRE
3.1 HEBAHAIR

AR D &0 ERFIT, BEHF CHERREERZME T 2720 0ME 7 v U kOB
HIFCRAET DRBERET A2 R[QUZHEH T 27200F 7n U BNRELRDL, 2D D%
S DOE T, ERFTEMNTL2E D 62% %2 5D T W5, (K—4),

— . F— AR IIRBEYE T A 2 @EaKlcE L, F— v raxET L TarT Ly oK
BEZES 2 MIE L, REBEFICIEY Zeled, WMWBI 7 0 URAREL 2D, £, WAL i8R
LIeBRBEHET AT E O OENTHEE TCHRNATHEKT LI ENTE Fol 7 e BN ALHEL
D, ZOH, REOBRXZHETLO2ERERLERIRDEVWIFARD D,

#HolZay

2%\

bk 38%

=i

ik A=Y
35%

K—4 ®EF GEF) ORSBIOIERFZSITJOVDHEESE A
#2016 (K 28) 4 4 A ~2017 (FRk 29) 4 6 H o FEHHE L v B H
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mEIOD 3517009
TE R H 77 330kW TE RS H ) 240kW
SEK HFEF LBF) ORBIODRVESTOD

MAEHIMIC BT 2K T —FEABROBEAFENEHEORAKIT. -5 0LBY T
0%, BEAVFEIMME &3, WK — e in . BER B . Pk R AL BE R i K O —

20,000
18,000
= 16,000
14,000
24 12,000
i# 10,000
HE
® 8,000
6,000
4,000

2,000 T T T T T 1
0 50 100 150 200 250 300
MK —%BAE(t/ A )
T4V T A RIEEOEBENEHEOAFFTH D,
-5 BRAKIF—FBRAELF-VYDOBRINMFEHAERE

B

PERFTIX A —XWABNEL R0 HAIL CEAFEHENE X 5D LT,
F—RIFFIEE-TICHEBE L WD ZERNb0d, Zid, AK7Zr—FBAENEZ DD
ZON T, REICKHEREREZBEHIF~LILERH Y ERFCETrV0REL %<
L7z, ENEHERE 2 50, BEEEZEHL TV —RFIXRE 7 2 U kO
TR UNBKLERNED WK —FBEAENEAL T ENEHERNEL LW &R D
IRIZSIN

I & el 9 D & RESRF IR K 7 — & 406. 8kWh/t-DS (&% L T, & — R 47 1 2% B A%
WAREL 725720 HEE I 159, 4kWh/t-DS TH D, ¥ — RIF I BT 2 & E ) O HI R
ITK61% (X —t) THD,
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3.2 fHBENERAE R ERIRE

A — NI IX AT O ERFOR 2 f5DET T CTHREA %

79 2 THABEMMP /NS L 2572  BEREVFE N O B EHE T
ADEERE(LFAT2EE) 2RI ERBRELE LzE £,
FRNBML o TnD (K—6),

IO, F—RFE TR, BAFORE BN /NILRD

B EDIERIFICH TR b 2o HBVREHE H &2

HIDR S %,

REEMIRICB T DMK —FEAE L MBREHER & O

BRI —7T D LB Th D, MBVREHE M &1L, BlKT —
FOERRIZE S TRELEBHT L2 L0D AT —F#H

ANEEOBEBRMEIZR S0,

L LREFEN/NI W LX) HEEREAD LTS
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3-2-1 Stable Sewage Treatment and Effective Business Operation in Tama
Area by Utilizing Utility Tunnels

Bureau of Sewerage Tokyo Metropolitan Government
Hamano Shota

1 Introduction

The Great Hanshin-Awaji Earthquake occurred in 1995 brought serious damages to the sewage treatment
plants in Hyogo Prefecture such as suspension of treatment functions. The South Kanto Region, including
Tokyo, is believed to have a 70 percent chance of magnitude 7 class earthquake in the next 30 years. Tokyo
Metropolitan Government is concerned that such an earthquake would damage sewage treatment facilities
and could significantly hinder citizens’ lives and the living environment.

Tokyo Metropolitan Government learned lesson from such a case and implemented a project to connect
two neighboring water reclamation centers (terminal treatment plants) with a Utility Tunnel to secure a
backup at the time of the earthquake disaster.

By regarding two water reclamation centers as one system, this project contributes not only to the backup
at the time of the earthquake but also to the improvement of the stability and efficiency of the sewerage
business even at the time of renewal of facilities or periodic inspection. This paper aims to report cases of
utilizing Utility Tunnels and their effects.

2 Overview of Utility Tunnels

In the regional sewerage in Tama Area, three pairs of water regeneration centers are installed facing each
other on the right bank and the left bank with Tama River in between. The three utility tunnels connect
Tamagawa Joryu and Hachioji, Kita-Tama Nigo and Asakawa, and Kita-Tama Ichigo and Minami-Tama
Water Reclamation Centers respectively. Construction of these utility tunnels began in FY2003, and the
third tunnel was completed in FY2015. Inside the Utility Tunnel, sewer pipe, sludge pipe, optical fiber, etc.
are installed, and it has a mutual exchange function of sewage and sludge. In addition, the inside diameter
of the utility tunnel was set to 3.5 m in order to enable maintenance and inspection of installed facilities
(Figure 1).

Figure 1: Positions and Sectional Views of Three Utility Tunnels
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3 Cases of Utilizing Utility Tunnels and Their Effects

Initially, we started developing the Utility Tunnels for the purpose of backing up in the event of an
emergency such as earthquake disaster. In addition, by regarding two water reclamation centers as one
system, we can efficiently operate water reclamation works. Several effects and achievements by utilizing
utility tunnels are shown below.

3.1 Use of Utility Tunnels at the Time of Earthquake

In the event of a disaster such as earthquake, if one of the water reclamation centers fails and the
processing function is deteriorated, the utility tunnel ensures mutual backup function by transferring
sewage and sludge to the pair water reclamation center on the other side through the utility tunnel.

In the Great East Japan Earthquake occurred on 11 March 2011, a part of the incinerator No. 1 on the
Tamagawa Joryu Water Reclamation Center was damaged and stopped emergently. If the utility tunnel had
not been constructed, sludge could not have been drawn out from the water treatment facility, and the
quality of the discharged water might have been deteriorated due to the rise of the sludge interface inside
the water treatment facility. However, by transferring sludge to Hachioji Reclamation Center, which is
located on the other side of the river, through the utility tunnel, the influence on water treatment could be
minimized.

3.2 Use of Utility Tunnels at the Time of Facility Capacity Degradation Due to Construction or
Inspection

When stopping a part of the facility for a long period of time due to reconstruction work of equipment or
inspection, etc., it is necessary to secure alternative capacity such as ensuring processing functions at the
remaining facilities. By utilizing the utility tunnel, it became possible to send the amount of sewage or
sludge equivalent to insufficient capacity to the water reclamation center on the opposite side of the river,
which enabled efficient reconstruction practice.

At the time of renewal one of the water treatment equipment of Kita-Tama Ichigo Water Reclamation
Center, the processing capacity of the facility was forced to decrease by approximately 54,000 m? per day
for the period of approximately half a year. As it was not possible to cover all the insufficient capacity by
the rest of the system lines at the center, we secured the treatment capacity by transferring sewage of around
5,000 m® per day or approximately 600,000 m? in total to Minami-Tama Water Reclamation Center by
utilizing the utility tunnel.

3.3 Use of Utility Tunnel for Improvement of Maintenance and Management Efficiency
3.3.1 Efficient Operation of Incinerators

Currently, two to three sludge incinerators are installed at each of the six water reclamation centers in
Tama Area. The capacity of these incinerators varies depending on the amount of sludge generated etc. in
respective treatment areas, and the amount of sludge to be treated at each water reclamation center also
fluctuates depending on the season and the weather.

At Kita-Tama Ichigo and Minami-Tama Water Reclamation Centers, sludge exceeding the capacity of the
main incinerator is generated throughout the year. Therefore, each center needed to operate reserve
incinerators, and 4 incinerators in total were in operation at two centers.

However, by utilizing the utility tunnel, it became possible to concentrate the sludge which exceeds the
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capacity of the main incinerator to the center on the opposite side of the river and limit the number of
incinerators to be operated to 3 at maximum (Figure 2).

Figure 2: Image of consolidation of generated sludge

3.3.2 Energy reduction effect

The higher the combustion load ratio is, the better the operation efficiency of the incinerator becomes.
Therefore, it is possible to reduce the auxiliary fuel by operating the incinerator with the load ratio as high
as possible. By intensively concentrating sludge and incinerating it, we have reduced the fuel and electricity
necessary for the start-up of the reserve incinerators and the amount of auxiliary fuel used by improving the
load ratio.

Figure 3 shows the reduction effect of energy required for sewage treatment when sludge exceeding the
capacity of the main incinerator of Minami-Tama Water Reclamation Center was transferred to Kita-Tama
Ichigo Water Reclamation Center by using the utility tunnel and treated in an integrated way. Consolidated
processing at the Minami-Tama Water Reclamation Center and Kita-Tama Ichigo Water Reclamation Center
reduced the required energy for sludge treatment by 23%.
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Figure 3: Comparison of incinerator energy consumption at Kita-Tama Ichigo and Minami-Tama
WRCs(1) 2016 April ~ July : 2 incinerators in Kita-Tama Ichigo WRC + 1 incinerator in
Minami-Tama WRC (2) 2017 June ~ July : 1 incinerator in Kita-Tama Ichigo WRC + 1
incinerator in Minami-Tama WRC

3.3.3 Future Cost Reduction Effect

In the future, incinerators that were developed 20 to 30 years ago will be subject to renewal one after
another around the same time, making it necessary to suppress the construction project costs.

Therefore, Tokyo Metropolitan Government is promoting examination of an efficient reconstruction
method of incinerators by utilizing the utility tunnels. Specifically, it is planned that 14 incinerators
currently in operation at 6 centers will turn into 9 incinerators at 6 centers (3 incinerates for each pair of
two centers connected each other with the utility tunnel) through introducing large-scale incinerators with
high efficiency and consolidating reserve functions.

Consolidation of reserve functions can reduce the number of incinerators to be maintained and managed
in the future and thus, lead to reduction in construction costs and repair costs. In addition, it is possible to
reduce operating costs as well as maintenance and management costs by introducing highly efficient
incinerators when the existing ones are to be reconstructed.

We estimated and compered the costs of reconstruction under the following two conditions:

(i) In case where there are no utility tunnels and two incinerators are installed at each center (12
incinerators at 6 centers)

(ii)In case where utility tunnels are utilized and three incinerators are installed at each pair of two
centers connected each other (9 incinerators at 6 centers)

As a result of estimation, compared to the case (i) without utility tunnels, the reconstruction cost of the
incinerators can be reduced by approximately 14.6 billion yen (26%) in case where (ii) we utilize the utility
tunnels to a maximum extent. As for the maintenance and management cost, it was estimated to be reduced
by approximately 370 million yen (21%) annually due to the merit of scale through increase in size and
improvement of efficiency of sludge treatment facilities.

4 Conclusion

By utilizing the mutual exchange function of the utility tunnels, many effects such as backup function at
the time of disaster and efficient maintenance and management were obtained. We will continue to examine
further utilization of the utility tunnels and contribute to the continuation of good environment in Tama
Area by stable sewage treatment and efficient business management.
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Abstract

The 20" century was the age of construction in Japan. As time passes, sewage pipes are getting older and
causing cave-ins. But, since huge amount of sewage pipes are buried underground, neither inspection to
estimate the conditions nor renewal takes long time. So it is important to collect and integrate the
information, make the comprehensive plans, then carry out the efficient measures. Tokyo Metropolitan
Government Bureau of Sewerage has been executing measures against aging pipes, and occurrence of
cave-ins has been reduced.
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INTRODUCTION

Sewage line network in Tokyo wards area, whose construction was originated in the construction of
Kanda Sewage in 1884, has achieved 100% coverage of the area in FY1994, mainly by combined
sewer system. Currently the bureau is managing over 16,000 km of sewage line, comparable to the
roundtrip distance between Tokyo and Sidney. Because most of the sewage pipes were completed
during the period of high economic growth around 1960s, total length of the sewage piping which
has been used for more than 50 years has already reached 1,800 km in the FY2015. Without
appropriate measures, the length is expected to reach about 8,900 km in the next 20 years.
Therefore we are progressing measures against aging sewage pipes.

Aging of sewage pipes does not only disturb the original function of transporting sewage. It might
also affect city activities such as traffic obstruction caused by cave-in of roads. There were over
1,200 road cave-ins in wards area in FY1995, one year after achieving 100 % coverage of sewage
line. Among major causes is that the connection pipes, which connect households and sewage main
pipe, are made of clay, which are easily fractured by mechanical shock. Clay connection pipes are
still remaining and therefore measures for connecting pipes together with the main pipes are going
on.

MEASURES AGAINST AGING
Information utilization

In appropriately maintaining numerous sewage pipes in wards area and promoting measures against
their aging, it is important to execute them according to the renewal plan based on the actual
situation of the aging. For that purpose, it is necessary to collect and store the enormous data on
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sewage piping, with the total length exceeding 16,000 km, and to keep them sorted out so that they
can be conveniently utilized. These data are what would be called “big data of sewage pipes,” on
which the state of sewage pipes, which are changing day by day, should be reflected. We are
maintaining “SEwerage Mapping and Information System,” a.k.a. SEMIS, to enable all of the staffs
to retrieve and utilize various data, and updating the data 6 times per year.

SEMIS contains the basic information about each sewage pipe such as location, depth, pipe type,
date of constructed year, etc., and the maintenance information such as location where incidents of
road cave-in and flooding occurred. Inspection of sewage pipes are planned and executed based on
this information. Moreover, information about sewage piping is centrally managed by feeding back
results of inspection such as damage degree to SEMIS. All information accumulated in this way is
utilized for planning of countermeasures against disasters including flood and earthquake as well as
aging and for implementation of the plans such as designing. Figure 1 shows the image of
information utilization centered on SEMIS. Additionally, in order to improving convenience for
users, part of basic information of SEMIS is published on the Web page of the office.

