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令和３年度 研究成果発表会 

日 時：令和 4(2022)年 6 月 21 日 10 時 30 分開会 

●研究成果報告

１．特別研究グループ「最終処分場管理の最適化に関する特別研究」 

グループリーダー 石井 一英 

特別研究Ａ：廃棄物最終処分システムのＤＸとＧＸに関する研究 

主 査 石井 一英 

特別研究Ｂ：廃棄物最終処分場の長寿命化に伴う機能検査と気候変動適応策の研究 

主 査 石井 一英 

副主査 阿賀 裕英 

２．行政研究グループ「廃棄物の物性変化に応じた処分場施設のあり方研究」 

グループリーダー 宇佐見貞彦 

サブリーダー 纐纈 卓也

行政研究：廃棄物の物性変化に応じた最終処分場施設のあり方に関する研究 

主 査 宇佐見貞彦 

副主査 纐纈 卓也 

３．調査研究１グループ「最終処分場の維持管理・廃止に関する調査研究」 

グループリーダー 宮脇健太郎 

サブリーダー 坂本 篤 

調査研究１－１：最終処分場の廃止に関する研究 

主 査 坂本 篤 

副主査 庄司 茂幸 

調査研究１－２：高ｐＨ浸出水に関する調査研究 

主 査 宮脇健太郎 

副主査 坂本 篤 

４．調査研究２グループ「最終処分場技術の国際展開に関する調査研究」 

グループリーダー 則松 勇 

調査研究２：アジア地域への日本の最終処分システム技術の情報発信に関する研究 

主 査 則松 勇 
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特別研究グループ 

 

 

Ａ：廃棄物最終処分システムの DX と GX

に関する研究 
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PREDICTION OF LEACHATE GENERATION 
FROM A LANDFILL SITE USING THE LONG 

SHORT-TERM MEMORY MODEL

Sardinia 2021

11:00-12:30, October 14th, 2021

Laboratory of Sustainable Material Cycle Systems,
Faculty of Engineering,

Hokkaido University, JAPAN

Kazuei Ishii, Masahiro Sato 
and Satoru Ochiai

Japanese time: 18:00-19:30, October 14th, 2021
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Time-series data LSTM layer Regression output

https://jp.mathworks.com/help/deeplearning/ug/long-short-
term-memory-networks.html

Only information that is judged to be useful is retained, and information 
that is judged to be not useful is forgotten through the forget gate

23

The traditional RNN model is subject to the gradient vanishing or blowing up after 
many time steps. 
On the basis of RNN, the LSTM model added a memory “cell” structure to judge 
whether the information was useful or not, by input, forget, and output gates (Yu 
et al., 2020). 

Long short-term memory (LSTM) model

Fully connected layer
Deep Learning

24

Objective study

The objectives of this study were to apply a LSTM 
model to predict the leachate generation from a 
landfill site located on Hokkaido, Japan, 
considering daily and seasonal changes in 
leachate quality.
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25

Landfill sites in Hokkaido

Objective landfill site in snow area
Hokkaido

Japan

The objective landfill site

Semi-aerobic landfill
Area: 13.2 ha
Volume: 1,840,000 m3

Leachate treatment capacity: 600 m3/day
Operation start: 2003

25

Time

July 2003 March 2019

Learning phase

1 year

LSTM model

Min: loss function

Input data: Accumulated amount of landfilled waste (AALW) 
Daily precipitation (DP)
Daily average temperature (DAT)

Output data: Leachate generation

Leachate (Obs.)
1 . .

1 . . . 100 %LSTM model

Leachate (Cal.)
Comparison

March 2020

Testing phase

All data

15.5 years

Learning Input

Output

1 . .

1. Selecting input data 

Case 1: DP
Case 2: DP + DAT
Case 3: DP + DAT + AALW 

26
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Input data: History of landfilled waste

0.0

100.0

200.0

300.0

400.0

500.0

600.0

700.0

2003/07/01 2005/07/01 2007/07/01 2009/07/01 2011/07/01 2013/07/01 2015/07/01 2017/07/01A
m

ou
nt

 o
f l

an
df

ill
ed

 w
as

te
 [t

] Covered soil

Incombustible waste (IW)

Business waste (BW)
(including food waste)

Incineration residue (IR)

Combustible waste (CW)

Accumulated amount of landfill waste ( = sum of all waste materials)
was used for prediction of leachate generation.
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Input data: Rainfall
Output data: leachate generation
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Input data: Average temperature

30

Determination of input parameters for prediction of
leachate generation

Table 1 Statistic values in the learning and testing phases for prediction in the quantity of leachate generation

Learning phase

RMSE 3.23 0.03 0.33

R2 0.9992 0.9999 0.9999

Testing phase

RMSE 365.26 300.47 241.07

R2 0.2924 0.4999 0.6600

MAPE 56.2% 51.4% 33.1%

Daily precipitation (DP) DP +Daily average
temperature (DAT)

DP + DAT +Accumulated amount
of landfilled waste (AALW)

 1 100.

