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MBT and project calculation

Economics of MSW Treatment
• For the economical discussion 2 technical solutions are used:

- small: 50.000 t/y capacity, 1 shift operation (1.600 h/y),

- large: 100.000 t/y capacity, 2 shift operation (3.200 h/y)

both: 31,25 t/h technical dimension

• CAPEX conditions: 

- depreciation 20 years for buildings, 10 years for technology, 5 years for 

mobile equipment

- interest 4 %, CAPEX calculated as an annuity

a5 = 22,46 % of investment

a10 = 12,33 % of investment

a20 =  7,36 % of investment
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MBT and project calculation

Economics of MSW Treatment
• OPEX is calculated with the following costs for daily operation:

- staff Ø 30.000 €/y incl. holiday etc.

- Maintenance shredder 20 % of the investment

- Maintenance mobile equipment 7 % of the investment

- Maintenance equipment 3 % of the investment

- Maintenance buildings 2 % of the investment

- gasoline 1,- €/l

- electrical energy 0,16 €/kWh

- Disposal costs calculated in a bandwidth:

flow €/t min. €/t max.
Landfill 10 50
RDF -10 50
Recyclables -10 50

?
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MSW Treatment cost calculation

• The MBT cost calculation combines:

+ CAPEX

+ OPEX

+ disposal costs

and leads to the final “treatment costs” of MSW that has to be covered 

by fees or taxes.

• A micro economic benefit is always created by the mass loss of the 

biological process depending on the process design.

• In addition risks and benefits for the operators have to be calculated 

individually.

• Costs for logistics are not included.
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MBT and project calculation

MBT basic pre-treatment
• Due to the fact that all MBT need a basic structure of receiving area, 

storage, shredding and screening process, this pre-treatment can be 

calculated separately. The differences of the offered processes are in the 

further mechanical treatment and the biological processes.

• CAPEX and OPEX for a basic structure except biological process and any 

kind of treatment for the bulky flow stream are shown below:

50,000 t/y 100,000 t/y
site demand 3,800 m² 5,000 m²
investment 3.0 Mio. € 4.2 Mio. €
CAPEX 320,000 €/y 420.000 €/y
OPEX 420,000 €/y 820.000 €/y
specific treatment 
costs

16 €/t 14 €/t
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MBT and project calculation

Calculation of the basic pre-treatment
• Basic plant data Basic design

throughput 50.000            t/a
operation time 250 d
average capacity 200 t/d
contingencies 20%

240 t/d
hmax 30%
Mmax 72 t/h
trucks load 9 t/truck

8 Fzg/hmax

circulation area receiption
spez. 20*5 m 100 m²
degree of utilization 3 je Std.
area 300 m²

Bunker
bulg density 0,25 t/m³
Vmax/d 960 m³
solids loading 4 m³/m²
area 240 m²
selected 300 m²

feeding area 300 m²

total area Bunker 900 m²

construction volume 9900 m³
EP 60 €/m³
GP 594.000        €


Trier +40

																										plastics 2-D		16%

																										plastics 3-D		15%

																										paper		11%

																										boots		5%

																										sorting residues		12%

																										carpets		3%

																										textile		20%

																										nappies		8%

																										miscellaneous		5%

																										metals		3%

																										wood		2%

																												100%













Teppiche
3%



Windeln
8%

Stoffgruppen < 1 Ma.-%  5%



Feingut (	<	 80 mm)	Fe-Metall	Holz	Kunststofffolien	Kunststoffkörper	PPK	Schuhe	Sortierrest	Teppich	Textil	Windeln/Hygieneartikel	Stoffgruppen 	<	 1 ma.-%	0	2.6390924920430159E-2	2.1271023319420709E-2	0.16023277618026927	0.1533945930381044	0.11121568326376255	5.0721202376153462E-2	0.12228954503455418	3.3534059782398894E-2	0.20066608430243135	7.5769790818135535E-2	4.4514316964339586E-2	plastics 2-D	plastics 3-D	paper	boots	sorting residues	carpets	textile	nappies	miscellaneous	metals	wood	0.16	0.15	0.11	0.05	0.12	0.03	0.2	0.08	0.05	0.03	0.02	



