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Sludge production and treatment
SFigure 1 Sewage sludge treatment statistics – Czech Republic (CZSO, 2022, 2021, 2016)

SFiguer 2 Sewage sludge treatment statistics – Japan (JSWA, 2022, 2018)

SFiguer 2 Sewage sludge treatment statistics – Japan
· soil application: sum of fertiliser, soil improver, artificial soils, and composting
· incineration, solid fuel, melting, carbonization, and cement production, 
· other: sum of construction materials, landfilling, and others.

STable 1 Sludge statistics by JSWA (JSWA, 2022, 2018)
	
	2015
	2020

	Raw sludge  [m3]
	3,903
	4,841

	Thickened sludge  [m3]
	67,143
	65,491

	Digested sludge  [m3]
	4,296
	3,399

	Subtotal  [m3]
	75,341
	73,731

	Dewatered sludge  [t]
	2,103,180
	2,144,799

	Mobile dewatering truck sludge  [t]
	7,409
	6,589

	Machine-dried sludge  [t]
	62,036
	38,629

	Sun-dried sludge  [t]
	911
	583

	Carbonized sludge  [t]
	9,518
	27,039

	Incinerated ash  [t]
	185,451
	155,848

	Molten slag  [t]
	15,134
	3,810

	Compost  [t]
	25,451
	15,783

	Subtotal  [t]
	2,409,091
	2,393,080



Legislation
Sewage sludge
According to microbiological criteria (STable 2), sludges in the Czech Republic are evaluated as sludges of category I and II. In the case of sludge II (more benevolent), the following conditions apply above and beyond the regular ones: at least one winter period must elapse between sludge application and harvest, except for the cultivation of crops to be used exclusively for technical purposes, and field vegetables, potatoes, and intensive fruit planting can not be grown on the part of the soil block where the sludge was applied for three years after sludge application.

[bookmark: _Ref138837043][bookmark: _Ref138837037]STable 2 Limits of pathogens in sewage sludge for agricultural use in the Czech Republic
	Sludge category
	Salmonella sp.
in 50 g
	Enterococci
	Thermophilic coliform bacteria
	

	I.(1)
	negative
	< 103 CFU.g-1 (4 samples of 5)
< 5.103 CFU.g-1 (1 sample of 5)
no occurrence in 50 g
	not evaluated
	Regulation
No. 273/2021 Coll.

	II.
	not evaluated
	< 106 CFU.g-1DM (5 samples)
	< 106 CFU.g-1DM
(5 samples)
	


(1) the presence of Escherichia coli can be determined instead of enterococci

The limit values for the concentrations of hazardous substances and elements in sludge (Table 3), the precautionary values for heavy metals in soil (STable 3) and the maximum sludge dose per hectare have been set to prevent the introduction of hazardous substances into the soil over a period of 10 years. There are no direct limits as laid down in Directive 86/278/EEC (STable 4).

[bookmark: _Ref127800687]STable 3 Limit values for concentrations of heavy metals in soil with a pH of 6 to 7
	
	European Union(1)
	Czech Republic

	
	
	common soils(2)
	light soils(3)

	
	mg.kg-1 DM

	Cd
	1.00–3.00
	0.50
	0.40

	Cu
	50.0–140(4)
	60.0
	45.0

	Ni
	30.0–75.0(4)
	50.0
	45.0

	Pb
	50.0–300
	60.0
	55.0

	Zn
	150–300(4)
	120
	105

	Hg
	1.00–1.50
	0.30(5)
	0.30(5)

	Cr
	–
	90.0
	55.0

	As
	–
	20.0
	15.0

	Be
	
	2.00
	1.50

	Co
	
	30.0
	20.0

	V
	
	130
	120

	PCB
	–
	0.02(6)
	0.02(6)

	PAH
	–
	1.00(7)
	1.00(7)

	
	Directive 86/278/EEC
	Regulation No. 273/2021 Coll

	(1) Member States may permit the limit values they fix to be exceeded in the case of the use of sludge on land which at the time of notification of this Directive is dedicated to the disposal of sludge but on which commercial food crops are being grown exclusively for animal consumption. Member States must inform the Commission of the number and type of sites concerned. They must also seek to ensure that there is no resulting hazard to human health or the environment.
(2) Common soils: loam, silty, silty-clay and clay soils, which occupy the majority of agricultural land. These are soils with a normal variation of elements, with normal soil development under different geomorphological conditions, including soils on carbonate rocks.
(3) Light soils: soils formed on very light and poor parent rocks such as sands and gravels. The definition of these soils is based on the proportion of fine particles (up to 0.01 mm), which shall not exceed 20 %. These soils are characterised by a very low absorption capacity.
(4) Member States may permit the limit values they fix to be exceeded in respect of these parameters on soil with a pH consistently higher than 7. The maximum authorised concentrations of these heavy metals must in no case exceed those values by more than 50 %. Member States must also seek to ensure that there is no resulting hazard to human health or the environment and in particular to groundwater.
(5) Hg content is determined as the total content; the contents of the other elements, i.e. As, Be, Cd, Co, Cr, Cu, Ni, Pb, V, and Zn are determined by extraction with aqua regia.
(6) Sum of 7 congeners: 28+52+101+118+138+153+180.
(7) Sum of anthracene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, benzo(ghi)perylene, phenanthrene, fluoranthene, chrysene, indeno(1,2,3–cd)pyrene, naphthalene, and pyrene.