Case 1 Case 2 Case 3
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31

(a) Daily precipitation (DP) as input data

(b) DP + Daily average temperature (DAT) as input data

(c) DP + DAT + Accumulated amount of landfilled waste (AALW) as input data
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Time
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. . .  %Min: Mean absolute percentage error

Candidate LSTM model

Leachate (Cal.)

March 2020

Testing phase

2. Calibration and verification of LSTM model

All data

15.5 years
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Repeat 50 times for
each hidden layer
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Input
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Verification phase
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Random parameters

Calibrated LSTM model
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Comparison?
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Output
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RMSE=2.93
R2=0.99995

Results in the learning phase

Learning was successful.
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Summary of the result

Learning phase Testing phase Verification phase

RMSE 2.93 - -
R2 0.99995 - -

RMSE - 211.97 151.92
MAPE - 26.2% 33.8%

The number of days with the DPE within

50% error - 88.5% 86.0%

30% error - 72.1% 64.7%

10% error - 30.7% 26.0%
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特別研究グループ 

 

 
Ｂ：廃棄物最終処分場の長寿命化に伴う

機能検査と気候変動適応策の研究 

 

 

 

 

 

- 27 -



 

 

 

 

- 28 -



B

B

R3

1

( )
( )
( )

( )
( )

( )
( )

B

2

- 29 -



3

1.

3R

0.0

20.0

40.0

60.0

80.0

100.0

120.0

1990 2000 2010 2020

2025
13

1 2018

1

GOOD

GOOD

( )

15

4 5 1 14 5

H23

4

- 30 -



12.

0

2

4

6

8

10

12

19
45

19
47

19
49

19
51

19
53

19
55

19
57

19
59

19
61

19
63

19
65

19
67

19
69

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
90

19
92

19
95

19
97

19
99

20
01

20
03

20
05

20
07

20
09

20
11

20
13

20
15

20
17

20
19

HP

5

A
B

3.
6

- 31 -



4.
1 2 3

1

1

10

2

1

2

1 2

A

B
Deep Learning

2100

NPO

3

2 3

( )

7

8

- 32 -



84

60%(N=319)

92%
30 100

3R

14 (N=50)

54%

10 28
33.0 N=470

74.0 N=155 1
18 N=155

34.0 N=61
44.0 N=34 1

9 N=34

40%
15%

15%
14%

9

1
1.1
1.2
1.2.1
1.2.2

2.
(LSA )
2.1
2.2
2.3
2.4
2.5
2.6

3.
3

3.1
3.2

1
10
15 20

2

3

4 BCP

10

- 33 -



1

2
2.1
2.2
2.3
2.4 2100
3.
3.1
3.2
4
4.1 A
4.2
4.3
4.4
5

5.1
5.2
5.3
6

6.1
6.2
6.3
7.

2
7.1
7.2
8

2100

11

12

- 34 -



0
20
40
60
80

100
120
140
160
180
200

5 1 6 1 7 1 8 1 9 1 10 1

m
m
/

2032
MICRO5

0

5,000

10,000

15,000

20,000

25,000

2032
5

2032
5

2032
5

2032
6

2032
6

2032
7

2032
7

2032
8

2032
8

2032
9

2032
9

2032
10

2032
10

2032
10

m
3

600m3/ 800m3/ 900m3/ 1000m3/

600 m3/day 900 m3/day
300 m3/day

20
20%

0

5000

10000

15000

20000

25000

2032
5

2032
5

2032
5

2032
6

2032
6

2032
7

2032
7

2032
8

2032
8

2032
9

2032
9

2032
10

2032
10

2032
10

m
3

600m3/ 700m3/ 800m3/ 900m3/

600 m3/day 700 m3/day
100 m3/day

BOD 20 mg/L, COD 30 mg/L, T N 10 mg/L

300 m3/day)

1

2

3

T N 60mg/L

98,000
128,040

1,411,200
171,160

1,038,800
98,000

135,410

600 m3/day

13

27 3 22 3

5

14

- 35 -



0 5 10 15 20 25 30 35 40 45 50

1

<<

0

1

1

0

0

5

15

1
2

2

LSA

[3 1906]

16

- 36 -



 

 

 

行政研究グループ 

 

 

廃棄物の物性変化に応じた最終処分場
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Pmax P Pmax

[ ] [m ] [ ] [Pa] [Pa] [ ] [m] [m ] [m] [m ]

0.1 10 12 0.6 20 7440 0.008 10 1.0 10 12 10 1.0 10 12
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3.6 ( )

10-4cm/s

Kx Ks=10-11 10-12 

Kx=10-12 105m/s(10-3cm/s)
Ks=10-11 10-4m/s(10-2cm/s)

NPO 2017/10/24

SADAHIKO USAMI YACHIYO Engineering CO., LTD.