Basic
Information

Counter
measure

Inspection

Data&

{nformation

Counter

\measu re

Maintenance

I\nformation

Figure 1. Image of Information Utilization centered on SEMIS

Reconstruction
Outline of Reconstruction

Projects aiming at extending the prescribed useful life, including improving the function such as
capacity of draining rain water are defined as “Reconstruction” in Tokyo. While it has taken 110
years to build sewage piping in Tokyo wards area, urbanization has progressed during the period
and the amount of rainwater flowing into sewage line has increased. Rainfall intensity and runoff
coefficient had changed, so the capacity of draining rainwater is insufficient in some area. Therefore
rainwater drainage capacity is going to be reinforced to the recent drainage level together with
countermeasures against aging in the reconstruction works. Recent drainage level is 50mm/h for
rainfall intensity and 80% for runoff coefficient, commonly called “50mm/h-80%”. Since
reinforcement of drainage level should be considered in basins, all of the pipes is target of the
reconstruction.

There are 4 types of reconstruction, utilizing existing (RA), rehabilitation (RB), constructing
another pipe (RC) and replacing (RD). RA is adopted when existing pipes are not damaged at all
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and satisfies the recent drainage level. RB is a method to rehabilitate the existing pipe by coating
vinyl chloride internally such as spiral liner method or slipling method. RC is adopted when
existing pipe have insufficient capacity of drainage and need to construct another new pipe to fill in
the gap. RD is adopted when existing pipe is difficult to utilize as RA or RB, and replace the
existing pipe to new pipe by open cut method. The flow chart to determine the reconstruction type
is shown in Figure 2. Since numerous infrastructures are congested in urban area, rehabilitation
method, in which existing sewage pipe can be reconstructed without excavating roads, is mainly
utilized in Tokyo. Rehabilitation method does not only reduce cost and work period compared to
open cut method but also suppresses noise and vibration to contribute to reduce influence to

resident life.
YES Satisfy the Recent YES RA (Utilize existing)
No damage rainwater drainage level
N Y i M
Satisfy the Recent RB (Rehabilitate)
rainwater drainage level | \o
by rehabilitation » RC+RA (@)
or
- RD RC (Another Pipe)
Satisfy the Recent YES
rainwater drainage level » RB OO
by rehabilitation
RD (Replace)
NO RC+RB - -
or
RD

Figure 2. Flow Chart to Determine the Reconstruction Type

Utilization of methodologies of asset management

In order to advance the reconstruction of sewage pipes systematically and efficiently, methodology
of asset management considering life cycle costs and leveling the reconstruction projects in mid- to
long-term is utilized.

Based on the past record of construction and maintenance cost, the economical useful life, which
gives lowest annual average of the lifecycle cost, was calculated to be about 80 years, from the
correlation with the lapse of years. Therefore, although useful life of pipe designated by law is 50
years, it was extended with appropriate maintenance by 30 years. And it was decided that the
reconstruction of sewage piping of the whole area was promoted with the economical useful life of

80 years, as shown in Figure 3.
Minimum around Reconstruct in
80 years E> about 80 years

Annual average cost

year

Legal useful life | Economical useful life

-==- Construction cost ./ years of service (D)
-==- Maintenance cost ./ years of service (@)
Annual average cost of the life cycle cost (D+®@)

Figure 3. Economical useful life of Sewage pipe
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Additionally, in order to level the amount of works in mid- to long-term, the wards area was divided
into 3 areas according to the period of construction, as shown in Figure 4. The 163 km? of the urban
area, where the sewage piping is the most aged, is defined as the first period area and prioritized in
the reconstruction work. The full-fledged reconstruction work has been continued since FY1995,
with the first period area planned to complete until 2029, as shown in Figure 5. So far the
reconstruction of 73 km?, or 45%, of the first period area was completed as of the end of FY2016.

Overall Wards Area (35years)
Area : 562 km?
Extension : 16,000km

Third Area (28years)
Area : 122 km?
Extension : 4,300km

Adachi

Itabashi

Nerima "\ Katsushika

Arakawa

Nakano Bunkyo Taito Sumida
Shinjuku
Chiyoda

Chuo

Suginami

Koto

Setagaya

Second Area (38years)
Area : 277 km?
Extension : 7,200km

First Area (59years)
Area : 163 km?
Extension : 4,500km

*() indicates the average age
of sewage line as of the end
of FY2015.

600 i
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400

300

‘‘‘‘‘

200

Length per year (km)

100

19N43SU023Y

19n435U029Y

Construction T Reconstruction
(80 years)

Sewer coverage reached approx.100%

Figure 5. Image of Asset Management

Measures are taken on connection pipes as well as main pipes in reconstruction works. Connection
pipes have been also inspected inside together with the main pipe during the inspection of piping.
Basically if the connection pipe is made of clay, it is changed to a polyvinyl chloride pipe. If it is
not, measures are taken by pipe replacement or rehabilitation method, as necessary. Besides,
because reconstruction work is not executed in the second and third period area for the time being,
piping is kept in good condition by maintaining partially as necessary.
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Accelerating the reconstruction project

As mentioned above, rainwater drainage capacity is going to be reinforced together with
countermeasures against aging in the reconstruction works. However, reinforcement of drainage
capacity requires constructing new sewage pipes or pipe replacement and additional pumping
stations, therefore they caused the reconstruction work to take time since its launch. Moreover,
drainage capacity should be reinforced from downstream, which is usually main facilities such as
trunk sewer and pumping station. Hence we have adopted “Method of Preceding Measures against
Aging” since 2001, defining conventional method as “Normal Method”. Method of preceding
measures against aging secures existing draining capacity and takes measures against aging in
advance, promoting reconstruction in phases. Additionally, owing to the adoption of “Method of
Preceding Measures against Aging in Stages” since 2012, reconstruction operation was accelerated
to about twice as fast, achieving reconstruction rate of about 7 km? per year, which is necessary to
complete reconstruction of the whole wards area in about 80 years, as shown in Figure 6.

accelerate /

O P N W 01 O N ©

Reconstructed Area (km?)

1995 1998 2001 2004 2007 2010 2013 2016

Figure 6. Past Efforts of Reconstruction

In principle, design of reconstruction work of branch sewer is proceeding with normal method. But
method of preceding measures against aging is carried out in areas where the dynamic water level is
computed to be GL-1.0m or lower in the simulation, which is thought equivalent for 50mm/h-80%,
in order to advance the reconstruction as a measure against aging.

Nevertheless, simulation showed that there were only a limited number of basins where the
dynamic water level was GL-1.0m or lower and therefore countermeasures against aging did not
proceed in majority of basins, where the dynamic water level was above GL-1.0m, until the
completion of reinforcement of main facilities. So “Method of Preceding Measures against Aging in
Stages” was newly added as a methodology of executing measures against aging ahead of the
reinforcement of main facilities to promote reconstruction. Figure 7 shows the flow chart to
determine the reconstruction methods.

If it is discovered that the rainwater draining capacity is equivalent for 50mm/h-80% (dynamic
water level is GL-1.0 or lower) by simulation, the area is specified “Area of Preceding Measures
against Aging” and start reconstruction work, that should not be less than current draining capacity.
In This area, reinforcement for 50mm/h-80% by rational method is postponed. Besides, since the
plan is basically prepared by rational method also in these areas, the rainwater draining plan have to
be formulated.
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1
1
___________________________________ ' 1
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Figure 7. Flow Chart to Determine the Reconstruction Methods

Rainwater drainage level of the first stage of “Method of Preceding Aging Measures in Stages”
shall not be less than current draining capacity. Additionally, reconstruction work can be done
without simulation. In the second stage, dynamic water level shall be GL-1.0m or lower by

simulation.

In the Area where “Method of Preceding Aging Measures” or “Method of Preceding Aging
Measures in Stages” have adopted, the rainwater drainage level shall be the level of “Normal

Method” in the future.

While pipes aged longer than its legal useful life are increasing, it is necessary to perform
reconstructing works more efficiently in order to prevent road cave-ins caused by fracture of pipes

and to maintain the function sufficiently. Therefore selection of appropriate method is important.
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CONCLUSIONS

We have continued collecting and utilizing big data of sewage pipes and consequently the number
of incidents of road cave-in, which is regarded as one of index of measures against aging of pipes,
has decreased to about half of 1995, when the restructuring project was launched, although the
average age of piping became older, as shown in Figure 8.

Occurence/year
1600

1400
1200 +—
1000 -+ ]
800 ]
600 —| =
400
200

0

[ Decreased to about half

1995-1997 1998-2000 2001-2003 2004-2006 2007-2009 2010-2012 2013-2015
(average) (average) (average) (average) (average) (average) (average)

Figure 8. Number of Cave-ins in Tokyo wards area

Aging of infrastructure is the issue which we face without fail as time passes. Especially, sewage
pipes buried underground, through which sewage is continuously flowing, is not only in the
environment where concrete is corroded but also difficult to inspect and can hardly stop the flow.
They are the infrastructures of which measures against aging is difficult to take.

We are going to devise method, develop and implement new technologies flexibly and actively, and
continue to make effort toward realization of “Safe City,” which Tokyo aims at, and continuity of
the capital function.
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4-1-2 Sludge Transportation Pipe Network utilized for Risk
Management of Sludge Treatment
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Abstract

The Bureau of Sewerage have dewatered and incinerated sludge at 6 Sludge Treatment Plants to promote the
reduction of sludge and the recycling of incineration ash by consolidating sludge from 13 Water Reclamation
Center (hereinafter WRC) through the use of a “Sludge Transportation Pipe Network” in the 23wards of Tokyo.
The consolidation of sludge enables efficient sludge treatment that takes advantage of scale, but fatal sludge
transportation pipe failures or equipment failures due to disaster may make adversely affect sewerage
treatment at related WRCs. To avoid it, we have strengthened risk management by establishing the backup
system that transfer sludge to other facilities can treat sludge, utilizing the sludge transportation pipe network,
and treat it.

Keywords
Risk Management, Sludge Treatment, Sludge Transportation

INTRODUCTION

Sewerage is treated 24 hours a day, every day in water reclamation center (hereinafter WRC) in the
23wards of Tokyo. It is a key how to stably treat the sludge while at the same time ensuring the
water quality of both sewerage and public water bodies.

In the 23 wards of Tokyo, percentage of population served by sewerage collection has reached
almost 100% in 1995. Our 13 WRCs treat 4.58 million m® of sewage per day and generate 2.5
thousand wet-t dewatered sludge. However, Bureau of Sewerage, Tokyo Metropolitan Government
don’t have enough space to construct a new disposal site in Tokyo Bay. Therefore, we need to
extend the life of the present site. To extend sludge disposal site life, our bureau have established a
total incineration system for the whole amount in 2003, thereby active promoting the reduction of
sludge and the recycling of incineration ash.

Figure 1. Systematic diagram of current sludge treatment
13 WRCs transfer sludge to 6 sludge plants (hereinafter SP) through the use of a sludge
transportation pipe network in the 23wards of Tokyo. 6 SPs dewatered and incinerated sludge
consolidated. (See Figure 1) The total network of pipes encompasses about 93 km.
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Consolidation of sludge enables efficient sludge treatment that takes advantage of scale. As a result,
we can cut maintenance and operation cost (employment cost and energy bill). On the other hand, if
WRCs can’t transfer sludge to SPs by fatal sludge transportation pipe failures or equipment failures
due to disaster, they can’t treat primary sludge and waste sludge. WRCs are forced to store sludge
in sedimentation tank. It affects final effluent quality. In the worst-case, effluent quality may exceed
the reference standard.

In fact, in the Great East Japan Earthquake on March 11 2011, Tobu SP couldn’t use all incinerators
because it couldn’t receive supply of treated sewage from Sunamachi WRC adjacent Tobu SP due
to water treatment equipment failure in the 23wards of Tokyo. As a result, Tobu SP had to stop
treating sludge consolidated from 6 WRCs. 6 WRCs lost sludge transportation route had to store
sludge in themselves.

Thus, in order to avoid the declining whole sewerage treatment capacity linked with such
unexpected decline sludge treatment capacity, it is necessary to establish the system to maintain
constant treatment of sludge in unexpected emergencies. In particular, for sludge treatment, our
bureau have strengthened risk management by establishing a backup system that enables sludge
transfer to, and treat at other SPs, utilizing the sludge transportation pipe network.

METHODS OF STRENGTHENING RISK MANAGEMENT

In the 23wards of Tokyo, Bureau of Sewerage have made responses in tangible and intangible
aspects as follows, based on the experiences of the Great East Japan Earthquake and of its responses
to sludge transportation pipe emergencies.

Tangible measures

1. Promotion of earthquake-proof about transportation pipes and sludge facilities

Part of transportation sludge pipes laid have exceeded useful life (50 years) and gotten older.
Therefore, we are reconstructing the old sludge transportation pipes and working on improvement
reliability. Sludge transportation pipes have laid under the ground directly up until now. In
reconstruction, we lay them in pipe gallery constructed by shield tunnelling method. We improve
pipe maintenance by setting up check and work spaces in pipe gallery. In particular, we prioritize
reconstruction of pipeline that has already exceeded useful life. The area where daily check is
difficult because of direct pipes laying under the ground was also prioritized.

In addition, we work on earthquake-proof sludge facilities. Incinerators use flammable gas which
have risk to bring on secondary disaster when it is damaged. To prevent gas leakage, incinerators
are needed to take measures to prevent an equipment over-turning. Furthermore, we set
seismometers in incinerators. If a big earthquake occurs, incinerators can be emergency stopped in
conjunction with seismometers.

2. Duplication sludge transportation pipes
We are duplicating all sludge transportation pipes basically. When sludge transportation pipes in
use are damaged, we switch the pipeline to the other pipeline and continue transferring sludge.