[bookmark: _Ref127800653]STable 4 Limit values for amounts of heavy metals which may be added annually to agricultural land,
based on a 10-year average (Directive 86/278/EEC)
	
	European Union(1)

	
	mg.kg-1 DM

	Cd
	0.15

	Cu
	12.0

	Ni
	3.00

	Pb
	15.0

	Zn
	30.0

	Hg
	0.10



The use of sewage sludge in the Czech Republic is prohibited:
a. on agricultural land that is part of protected nature and landscape areas under the Nature and Landscape Protection Act,
b. on forest land normally used for forest management,
c. in protection zones of water sources, on flooded soils and in waterlogged areas,
d. in the protection zones of natural medicinal resources and sources of natural medicinal waters according to the Spa Act,
e. on permanent grassland and grassland on arable land during the growing season until the last mowing,
f. in intensive fruiting fruit plantations,
g. on land used for the cultivation of field vegetables in the calendar year of their cultivation and in the preceding calendar year,
h. during the growing season, when growing forage crops, maise and sugar beet using the sward for feeding,
i. where soil analyses show that the content of selected risk substances in the average sample exceeds one of the values laid down in the ministerial decree,
j. on soils with a soil exchange reaction value below pH 5.6,
k. on areas designated for recreation and sport or public spaces,
l. on agricultural land where the precautionary value under the Agricultural Land Protection Act has been found to be exceeded, or
m. where the sludge does not meet the microbiological criteria laid down by ministerial decree; use of microbially contaminated sludge may be made only after treatment of the sludge. (Act No. 542/2020 Coll.)


STable 5 Judgment criteria for industrial waste containing metal and other contaminants (Prime Minister’s Office Regulation No. 5 of 1973)
	[bookmark: _Hlk125122389]mg.l-1

	alkylmercury compounds
	0.00
	organophosphorus compounds
	<1.00
	1,3-dichloropropene
	<0.02

	Hg
	<0.005
	trichloroethylene
	<0.10
	1,1,1-trichloroethane
	<3.00

	Cd
	<0.09
	tetrachloroethylene
	<0.10
	thiram
	<0.06

	Pb
	<0.30
	dichloromethane
	<0.20
	simazine
	<0.03

	Cr+VI
	<1.50
	carbon tetrachloride
	<0.02
	thiobencarb
	<0.20

	As
	<0.30
	1,2-dichloroethane
	<0.04
	benzene
	<0.10

	Se
	<0.30
	1,1-dichloroethylene
	<1.00
	1,4-dioxane
	<0.50

	CN−
	<1.00
	cis-1,2-dichloroethylene
	<0.40
	dioxins(1))
	<3x10-6

	PCB
	<0.003
	1,1,2-trichloroethane
	<0.06
	
	


(1) dioxins prescribed in Article 2, Paragraph 1 of the Act on Special Measures against Dioxins (Act No. 105 of 1999)

The plant damage test in Japan examines using sludge fertilisers and sample fertilisers specified in Article 6 of the Fertilizer Control Act, with each sample validated at n=8. The standard used is a pot with an 11.3 cm inner diameter and 6.5 cm height, the test plant: Komatsuna (Japanese mustard spinach), the seed quantity: 20 grains per test container, time: 3 weeks, temperature 15–25 °C. The fertiliser will be rejected if the average weight is 5 % lower than the standard value (Fertilizer Control Act).

STable 6 Target levels of selected pollutants in the soil (Environmental Agency Notification No. 46)
	mg.l-1

	alkylmercury compounds
	0.00
	organophosphorus compounds
	0.00
	1,3-dichloropropene
	0.002

	[bookmark: _Hlk123075627]Hg
	0.0005
	trichloroethylene
	0.01
	1,1,1-trichloroethane
	1.00