Hessen 2008 Restabf

																								plastics 2-D		2.6%

																								plastics 3-D		2.6%

																								paper		8.7%

																								glass		4.0%

																								sorting residues		9.5%

																								organics		27.0%

																								textiles		2.8%

																								nappies		6.7%

																								metals		1.6%

																								wood		1.2%

																								minerals		11.1%

																								fines < 40 mm		22.2%

																										100.0%



plastics 2-D	plastics 3-D	paper	glass	sorting residues	organics	textiles	nappies	metals	wood	minerals	fines 	<	 40 mm	2.5999999999999999E-2	2.5999999999999999E-2	8.6999999999999994E-2	0.04	9.5000000000000001E-2	0.27	2.8000000000000001E-2	6.7000000000000004E-2	1.6E-2	1.2E-2	0.111	0.222	



flowsheet 
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																																mit SRF Produktion



																				disposal costs low						50,000						disposal costs low						50,000

																				landfill		38%		10		190,000		3.80 €/t				landfill		38%		10		190,000		3.80 €/t

																				scrap		2%		-10		-   10,000		-0.20 €/t				scrap		2%		-10		-   10,000		-0.20 €/t

																				mass loss		12%		0		- 0		0.00 €/t				mass loss		12%		0		- 0		0.00 €/t

																				SRF		48%		50		1,200,000		24.00 €/t				SRF		48%		-10		-   240,000		-4.80 €/t

																										1,380,000												-   60,000

																										27.60 €/t												-1.20 €/t



																				disposal costs high						50,000						disposal costs high						50,000

																				landfill		38%		50		950,000		19.00 €/t				landfill		38%		50		950,000		19.00 €/t

																				scrap		2%		50		50,000		1.00 €/t				scrap		2%		50		50,000		1.00 €/t

																				mass loss		12%		0		- 0		0.00 €/t				mass loss		12%		0		- 0		0.00 €/t

																				SRF		48%		50		1,200,000		24.00 €/t				SRF		48%		50		1,200,000		24.00 €/t

																										2,200,000												2,200,000

																										44.00 €/t												44.00 €/t
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																				disposal costs low						50,000

																				landfill		0%		10		- 0		0.00 €/t

																				scrap		2%		-10		-   10,000		-0.20 €/t

																				mass loss		34%		0		- 0		0.00 €/t

																				SRF		64%		-10		-   320,000		-6.40 €/t

																										-   330,000

																										-6.60 €/t



																				disposal costs high						50,000

																				landfill		0%		50		- 0		0.00 €/t

																				scrap		2%		50		50,000		1.00 €/t

																				mass loss		34%		0		- 0		0.00 €/t

																				SRF		64%		50		1,600,000		32.00 €/t

																										1,650,000

																										33.00 €/t
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																						disposal costs low						100,000

																						landfill		38%		10		380,000		3.80 €/t

																						scrap		3%		-10		-   30,000		-0.30 €/t

																						mass loss		12%		0		- 0		0.00 €/t

																						SRF		41%		50		2,050,000		20.50 €/t

																						Recyclables		6%		0		0		0.00 €/t

																												2,400,000

																												24.00 €/t





																						disposal costs high						100,000

																						landfill		38%		50		1,900,000		19.00 €/t

																						scrap		3%		50		150,000		1.50 €/t

																						mass loss		12%		0		- 0		0.00 €/t

																						SRF		41%		50		2,050,000		20.50 €/t

																						Recyclables		6%		0		0		0.00 €/t

																												4,100,000

																												41.00 €/t
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																								disposal costs low						100,000