3. Establishment of the sludge transportation pipe network

We are establishing sludge transportation pumps and sludge storage tanks to be able to transfer
sludge to each SP, sludge transportation pipes. If we can’t continue to transfer it due to sludge
transportation pipe failures or equipment failures, we switch sludge transportation routes or sludge
transportation direction. In addition, we are doing the following approaches as part of establishment
of the sludge transportation pipe network.
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a. Establishment of mutual sludge transportation between WRCs (See Figure 2)

Figure 2. Flow diagram about transportation sludge equipment

We are constructing the equipment to be able to transfer sludge mutually between WRCs which
usually transfer sludge to different SPs. We are progressing to set equipment between Miyagi WRC
and Kosuge WRC and between Tobu SP and Kasai WRC now. By enabling mutual sludge
transportation, the number of sludge transportation routes can increase. It makes us possible to
respond flexibly when sludge transportation pipe failures or equipment failures are occurred. Up
until now, one-way sludge transportation pipes have been laid. However, by being branched a new
pipe from the existing head pipe and connecting new pipe to receiving pipe from another WRC, we
can transfer sludge mutually by the existing transportation pump.

b. Construction the sludge treatment “key station”

We will rebuilt Miyagi WRC which stands inland area as sludge treatment key station for
controlling sludge transportation volume between WRCs, efficient operation in normal time and
backup in emergency. We decide to rebuild Miyagi WRC as the key station because it is at the
center of the sludge transportation pipe network.

Intangible measures

1. Making an implementation outline

We made an implementation outlines about sludge transportation between WRC and SP and
between WRCs. In the outline, basic point about operation at the time of sludge transportation and
how to respond in the case of emergency need to stop or begin transferring sludge urgently are set
in.

2. Improvement of the risk management and respond ability

We switch of sludge transportation pipes and drills for risk management routinely based on the
implementation outlines. In addition, we test water transportation routinely. We confirm operation
of sludge transportation pump and valve, flow in upstream WRC and downstream WRC whether
there is any problem (e.g. leakage on a sludge transfer pipe) in the test. Their approaches make staff
members improve their operation skill and the risk management. It enables us to respond rapidly in
emergency.

3. Establishment of the centralized management system of operating information about our sludge
treatment

Currently, not only the sections transfer sludge or receive sludge but also the sections have
jurisdiction over the area which sludge transportation pipeline pass through have mutual contact
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system. At the time of switch of sludge transportation pipe or sludge transportation route, we spend
a lot of time to contact and coordinate.

We have already controlled the information about sludge transportation volume and pressure by
existing information system in the whole our bureau. By fulfilling the system and establishing
centralized management system, we will be able to switch pipeline and detect the troubles about the
sludge transportation facilities rapidly, and strengthen risk management.

METHODS AND APPROACHES FOR RISK MANAGEMENT

Our response procedure in cases sludge can’t be transferred due to sludge transportation equipment
failures, and the drill for risk management are as follows.

Response procedure in WRC in the case of sludge transportation pipe failures
When we can’t transfer sludge due to sludge transportation pipe failures or decline treatment
capacity in SP, we respond as follows;

1. If the damaged sludge transportation pipeline has already duplicated;
We switch from the damaged pipeline to the backup pipeline at upstream WRC.

2. If sludge transportation route can’t be used because of damaged pipes;

(Sludge transportation pipeline has not been duplicated or already duplicated but main sludge
transportation pipeline can’t be used because of under construction)

a. Decrease of transportation sludge volume in upstream WRC

Because we can’t transfer sludge from the upstream WRC to the downstream WRC or SP, we store
sludge temporarily at the upstream WRC to decrease sludge transportation volume. We store sludge
as follows; (a) sludge storage tank, (b) primary sedimentation tank and final sedimentation tank by
stopping removing sludge from the tanks, (c) storm water storage tank. Our bureau have already
grasped about the number of storable days and storable place, and prioritize storage place. If WRC
have to stop transferring sludge, we store sludge based on the priority.

b. Switch sludge transportation routes

If the sludge store time lengthened and it may affect final effluent quality, we check treatment
condition of other SPs. After checking, we switch the sludge transportation routes and begin to
transfer sludge to other SP. Afterward, we check sludge transportation pipe whether there is any
problem (e.g. leakage on a sludge transfer pipes).

c. Increase treatment volume of the other SPs
After switching the routes, the other SPs treat more sludge than usual. We start up incinerator
additionally as needed.

d. Carry out dewatered sludge to other SPs by a track

We put sludge exceeding process capacity at the acceptable SPs on a box track, and carried to the
other acceptable SPs after dewatered and spraying deodorants. After arrival at the other SPs, we
throw into dewatered sludge receiving hopper and burn it.

e. Landfill dewatered sludge urgently at disposal site

Sludge exceeding process capacity in acceptable SPs is carried to the disposal site and landfilled
after being dewatered. Although, we did odor control by spraying deodorant before we transport as
with d.
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3. If sludge transportation route can be used but the capacity of the SPs as destination is declined
temporarily;

a. Suppression transportation sludge volume from upstream WRC

The sludge is stored temporarily to decrease transportation sludge volume for suppression a load to
downstream WRC as with 2.

After we finished a., we carry out from b. to e. are done as with 2.

Drill for risk management

Bureau of sewerage conduct the drills for risk management once a year to improve the operation
skill and an consciousness of the risk management. In the drill, WRCs and the section which
manage the whole sludge treatment in the 23wards of Tokyo (hereinafter facilities management
section) participate in. We confirm the methods to conduct sludge transportation volume, the
methods to consider and decide about switching sludge transportation route or direction, and
communication system. The sections which maintenance sludge transportation pipes (hereinafter
pipeline maintenance section) participated in, too. They confirm the methods about emergency
restoration at accident location, the methods to check pipe when the upstream WRC switch sludge
transportation route and communication system. (See Figure 3) Actually, we can’t complete to
respond about transfer sludge in a short time. Because of limit of time for drill, we extract scenes
which need drill and conduct it.

Figure 3. The drill for risk management and response in 2015

Through the drill, our bureau prepare to respond rapidly in emergency by sharing the information
between related sections and confirming following 1. to 4.

1. The procedure for stopping sludge transportation, switching route, restarting sludge
transportation and communication system.

2. The possession situation of emergency repair material and equipment of pipeline maintenance
sections and sewerage maintenance cooperation.

3. The methods of operation valves, checking procedure and division of the roles during emergency
repair.

4. The procedure of response at upstream WRC when downstream WRC is in an emergency.

THE EXAMPLES OF RISK MANAGEMENT UTILIZING THE SLUDGE
TRANSPORTATION PIPE NETWORK

CASEL. The case of response when the sludge treatment capacity declined due to earthquake
We could not treat sludge due to the Great East Japan Earthquake on March 11 2011 at a part of SPs.
Under such situation, we responded against this problem as follows;
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1. Damage overview

Tobu SP in Tokyo bay area consolidates sludge from 6 WRCs (Nakano, Ochiai, Mikawashima,
Miyagi, Sunamachi, Ariake) and treats them. At Tobu SP, we use the treated sewage receiving from
Sunamachi WRC which is adjacent the Tobu SP to clean flue gas from the incinerators. Although,
at Sunamachi WRC, the collectors in sedimentation tanks ran off and were damaged due to the
earthquake. It made Sunamachi WRC be impossible to treat sewage and transfer treated water to
Tobu SP. As a result, Tobu SP couldn’t operate incinerators and treat sludge. In addition, expansion
joint of waste gas duct was cracked due to earthquake in Tobu SP. (See Figure4)

Figure4 Cracked expansion joint of waste gas duct

2. Response details

(The aftermath of the earthquake)

We asked manufacturer to repair equipment urgently at Sunamachi WRC and Tobu SP. Secondly,
Miyagi WRC started up the incinerator urgently and started to burn sludge in upstream WRCs
because full repair for equipment in Tobu SP might be needed to take a long time. Mikawashima
WRC couldn’t transfer sludge, so stored it in the center. Sunamachi WRC transferred sludge
generated in the sewerage treatment line where we could treat sewage but could not transfer treated
sewage to Tobu SP, and stored it in storage tank in Tobu SP.

(7 days later)

Part of water treatment capacity of Sunamachi WRC was recovered. Because Sunamachi WRC
could supply treated sewage to Tobu SP, Tobu SP could treat sludge within small volume.
Therefore, Mikawashima WRC restarted to transfer sludge to Tobu SP. However, sludge
transportation volume was limited.

(13 days later)
Miyagi WRC had treated sludge beyond the conventional capability after starting to burn sludge
consolidated from upstream WRCs. However, sludge volume increased due to the first rain after the
earthquake. Then, the capacities of sludge storage in sludge storage tank, primary sedimentation
tank and final sedimentation tank were close to its limit. Consequently, the facilities management
section decided to switch sludge transportation route as follows;

Before: Miyagi WRC - Mikawashima WRC - Tobu SP

After: Miyagi WRC - Kosuge WRC — Kasai WRC
By switching sludge transportation routes, we could ensure sludge treatment capacity throughout
sludge transportation pipe network.

(40 days later)
The sludge receiving system was recovered at Tobu SP. Miyagi WRC switched sludge
transportation route to regular route, and restarted to transfer sludge from Miyagi WRC to Tobu SP.
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Mikawashima WRC brought sludge transportation volume back to normal.

Thanks to equipment manufacturer’s support, we could recover sewage treatment capacity early in
the Great East Japan Earthquake. However, the earthquake affected sewage treatment capacity
seriously. It made us take a long time to recover to sludge transfer situation before the earthquake.

In particular, Mikawashima WRC was forced to stop transferring sludge to SPs for a long time. By
transferring sludge to storage tank temporary and returning overflowed sludge from storage tank to
the sewer main, Mikawashima WRC could ensure sewage treatment capacity with continuing to
suppress sludge transportation. In addition, Mikawashima WRC has some sewage treatment lines
and transferred waste sludge from the line which water quality got worse to the line which water
quality was not comparatively worse. The effort enabled Mikawashima WRC to clear final effluent
quality standard. Even in the bad situation like this case, thanks to flexible and careful operation by
all staff members in Mikawashima WRC, water quality was suppressed worse. With this trouble,
our bureau realized again that we need to strengthen our risk management.

In addition, the cause of incinerator’s stoppage was that there was only one line to supply treated
water to incinerators. To solve the problem, our bureau duplicated treated supply line immediately
after the earthquake.

CASE2. The case of response when one sludge transportation pipe damaged and the other
was under construction

We could not treat sludge due to sludge transportation pipe failures between WRCs in 2013. Under

such situation, we responded against this problem as follows;

1. Damage overview

Two pipelines are laid between Mikawashima WRC and Tobu SP. In this case, one of sludge
transportation pipeline was out of service due to construction works. Under such situation, the valve
of the other pipeline was in service was broken, and the leakage accident occurred. (see Figure.5)

Figure5 Sludge transfer in an emergency situation

2. Response details
(The aftermath of the accident)
First, Mikawashima WRC stopped transferring sludge to Tobu SP immediately based on the
implementation outline. Secondly, facilities management section decided to switch sludge
transportation routes to backup route as follows;

Before: Miyagi WRC - Mikawashima WRC — Tobu SP

After: Miyagi WRC - Kosuge WRC - Kasai WRC
By switching routes, we could treat sludge consolidated from 3 upstream WRCs temporarily with
controlling sludge transportation volume in Kasai WRC. In parallel with switching routes, we
decided to repair of the pipeline was under construction.
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(1 day later)

We checked pipe damage condition and started emergency repair the pipe which was under
construction in the morning. During repair work, we stopped sludge transportation between Miyagi
WRC and Mikawashima WRC. After being stopped sludge transportation, we flashed inside
pipeline to prevent sludge from decaying. Before starting sludge transportation, we tested water
transportation between Miyagi WRC and Kosuge WRC with checking pipeline condition. After
checking whether there is air and water leak, we started transferring sludge. In the evening, we
finished repairing sludge transportation. However, sludge transportation volume from Nakano WRC
and Ochiai WRC to Kosuge WRC, and from Nakagawa WRC to Kosuge WRC was about 80% of
usual. On the other hand, we finished the pipe emergency restart was under construction.

(2 days later)

We tested water transportation between Mikawashima WRC and Tobu SP with checking pipe
condition by pipeline maintenance section.

After checking whether there is no trouble, we restarted transferring sludge.

(1 week later)

We repaired air leak valve damaged in the accident. After repairing the valve, we switched sludge
transportation route to usual route. Pipeline maintenance section checked whether there is no
trouble, we completed accident response. As in this case, by communication and coordination with
related sections based on the implementation outline, and switching to the backup routes, we could
restart to treat sludge at upstream WRCs next day after the accident.

If WRC becomes to be difficult to transfer sludge, the sludge is circulated and pooled in
sedimentation tank. It may make the effluent quality deteriorate with the risk of exceeding the
effluent standard. In particular, accidents related to pipe have occurred twice a year in the 23wards
of Tokyo. By taking measures in a previous describe and drill for risk management routinely, we
could respond quickly in cooperation and minimize influence to upstream WRCs.

CONCLUSIONS

Bureau of Sewerage, Tokyo Metropolitan Government can deal with the unexpected situation
rapidly and keep sewerage treatment stably by implementing tangible measures and intangible
measures as previous describes.

However, tangible measures are underway in one of area to complete measures now. (Establishment
of mutual sludge transportation equipment, reconstruction of old sludge transportation pipe etc.)
Our bureau will continue to promote a comprehensive sludge transportation pipe network to secure
backup functions, and strive to strengthen our risk management system. On the other hand, we
continue to strive to further strengthen our risk management system by analysing the response in
emergency and accumulating the knowhow as the intangible measures.

By enrichment both tangible measures and intangible measures, we improve reliability of sludge
treatment and ensure stability of sludge treatment over the future.
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4-1-3 A New Operation and Maintenance Approach of Wastewater
Treatment Plants to Achieve both Improvement of Effluent and
Reduction of Electricity Consumption

T. Hashiya*, Y. Toyoshima, K. Umeda, T. Sato, Y. Yoda

1. ABSTRACT

Since approximately 1% of electric power consumption of the Tokyo metropolitan area
attributed to the sewage treatment by the Bureau of Sewerage, the Tokyo Metropolitan
Government has been putting its efforts into reducing the electricity consumption to reduce GHGs.
However, an excessive reduction of electricity consumption could lead to the deterioration of the
water quality. Thus, the Bureau of Sewerage, Tokyo Metropolitan government (the Bureau) has
introduced the "the Two Axis Management Method" as a tool to achieve both improvement of the
effluent and reduction of the electricity consumption.