	Cd(1)
	0.003
	tetrachloroethylene
	0.01
	thiram
	0.006

	Pb(2)
	0.01
	dichloromethane
	0.20
	simazine
	0.003

	Cr+VI
	0.05
	carbon tetrachloride
	0.002
	thiobencarb
	0.02

	As
	0.01
	1,2-dichloroethane
	0.004
	benzene
	0.01

	Cu
	(3)
	1,1-dichloroethylene
	0.01
	1,4-dioxane
	0.05

	Se
	0.01
	F
	0.80
	1,2-dichloroethylene
	0.04

	CN−
	0.00
	cis-1,2-dichloroethylene
	0.40
	B
	1.00

	PCB(4)
	0.00
	1,1,2-trichloroethane
	0.006
	Chloroethylene(5)
	0.002


(1) and not more than 0.4 mg.kg-1 of rice on agricultural land
(2) and less than 15 mg.kg-1 of soil for agricultural land (limited to rice fields)
(3) agricultural land (limited to rice fields), in agricultural land (limited to rice paddies), the concentration shall be less than 125 mg per kg of soil
(4) see JIS K 0093:2006 and Environmental quality standards regarding water pollution
(5) [bookmark: _Ref118455523]aka vinyl chloride or vinyl chloride monomer

Sludge compost
Czech limits are set for compost used on agricultural and forestry land (Group I) and outside agricultural and forestry land (Group II): Class I (intended for greenery at sports and recreational facilities), Class II (urban greenery, greenery of parks and forest parks, reclamation ), and Class III (creation of reclamation layers of secure landfills) (STable 7) (Regulation No. 273/2021 Coll.; Regulation No. 474/2000 Sb). Sewage sludge must not make up more than 40 % of the total weight of waste and other materials in compost. (Regulation 474/2000 Coll.). The compost pathogen limits are stricter than for direct sludge use in agriculture (STable 8). As part of compost production, hygienization must take place, which should be guaranteed by a minimum temperature for a given period (STable 9). Additional quality parameters for Group II are available in STable 10. The Japanese compost with sludge is controlled for the presence of heavy metals and radioactive caesium, and leach and ecotoxicological tests are required (STable 7).
[bookmark: _Ref138844764]STable 7 Limit values for pollutants in composts with sewage sludge
	
	Czech Republic
	Japan

	
	Group I.
	Group II.
	

	
	agricultural and forestry land
	outside of agricultural and forestry
land
	

	
	
	Class I.
	Class II.
	Class III.
	

	
	mg.kg-1DM

	Cd
	2.00
	1.70
	3.00
	4.00
	5.00

	Pb
	100
	100
	300
	400
	100

	Hg
	1.00
	0.80
	1.50
	2.00
	2.00

	As
	30.0
	10.0
	20.0
	30.0
	50.0

	Cr
	100
	100
	250
	300
	500

	Cu
	150
	170
	400
	400
	–

	Ni
	50.0
	65.0
	100
	120
	300

	Zn
	600
	500
	1,200
	1,500
	–

	PCB
	–
	0.02(1)
	0.20(1)
	–
	–

	PAH
	–
	3.00(2)
	6.00(2)
	–
	–

	radioactive Cs
	–
	–
	–
	–
	200(3)

	Impurities > 2.0 mm
	–
	< 0.50 %
	< 0.50 %
	–
	–

	Non-degradable and undesirable impurities
	–
	< 5.00 %
	< 5.00%
	–
	–

	pathogen limits
	YES
	YES
	YES
	YES
	–

	leach test
	–
	–
	–
	–
	YES

	ecotoxicology
	–
	–
	–
	–
	YES

	
	Regulation
No. 474/2000 Sb 
	Regulation 
No. 273/2021 Coll.
	Fertilizer
Control Act 


(1) types of cogenerates are not specified
(2) types of PAHs are not specified
(3) radioactive caesium concentration in Bq.kg-1 (MAFF, 2012, 2022a), content is measured in the raw (wet) state of used sludge or ash, only applies to Iwate prefecture, Miyagi prefecture, Akita prefecture, Yamagata prefecture, Fukushima prefecture, Ibaraki prefecture, Tochigi prefecture, Gunma prefecture, Saitama prefecture, Chiba prefecture, Tokyo, Kanagawa prefecture, Nagano prefecture, Yamanashi prefecture, Shizuoka prefecture, Niigata prefecture (MAFF, 2022b)

At the EU level, the pollutant content of compost is not regulated centrally, just at the level of individual member states. Limits exist only for EU fertilising products sold on the European market. The product must have the CE certificate and comply with Regulation (EU) 2019/1009. Part of the regulation includes a ban on the use of sewage sludge for EU fertilising products containing compost and digestate as a precautionary principle (Regulation (EU) 2019/1009).


[bookmark: _Ref138844779]STable 8 Limits of pathogens in compost with sludge in the Czech Republic
	
	Number of samples
	Limit
	

	Salmonella sp.
	5
	no occurrence in 50 g
	Regulation
No. 273/2021 Coll.