																								landfill		40%		10		400,000		4.00 €/t

																								scrap		2%		-10		-   20,000		-0.20 €/t

																								mass loss		5%		0		- 0		0.00 €/t

																								incineration		53%		50		2,650,000		26.50 €/t

																								waste water disposal		10%		5		50,000		0.50 €/t

																														3,080,000

																														30.80 €/t







																								disposal costs high						100,000

																								landfill		40%		50		2,000,000		20.00 €/t

																								scrap		2%		50		100,000		1.00 €/t

																								mass loss		5%		0		- 0		0.00 €/t

																								incineration		53%		50		2,650,000		26.50 €/t

																								waste water disposal		10%		25		250,000		2.50 €/t

																														5,000,000

																														50.00 €/t
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Calc MBT

				calculation 50.000 t/a																calkculation 100.000 t/a

		throughput		50,000		t/a				circulation area receiption								100000		t/a

		operation time		250		d				spez. 20*5 m		100		m²

		average capacity		200		t/d				degree of utilization		3		je Std.

		contingencies		20%						area		300		m²

				240		t/d

		hmax		30%						Bunker

		Mmax		72		t/h				bulg density		0.25		t/m³

		trucks load		9		t/truck				Vmax/d		960		m³

				8		Fzg/hmax				solids loading		4		m³/m²

										area		240		m²

										selected		300		m²

										feeding area		300		m²

										total area Bunker 		900		m²				total area Bunker 		1500		m²

										construction volume		9900		m³				construction volume		16500		m³

										EP		60		€/m³

										GP		594,000		€				GP		990,000		€



		circulation area										2,500		m²						3,000		m²

										EP		150		€/m²

										GP		375,000		€						450,000

		processing				1				shredder		350,000		350,000				2		700,000

						1				drum sieve		150,000		150,000				1		150,000

						1				overbelt magnetic seperator		70,000		70,000				1		70,000

						200		m		conveying system		1,500		300,000				250		375,000

														- 0

														870,000						1,295,000

										mechanical engineering		5,000		50,000						65,000

										assembly		7%		60,900						90,650

														980,900						1,450,650



														1,000,000						1,500,000



		building volume for processing								20 * 20*10		4,000		240,000				5,000		300,000

		mobile equipment								wheel loader				150,000						150,000

										excavator				200,000						200,000

														350,000						350,000



										CAPEX

										a5		0.2246		350,000		78,610				350,000		78,610

										a10		0.1233		1,000,000		123,300				1,500,000		184,950

										a20		0.0736		1,209,000		88,982				1,740,000		128,064

														2,559,000						3,590,000

						engineering		15%		a20		0.0736		383,850		28,251				538,500		39,634

										Invest / CAPEX				2,942,850		319,144				4,128,500		431,258

		OPEX				staff		30,000				5		150,000						10		300,000

		repair + maintenance (RWU)				RWU Z		20%		350,000				70,000				700,000				140,000

						RWU		3%		650,000				19,500				800,000				24,000

						RWU mobil		7%		350,000				24,500				700,000				49,000

						RWU buildings		2%		1,209,000				24,180				1,740,000				34,800

						Diesel		1		200		1600		49,488						3200		98,977

						el. Energy		0.16		450				115,200								230,400

												452,868								877,177

						contingencies		10%						45,287								87,718

														500,000								960,000

										Capex				319,144								431,258

										Opex				500,000								960,000

														819,144								1,391,258

														16.38 €/t								13.91 €/t

		pile composting														tunnel composting, 42 d; 50.000 t/a										100.000 t/a