In "the Two Axis Management Method” graphs, T-N concentration of treated water and the
aeration electricity consumption rate per m® of water treated (AECR), (which are in trade-off
relationships), are chosen to represent the effluent quality and the electricity, respectively. The
graphs visualize the effects of the current operation measures and the problem of each wastewater
treatment plants (WWTPs). The Bureau has used the evaluation to repeatedly implement the
PDCA cycle in spirals of improving measures of operations and equipment upgrades in WWTPs.

As a result, the overall average of T-N concentration and AECR in the fiscal year 2016
decreased compared to those of 2011, when the method was started.

Keywords: wastewater treatment plants, operation and maintenance, total nitrogen concentration,
electricity consumption

2. INTRODUCTION

Nitrogen is one of the prime causes of eutrophication, so it is imperative to reduce total
nitrogen (T-N) concentration in effluent from wastewater treatment plants (WWTPs).
Nitrification of ammonia, which is a preceding step of biological denitrification, requires a
certain amount of aeration. WWTPs have consumed huge electricity through operating blowers.
The Bureau of Sewerage (the Bureau), which accounts for 1 % of the total electricity
consumption in the Tokyo metropolitan area (approximately 810 million kW/year), has
implemented countermeasures to save electricity; "Earth plan-2017” was drawn up to reduce the
GHG emission, “Smart plan-2014” was drawn up to reduce energy consumption and expand the
utilization of renewable energy, such as wastewater heat or sludge gasification, and “Management
Plan 2016 was drawn up to formulate the scheme to enhance service quality.

In particular, aeration electricity consumption makes up the majority of total electricity
consumption, needed to be reduced. However, it’s generally difficult to reduce both electricity
consumption T-N concentration of effluent simultaneously. An excessive reduction of electricity
at WWTPs would cause an increase in T-N concentration of effluent and vice versa. In order to
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balance the water quality with the electricity consumption, the Bureau introduced a new
management method named “the Two Axis Management Method”. In this report, we will explain
the detail of the new method, as well as its effects 5 years after its introduction.

3. METHODS
3.1. Overview of the “the Two Axis Management Method”
In “the Two Axis Management Method”,
two-dimensional graphs are made to visualize the
changes of the quality of treated water and electricity
consumption as illustrated in Figure 1. From the graphs,
the results of how the equipment is operated or
upgraded are able to be evaluated. The vertical axis
represents the T-N concentration of treated water and
the horizontal axis represents the aeration electricity
consumption rate per m® of water treated (AECR). The
two factors are chosen to represent treated water quality

and electricity consumption of the WWTPs, Figure 1 The overview of "the Two

respectively. Axis Management Method” graph.

Vectors that represent changes in T-N and AECR are
drawn by plotting the results of the previous fiscal year as the starting points and those of the
current year as the end points. The vector lengths represent the degrees of the changes. If the
vectors point towards the lower left, it describes that the WWTP achieved both an improvement
of treated water quality and a reduction of AECR. WWTPs have made efforts to get their vectors

towards the lower left by improving wastewater treatment operations and upgrading equipment.

3.2. Operation and evaluation of “the Two Axis Management Method”

To maximize the effects of the improvements of wastewater treatment operation and equipment
upgrades, the Bureau has set targets for each WWTP every year.

When setting targets, the three values of each WWTP are calculated first; (1) the result of the
previous fiscal year, (2) the target of the previous fiscal year, and (3) the provisional target of the
next fiscal year. Then each WWTP’s target
is chosen from the lowest (hardest) value of
them all. The provisional target (3) is
calculated from estimated effects of
upgrading equipment, improvements of
wastewater  treatment  operation, or
unfavourable influences on water treatment
due to the suspension of equipment
operations. Under this rule, the target gets

lower and lower as years go by, motivating Figure 2 The PDCA cycle for improvements of
us to improve our operational skills and wastewater treatment operations and
knowledge of WWTPs. equipment upgrades.
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In addition, the Bureau has implemented the PDCA cycle repeatedly using “the Two AXis
Management Method” to improve wastewater treatment operation and to upgrade equipment in
WWTPs. Figure 2 illustrates the image of PDCA. Each WWTP makes efforts toward its target
value. The results are evaluated in comparison to their target value. Several factors, such as
weather conditions, seasonal fluctuation, suspension of equipment operations, are considered in
each WWTP. The plan of improvements for wastewater treatment operations and equipment
upgrades and are reviewed on a regular basis using these evaluations.

4. RESULTS AND DISCUSSION
4.1. Overview of the results

Figure 3 shows “the Two Axis Management Method” applied to the 13 WWTPs in Tokyo ward
area in the fiscal year 2016 compared to the average of the previous 5 years (2011~2015).
Overall average of the T-N concentration and AECR in the fiscal year 2016 decreased by 0.6 mg/L
(5.6%) and 0.008 kWh/m?® (3.3%), respectively.

Figure 4 shows the average of each fiscal year. The averages are generally decreasing year by
year, though there are ups and downs. The T-N concentration and AECR in the fiscal year 2016
decreased by 1.1 mg/L (9.1%) and 0.01 kWhr/m?3 (5.2%) respectively, compared to those of 2011,
when “the Two Axis Management Method” was started. These results suggest that the Bureau has
steadily stacked the skills and knowledge to operate WWTPs efficiently. Here we explain
examples of some WWTP's shown in figure 3, which was able to reduce T-N concentration and
AECR by making various efforts.

Figure 3 The graph of all WWTPs in FY Figure 4 The overall average of each
2016 in comparison to the average of fiscal year.
FY2011-2015.

4.2. Examples of the efforts in operation managements
Some water treatment plants reduced T-N concentration and AECR by changing how to operate
their equipment.
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Figure 5 shows an innovative aeration
system in the reaction tanks at WWTP A.
Deep reaction tanks have the higher
denitrification efficiency than shallow ones.
Deep reaction tanks have diffusers on one side
midway into the tanks, which create rotational
flows and anaerobic-like areas below them,
promoting denitrification. However shallow
reaction tanks have diffusers at the bottom of
the tanks, which make them difficult to create
anaerobic-like area.

To promote nitrification, the WWTP took a
new approach to create anaerobic-like areas
even in shallow tanks. In some parts of the
reaction tanks, aeration was reduced almost to

Figure 5 Sectional views of deep and shallow

the limit which activated sludge is stirred. It reaction tanks and an image of the new

creates anaerobic-like areas, which allows aeration system in a shallow reaction tank.
nitrate nitrogen produced in the former area to

be reduced to nitrogen and removed from the

tanks.

Consequently, the approach enabled the WWTP to reduce T-N concentration without additional
electricity consumption or reconstruction of the reaction tanks. T-N concentration in the fiscal
year 2016 decreased by 1.0 mg/L (9.7%) compared to that of 2015, when before this approach was
implemented. AECR of the fiscal year 2016 was approximately same as that of 2015.

Since this method was effective, we have applied this approach to the other WWTPs to achieve

the reduction of T-N concentration P (Seres © )——(SeresB)
without increasing electricity etore % o

consumption there.
P ( SeriesD ) x

( SeriesA ) © [N suficient nitrification activity
O : midium nitrification activity

Figure 6 shows a unique activated X insufficient itrification acthity
sludge transferring system at WWTP B. | Sludge Treatment
The WWTP has some series of reaction
tanks. The activated sludge in the < After>
series A and B have sufficient Influent quaniy is reduced to
nitrification  activities and  the i ) (Series C J—1—(Series B )
activated sludge in the series C and D i e A 2 &
do not. The latter cannot sufficiently o Seri%
oxidize nitrites into nitrates. To SEHCSA ) © = B e

transferred to the series D

promote nitrification in that series,

aeration had to be increased, thus | SLs0R TrRaimEm |

consumed excess electricity. Figure 6 The scheme of the new sludge

In other to overcome that transferring system
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insufficiency, the activated sludge with sufficient nitrifying bacteria is cultivated and transferred
to the other series of tanks. First, the excess sludge in the tanks of the series A is transferred to
the tanks of the series C. Then, nitrifying bacteria in the sludge is cultivated there to increase in
amount. The influent quantity into the series C is reduced to increase aerobic sludge retention
time and raise cultivated efficiency. Finally, the cultivated sludge in the series C is continuously
transferred into the series D with the sludge of the series B. The new system has resulted in
preserving stable nitrification activity in the all series.

Though this WWTP could not keep this approach due to equipment reconstructions and
increased T-N concentration in the latter half of the fiscal year, T-N concentration and AECR in
the first half of the fiscal year 2016 decreased by 0.3 mg/L (2.5%) and 0.002 kWh/m? (2.1%),
respectively in comparison to that of the fiscal year 2015.

4.3. Examples of the efforts in equipment upgrades
The other water treatment plants reduced T-N concentration and AECR by introducing or
reconstructing the equipment.

Figure 7 shows the effect of introducing a new sludge treatment equipment at WWTP C. Before
introducing the new equipment, its primary sludge and excess sludge are thickened by gravity
thickeners after they are mixed. The excess sludge contains less large particles and fibres than the
primary sludge, having less specific weights and difficult to thicken. The gravity thickeners were
not capable of thickening the mixed sludge enough, which is more difficult to be precipitated than
the primary sludge. Insufficient sludge thickening deteriorated the efficiency of the following
sludge treatment process. It also increased BOD in the thickener effluent, consuming excess
electricity to treat it. The concentration of
MLSS in the reaction tanks had to be kept at a
low level because the excess sludge was
reduced to preserve the thickening efficiency.

Thus, T-N concentration was difficult to
reduce.

In order to improve thickening efficiency,
the WWTP introduced a belt-type thickening
machines in the fiscal year 2015, which have
high thickening performance even for the
excess sludge. Then, the primary sludge and
excess sludge are thickened separately. The
existing gravity thickeners are for the former
and the belt-type thickening machines are for
the latter.

Consequently, the separated treating
enabled both types of sludge to be thickened

sufficiently; drastically decreased SS in the Figure 7 The sludge treatment flow before
sludge return water. Its T-N concentration and and after introducing belt-type thickeners.
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AECR in the first half of the year 2016 decreased by 0.3 mg/L (2.8%) and 0.009 kWh/m? (7.3%)
respectively, compared to that of 2015.

Second, we will show another example of the effect of introducing the new equipment. WWTP
D introduced a couple of new reaction tanks as replacements for the previous one, which were
built about 20 years ago. It expanded the sewerage treatment capacity and enabled the WWTP to
make more improvements in operations. Also, it has renovated equipment, such as high-efficient
blowers and micro bubble diffusers, which can treat sewage more efficiently. Its T-N
concentration and AECR in the fiscal year 2015, when the WWTP introduced new reaction tanks,
decreased by 0.9 mg/L (8.4%) and 0.03 kWh/m? (15%) respectively compared to that of the fiscal
year 2014,

4.4. Comparison between WWTPs
In addition, to evaluate results from directions and lengths of the vectors, the characteristics of
each WWTP from their position in the graph of all WWTPs. “The two Axis Management” graph
has four areas with the average of the all WWTPs at the center.
Figure 8 illustrates the characteristic of these areas. Each WWTP is located in one of the areas
depending on various factors, such as quantity
and quality of the influent, or capacity of
equipment. The located area clarifies the
priority for replacement of equipment. For
example, the WWTP, whose result of T-N
concentration and AECR both being above the
average, is considered to high priority for
equipment replacement, like the example of
equipment in WWTP D as described above.
Therefore, the graph of all WWTPs illustrates
features and problems of WWTPs, and then Figure 8“The two Axis Management”

enables us to review the plan to upgrade graph is divided into four areas.
equipment.

5. CONCLUSION

“The Two Axis Management Method” makes it possible to grasp the effects of improvements of
wastewater treatment operation and equipment upgrades clearly by illustrating the change of the
total nitrogen concentration and the AECR by the vectors.

In addition, we set the target value for each WWTP, which is then compared with the annual
result. It motivates us to make further effort to improve effluent and to reduce electricity
consumption.

We will continuously develop “the Two Axis Management Method” in order to conserve the
water in our environment and strive towards a low carbon city.
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4-1-4 Introduction of Kerosene-City Gas Dual Fuel Emergency
Generator in Tokyo Sewage Treatment Plants

Yusuke Sasaki*

* Tokyo Metropolitan Government, Tokyo, 163-8001, Japan
(E-mail: Yuusuke_1_Sasaki@member.metro.tokyo.jp)

Abstract

The sewage system in Tokyo is part of the city’s important infrastructure which supports the life of
13 million citizens and city activities. Meanwhile, Japan is one of major earthquake-prone countries
and has seen an increase in heavy rains. Therefore, we regard it as an urgent issue to maintain the
sewage treatment function in case of emergent power outage, and have been proceeding with the
introduction of emergency power generators. On the other hand, the Great East Japan Earthquake
that hit the Tohoku Region had triggered the discussion of improving the reliability of the
generators. We then took notice the earthquake-resistance of city gas and installed a kerosene-city
gas (dual fuel) emergency generator at one of sewage treatment plants in Tokyo. It can use gas fuels
such as city gas besides liquid fuels such as kerosene and heavy oil by switching fuel-control
valves. Even if the supply of kerosene is discontinued by earthquake disasters, the function of
sewage facilities can be continued. In installing the generator, we examined where to install it, how
to control it during changing fuels and whether or not it can be activated on city gas.

Keywords
Emergency generator; Securing the Function of Sewage; Diversification of fuels

INTRODUCTION

Sewage system in Tokyo

First of all, we will explain the outline of Tokyo Metropolis. As shown in Figure 1, Tokyo is
located almost in the geographical center of Archipelago of Japan, and in the southern part of the
field called Kanto Plain. With the area of 2190 km? (Kuala Lumpur has 243 km? in comparison),
Tokyo is the third-smallest prefecture in Japan, but it has the biggest population of more than 13
million.