	Escherichia coli or Enterococci
	4/5
	1/5
	< 103 CFU.g-1
	< 5.103 CFU.g-1
	



[bookmark: _Ref138844794]STable 9 Minimum hygienisation time at a given temperature (Regulation No. 273/2021 Coll)
	Temperature limit
	Time interval

	≥ 70°C
	continuously for min. 3 days

	≥ 65°C
	continuously for min. 5 days

	≥ 60°C
	continuously for min. 7 days

	≥ 55°C
	continuously for min. 14 days



[bookmark: _Ref138844807]STable 10 Compost quality characteristics – Group II (Regulation No. 273/2021 Coll)
	Parameter
	Value

	moisture (% wt.)
	30.0–65.0

	combustible matter (% wt.DM)
	min. 20.0

	total nitrogen (% wt.DM)
	min. 0.60

	C:N ratio
	max. 30.0

	pH
	6–9

	Non-degradable impurities > 20 mm (% wt.DM)
	< 3.00

	Undesirable impurities > 5 mm (% wt.DM)
	< 0.50

	Sprouted seeds in 1 l of compost (psc)
	≤ 3



Sludge ash, sludge-char, and slag
In addition to the limits for sewage sludge, there are also limits for the products resulting from the thermal treatment of sewage sludge (STable 11), such as ash, sludge-char (pyrolysed/carbonized sludge) and slag (not set in the Czech Republic), which can be used as a fertiliser or soil improver. Both Japanese and Czech legislation regulate the heavy metal content of these products. Additionally, Japanese legislation has a limit for Ni and radioactive caesium, leachate and ecotoxicological tests (Chapter 3.2.1) and the Czech Republic for PAHs. The limits for organic pollutants should not be forgotten. If measured in the final product, it indicates an incomplete or poorly functioning thermal processing. These substances (PAHs, PCBs, or PCDD/Fs) can be toxic, mutagenic, or carcinogenic and can be released into the environment.
At the EU level, it is possible to use thermal oxidation materials or derivatives (ash or slag) to produce EU fertilising products. To be used for further production of EU fertilising products, these products must be registered and meet the limits in STable 11 (Regulation (EU) 2019/1009). Additional limits are then applied depending on the type of product manufactured (for example, limits for inorganic fertilisers or soil improvers). The use of sludge-char in EU fertilising products is prohibited by Regulation (EU) 2019/1009 due to the lack of information on the ability of pyrolysis to remove organic pollutants (Huygens et al., 2019). However, this does not concern the legislation of individual EU member states. Therefore, it is possible to use sludge-char in the Czech Republic if the limits are met, the char is certified by the Central Institute for Supervising and Testing in Agriculture, and its use is allowed (the end-of-waste status obtained) by the local authority (Regulation No. 474/2000 Coll.; Act No. 156/1998 Coll.). Outside the Czech Republic, at the level of the EU Member States, it is currently possible to use sludge-char in Sweden and Denmark (EBI, 2023).

[bookmark: _Ref138845045]STable 11 Pollutant limits for thermally treated sludge products used on agricultural land (CZK, JPN) and EU fertiliser products
	[bookmark: _Hlk121315883]
	EU
	Czech Republic
	Japan

	
	thermal oxidation materials or
derivates
	ash,
sludge-char
	ash, slag,
carbonized sludge 

	
	mg.kg-1DM

	Cd
	–
	5.00
	5.00

	Pb
	–
	100
	100

	Hg
	–
	0.50
	2.00

	As
	–
	30.0
	50.0

	Cr
	400
	100
	500

	Corg
	< 30,000
	–
	–

	Cl-
	30,000(1)
	–
	–

	Ni
	–
	–
	300

	Tl
	2.00
	–
	–

	PAH
	6.00(2)
	20.0(3)
	–

	PCDD/F
	20.0(4)
	–
	–

	radioactive Cs
	–
	–
	200(5)

	leach test
	–
	–
	YES

	Ecotoxicology
	–
	–
	YES

	
	Regulation
(EU) 2019/1009
	Regulation No. 474/2000 Coll. 
	Fertilizer 
Control Act 


(1) this limit value shall not apply to EU fertilising products produced through a manufacturing process where a Cl- containing compound has been added with the intention of producing alkali metal salts or alkaline earth metal salts, and is declared in accordance with Annex III.
(2) sum of naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benzo[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, indeno[1,2,3-cd]pyrene, dibenzo[a,h]anthracene and benzo[ghi]perylene.
(3) sum of anthracene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, Benzo(a)pyrene, benzo(ghi)perylene, phenanthrene, fluoranthene, chrysene, indeno(1,2,3–cd)pyrene, naphthalene, and pyrene.
(4) WHO toxicity equivalents of PCDD/F.kg-1DM
(5) radioactive caesium concentration in Bq.kg-1 (MAFF, 2022a, 2012), content is measured in the raw (wet) state, only applies to Iwate prefecture, Miyagi prefecture, Akita prefecture, Yamagata prefecture, Fukushima prefecture, Ibaraki prefecture, Tochigi prefecture, Gunma prefecture, Saitama prefecture, Chiba prefecture, Tokyo, Kanagawa prefecture, Nagano prefecture, Yamanashi prefecture, Shizuoka prefecture, Niigata prefecture (MAFF, 2022b)