										process time		26		w						6		w

		h		4						area density 

		b		10						bulk density		500		kg/m³						500		kg/m³

				35		m²				mass/m²		1.8		t/m²				total capacity		25,000		t/y				50,000

										Input / y		25,000		t/y				daily capacity		100		t/d

										demand composting capacity		7,000		m²				chosen capacity		200		t/tunnel				200

										traffic area		1,500		m²				tunnel capacity		3,000		t				6,000

										total composting site		8,500		m²				number tunnels		14						30

																		air volume/tunnel		6,000		m³/h				6,000

										Capex		120,000		€/a				air volume total		84,000		m³/h				180,000

										investment area		1,275,000						biofilter capacity		120		m³/m²

										investment wheel loader		150,000						biofilter dimension		700		m²				1,500

										planning		213,750

												1,600,000						Capex building				600,000				1,300,000

																		investment tunnels		350,000		4,900,000				10,500,000

										Opex		90,000		€/a				investment biofilter		500		350,000				750,000

										staff		30,000						electrical devices		42						90

										gasoline		49,488						electrical inst.		5,000		210,000				450,000

										maintenance mobile		10,500						building volume		14,000						30,000

																		investment building				840,000				1,800,000

																						6,300,000				13,530,090

										Capex				120,000				UVH		10%		630,000				1,353,009

										Opex				90,000				planning +		15%		1,039,500				2,232,465

														210,000				total investment				8,000,000				17,100,000

														4.20 €/t

																		Capex mobile				30,000				30,000

																		wheel loader		150,000		150,000



																		total Capex				630,000				1,330,000

																		total investment				8,150,000				17,250,000



																		opex				560,000				800,000

																1		staff				30,000		2		60,000

																1		maintenance mobile				10,500		1		10,500

																1		maintenance				240,000		1		240,000

																		gasoline				49,488		2		98,977

										Energieverbrauch Rotte		45		kWh/t				electrical energy				180,000				360,000

																						509,988				769,477

																		UVH		10%		50,999				76,948

																						560,000				800,000

																		Capex				630,000				1,330,000

																		Opex				560,000				800,000

																						1,190,000				2,130,000

																						23.80 €/t				21.30 €/t

														disposal costs								50,000		100,000		100,000

														landfill		88%		10		50		440,000		880,000		4,400,000

														scrap		2%		-10				-   10,000		-   20,000		- 0

														mass loss		10%		0				- 0		- 0		- 0

																						430,000		860,000		4,400,000

																						8.60 €/t		8.60 €/t		44.00 €/t





Calc type C

								type C		MBD		Biologische Trocknung

										nur 100.000 t / a Variante rechnen

										keine Vorbehandlung, sondern integrierte Bunker-Aufbereitungs-Trocknungshalle

				Kalkulation 50.000 t/a																Kalkulation 100.000 t/a

																		100,000

				50000		t/a				Anlieferungsfläche								Bunkertore		Stk		4

				250		d				spez. 20*5 m		100		m²				Bunkerbreite		m		20

				200		t/d				Nutzungsfaktor		3		je Std.				Bunkervolumen		m³		1,920

		Zuschlag		20%						Fläche		300		m²				Bunkertiefe		m		6

				240		t/d												Bunkerfläche		m²		320

		hmax		30%						Bunker								Bunkerfläche		gewählt		400		m²

		Mmax		72		t/h				Schüttdichte		0.25		t/m³

		LKW		9		t/Fzg				Vmax/d		960		m³				Aufstellfläche Zerkleinerer		m²		100

				8		Fzg/hmax				Flächenbelegung		4		m³/m²				Fläche Bunker+Zerkleinerung				500

		Betriebsstunden		1600		h/a				Fläche		240		m²				Gebäudehöhe				16

										gewählt:		300		m²				Bauvolumen Bunker		m³		8,000



										Verkehrsfläche Aufgabe		300		m²





										Bunker gesamt:		900		m²



										Bauvolumen		9900		m³				Bauvolumen		8,000		m³

										EP		60		€/m³				EP		200		€/m³

										GP		594,000		€				GP		1,600,000		€



		Verkehrsflächen										2,500		m²						3,000		m²

										EP		150		€/m²

										GP		375,000		€						450,000

		Aufbereitung				1				Zerkleinerer		350,000		350,000				2		700,000

						1				Trommelsieb		150,000		150,000				0		- 0

						1				ÜMS		70,000		70,000				1		70,000

						200		m		FöTe		1,500		300,000				100		150,000

										Hallenkran		1,000,000		- 0				1		1,000,000

														870,000						1,920,000

										M+E		5,000		50,000						65,000

										Montage		7%		60,900						134,400

														980,900						2,119,400



														1,000,000						2,100,000



		Hallenfläche Aufbereitung / Verladung						m²		20 * 20*10		4,000		240,000				2,000		400,000