NPO 2022/06/21 2021

SADAHIKO USAMI Pacific Consultants CO., LTD.
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Pmax P Pmax

[ ] [m ] [ ] [Pa] [Pa] [ ] [m] [m ] [m] [m ]

0.1 10 10 0.6 20 74.4 0.269 10 1.0 10 10 10 1.0 10 10

0.1 10 9 0.6 20 7.4 2.688 30 1.7 10 10 40 1.7 10 10

0.01 10 10 0.6 20 7.4 2.688 30 1.7 10 11 40 1.7 10 11

0.01 10 9 0.6 20 0.7 26.88 66 6.7 10 11 146 6.7 10 11

3.7 ( )

(= )Kx
1 2 Ks=10-11 10-12 

Kx=10-10 10-3m/s(10-1cm/s)
Ks10-11 10-4m/s(10-2cm/s)
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5.1

300 400nm( )

(R )

(ROO )
(ROOH) (>C=O)

2)

( )

1.5-2
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2008 ( 5 27 ) 2019 ( 17 35 )

EPDM 5 11 9 0 1 3 5 3 0 11

TPO 4 18 3 0 3 6 11 8 6 0
HDPE 2 2 5 0 1 3 0 11 4 1
PVC 2 12 0 0 1 0 0 0 0 0

13 66 12 60

5.2 IGS
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5.3

30m

H14 LSA
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6.
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(2012 4 )
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7.

COD

T-N,COD
( )

COD
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１―１：最終処分場の廃止に関する研究 
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１－２：高ｐＨ浸出水に関する調査研究 
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調査研究グループ 

 

 
２：アジア地域への日本の最終処分シス

テム技術の情報発信に関する研究 
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The PPT is referred from

Municipal Solid Waste Landfill Technology
in Japan

Professor Sotaro Higuchi

and

Dr. Yasuo Horii
The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

Transition of
Landfill waste
in Japan

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)
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Fig. Waste emission amount and social situation (Higuchi S 2015)

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

Fig. Transition of landfill disposal amount (Waste Recycling Office, Ministry of Environment 2012, 2017)

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)
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Fig. Transition of landfill disposal amount 
(Waste Recycling Office, Ministry of Environment 2017; Environmental Industry Newspaper Company 2014)

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

Fig. Landfill sites in 1960s

Fig. Leachate treatment by sprinkling filtration

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)
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The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

Issues for Landfill
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Fig. Route of waste treatment

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

Fig. Conceptual diagram of landfill waste quality transition

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)
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•Since the 1980s, incineration facilities became popular and the 
regulation of HCI gas in exhaust gases became full scale, Ca and Cl 
contents in the fly ash increased, and the Ca2+ and Cl- concentrations 
in leachate also increased.

•The problem of adhesion of calcium scale to agitators and submersible
pumps constituting the leachate treatment facility became obvious.

•Cl- concentration rose, causing corrosion of equipment and inhibition 
of nitrification in the biological nitrification-denitrification step.

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

Fig. Paddy rice damage caused by salt damage

Normal paddy rice after rice planting Start to wither due to salt damage Withered rice

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)
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•When exhaust gas is treated by a dry or semi-dry type in an 
incineration facility, it is collected by a dust collector and landfilled, so 
it contains CaCl2 and unreacted lime in fly ash.

•They are dissolved as Ca2+ and Cl- in leachate by precipitation.

•Ca2+ in the leachate precipitates and solidifies as calcium carbonate 
(hereafter CaCo3) when it is oxidized, CaCo3 scale is attached to the 
pump, agitator, piping which constitutes the water collecting pipe and 
leachate treatment facility, causing piping blockage, pump failure etc.

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

• The chloride problem in landfill site is caused by CaCl2, a by-product in the fly 
ash accompanying HCI gas treatment in incineration facility.

• CaCl2 dissolves as Ca2+ and Cl- in leachate due to precipitations.

• As Cl- in leachate is not a substance regulated by the Water Pollution 
Prevention Act, it is generally not subject to leachate treatment. However, high 
concentrations cause metal corrosion and biological treatment in the leachate 
treatment process, especially nitrification inhibition during nitrogen treatment.