Tokyo Metropolis is roughly divided into 3 areas: 23 Wards, Tama Area, and Islands. 23 Wards
have the area of 626 km? in total, with 9 million inhabitants. There are many sightseeing spots
including the Imperial Palace, the metropolitan government buildings, TOKYO SKYTREE,
Shibuya, Ginza, and Roppongi, etc. Tama Area has an area of 1160 km?, with 4 million inhabitants.
It is famous for mountains and lakes such as Mt. Takao (the highest 3 stars rank has been awarded
by Michelin Guide). Besides, Islands distributed on Pacific Ocean also belong to Tokyo Metropolis.
Ogasawara Islands, which is inscribed on the UNESCO World Heritage List as a natural property,
is also included in Tokyo Islands.
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Figure 1. Tokyo 23 Wards and Tama Area (based on the map made by Geospatial Information
Authority of Japan (http://maps.gsi.go.jp/))

Next, we will discuss the sewage in Tokyo. Tokyo’s sewage was introduced in 1884 when the
construction of “Kanda Sewage” began. After the large-scale construction during the era of high
economic growth in 1970’s, the coverage ratio of Tokyo sewage reached approximately 100% in
1995. Currently we manage pipes and culverts with the total length about 16000 km, 84 pumping
stations and 13 sewage treatment plants (called Water Reclamation Center in Tokyo) in 23 Ward
Area, 2 pumping stations and 7 Water Reclamation Centers in Tama Area. We directly manage
these facilities to process wastewater and sludge securely and remove rainwater quickly for safety
and security of Tokyo citizens. 80% of 23 Ward Area uses combined sewer system and 20%
separate system. In the area where combined sewer system is used, sewage exceeding the
predefined amount is considered as rainwater and drained. A number of pumps for draining
wastewater and rainwater are necessary. For instance, 58 pumping station for draining rainwater is
located in 23 Ward Area. There are 3 to 5 pumps in each pumping station depending on the scale.
Some of them are operated with large-scale motors with its capacity about 3000kW. Additionally,
large-capacity equipment listed in Table 1 are managed in each Water Reclamation Centers.

Table 1. Examples of Large-capacity Equipment in Water Reclamation Centers and Pumping
Stations

Kind of Equipment Capacity [kW]

(number of installation)
Sunamachi Water Wastewater pump (15) 750, 950, 1360, 2090, 2600
Reclamation Center Rainwater pump (10) 900, 1850

Blower (10) 400, 620, 810, 830
Kuramae Pumping Rainwater pump (8) 3000, 3100

Sation

It is necessary to use a large amount of electric power in order to operate these equipment. Tokyo
sewage is consuming the power of 980 million kWh. This is more than 1% of the total power
consumption in Tokyo Metropolis and approximately 0.8 % of the annual power consumption in the
whole Malaysia.

In addition to the maintenance of these facilities, to solve problems Tokyo sewage faces, we are
working on various projects including Reconstruction facilities, Flood Countermeasures, Measures
for earthquake disaster, Improvement of combined sewer system, Advanced Treatment, Energy
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Measures and Global Warming Measures. For example, Tokyo has a mean rainfall approximately
1500 mm, and monthly rainfall is at most 150 mm in rainy months. But, heavy rains exceeding 50
mm/hour are in increase in Tokyo these days, so that Flood Counter Measures against shortage of
rainwater treatment capacity of sewer system is more important in some area. Additionally, since
Japan is an earthquake-prone country, Measures for earthquake disaster are inevitable. Hence it is
important, we think, that installation of emergency generator and structuring the system in which
we can continue the operation of each facility even in emergency, as well as advancing the
earthquake-proofing of sewers and facilities. Capacity of each generator is specified so that it can
supply enough power to all rainwater pumps in the pumping station in order to protect Tokyo from
flood damage in case of power outage. The motors of emergency generators adopted are mainly gas
turbine, using kerosene as its fuel which is stored in facilities to supply electric power to pumps
immediately.

DISCUSSION
History

In March 2011, the Great East Japan Earthquake of magnitude 9.0 hit Tohoku Region. Tsunami
caused extensive and serious damage to Tohoku and other areas, with power stations also attacked.
This situation effected on domestic power supply capacity and it has dropped and consequently
unprecedented rolling power outage was executed. We were obliged to operate emergency
generator to allocate power in Tokyo sewage. Because of the great earthquake, traffic and
distribution systems were extensively confused and procurement of kerosene had become difficult
for about 10 days. Because of this experience, we discussed diversification of fuels other than
kerosene. Then it was city gas that we noticed. This is the gas derived from Liquefied Natural Gas
(LNG) supplied by private gas companies through the gas piping network. City gas piping is highly
earthquake-resistant and therefore its supply was not discontinued during the Great East Japan
Earthquake, with hardly any damage to gas piping even in Tohoku district. Additionally, since city
gas can be used in almost all area of Tokyo 23 Wards, it is possible to draw the gas from piping of
gas companies. Because of these advantages, we decided that kerosene-city gas dual-fuel gas
turbine emergency generators, which can run on city gas as well as kerosene, the normal fuel,
should be adopted. By introducing dual-fuel emergency generators, even if kerosene runs short,
generators will be able to run on city gas and maintain the function of the facility.

A dual-fuel emergency generator was installed in Nakagawa Water Reclamation Center (capacity
590000 m3/day) in the northeast of Tokyo for the first time in Tokyo sewage and it began operating
in September, 2016. Figure 2 shows the aerial photograph of Nakagawa Water Reclamation Center.
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Figure 2. Aerial Photograph of Nakagawa Water Reclamation Center

Kerosene-City Gas (Dual-fuel) Emergent Power Generators

Constitution of the dual-fuel generator is illustrated in Figure 3, specification of the motor is shown
in Table 2.

Fuel control Fuel control
Fuel valve valve
ue Gas
___3. &
(kerosene) >4 > compressor,
I :
i I_'_} Cooling water tank/
A"‘ I— ....... — pump
valve .
Air chamber/
g [ — oo
e v ]
wow
MOtOr ‘I‘ Generator
(gas turbine)

Figure 3. Constitution of the Dual-Fuel Emergency Generator

Table 2. Specification of the Motor

Type Simple Open Cycle Twin Shaft Gas Turbine
Rated Power Generator Terminal Output 10400 kW
Generation

Starting Device  Air

Started on Kerosene: Voltage is established 3 minutes after the
start command

Started on City Gas: Voltage is established 5 minutes, including
the time to air-purge after the start command, at the shortest
Fuel Kerosene or City Gas

Cooling Method  Air

Time to Start

Main body of the generator is constituted by the motor (gas turbine) and the generator (synchronous
generator). Its rated power output is 10400kW. The turbine is started with the compressed air from
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the air chamber. The time between the start command and establishment of the voltage is about 3
minutes when it is started with kerosene, functioning well as the emergency generator. Air-purge
means the control after gas operation to emit residual gas remaining in motors or gas piping to
prevent explosion. As for auxiliary equipment, in addition to auxiliaries for kerosene, auxiliaries
dedicated to city gas including gas compressors to compress the city gas, cooling equipment for gas
compressors, and air supply equipment are necessary.

The difference between generators running exclusively on kerosene and dual-fuel ones is that the
latter can use gas fuels including city gas besides liquid fuels such as kerosene or heavy oil by
switching the fuel supply with fuel control valves. It is also possible to switch the supply between
kerosene and city gas while the motor is running.

What we paid attention to introduce the dual-fuel emergency generator are following 3 items: The
first is where to install it. Because Nakagawa Water Reclamation Center is located in the
neighborhood of residential area, it was necessary to install in a building to reduce noise and
vibration on residential area. Additionally, because auxiliary equipment for both kerosene and city
gas were necessary, the installation space larger than generators only on kerosene was necessary.
Hence it was necessary to confirm whether the large space could be allocated. Moreover, because
the gas had to be high pressure enough to operate gas turbine, it could not be drawn from household
low-pressure piping (supply pressure 2.5kPa or lower) and it had to be drawn from medium-
pressure gas piping (supply pressure between 0.1MPa and 1 MPa). Hence it was necessary to
allocate the route for drawing the piping. Because the existing building in Nakagawa Water
Reclamation Center satisfied all these conditions, we decided that installation was possible. The
ground plan around the building for the generator is shown in Figure 4. The medium-pressure gas
piping was branched from the piping near public road.
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Figure 4. Aerial Photograph of the Neighborhood of Nakagawa Water Reclamation Center

The second point is that significant fluctuation of the load should be avoided because the motor
cannot keep up with it during the switching between kerosene and city gas (about 2 minutes). The
motor might be stopped in the worst case. For that purpose, an interlock circuit to prevent large-
capacity equipment such as pumps and blowers from starting was programmed into the process
controller for plant control.

The third point is that the gas compressor must be already working when the generator is started
even if power outage occurs. Although we discuss exclusive power source for the gas compressor
starting, the power cell with sufficient capacity is too large. Therefore we did not adopt the idea.
Based on that decision, operation procedure of the dual-fuel emergency generator is sorted out as
shown in Table 3. Among the operation pattern in Table 3, A and B shows the operation where
kerosene is used in starting. Kerosene is used in all operation from startup through load operation to
stop. Because operation time is limited by the storage of kerosene, procurement of kerosene to
pumping station or Water Reclamation Center is necessary in long operation. Therefore this pattern
assumes that the supply route is secured. In the pattern B, the generator is started with kerosene and
gas compressor is run with the generated power and subsequently the fuel is switched to city gas in
this pattern. Since kerosene is used only in the startup in this case, there is no limit in the operating
time. When A and B are compared with each other, B is more convenient in conserving the stored
kerosene, but kerosene is cheaper than city gas in Tokyo. Therefore B shall be chosen only when
the supply of kerosene is difficult otherwise A is chosen. In addition, C is the flow where city gas is
used exclusively. As explained above, starting up with city gas shall not be done during the power
outage.
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Table 3. Operation Procedure of Dual-Fuel Emergency Generators

Operation Load
Pattern Start H Operation » Stop Note
A Kerosene Kerosene Kerosene | Emergency except
the pattern B
B Kerosene | CityGas L oo | When itis difficult
City Gas | to procure kerosene
C City Gas City Gas City Gas | This operation does
not occur

CONCLUSIONS

Effect of the Introduction and Future Development

Dual-fuel emergency generator was installed in Nakagawa Water Reclamation Center for the first
time in Tokyo sewage in order to diversify fuels. Owing to this equipment, it has become possible
to secure electric power not only in case of power outage, such as by lightning, but also in case
procurement of kerosene becomes difficult, and consequently sewage processing function of
Nakagawa Water Reclamation Center was enabled to continue in any case.

We plan to adopt one dual-fuel generator of the emergency generators in all Water Reclamation
Centers, and thereby diversify fuels. We are going to continue the effort so that the above measure
may enable the Tokyo sewage, which is continuously supporting the life of Tokyo citizens,
maintain its function in case of emergency as well as in normal condition and consequently
maintain the high level of safety and security.
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4-2-1 Rebuilding of the Pumping Station in Tandem with City Planning in Front of Tokyo Station
and Contribution to the Community through Using the Upper Space Thereof
Takashi Kinoshita
1. Challenges faced by Zenigamecho Pumping Station

Zenigamecho Pumping Station of the Bureau of Sewerage, Tokyo Metropolitan Government
(hereinafter referred to as the “Bureau”), located in Tokiwabashi District, on the northern side of
the Tokyo Station, is an important pumping station in charge of sewage removal in a total area of
1440.19 ha basin including Chiyoda Ward, Chuo Ward (Figure 1).

Zenigamecho Pumping Station was first established with the pumping capacity of 4.26 m3/s in
March 1931 and had been operating since then, however, as the volume of sewage inflow into
the pumping station remarkably increased due to the increase of the population within the
drainage area of the pumping station and verticalization of the buildings in the basin, the current
Zenigamecho Pumping Station was re-established in July 1966 with the pumping capacity of 8.50
m3/s by sharing the premises with private buildings. Since the commencement of its operation,
approximately 50 years have passed, and bodies of the facilities, conduits and equipment are
considerably aged and thus, it became necessary to rebuild Zenigamecho Pumping Station in
order to pump the sewage stably in the future.

There are the following challenges for rebuilding Zenigamecho Pumping Station:

Firstly, it is difficult to update the pumping station independently without affecting the
structure of private buildings. Zenigamecho Pumping Station has its structure integrated with
private buildings and uses a part from underground to the first floor of the whole building

(Figure 2). Therefore, remodeling the existing facility structure will affect the structure of the
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entire private buildings.

Secondly, it is difficult to secure a temporary alternative lot for rebuilding the pumping station
without stopping its function. Since public facilities such as business commercial buildings,
underground parking lots and underground electric transforming station are concentrated in the
vicinity of Zenigamecho Pumping Station, it is impossible to physically secure a lot to arrange a

new pumping station in advance.

[Figure 1]
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[Figure 2]

2. Participation in City Planning around Tokiwabashi District and Chain Redevelopment Project

Located to the north of Tokyo Station, Otemachi area is the home of many office buildings of
enterprises and has been playing the central role in Japan’s economy by functioning as one of
the most important international business centers in the world. In recent years, aging has
progressed in many buildings, and it has become necessary to promote redevelopment without
interrupting business activities. Therefore, the Otemachi Chain Urban Renaissance Project
(hereinafter referred to as the "Chain Redevelopment"), which reconstructs aged buildings in a
chained way by using the former compound of the government joint office building as a
temporary alternative lot, has been promoted as a land readjustment project implemented by
UR, which started its first phase of the Chain Redevelopment in 2005 (Figure 3).

Tokiwabashi District was not initially included in the project area of the Chain Redevelopment.
However, in order to respond to the challenges being faced by Zenigamecho Pumping Station as

well as other challenges of the town such as aging of private buildings and complicated relation

WS T AGE REATTRA SR -2018- Vol. 42 4-2-1 271



of rights, the “Committee for Examination and Investigation on Redevelopment of Complex
Facilities District (Tokiwabashi District),” consisting of land owners and leaseholders including the
Bureau and academics, considered the participation in the Chain Redevelopment Project from
FY2007 to FY 2010.

The Bureau agreed to participate in city planning as one of land owners in August 2012 and
decided to promote rebuilding of Zenigamecho Pumping Station in cooperation with city
planning of Tokiwabashi District. As a result, a decision on city plans was made to include
Tokiwabashi District in the area of the Chain Redevelopment Project in December 2012.