[bookmark: _Hlk130213925]Sludge thermal treatment and P-recovery technologies in use
Czech Republic
STable 12 Technical specifications of individual (mono) thermal facilities processing sludge
	
	Municipality
	Type
	Drying medium
	Sludge capacity (tDM.day-1)
	Reason for acquisition

	1
	Přerov
	low-temperature dryer
	hot water
	6.0
	incineration

	2
	Karlovy Vary-Drahovice
	low-temperature dryer
	hot water
	≥ 3.7
	weight reduction

	3
	Mariánské Lázně
	solar dryer
	hybrid (solar+hot water)
	1.1
	weight reduction

	4
	Bohuslavice-Trutnov
	low-temperature dryer
	hot water
	3.1
	

	
	
	pyrolysis unit
	
	2.1
	weight reduction

	5
	Brno-Modřice  (under preparation)
	low-temperature dryer
	hot water
	37.0
	incineration/cement production

	6
	Tábor  (under preparation)
	low-temperature dryer
	hot water
	6.3
	

	
	
	pyrolysis unit
	
	0.0
	weight reduction

	7
	Olomouc  (under construction)
	low-temperature dryer
	hot water
	5.8
	incineration

	8
	[bookmark: _GoBack]Šumperk
	low-temperature dryer
	hot water
	5.3
	weight reduction

	9
	Cheb  (under construction)
	solar dryer
	hybrid (solar+hot water)
	2.5
	incineration

	10
	Tachov  (under construction)
	low-temperature dryer
	hot water
	2.2
	weight reduction

	11
	Mladá Boleslav  (under construction)
	low-temperature dryer
	hot water
	3.6
	incineration

	12
	České Budějovice  (under preparation)
	low-temperature dryer
	hot water
	11.8
	incineration


in operation
under preparation
under construction

[image: ]
SFigure 3 Facilities for mono thermal treatment of sewage sludge (Lacko, 2023)

In addition to the facilities mentioned above, approximately ten solar dryers are in the pipeline at various locations.
1.1 Japan
The individual STables include the location (municipality and prefecture), unit description (number, type, and capacity), sludge production at the WWTP, and product quantity (slag, char, or ash). In some cases, the product quantity is disproportionate to the sludge production, indicating that the plant processes sludge other than its own. Due to the nature of the available data, the present results are only informative.

STable 13 Technical specifications of municipal (state) melting plants (JSWA, 2022)
	
	Municipality
	Prefecture
	Number of units
	Furnace type
	Sludge capacity
(t.day-1)
	Sludge production
(tDM.year-1)
	Slag production
(tDM, FY2020)

	1
	Takaoka
	Toyama
	3
	surface melting
	2 x 16; 12
	5,498
	933

	2
	Imizu
	Toyama
	2
	surface melting
	9; 12
	3,773
	406

	3
	Ibaraki
	Osaka
	2
	coke-bed melting
	2 x 110
	1,243
	267

	4
	Hirano Ward
	Osaka
	1
	swirling melting
	150
	3,443
	1,109

	5
	Konohana Ward
	Osaka
	5
	swirling melting
	5 x 150
	18,544
	6,871

	6
	Himeji
	Hyogo
	1
	coke-bed melting
	40
	8,637
	3,466

	
	
	
	2
	pyrolysis + swirling ash melting 
	33; 14
	8,882
	



STable 14 Technical specifications of municipal (state) carbonization plants (JSWA, 2022)
	 
	Municipality
	Prefecture
	Number of units
	Sludge capacity
(t.day-1)
	Sludge production
(tDM.year-1)
	Char production
(tDM, FY2020)

	1
	Kesennuma
	Miyagi
	1
	23
	289
	195

	2
	Daisen
	Akita
	1
	25
	1,344
	102

	3
	Odate
	Akita
	1
	22
	523
	260

	4
	Maebashi
	 Gunma
	2
	2 x 25
	1,412
	410

	5
	Koto City
	Tokyo
	2
	2 x 300
	8,126
	2,972

	6
	Tsurumi Ward
	Kanagawa
	1
	200
	6,964
	2,173

	7
	Kanazawa Ward
	Kanagawa
	1
	150
	8,934
	3,016

	8
	Suruga Ward
	Shizuoka
	3
	3 x 75
	5,320
	932

	9
	 Toyohashi
	Aichi 
	1
	x
	3,851
	2,060

	10
	Nagaokakyo
	Kyoto
	1
	40
	2,174
	1,149

	11
	Minami Ward(1)
	Kyoto
	1
	150
	395
	182

	12
	Hirano Ward,
	Osaka
	1
	150
	9,189
	6,953

	13
	Nishi Ward
	Hiroshima
	2
	2 x 50
	5,150
	3,467

	14
	Hakata Ward
	Fukuoka
	1
	100
	5,499
	2,700


(1) in FY2020 in trial run

[image: ]carbonization plants
melting plants

SFiguer 4 State facilities for mono thermal treatment of sewage sludge (GADM, 2022)