• Besides, when it is discharged to the public water area, if it is used for         
agricultural water, it will affect the agriculture industry.

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)
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The Problem of
Remaining Chelate

•High concentration inorganic salts problem because of the increase 
in the ration of  incineration residue of landfill waste at landfill sites 
together with recent interference problems with the treatment of 
nitrogen and COD in leachate due to the influence of organic chelate 
used for stabilization treatment of fly ash became to come out. 

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)
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Fig. Proportion of incineration facilities

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

Fig. Proportion of gasification melting furnace

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)
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Effect of Chelate
Treatment

Fig. Nitrogen source per ton of incineration residue

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)
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Fig. CODMn supply source per incineration residue 

CODMn source per incineration residue 

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

Guidelines of MSW
Landfill Sites
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Fig. The changes in landfill waste materials

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

Table Examples of leachate quality

Landfill site A B C D

Chromaticity (o) 500 200 500 4000

PH 6.0 7.0 5.2 6.1 7.4 8.3 7.2 7.8

BOD (mg/L) 100 6000 2000 7000 200 2000 50 1000

CODMN (mg/L) 100 1000 200 500 100 1200 150 1000

SS (mg/L) 50 200 40 240 20 300 40 100

NH4-N (mg/L) 150 200 5 300 50 400 100 250

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)
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Fig. Leachate treatment flow (RO method)
Fig. Leachate treatment flow (ED method)

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

Leachate
Treatment
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Types No. Name of solutions / outlines
Adhesion 
prevention

1 pH adjusting method
Inject acid so that the Langeria index is negative and suppress the generation of calcium scale.

2 Decarboxylation method
Raw water is acidified by acid injection and then aerated to convert carbonate ions into carbon 
dioxide and dissipate it into the atmosphere

3 Scale preventive addition method
By adding chemicals, precipitation of calcium carbonate is suppressed, and precipitated 
particles are dispersed and crystallized

Ca removal 4 Alkaline coagulation precipitation method (lime-soda method)
Sodium carbonate is added to generate calcium carbonate while keeping the raw water 
alkaline, and a flocculant and an auxiliary agent are added to the calcium carbonate for 
precipitation treatment

5 Crystallization method
After adding sodium carbonate to the raw water, water is passed through the seed crystal-filled 
layer of calcium carbonate to grow crystals on the surface of the seed crystal

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

No. Name of solutions / outlines
1 Electric Dialyze (ED) method

The solution is electrolyzed and separated into ionic and non-ionic substances 
by an ion exchange membrane.

2 Reverse Osmosis (RO) method
Pressurize the raw water above the osmotic pressure to obtain osmotic water 
on the opposite side of the semipermeable membrane.

3 Evaporation method
Raw water is heated, evaporated and concentrated. By reducing the pressure of 
the system, it is possible to operate with a lower boiling point.

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)
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No. Name of solutions / outlines
1 Chelating adsorption method

Boron (compound) is removed by passing raw water through the packed layer of chelate 
resin. Chelate can be used repeatedly by regeneration.

2 Coagulating sedimentation method
Alkaline coagulation treatment using aluminum sulfate band / slaked lime, or alkaline 
coagulation treatment with additional polyvinyl alcohol.

3 Solvent extraction method
A method in which a solvent and wastewater are brought into contact with each other, 
and boron is dissolved in the solvent for separation. A chemical (extractant) that modifies 
the boron compound in the wastewater so that it dissolves in the solvent is injected in 
advance. Suitable for high-concentration wastewater and chelated recycled wastewater.

Measures related to additional items (boron) 
of  the Water Pollution Prevention Act

Boron removal <treatment technology>

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

No. Name of solutions / outlines
1 Biological treatment method

Remove 1,4 dioxane by biologically treating raw water with activated sludge 
method, contact aeration method, rotating disk contactor process, etc.

2 Activated carbon adsorption method
Remove 1,4 dioxane by passing raw water through the packed layer of activated 
carbon. Activated carbon can be used repeatedly by regeneration.

3 Advanced oxidation process
After proper pretreatment of leachate, it is decomposed by OH radicals using 
UV / ozone combined treatment and H2O2 / ozone combined treatment. The 
most appropriate method for leachate treatment.

Measures related to additional items (1,4-dioxane) 
of  the Water Pollution Prevention Act

1,4-dioxane removal <treatment technology>

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)

- 97 -



Fig. Conceptual diagram of a semi-aerobic landfill

The Landfill System & Technologies Research, Association of Japan, NPO (NPO LSA)
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