Regarding the city planning of the Tokiwakabashi District, in the Guideline on City
Development of Otemachi, Marunouchi and Yurakucho Districts (formulated in March 2002 and
revised in May 2014), the creation of bustle that is the core of the city center community in line
with the renewal of core infrastructure facilities such as sewage pumping stations, etc. and
improvement of accessibility between Tokyo Station and surrounding areas were shown as the

basic idea of establishment of the community base.
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[Figure 3]

3. Rebuilding the Pumping Station in Tandem with City Planning and Contribution to the
Community

The following is the description of the details of the rebuilding process and the contents of the
contribution to the establishment of the community base shown in the Guideline on City
Development of Otemachi, Marunouchi and Yurakucho Districts.
(1) Rebuilding Zenigamecho Pumping Station

Figure 4 shows the current layout of buildings and other structures in Tokiwakabashi District
and the location of the project plan.

In the rebuilding procedure, a part of a private building of which the tenants were moved out
by the chain redevelopment will be dismantled first in advance. Next, a new pumping station will

be developed at the site created by dismantling in advance. Then, after switching the incoming
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and outgoing conduits and starting the operation of the new pumping station, the existing
pumping station will be dismantled.

(2) Development of a Reservoir for Rain Water Storage, and Utilization of the Upper Space
through the Use of Multi-level City Planning System

Together with rebuilding Zenigamecho Pumping Station, a reservoir for rain water storage will
be developed to improve the combined sewer system by storing the sewage of initial rainfall. In
order to pursue integrated and advanced utilization of the entire block of the district along with
development of the reservoir ferrain-watersterage, it is planned to construct a private building
in the upper space of the reservoir for rain water storage by utilizing the multi-level city planning
system provided in Article 11, paragraph 3 of the City Planning Act. Specifically, the city plan was
revised so as to stipulate multi-level limits for approximately 1,530 m? within the site where the
new pumping station is to be constructed (approximately 5,300 m?) and to set up the range of
urban facilities only covering the necessary range for the reservoir for rain water storage (Figure
4).

As a result, it has become possible to allocate a private building from Tokyo Station side to
Nihonbashi side. Shops, etc. in the lower level of the private building will be facing the adjacent
large-scale plaza, and the bustling interchange space where the plaza and the buildings are
united will be formed (Figure 5).

Furthermore, the private building to be constructed together with the reservoir for rain water
storage is planned to become a new landmark of Tokyo as it will be the highest building (approx.
390 m) in Japan(Figure 6).

(3) Transfer of Floor-Area Ratio to Private Buildings, etc. in Tokiwabashi District
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The floor-area ratio in Tokiwabashi District was set as 1,760% through the proposal to
designate as a special zone, etc. The necessary floor-area ratio for Zenigamecho Pumping Station
is 500% and thus, the remaining 1,260% is the surplus. Therefore, the surplus floor-area ratio is
to be transferred to other buildings in the District by applying the Design System of Collective
Buildings provided in Article 86, paragraph 2 of the Building Standards Act. As a result, floor area
of the private buildings, etc. to be used for calculation of the floor-area ratio will be increasing

and business and commercial functions of such buildings can be expanded further (Figure 7).

[Figure 4]
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[Figure 5]

[Figure 6]
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[Figure 7]

4. Benefits to the Bureau of Sewerage Brought by this Scheme
(1) Workability and Maintenance

By participating in the Chain Redevelopment Project, the pumping station can be rebuilt
without suspending its function as a pumping station. In addition, by redevelopment of the
buildings in the District, the structure of joint construction with private buildings will be
dissolved, and the new pumping station will have a pumping facility and building with
completely independent structure. As a result, it will become easy to conduct regular
maintenance and improvement works, etc.
(2) Economic Efficiency

Compared to the case of rebuilding a pumping station independently, participation in the
Chain Redevelopment can reduce the cost to acquire a temporary alternative lot. In addition, as

the transfer of Zenigamecho Pumping Station is subject to compensation for land readjustment
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project, cost for rebuilding the pumping station will be covered not by the budget for sewerage
projects but by the budget for land readjustment projects. The costs for the land readjustment
project shall be borne by relevant land owners and leaseholders and thus, the Bureau shall also
bear some of the costs. However, the Bureau can rebuild the pumping station with a smaller
amount of costs than that of the case of independent rebuilding. Furthermore, the Bureau can
gain rent income by leasing out some parts of the upper part of the reservoir for rain water

storage to private sectors.

5. Conclusion

Located in the center of urban areas, it is often difficult to acquire alternative sites necessary
for rebuilding the facilities while maintaining their functions. If a new city plan is being
considered around such sewerage facilities, it can be expected to facilitate rebuilding by
participating in such city planning.

On the other hand, in order to realize appealing city redevelopment suitable for the city center,
it is required not only to improve infrastructure as sewerage facilities but also to make advanced
use of land and to coordinate with local characteristics and development plans of the area
around such facilities. Therefore, it is important to formulate a rebuilding plan that will
contribute to city redevelopment so as not to hinder the original business of the Bureau of
Sewerage.

The redevelopment of Tokiwakabashi District started in FY2017 with rebuilding of
Zenigamecho Pumping Station, and the project is to be implementer aiming for completion in

FY2027.
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4-2-2 Installation of Turbocharged Fluidized Bed Combustion
System for Efficient Sludge Incineration
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Abstract

The Bureau of Sewerage, Tokyo Metropolitan Government (henceforth TMG) has established a total
incineration system for the whole amount in 2003 to extend sludge disposal site life in Tokyo Bay. Therefore
the emissions caused by the sludge treatment were increased. To cope with this problem, we have worked
positively to reduce the energy usage and the amount of GHG emissions. Especially, we have been working on
several stages of incineration technologies development to reduce them. Previously, we had developed the
incinerators that could reduce the large amount of nitrous oxide (henceforth N.O) due to the sludge combustion
and carbon dioxide (henceforth CO;) due to using auxiliary fuel. Recently, we developed a turbocharged
fluidized bed incinerator which enabled to reduce not only sludge combustion origin N2O and auxiliary fuel
origin CO; but also the amount of electricity consumption. Owing to this, we can reduce the large amount of
energy and GHG emissions from the incinerator compared with previous types. We report the effect of the
turbocharged fluidized bed incineration technology.

Keywords
Sludge incinerator, reduction of greenhouse effect gas, energy conservation, turbocharger

BACKGROUND

Sewerage plays basic roles to ensure the dependable and comfortable living environment and to
form good water environment as the requisite infrastructure to support the livelihood of the people
and the urban activities. For example, Sewerage contributes to improve the life environment by
treating waste water, protect people from flooding hazard by draining stormwater and conserves the
quality of public water environment. Though, on the other hand, the bureau of sewerage, TMG
(henceforth our bureau) uses slightly more than 1 percent of power consumption of total annual
consumption of the Tokyo metropolitan area to provide these sewerage services. In addition, it is
expected that energy usage and GHG emissions caused by sewerage services activities will increase
because of increasing in population and trying to improve sewerage services (flooding
countermeasures, improving combined sewerage, etc.) .Thus, we are responsible for the reduction
of power consumption as a major power consumer.

Thereafter, we formulated the global warming countermeasures plan named “Earth Plan 2004” that
aims to reduce GHG emissions caused by sewerage services activities by 6 percent or more relative
to FY 1990 by FY2009 Y, and we had been trying to reduce GHG emissions based on this plan.
After that, we had achieved the goal of “Earth Plan 2004” and we formulated “Earth Plan 2010 to
reduce GHG emissions furthermore in FY2010. The “Earth Plan 2010 aims to reduce GHG
emissions caused by sewerage services activities by 25 percent or more relative to FY 2000 by
FY2020 2. In addition, we also formulated the master plan to enhance energy efficiency and to
promote energy management for sewerage works of Tokyo named “Smart Plan 2014”. It aims to
have at least 20 percent of total energy consumption for renewable energy and energy conservation
by FY2024 2. We have been trying to reduce GHG emissions and the energy usage based on these
plans.
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Figure 1 shows the percentage of GHG emissions caused by TMG’s activities in FY 2015. The total
amount of GHG emissions was around 2.3million t-CO. and we emitted 35 percent of it.

Total: approximately 2.3 million t-CQ,

35%

(0.8 million t-CO,)

M Bureau of Sewerage
33%
4 Bureau of Waterworks

4 Bureau of Transportation

14% 4 The others

Figurel. Breakdown of GHG emissions caused by TMG’s activities in FY 2015

We incinerate dewatered sludge that is produced during the waste water treatment process to reduce
of volume significantly and we mainly dispose incinerated ash into final disposal site in Tokyo Bay
as wastes. The reason why we incinerate dewatered sludge and try to reduce of volume is because
we don’t have enough space to construct a new disposal site in Tokyo Bay and we need to extend
the life of the present site. On the other hand, we use a large amount of energy to incinerate
dewatered sludge.

The amount of GHG emissions caused by the sludge treatment was 570,000t-CO./year and
accounted for 53.5 percent of our bureau’s total GHG emissions (1,065,000t-COa/year) in FY2000
that is base year as the reduction target in “Earth Plan 2010”. After that, we could reduce the
amount of GHG emissions caused by the sludge treatment to 401,000t-CO2/year and accounted for
42.8 percent of the total GHG emissions in FY2009. Especially, one tonne of N2O that is mainly
emitted by the sludge incineration process is equivalent to 298 tonnes of CO,. Therefore, we have
worked positively to reduce N.O emissions.

We have installed the turbocharged fluidized bed combustion system which is one of the high-
temperature and energy-saving incinerators those can reduce GHG emissions significantly by
improving the combustion system compared with previous type of incinerators. Furthermore, we
have operated it at a few waste water treatment plants to reduce the energy usage and GHG
emissions much further than the previous type of the incinerators from FY2013. We report the
energy-saving effect and GHG emissions reduction effect by installing the turbocharged fluidized
bed combustion system.

OUR TACKLE THE GHG EMISSIONS RELATED TO SLUDGE INCINERATION

We have been trying to reduce GHG emissions caused by sludge incineration by operating
incinerators with ingenuity and by installing new type of incinerators.

At the first stage, we have focused on N2O caused by sludge incineration. It is generally known that
we can decrease the amount of N2O emission when we incinerate sludge at higher temperature?®
(Figure2). Therefore we set a target to reduce sludge incineration origin N>O emission by 70
percent by raising incineration temperature from 800°C (1472°F) to 850°C (1562°F) and we had
been trying to reduce N2O emission. On the other hand, the increase of incineration temperature
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was accompanied by some disadvantages such as the shortened interval of maintenance and repairs
of the incineration. Moreover, auxiliary fuel usage was increased. Therefore, auxiliary fuel origin
CO2 was also increased.

W [ncineration temperature vs N2O emission

kg DS
& 14

12

10

e, . . Reduced Nz0 amission

e to high-temperature

ncineration

0 — ——
790 7800 810 820 830 840 - 850 " 860
+Current, ’ High-temperature

Incineration temperature ('C) neineration

Figure2. Correlation chart between incineration temperature and N>O emission

At the second stage, we developed the “multilayer burning fluidized bed incinerator” that can
reduce N2O by approximately 50 percent and auxiliary fuel origin CO2 by approximately 20 percent
compared with the conventional fluidized bed incinerators of the first stage. One of the biggest
features of this incinerator is that combustion air is blown into not only the bottom but also the
middle of the incinerator. Therefore, it can form high temperature layer in the middle of the
incinerator for the thermal decomposition of N2O. (Figure3, Figure4).

N,O o,
00T 100 ‘ 100 ‘
First Stage
850°C 30 120

Scond Stage 15 U6

Figure3. Image of GHG emissions reduction (relative value)
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White smoke Exhaust gas
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Figure4. Multilayer burning fluidized bed incinerator

Air preheater
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As a result of the first stage and the second stage efforts, we had achieved GHG emissions reduction
of N2O from incineration process by approximately 65 percent and CO; originated from auxiliary
fuel by approximately 50 percent compared with the amount of GHG emissions in FY2000
(Figureb). Though, GHG emissions caused by using electricity for the sludge treatment process
were broadly flat, therefore we needed to use less electricity to reduce the total GHG emissions
moreover.

10,000t-CO,

120

- i
M the others{chemical grouting origin CO2,etc})
80
M water treatment process orign N20
324
M electricity used in water treatment process origin CO2

60
12.2 343 M electricity used in sludge treatment process origin CO2
3371 341 345 341
a0 |} 6.7 \
M auxiliary fuels origin CO2
11.8] P . .
115 118 117 118 M Sludge incineration origin N2O
20+ 50 - s
i
FY2000 FY2012 FY2013 FY2014 FY2015 FY2016

Figure5. Transition of our bureau’s GHG emissions

THE TURBOCHARGED FLUIDIZED BED COMBUSTION SYSTEM

We have installed the turbocharged fluidized bed combustion system and have operated it from
FY2013 to reduce further energy usage and GHG emissions. It consists of a fluidized bed
incinerator combined with a turbocharger (Figure6). The compressor connected to the turbine
directly is driven by the combustion gas emitted from the incineration process and it takes in outside
air to generate compressed air and supply it as the combustion air to the bottom of the incinerator.
Therefore, the internal pressure of the incinerator becomes positive. The positive pressure inside of
the incinerator contributes to reduce the amount of GHG emissions as below. First, the higher
temperature range (around 880°C (1472°F)) formed in the middle layer of the incinerator expedites
thermal decomposition of N2O. Second, the turbocharged fluidized bed incinerator can be made
more compact compared with the conventional incinerators, due to its internal pressurized condition
and high incineration rate. Therefore, we can decrease the heat discharge from the surface of the
incinerator and we can reduce auxiliary fuel usage. Third, we use the turbocharger to supply
combustion air. Therefore the forced draft blower that is necessary for the conventional fluidized
bed incinerators is not needed. Moreover, because the pressure inside of the incinerator is positive,
the induced draft fan discharging the exhaust gas out of the system that is necessary for the
conventional fluidized bed incinerators is not needed. These features contribute to use less
electricity in incineration process substantially. It was the world’s first technology to use pressure
for incinerating dewatered sludge and the turbocharged fluidized bed incinerator was installed at
Asakawa water reclamation center (or waste water treatment plant) that is one of our facilities in
FY2013. We operate this system at three waste water treatment plants (Asakawa, Kasai and
Shingashi) now.
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Figure6. Turbocharged fluidized bed combustion system

RESULT OF INTRODUCTION OF THIS SYSTEM

Contribution to energy reduction

As mentioned above, we can reduce electricity usage and auxiliary fuel usage for incineration
process by installing the turbocharged fluidized bed combustion system compared with the
conventional incinerators.