STable 15 Technical specifications of municipal (state) incineration plants (JSWA, 2022)
	[bookmark: _Hlk132797150] 
	Municipality
	Prefecture
	Number of
units
	Boiler type
	Sludge capacity
(t.day-1)
	Sludge production
(tDM.year-1)
	Ash production
(tDM, FY2020)

	[bookmark: _Hlk133829022]1
	Shiroishi Ward
	Hokkaido
	2
	fluidised bed
	2 x 150
	17,304
	1,827

	2
	Teine Ward
	Hokkaido
	5
	grate furnace
	4 x 100; 150
	30,565
	14,296/13,065(1)

	3
	Otaru
	Hokkaido
	2
	fluidised bed
	60; x
	2,550
	454

	4
	Asahkawa
	Hokkaido
	2
	fluidised bed
	80; 60
	6,028
	889

	5
	Hirosaki
	Aomori
	1
	fluidised bed
	80
	4,587
	516

	6
	Morioka
	Iwate
	2
	fluidised bed
	60(2); 50
	2,992
	671

	7
	Kitakami
	Iwate
	1
	fluidised bed
	45
	1,577
	219

	8
	Tagajō
	Miyagi
	1
	fluidised bed
	110
	3,045
	761

	9
	Sendai
	Miyagi 
	3
	fluidised bed
	2 x 200; 70
	19,136
	2,018

	10
	 Mukaihama
	Akita
	2
	fluidised bed
	2 x 50
	4,323
	782

	11
	Iwaki
	Fukushima 
	1
	fluidised bed
	50
	2,465
	278

	12
	Tsuchiura
	Ibaraki 
	2
	fluidised bed
	2 x 50
	4,974
	857

	13
	Tone
	Ibaraki 
	1
	fluidised bed
	90
	6,440
	667

	14
	Hitachinaka
	Ibaraki
	2
	fluidised bed
	2 x 100
	8,170
	1,082

	15
	Kamisu
	Ibaraki 
	2
	fluidised bed
	2 x 60
	3,527
	880

	16
	Utsunomiya
	Tochigi
	2
	fluidised bed
	2 x 90
	5,800
	1,247

	17
	Ashikaga
	Tochigi 
	1
	fluidised bed
	25
	713
	158

	18
	Toda
	Saitama
	5
	fluidised bed
	5 x 200 
	38,654
	3,888

	19
	Okegawa
	Saitama
	2
	fluidised bed
	100; 53
	3,440
	553

	20
	Wako
	Saitama
	3
	fluidised bed
	3 x 210
	21,470
	2,637

	21
	Misato
	Saitama
	3
	fluidised bed
	140; 240; 250
	30,361
	3,593

	22
	Kuki
	Saitama 
	1
	fluidised bed
	50
	1,615
	210

	23
	Sakado
	Saitama
	1
	fluidised bed
	25
	480
	23

	24
	Mihama Ward
	Chiba
	3
	fluidised bed
	65; 2x 100
	15,234
	1,624

	25
	Mihama Ward
	Chiba
	2
	fluidised bed
	2 x 150
	9,842
	854

	26
	Abiko
	Chiba
	3
	fluidised bed
	80; 2 x 82
	12,675
	956

	27
	Chūō Ward
	Chiba
	3
	fluidised bed
	50; 105; 70(3)
	9,467
	1,416

	28
	Ichihara
	Chiba 
	2
	fluidised bed
	30; 50
	3,053
	355

	29
	Inagi
	Tokyo
	1
	fluidised bed
	80
	947
	780

	30
	
	
	1
	gasification furnace
	110
	7,509
	

	31
	Fuchu
	Tokyo
	3
	fluidised bed
	130; 2 x 100
	9,464
	867

	32
	Akishima
	Tokyo 
	2
	fluidised bed
	150; 100
	10,816
	1,217

	33
	
	
	1
	grate furnace
	140
	2,932
	

	34
	Kunitachi
	Tokyo
	2
	fluidised bed
	2 x 40
	3,450
	370

	35
	Hino
	Tokyo
	2
	fluidised bed
	60; 100
	5,309
	455

	36
	Hachioji (Komiyamachi)
	Tokyo 
	2
	fluidised bed
	50; 100
	6,925
	774

	37
	Kiyose
	Tokyo
	2
	fluidised bed
	2 x 100
	8,089
	1,379

	38
	
	
	1
	gasification furnace
	100
	7,617
	

	39
	Adachi City
	Tokyo
	2
	fluidised bed
	200; 300(3)
	8,411
	1,132

	40
	Itabashi City
	Tokyo 
	3
	fluidised bed
	250; 250(3); 200
	24,734
	3,262

	41
	Edogawa City
	Tokyo
	3
	fluidised bed
	2 x 300; 300(3)
	32,694
	5,072

	42
	Ota City
	Tokyo 
	6
	fluidised bed
	6 x 300
	68,305
	10,650

	43
	Koto City
	Tokyo
	3
	fluidised bed
	3 x 300
	37,127
	6,125

	44
	Hachioji (Kitanomachi)
	Tokyo
	2
	fluidised bed
	2 x 60
	896
	142