		Mobilgeräte								Radlader		1		150,000				- 0		- 0

										Bagger		1		200,000				- 0		- 0

														350,000						- 0



										CAPEX

										a5		0.2246		350,000		78,610				- 0		- 0

										a10		0.1233		1,000,000		123,300				2,100,000		258,930

										a20		0.0736		1,209,000		88,982				2,450,000		180,320

														2,559,000						4,550,000

				Planung + UVH + NK				15%		a20		0.0736		383,850		28,251				682,500		50,232



										Invest / CAPEX				2,942,850		319,144		Invest / CAPEX		5,200,000		490,000



		OPEX				Personal		30,000				5		150,000						8		240,000

						RWU Z		20%		350,000				70,000				700,000				140,000

						RWU		3%		650,000				19,500				1,400,000				- 0

						RWU mobil		7%		350,000				24,500				- 0				- 0

						RWU buildings		2%		1,209,000				24,180				2,450,000				49,000

						Diesel		1		200		1600		49,488						0		- 0

						el. Energie		0.16		450				115,200						450		230,400

												452,868								659,400

						UVH		10%						45,287								65,940

														500,000								730,000



										Capex				319,144								490,000

										Opex				500,000								730,000

														819,144								1,220,000

														16.38 €/t								12.20 €/t





		pile composting														tunnel composting, 10 d; 100.000 t/a

										process time		26		w						10		d

		h		4						area density 

		b		10						bulk density		500		kg/m³						250		kg/m³

				35		m²				mass/m²		1.8		t/m²				total capacity		100,000		t/y

										Input / y		25,000		t/y				daily capacity		274		t/d

										demand composting capacity		7,000		m²				chosen capacity		300		t/tunnel

										traffic area		1,500		m²				tunnel capacity		3,000		t

										total composting site		8,500		m²				number tunnels		10

																		air volume/tunnel		10,000		m³/h

										Capex		120,000		€/a				air volume total		100,000		m³/h

										investment area		1,275,000						biofilter capacity		120		m³/m²

										investment wheel loader		150,000						biofilter dimension		833		m²

										planning		213,750

												1,600,000						Capex building

																		investment tunnels		400,000		4,000,000

										Opex		90,000		€/a				investment biofilter		500		420,000

										staff		30,000						electrical devices		30

										gasoline		49,488						electrical inst.		5,000		150,000

										maintenance mobile		10,500						building volume		19,500

																		airation system		100,000 m³/h

																				10 €/m³		1,000,000

																		investment building				3,900,000

																						9,470,000

										Capex				120,000				UVH		10%		947,000

										Opex				90,000				planning +		15%		1,562,550

														210,000				total investment				12,000,000

														4.20 €/t

																		Capex mobile				- 0

																		wheel loader		- 0		- 0

																		total Capex				880,000

																		total investment				12,000,000





																		opex				1,220,000

																1		staff				30,000		2

																1		maintenance mobile				- 0		1

																1		maintenance				360,000		1

																		gasoline				- 0		2

										Energieverbrauch Trocknung		45		kWh/t				electrical energy				720,000

																						1,110,000

																		UVH		10%		111,000

																						1,220,000

																		Capex				880,000

																		Opex				1,220,000

																						2,100,000

																						21.00 €/t

														disposal costs								100,000

														SRF		63%		10		50		630,000		3,150,000

														scrap		2%		-10		50		-   20,000		100,000

														mass loss		35%		0				- 0		- 0

																						- 0

																						-   20,000		3,250,000

																						-0.20 €/t		32.50 €/t





Calc type D

										MBT type D



				Kalkulation 50.000 t/a																Kalkulation 100.000 t/a



				50000		t/a				Anlieferungsfläche								100,000		t/a

				250		d				spez. 20*5 m		100		m²

				200		t/d				Nutzungsfaktor		3		je Std.