We show the result of the installation the turbocharged fluidized bed incineration system at
Shingashi water reclamation center as an example. We used electricity for the incineration process
approximately 3.5million kWh/year and we use auxiliary fuel approximately 920,000 Nm?®/year for
operating the previous type of incinerator in FY2012. Then, thanks to installing the turbocharged
fluidized bed incineration system, we could reduce electricity usage for incineration process by 53
percent (1.6million kWh/year) and auxiliary fuel usage by 87 percent (120,000 Nm?®/year) in
FY2016. In addition, compared with specific energy consumption, the previous incinerator used
92.2kWh to incinerate 1 wet ton of sludge. On the other hand, the turbocharged fluidized bed
incinerator used 37.9kWh (59 percent reduction) to incinerate 1 wet ton of sludge. Furthermore, the
previous incinerator used 24Nm?® to incinerate 1 wet ton of sludge. On the other hand, the
turbocharged fluidized bed incinerator used 2.7Nm? (89 percent reduction) to incinerate 1 ton of
dewatered sludge (Figure7).
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{Previous Type) {Turbecharged fluidized bed incinerator)

Figure7. Comparison of specific energy consumption
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Contribution to GHG emissions reduction

We set the target to reduce 40 percent or more CO2 emissions caused by using electricity for the
incineration process, 50 percent or more N>O emissions caused by incinerating sludge and 20
percent or more CO. emissions caused by using auxiliary fuel for incineration process compared
with the conventional fluidized bed incinerators (at the first stage).

Figure8 shows the comparison of GHG emissions caused by incinerating sludge at the Shingashi
water reclamation center. The CO> conversion factor of electricity is 0.489t-CO»/thousand kWh and
the CO- conversion factor of auxiliary fuel is 2.244t-CO2/thousand Nm?®. Then, we emitted GHG
emissions approximately 11,000t-COz/year including sludge incineration origin N2O from
conventional fluidized bed incinerator in FY2012. On the other hand, as the result of installing the
turbocharged fluidized bed combustion system, we could reduce GHG emissions by 73 percent
(approximately 3,000t-CO> emitted).

Tablel shows the comparison of CO. emissions intensity (t-CO/wet-t) between the conventional
fluidized bed incinerator and the turbocharged fluidized bed incinerator. Compared with the
conventional incinerator, we could reduce CO2 emissions intensity of sludge incineration origin
N20 by 77 percent, auxiliary fuel origin CO> by 89 percent and electricity origin CO by 58 percent
by installing of turbocharged fluidized bed combustion system.

(t-CO2/year)
12,000

10,000 - 1,711
8,000 ~ 2,075
2,093
6,000 M electricity origin CO2
dauxiliary fuel origin CO2
1,770 Y g
4,000 m sludge incineration origin N20
7,023
| soa |
2,000 3877 261
1,839
0
FY2012 FY2012 FY2016
(Convntional) (Multilayer) (Turbocharged)

Figure8. Comparison of CO, emissions

Tablel. Reduction of CO> emissions intensity

Conventional Turbocharged Redution

Unit Fluidized Bed Fluidized Bed
. . Rate
Incinerator Incinerator
CO2 emissions caused by using t-C02/wet-t 0.045 0.019 A57.8%
electricity kWh,/wet—t 92.2 37.9 -
Coz emissions caused by using t—COZ/wet—t 0055 0006 A891%
auxiliary fuel Nm3/wet—t 24.4 2.7 -
N20 emissions caused by t-C02/wet-t 0.185 0.042 A77.3%
incinerating sludge
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CONCLUSION

We could reduce CO: emissions caused by using electricity for the incineration process by
installing the turbocharged fluidized bed combustion system. Moreover, it also turned out that the
N20 emissions caused by incinerating sludge and CO> emissions caused by using auxiliary fuel
could also be reduced substantially. We have been trying to reduce GHG emissions based on “Earth
Plan 2010”. Thus, we could achieve the goal of “Earth Plan2010” ahead of schedule. Therefore, we
formulated new global warming countermeasures plan named “Earth Plan 2017” that aims to reduce
GHG emissions caused by sewerage services activities by 30 percent or more relative to FY 2000
by FY2030® and we are trying to reduce GHG emissions furthermore in FY2016. To achieve this
goal, we are advancing the development of new incineration system. For example, “energy self-
sustaining incinerator system” is that it utilizes waste heat to generate enough electricity for its own
consumption. Hereafter, we continue to try to reduce energy usage and GHG emissions further to
achieve the goals of “Smart Plan 2014” and “Earth Plan 2017” by introducing new ideas and new
technologies actively.
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Abstract

The capital city Tokyo is the center of Japan's politics and economy, and urban infrastructure
such as roads and water supply and sewerage support vigorous urban activities. For this reason, it
is of utmost importance to take countermeasures against earthquakes for urban infrastructure. The
Bureau of Sewerage, Tokyo Metropolitan Government (TMG) has been working on earthquake
resistance measures such as making manholes and pipe connections earthquake resistant and
prevention of manhole floating. This paper introduces earthquake resistance measures for sewer
pipes in Nagatacho and Kasumigaseki District (NKD) where the capital's core functions are
concentrated. Although there were many restrictions regarding construction time etc. due to
necessity for coordination with many government offices and competing constructions, we could
complete the work by making use of the features of seismic reinforcement technology by
trenchless technology to make work procedure and working time efficient and minimize the
impact on road traffic and the surrounding environment.

1. Introduction
Picture 1: Damage Occurred Picture 2: Manhole Floating
between the Sewer Pipes because of the Liquefaction Phenomena

Japan was hit by major earthquakes until now often, and the sewerage facilities were damaged
due to those earthquakes. In the Great Hanshin-Awaji Earthquake occurred in January 1995,
damage, protrusion, misalignment and cracking of the sewage pipes occurred, and damages were
frequently observed at the connection between the sewer pipes and manholes. These damages
were caused by rigid joint structure between manholes and sewer pipes which cannot absorb the
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difference of movement between manholes and sewer pipes induced by earthquake motion
(Picture 1). In the Niigata-ken Chuetsu earthquake in 2004, liquefaction phenomena occurred due
to strong tremors, and it caused many cases of manhole floating. Manhole floating not only
impairs the function of the sewers but also hindered road traffic by salient manholes above the
ground and affected emergency restoration activities and relief and rescue activities at the time of
earthquakes (Picture 2).

In the Great East Japan Earthquake that occurred in 2011, the administrative buildings in the
coastal area of Tohoku District were damaged, administrative functions and economic activity
stagnated. In the Kanto Region, liquefaction phenomena occurred and damage was extensive.
Tokyo is said that within the next 30 years there will be a 70% chance of an epicentral earthquake
directly under the capital occurring, and if Tokyo were to be damaged similarly, the whole
country would be affected enormously. In particular, in NKD, core functions of the Japanese
capital such as the National Diet are concentrated, and the importance of countermeasures against
earthquakes for sewer pipes is extremely high.

2. The Importance of Earthquake Resistance Measures in Tokyo
2.1. Seismic Reinforcement Technology Supporting Countermeasures against Earthquake
The Bureau of Sewerage, TMG supported the development of seismic reinforcement
technology of private enterprises in response to the damage of sewer pipes caused by earthquakes
and put them into practical use. We jointly developed a technology to make the junction of a
sewer pipe and a manhole with flexible structure (trenchless technology of seismic reinforcement
construction: TTSRC) and a technology to prevent liquefaction phenomena around manholes
(trenchless technology of manhole floating prevention: TTMFP) with private enterprises and have
been promoting earthquake resistance of sewer pipes.

Figure 1: Model Chart of TTSRC Picture 3: Cutting the Manhole

TTSRC responds to bending and protrusion at the time of earthquake by cutting the outer parts
of the pipe (manhole side wall part) with a cutting machine from inside the manhole and injecting
elastic joint material into the cut part. By doing this, it is possible to secure the flowing function
of the sewer (Figure 1, Picture 3).

TTMFP refers a method that a wall is drilled from the interior of a manhole (Picture 4), a
pressure relief valve (dissipation valve: Picture 5) is attached, and the excess pore water pressure
is dissipated into the manhole through the dissipation valve (Figure 2).
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Figure 2: Model Chart of TTMFP

Picture 4: Drilling the Manhole Picture 5: Dissipation Valve

By suppressing the impact on the manhole caused by liquefaction, it is possible to prevent
manhole floating and to reduce the influence on the road traffic.

Since these two construction methods apply seismic reinforcement from the inside of the
existing manhole, construction can be done without road excavation by keeping sewage flowing,
and the cost is lower and the construction time is shorter than the construction method to replace
the manhole. In addition, since the equipment used is small and easy to move, the noise and
vibration accompanying the work is also small. Furthermore, as only few ground facilities are
required and the work can be done inside the manhole, using these methods can also suppress the
impact on road traffic and pedestrians.

2.2. Countermeasures against Earthquakes for Sewer Pipes in Tokyo Metropolis

The total length of sewer pipes managed by the Bureau of Sewerage, TMG is approximately
16,000 km and the number of manholes reaches 480 thousand, and thus, it takes a lot of time and
expense to apply seismic reinforcement to all of these sewer pipes. For this reason, TMG gave
priority to districts where people gather at the time of earthquake and has been taking
countermeasures against earthquake for these prioritized areas and facilities. TTSRC has been
applied to sewer pipes receiving sewage from evacuation centers where people gather at the time
of earthquake, disaster recovery bases designated by the state, the Metropolitan Government or
each ward, terminal stations, areas where evacuation is not necessary where people can stay
within the districts as there is no fear of large-scale fire and evacuation is not required, etc. In
particular, since the damage of the sewage was concentrated on the sewer pipes with the diameter
of 800 mm or less, we have been working on the pipes with diameter of 800 mm or less.
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Figure 3: The Image about Countermeasures against Earthquakes in Tokyo
In addition, TTMFP has been applied to emergency transportation roads that support material
transportation and emergency restoration at the time of earthquake and access roads connecting
the emergency transportation roads to each evacuation center and disaster recovery base within
the areas where liquefaction is predicted (Figure 3).

3. Problem definition
3.1. Overview of Nagatacho and Kasumigaseki District (NKD)

NKD, located in the southwest of Tokyo Station, has an area of 210 hectares, and it is a
government office area with a population of 200,000 in the daytime. As there are many state
guests and government dignitaries visiting important institutions of the country in this district,
we regularly conduct facility inspections in a systematic manner in preparation for terrorism such
as intrusion into facilities via sewer pipes and dangerous acts. On the other hand, as many of the
sewer pipes in this district exceeded the legal service life of 50 years, there has been concern
about the deterioration in function at the time of earthquake. Liquefaction is also presumed in
most parts of the district. For this reason, in this work, priority is given to 17 facilities (Table 1)

Table 1: The List of 17 Facilities for Seismic Reinforcement of Sewer Pipes

Number |Facilities
1 National Diet

Legislative Bureau of House of Councilors

2

3 Prime Minister’ s Office
4 Board of Audit

5 Cabinet Office
6

7

8

Financial Service Agency

Ministry of Internal Affairs and Communication
Ministry of Foreign Affairs

9 Ministry of Education

10 Culture, Science, Sports and Technology, Agency for Cultural Affairs
11 Japan Patent Office

12 Ministry of Land, Infrastructure, Transport and Tourism
13 Tokyo Metropolitan Police Department

14 NTT DOCOMO, Inc.

15 National Personnel Authority

16 Ministry of Health, Labor and Welfare

17 Ministry of Economy, Trade and Industry

and 6 km of emergency transportation roads both of which are important as recovery bases at the
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time of earthquake, and we decided to implement seismic reinforcement by TTSRC and TTMFP
(Figure 4).

Figure 4: The Construction Map

The details of the construction work are as follows:
Construction period: from 7 August 2015 to 5 July 2016, 220 days
Construction purpose: seismic reinforcement of sewer pipes in NKD
Target facilities: seismic reinforcement of sewer pipes receiving sewage from disaster
recovery bases (17 facilities) and manhole floating prevention along 6 km
of emergency transportation roads
Construction quantity: 131 locations for TTSRC and 47 locations for TTMFP

3.2. Challenges in Proceeding the Construction

In NKD, many underground buried objects are congested, and it has large traffic volume and
many parked vehicles so that traffic regulation has been difficult. As the Diet, ministries and
government agencies are located in this district, it was also requested to minimize the influence
of construction as much as possible. On the other hand, other lifeline constructions and
redevelopment projects were carried out within the same district, and the construction period and
the working time were restricted when implementing the construction. In particular, due to the
difficulties in coordination with government agencies and in traffic regulation, even during the
construction period, it was required to implement the construction on holidays or between 21: 00
and 6: 00 with less traffic volume. Furthermore, in order to avoid overlapping with other
constructions, construction period was also limited at some construction sites. In response to such
site conditions, ingenuity of the construction method was required in order to complete the
construction within the initial construction period.
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3.3 Approaches
Specifically, we addressed the following 3 points to solve the above-mentioned challenges.

3.3.1 Gathering Construction Process in Three Areas
First, we tried to speed up the work by reducing the work waiting time and travel time. TTSRC
has 4 main stages in its process, namely (i) invert chipping, (ii) cutting, (iii) sealing, (iv) invert
restoration, and each stage requires different equipment to be used and technical experts.
In the construction procedure at the design stage, it was planned to complete the work on
manholes one by one by replacing equipment to be used and replacing workers for each stage.
Movement between construction sites would also create a loss of time.

Figure 5: The Working Zone Map

However, in practice, for 100 sites excluding the overlapping sites out of the 140 sites subject
to construction, considering the maximum amount of work per day, we divided the construction
range into 3 blocks(Figure 5) and increased the number of work units at one time up to 3 at the
maximum.