	45
	Tachikawa
	Tokyo 
	2
	fluidised bed
	2 x 45
	2,878
	258

	46
	Machida (Minaminaruse)
	Tokyo 
	2
	fluidised bed
	2 x 50
	5,611
	501

	47
	Machida (Miwamidoriyama)
	Tokyo
	2
	fluidised bed
	30; 60
	3,219
	349

	48
	Hiratsuka
	Kanagawa 
	1
	fluidised bed
	120
	5,002
	1,427

	49
	
	
	2
	other
	2 x 100
	8,225
	

	50
	Chigasaki
	Kanagawa
	4
	fluidised bed
	120; 3 x 180
	30,707
	2,206

	51
	Odawara (Nishisakawa)
	Kanagawa
	1
	fluidised bed
	60
	4,402
	412

	52
	Odawara (Ogicho)
	Kanagawa
	2
	fluidised bed
	2 x 30
	1,998
	188

	53
	Tsurumi Ward
	Kanagawa
	2
	fluidised bed
	150; 200
	15,425
	4,683

	54
	Kanazawa Ward
	Kanagawa
	2
	fluidised bed
	2 x 200
	11,782
	4,147 

	55
	Kawasaki Ward
	Kanagawa
	4
	fluidised bed
	4x40
	30,878
	4,243

	56
	Yokosuka
	Kanagawa
	2
	fluidised bed
	40; 90
	6,777
	826

	57
	Kamakura
	Kanagawa
	1
	fluidised bed
	50
	3,365
	237

	58
	Fujisawa
	Kanagawa
	3
	fluidised bed
	2 x 60; 70
	8,674
	782

	59
	Yamato
	Kanagawa 
	2
	fluidised bed
	60; 50
	4,180
	188

	60
	Hakone
	Kanagawa 
	1
	fluidised bed
	15
	186
	19

	61
	Yugawara 
	Kanagawa 
	1
	fluidised bed
	15(5)
	565
	15

	62
	Sado
	Niigata
	1
	other
	-
	215
	78

	63
	Kanazawa
	Ishikawa
	2
	fluidised bed
	80; 70
	3,263
	750

	64
	Kofu
	Yamanashi 
	2
	fluidised bed
	50; 60(3)
	4,243
	612

	65
	Suwa
	Nagano
	2
	fluidised bed
	2 x 35
	2,181
	668

	66
	Nagano
	Nagano
	2
	fluidised bed
	50
	4,925
	910

	67
	Ueda City
	Nagano Prefecture
	1
	fluidised bed
	25
	878
	106

	68
	Gifu City (Nishinakajima)
	Gifu 
	2
	fluidised bed
	50(5)
	2,547
	564

	69
	Gifu City (Minamiuzura)
	Gifu
	1
	fluidised bed
	50
	2,064
	213

	70
	Takayama 
	Gifu 
	1
	fluidised bed
	20
	768
	90

	71
	Seki
	Gifu
	1
	fluidised bed
	30
	1,262
	132

	72
	Suruga Ward
	Shizuoka
	1
	fluidised bed
	100
	2,853
	286

	73
	Naka Ward
	Shizuoka
	1
	fluidised bed
	60
	1,529
	183

	74
	Minami Ward
	Shizuoka
	2
	fluidised bed
	50; 130
	9,344
	1,246

	75
	Iwata
	Shizuoka
	1
	fluidised bed
	35
	2,282
	181

	76
	Nishio
	Aichi 
	3
	fluidised bed
	35; 2 x 95
	12,292
	2,193

	77
	Handa
	Aichi
	2
	fluidised bed
	25; 50
	4,588
	604

	78
	Komaki
	Aichi
	1
	fluidised bed
	50
	3,471
	669

	79
	Toyohashi
	Aichi
	2
	fluidised bed
	25; 70
	3,797
	844

	80
	Minami Ward (Chūji)
	Aichi
	2
	fluidised bed
	2 x 160
	11,052
	1,474

	81
	Minami Ward (Motoshibata Nishimachi)
	Aichi
	2
	fluidised bed
	2 x 190
	16,329
	2,103

	82
	Minato Ward
	Aichi
	2
	fluidised bed
	2 x 200
	17,592
	1,929

	83
	Ichinomiya 
	Aichi
	1
	fluidised bed
	45
	1,359
	151

	84
	Chita
	Aichi
	2
	fluidised bed
	2 x 19
	587
	142

	85
	Yokkaichi
	Mie
	2
	fluidised bed
	2 x 30
	2,660
	398

	86
	Kusatsu
	Shiga
	2
	fluidised bed
	120; 120(4)
	15,823
	2,469

	87
	Hikone
	Shiga
	1
	fluidised bed
	110(4)
	5,025
	827

	88
	Nagaokakyo
	Kyoto
	1
	fluidised bed
	50
	1,857
	474

	89
	Minami Ward
	Kyoto
	2
	fluidised bed
	2 x 150
	10,043
	8,256

	90
	
	
	2
	grate furnace
	2 x 150
	10,124
	

	91
	Fukuchiyama
	Kyoto
	1
	fluidised bed
	50
	1,287
	652

	92
	Higashiosaka (Kitakōnoikechō)
	Osaka 
	3
	fluidised bed
	2 x 130; 100
	12,226