		Zuschlag		20%						Fläche		300		m²

				240		t/d

		hmax		30%						Bunker

		Mmax		72		t/h				Schüttdichte		0.25		t/m³

		LKW		9		t/Fzg				Vmax/d		960		m³

				8		Fzg/hmax				Flächenbelegung		4		m³/m²

										Fläche		240		m²

										gewählt:		300		m²



										Verkehrsfläche Aufgabe		300		m²





										Bunker gesamt:		900		m²				Bunker gesamt:		1500		m²



										Bauvolumen		9900		m³				Bauvolumen		16500		m³

										EP		60		€/m³

										GP		594,000		€				GP		990,000		€



		Verkehrsflächen										2,500		m²						3,000		m²

										EP		150		€/m²

										GP		375,000		€						450,000



		Aufbereitung				1				Zerkleinerer		350,000		350,000				2		700,000

						1				Trommelsieb		150,000		150,000				1		150,000

						1				ÜMS		70,000		70,000				1		70,000

						200		m		FöTe		1,500		300,000				250		375,000

														- 0

														870,000						1,295,000

										M+E		5,000		50,000						65,000

										Montage		7%		60,900						90,650

														980,900						1,450,650



														1,000,000						1,500,000



		Hallenfläche Aufbereitung								20 * 20*10		4,000		240,000				5,000		300,000



		Mobilgeräte								Radlader				150,000						150,000

										Bagger				200,000						200,000

														350,000						350,000



										CAPEX

										a5		0.2246		350,000		78,610				350,000		78,610

										a10		0.1233		1,000,000		123,300				1,500,000		184,950

										a20		0.0736		1,209,000		88,982				1,740,000		128,064

														2,559,000						3,590,000

						Planung + NK		15%		a20		0.0736		383,850		28,251				538,500		39,634



										Invest / CAPEX				2,942,850		319,144				4,100,000		430,000



		OPEX				Personal		30,000				5		150,000						10		300,000

						RWU Z		20%		350,000				70,000				700,000				140,000

						RWU		3%		650,000				19,500				800,000				24,000

						RWU mobil		7%		350,000				24,500				700,000				49,000

						RWU buildings		2%		1,209,000				24,180				1,740,000				34,800

						Diesel		1		200		1600		49,488						3200		98,977

						el. Energie		0.16		450				115,200								230,400

												452,868								877,177

						UVH		10%						45,287								87,718

														500,000								960,000



										Capex				319,144								430,000

										Opex				500,000								960,000

														819,144								1,390,000

														16.38 €/t								14 €/t

																advanced mechanical treatment

										Siebmaschine		100,000		- 0				1		100,000

										BaSep		150,000		- 0				1		150,000

										FöTe		1,500						150		225,000

										Windsichter		80,000		- 0				2		160,000

										NIR Sorter		250,000		- 0				2		500,000

										M+E		5,000						15		75,000

										WSS		100,000						1		100,000

										Entstaubung		5		€/m³				50,000		250,000

										M+E		5,000						12		60,000

										Zw.Su.										1,620,000



										Montage		7%		- 0						113,400

														- 0						2,700,000



		Hallenfläche zusätzliche Aufbereitung								20 * 20*10		4,000		m³		60				240,000