The same work was done continuously in a few days within one block and after the work was
completed, the team moved to the next block so that the work process transferred not for each
manhole but for each block. By reducing time for retooling equipment to be used and time for
shifting workers, we reduced the waiting time and travel time for work, made full use of working
time, and improved work efficiency. As a result of preparing the single work process, the amount
of work per day increased and the construction period could be shortened.

3.3.2 Assembling the Cutting Machine in the Factory

Secondly, by assembling the equipment outside the construction site and loading it to the site,
the work at the site became more efficient. In the case of TTSRC, cutting equipment is normally
assembled on site.

For the construction this time, as the working time at the site was limited, we made it possible
to secure longer time for working on site by assembling equipment in advance at the factory and
loading it to the site.
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3.3.3 Minimizing the Working Zone

Thirdly, for 40 sites overlapping with other construction works, we narrowed down the working
zone and realized competing constructions. In order to perform on-road construction, it is
required to reduce the influence on road traffic. In particular, if the working zones are adjacent to
each other, they would become an obstruction to road traffic and it might be impossible to get
permission for construction from the traffic administrator.

Ordinary Working Zone Reduced Working Zone Picture 6: The Working Zone

(25m?) (10m?)

Figure6: Difference from Working Zone

For example, for TTSRC, a work area of 25 m? is required at the time of construction. In order
to implement construction at the same time at two adjacent places, it has been required to
separate them more than 300 m between each other. In order to realize the construction at the
adjacent places this time, we parked the work vehicle carrying the equipment to the work zone at
another location and reduced the work area to 10 m? (Figure 6, Picture 6). By reducing the
influence on road traffic, we could obtain the understanding of traffic administrators and carry
out competing constructions.

In this construction work, we tenaciously consulted with concerned organizations in NKD and
competing construction providers, and adjusted the construction date, construction time,
construction sites to prepare conditions for launching the work on site. In addition, by making
full use of the features of the trenchless technology of seismic reinforcement technology, we
minimized the influence on road traffic and the surrounding environment. We also worked on
ingenuity at the work site and completed the work by shortening construction period.

4. Conclusion

TMG has been making its efforts in realizing an earthquake resistant town in preparation for an
epicentral earthquake directly under the capital which is expected in the future. Considering the
priority of target areas and target facilities, the Bureau of Sewerage is promoting
countermeasures for sewer pipes against earthquake by actively utilizing TTSRC and TTMFP that
can be implemented while draining sewage without excavating the road.
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In the future of NKD, we will work on earthquake resistance of the whole sewer pipes
throughout the area for 3 years starting from 2021 to improve earthquake resistance of the entire
area. In addition to this, the Bureau of Sewerage will implement seismic reinforcement of the
sewer pipes for 2000 facilities in the Metropolis and manhole floating prevention for 750 km of
roads for 5 years starting from 2016. We will continue to steadily promote earthquake resistance
of sewer pipes and will further enhance the safety and security of the capital Tokyo.
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4-3-1 Promotion of technological development in Tokyo Metropolitan
Government —Technological Development Promotion Plan 2016-

Shoko Kudo
Bureau of Sewerage, Tokyo Metropolitan Government (TMG)

1. Introduction

Tokyo's sewage system began with the construction of the “Kanda Sewer” in 1884, which was a brick sewer
pipeline. Since then, the city has been taking part in technology development, and has led the sewerage industry in
Japan.

Bureau of Sewerage, Tokyo Metropolitan Government (hereinafter referred as “The Bureau”) has been
conducting research projects linked to the challenges facing the sewage industry. In order to continue
technological development strategically and effectively, the Bureau formulated the “Technological Development
Promotion Plan 2016"(hereinafter referred as “the Plan™) as a 5-year plan (FY2016 to FY2020).

2. Technological development system of the Bureau and its previous achievements

The Bureau has been engaged in technological development, typically in collaborative research with private
companies and research institutions.

The Technological Development Section of the Bureau is a specialized section for technological development,
which takes charge of planning and supervising of the research. The Technological Development Section consists
of engineers with different backgrounds, such as civil, mechanical, or environmental engineering.

The Technological Development Section plays a leading role in technological development, but participation is
also open to other sections. For examples, members of water treatment plants are actively participating in
technological development according to their daily operation demands.

We introduce achievements of the research in the past.

(@) Example 1:Floatless method ®

“Floatless method” is a counter-uplift method of manholes. Soil liquefaction caused by earthquake also affects
the underground infrastructures. As a result, the manhole uplifts in the liquefied soil and hinders traffic.

The Bureau developed a valve to resist uplift water pressure by releasing excess water in the soil into the
manhole. By the end of FY2016, this system had been set up on about 1,150 km of roads crucial for emergency
traffic.

va® i) \ U Installing Pressure Relief Valves
Pressure Control
Pins
A ¥
Water
pressure | Inside Soil
@ ¥ manhole
7
Iron Megh
Manhole wall

Uplift pressure from
liquefaction

Figure 1 Floatless method mechanism
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2 Example 2:Turbocharged fluidized bed incinerator

Turbocharged fluidized bed incinerator is an energy-saving sludge incinerator. A turbocharger produces
compressed air from the combustion gas from the incinerator, and supplies the air to the incinerator. It can reduce
greenhouse gas emissions, electrical power and auxiliary fuel by 40% compared to conventional incinerators.

The incinerator has been adopted at three water treatment plants.

Figure 2 Fluidized bed incinerator at Kasai water treatment plant

3. Current situations and demands

Through the years of technological development, the following demands have become apparent:
(1) Demands for strategic and selective technological development

The Bureau conducts a variety of business, including wastewater treatment, construction of facilities and its
maintenance. Currently, the Bureau manages 16,000 km(approx.) of sewer pipelines, and 20 wastewater
treatment plants.

Since human and economic resources of the Bureau are limited, efficiency in business has to be improved
urgently.

Technological development is one of the most effective solutions to improve efficiency, and in order to secure
the success, strategic and selective planning is essential.

(2) Demand for cooperation with a wide variety of industries

New and innovative technologies have been invented not directly related to the sewage industry, such as
artificial intelligence and robots. However, cooperation between the Bureau and those innovative areas are still
limited, though some of the new technologies are apt for improving sewage systems.

The Bureau needs to strengthen cooperation with the different areas of research, and adopt new ideas to the
systems.

(3) Demands for active and sustainable collaboration with co-researchers

Collaborative research is a form of technological development that the Bureau and co-researchers take part in
together. The Bureau conducts collaborative research by either public invitations, or receiving the proposals from
public companies and research institutions.

Collaborative research enables the Bureau to develop technology adjusted to the facility and operational
demand of the Bureau. However, co-researchers should benefit as well as the Bureau, or they would lose
motivations in participating technological development.

For active and sustainable collaborative research, methods should fit into co-researchers’ demands. Strong
incentives are essential.

(4)Demands for technical training for engineers of the Bureau

Wastewater management requires diverse areas of knowledge and experience, and engineers with diverse
backgrounds support technological development of the Bureau.

For continuous technological development and active participations amongst the members of the Bureau,
technical training for engineers is crucial.
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4. Overview of the Plan
Considering the demands as mentioned in the preceding section, the Bureau formulated “The Technological
Development Promotion Plan 2016”.

Table 1 Table of contents of the Plan

Chapter Title

Chapter 1 Purpose of Technological Development

Chapter 2 Methodology of Technological Development, and Past Achievements
Chapter 3 Action Policies of Technological Development

Chapter 4 Technological Development Themes: Goals and Schedules

The Plan aimed to be a road map of technological development, clarifying which technology to develop in the
future, and when to complete. The Plan included the 53 technology themes and the schedules of each research
over five years (FY 2016-FY 2020).

The Bureau established four action policies as shown in Figure 3.

Policy 1: Policy 2: Policy 3: Policy 4:
Utilization of Promotion of Activating Improving technical
. . collaborative capabilities
MOT method open innovation — p
« Utilization of » The Sewerage * Implementation of » The Sewerage
portfolio analysis Techno new collaborative Research and
in selecting Conference research method Development
development Center
themes * The Technological
Development » The Sewerage
Consultation Desk Bureau Electronic
Library

Figure 3  Four action policies of the Plan

(1) Utilization of MOT (management of technology) method

In order to secure the successful technological development, the development themes (technology themes to be
developed) should be selected with enough consideration.

In this Plan, the Bureau decided to adopt the Management of Technology methods, especially the portfolio
method in selecting the themes. The portfolio method of the Plan includes evaluating the demands, the feasibility,
and the human resource requirement of the technological development, and making a comprehensive judgment.

According to the analysis, the Bureau selected 53 development themes.

(2) Promotion of open innovation

The Bureau decided to promote open innovation in order to strengthen the collaboration with private companies

and research institutions.

The first initiative is the “Sewerage Techno Conference”, which is a forum for exchanging ideas and opinions
with engineers of private sectors. Each conference is held with a theme provided by the Bureau. Engineers will
give presentations matching the themes, introducing their latest technology.

Through this conference, the Bureau can get the latest information from a wide range of industries, and adopt
the technology matching the demands.

The second initiative is the “Technological Development Consultation Desk”, which aims to provide a
comprehensive consultation about technological development to private companies and research institutions
interested in technological cooperation. For examples, the Desk is open to inquiries about technological demands,
and the proposal of original technology.

The Desk aims to be the mean for not only support, but also for gathering new information and making
connections with potential co-researchers.

WS T AGE REATTRA SR -2018- Vol. 42 4-3-1 314



(3) Activating collaborative research

In order to activate and keep sustainable collaboration with co-researchers, the method of collaborative research
should fit the demands of co-researchers. The Bureau will strengthen the communication to find the barriers in the
existing system, and reform the method.

To begin with the reformation, the Bureau implemented *“collaborative research with scheduled
implementation.”

On some existing collaborative research, the technology could not be implemented promptly since they did not
match with the reconstruction or maintenance schedule of existing facilities. This was an unfavourable issue for
the co-researchers, as they could not make profits without implementation.

With the method “collaborative research with scheduled implementation”, implementation schedule is set and
shared before the technological development, which makes it easier for co-researchers to plan, and more
importantly, to calculate the benefits.

(4) Improvement of technical capabilities of sewage industry and the Bureau

The Bureau decided to carry out the following initiatives to promote research activities and improve technical
capabilities.

The first initiative aims to support co-researchers. The Bureau constructed “the Sewerage Research and
Development Centre.”

Figure 4 Sewerage Research and Development Center

Sewage research and experiments are often difficult to conduct because actual treatment plants
and fields are often inaccessible. The Center is equipped with an experiment plant, field and a laboratory with
samples for research use.

The second initiative aims to support engineers. The Bureau decided to establish the “Sewerage Bureau
Electronic Library” in order to collect technological information and efficiently pass on knowledge to the
inexperienced engineers.

The Library will also provide the methodology of collaborative research in order to support the Bureau
members who are interested in participating in technological development.

5. Methodology of formulating the Plan

Here we explain the methodology of formulating the Plan, especially focusing on utilization of the MOT method.

Figure 5 shows the basic methodology.

\ Identify as Prioritize
Potential a By ; Development
Development Portfolio Themes
Themes Analysis

Figure 5 the Methodology of formulating the Plan
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(1) Collect the demands within the Bureau

First, we collected the demands for new technology within the Bureau.

In order to gather a wide range of opinions, all staff members took part in a questionnaire, including operation
managers of treatment plants, planners of construction, and maintenance staff. Through the questionnaire,
technologies in high demand were identified as potential development themes.

(2) Discover new technologies apt for the Bureau's operations

Secondly, the Bureau also collected the newly invented technology from the private sectors.

Through the “Techno Conference” and the “Technology Development Consultation Desk”, the Bureau gathered
the information such as the use of ICT and robot technologies. Technologies with the possibility for use were
picked as potential development themes.

(3) Evaluate priority levels using portfolio analysis
Thirdly, each theme identified in (1) and (2) were evaluated and prioritized based on the aspects of demands and
feasibility. Detailed aspects of the analysis are shown in Table 2.

Table 2 Aspects of portfolio analysis

Aspects Item Score  Definition
Impacts Importance 3 Defined as the core activity
Urgency 2 Highly demanded by members
Innovativeness 2 Improvements compared with existing
technology
Future Prospect 2 Possibility for future demands
Possible benefit 1 Po_ssibility for a patent, or an academic
rating
Feasibility  Probability 3 Probability of success

The Technological Development Section members completed the analysis. Six aspects were rated individually,
and according to the total scores, priorities were decided.
53 high-priority themes were identified as Table 3.
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Table 3 Details of 53 development themes

Purpose Goals Examples

of Technology

Operation and
Maintenance

Improve credibility of daily
operation/ Improve maintenance
management

Image sensor for analyzing
additive dosage for incineration
ash

Reconstruction

Speeding up reconstruction of aged
sewage facility

Non-open cut method for
pipe/manhole reconstruction

Saving Energy

Reducing environmental load

Automating system for air

blower control

Anti- Speeding up earthquake-proofing Thin pipe-lining method without

Earthquake from earthquake decreasing drain capacity

Wastewater Improving quality of treatment Sludge granulation for stabilizing

Treatment solid-liquid separation

Anti- Improving/supporting drainage Water level sensors with wireless

Inundation capability communications for manhole lids

Anti-Pollution | Improving quality of discharged Automation system for dosing
water to the river disinfectant

Recycling Promoting recycling of by-products Phosphorus removal from sludge

from wastewater management

As a result, diverse themes were selected, such as construction, maintenance and recycling. For example,
“Work robots for inspection, surveying and cleaning of deep sewerage pipelines” and “Binary-cycle electricity
generation to supply electricity by utilizing heat from sludge incineration” are both chosen from the ideas of the
Bureau staff.

The schedule of development is set according to these priorities.

(4) Provide support for both inside and outside of the Bureau

According to the schedule, the Bureau members, mainly the Technological Development Section members look
for the co-researchers.

Once the collaborative research is conducted, the Bureau provides various support, such as offering utilization of
the “Sewerage Research and Development Center.”
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6. Conclusion

By formulating the “Technological Development Promotion Plan 2016,” the Bureau was able to establish the
methodology to enable further development of technology.

The sewage system in Tokyo is facing various problems, such as depopulation and heavy rain. Strategical and
effective technological development is a key for tackling the newly emerged problems.

The Bureau will continue to resolve future issues through technological development.
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