	2,176

	93
	 Higashiosaka (Kawamata)
	Osaka
	4
	fluidised bed
	3 x 90; 70
	13,312
	2,269

	94
	Ibaraki
	Osaka
	1
	fluidised bed
	100(3)
	6,760
	778

	95
	Hirakata
	Osaka
	2
	fluidised bed
	2 x 95
	7,407
	781

	96
	Takatsuki
	Osaka
	2
	fluidised bed
	2 x 90
	7,131
	646

	97
	Toyonaka
	Osaka
	2
	fluidised bed
	50; 110
	6,792
	1,790

	98
	Osakasayama
	Osaka
	1
	fluidised bed
	70
	3,614
	348

	99
	Matsubara
	Osaka
	2
	fluidised bed
	85; 90
	7,486
	745

	100
	Fujiidera
	Osaka
	1
	fluidised bed
	65
	3,471
	356

	101
	 Tadaoka
	Osaka
	3
	fluidised bed
	159; 182; 205
	28,489
	3,684 

	102
	Ikeda
	Osaka
	1
	fluidised bed
	25(5)
	1,296
	199

	103
	Amagasaki
	Hyogo
	3
	fluidised bed
	3 x 200
	33,178
	4,113

	104
	Ono
	Hyogo
	2
	fluidised bed
	2 x 70
	4,689
	648

	105
	Kakogawa
	Hyogo
	2
	fluidised bed
	2 x 90
	5,545
	827

	106
	Higashinada Ward
	Hyogo
	2
	fluidised bed
	2 x 150(5)
	15,573
	3,751

	107
	Akashi
	Hyogo
	3
	fluidised bed
	2 x 45; 40
	4,093
	535

	108
	Uda
	Nara 
	2
	fluidised bed
	2 x 100
	7,45
	874

	109
	
	
	1
	grate furnace
	90
	289
	

	110
	Wakayama (Shioya)
	Wakayama
	1
	fluidised bed
	60
	881
	378

	111
	Wakayama (Mikazura)
	Wakayama
	1
	fluidised bed
	45
	1,792
	214

	112
	Tottori
	Tottori
	1
	fluidised bed
	40
	286
	389

	113
	Matsuyama 
	Ehime
	1
	fluidised bed
	56
	2,273
	1,007

	114
	Higashi Ward
	Fukuoka
	2
	fluidised bed
	2 x 75
	7,368
	2,322

	115
	Nishi Ward
	Fukuoka 
	2
	fluidised bed
	2 x 50
	4,026
	1,879

	116
	
	
	2
	other
	2 x 50
	1,146
	

	117
	Miyazaki
	Miyazaki
	1
	fluidised bed
	60
	2,135
	260


(1)     ash production – 14,296 tDM; quantity dispatched – 13,065 tDM
(2) two-stage combustion circulating fluidised bed incinerator
(3) turbocharged fluidised bed incinerator
(4) circulating fluidised bed incinerator
(5) multi-layer burning incinerator

[image: ]mono-incineration plant

SFiguer 5 State sewage sludge mono-incineration plants (GADM, 2022)
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Sewage sludge statistics – Czech Republic 

2015	Agricultural use	Composting	Landfilling	Incineration	Other	63.061	67.064999999999998	6.5129999999999999	2.1669999999999998	34.191000000000003	2020	Agricultural use	Composting	Landfilling	Incineration	Other	63.064	84.747	15.225	21.33	8.0269999999999992	2021	Agricultural use	Composting	Landfilling	Incineration	Other	66.081999999999994	81.903000000000006	13.753	23.562000000000001	11.276999999999999	Agricultural use	Composting	Landfilling	Incineration	Other	Agricultural use	Composting	Landfilling	Incineration	Other	
thous. tDM




Sewage sludge statistics – Japan

2015	Soil application	Incineration	Solid fuel	Melting	Carbonisation	Cement production	Other	213.95099999999999	1178.556	12.3	97.501999999999995	37.311999999999998	87.570999999999998	50.386000000000003	2020	Soil application	Incineration	Solid fuel	Melting	Carbonisation	Cement production	Other	191.13800000000001	1169.921	33.316000000000003	70.966999999999999	69.239999999999995	73.492000000000004	42.14	
thous. tDM
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