																				2,940,000

						Planung + NK		15%		a20		0.0736		- 0		- 0				441,000

																		CAPEX		3,400,000		250,000



		OPEX				Personal		30,000												3		90,000

						RWU Z		20%		45,287								- 0				- 0

						RWU		3%		-   45,287								1,620,000				48,600

						RWU mobil		7%		- 0								- 0				- 0

						RWU buildings		2%		- 0								240,000				4,800

						Diesel		1														- 0

						el. Energie		0.16										250		3200		128,000

																				271,400

						UVH		10%														27,140

																		OPEX				300,000



																		Capex				250,000

																		Opex				300,000

																						550,000

																						5.50 €/t



		pile composting														tunnel composting, 42 d; 50.000 t/a										100.000 t/a

										process time		26		w						6		w

		h		4						area density 

		b		10						bulk density		500		kg/m³						500		kg/m³

				35		m²				mass/m²		1.8		t/m²				total capacity		25,000		t/y				50,000

										Input / y		25,000		t/y				daily capacity		100		t/d

										demand composting capacity		7,000		m²				chosen capacity		200		t/tunnel				200

										traffic area		1,500		m²				tunnel capacity		3,000		t				6,000

										total composting site		8,500		m²				number tunnels		14						30

																		air volume/tunnel		6,000		m³/h				6,000

										Capex		120,000		€/a				air volume total		84,000		m³/h				180,000

										investment area		1,275,000						biofilter capacity		120		m³/m²

										investment wheel loader		150,000						biofilter dimension		700		m²				1,500

										planning		213,750

												1,600,000						Capex building				600,000				1,300,000

																		investment tunnels		350,000		4,900,000				10,500,000

										Opex		90,000		€/a				investment biofilter		500		350,000				750,000

										staff		30,000						electrical devices		42						90

										gasoline		49,488						electrical inst.		5,000		210,000				450,000

										maintenance mobile		10,500						building volume		14,000						30,000

																		investment building				840,000				1,800,000

																						6,300,000				13,530,090

										Capex				120,000				UVH		10%		630,000				1,353,009

										Opex				90,000				planning +		15%		1,039,500				2,232,465

														210,000				total investment				8,000,000				17,100,000

														4.20 €/t

																		Capex mobile				30,000				30,000

																		wheel loader		150,000		150,000



																		total Capex				630,000				1,330,000

																		total investment				8,150,000				17,250,000



																		opex				560,000				800,000

																1		staff				30,000		2		60,000

																1		maintenance mobile				10,500		1		10,500

																1		maintenance				240,000		1		240,000

																		gasoline				49,488		2		98,977

										Energieverbrauch Rotte		45		kWh/t				electrical energy				180,000				360,000

																						509,988				769,477

																		UVH		10%		50,999				76,948

																						560,000				800,000

																		Capex				630,000				1,330,000

																		Opex				560,000				800,000

																						1,190,000				2,130,000

																						23.80 €/t				21.30 €/t

















Calc type E

										MBT type E



				Kalkulation 50.000 t/a																Kalkulation 100.000 t/a



				50000		t/a				Anlieferungsfläche								100,000		t/a

				250		d				spez. 20*5 m		100		m²

				200		t/d				Nutzungsfaktor		3		je Std.

		Zuschlag		20%						Fläche		300		m²

				240		t/d

		hmax		30%						Bunker

		Mmax		72		t/h				Schüttdichte		0.25		t/m³

		LKW		9		t/Fzg				Vmax/d		960		m³

				8		Fzg/hmax				Flächenbelegung		4		m³/m²

										Fläche		240		m²

										gewählt:		300		m²



										Verkehrsfläche Aufgabe		300		m²





										Bunker gesamt:		900		m²				Bunker gesamt:		1500		m²



										Bauvolumen		9900		m³				Bauvolumen		16500		m³

										EP		60		€/m³

										GP		594,000		€				GP		990,000		€



		Verkehrsflächen										2,500		m²						3,000		m²

										EP		150		€/m²

										GP		375,000		€						450,000



		Aufbereitung				1				Zerkleinerer		350,000		350,000				2		700,000

						1				Trommelsieb		150,000		150,000				1		150,000

						1				ÜMS		70,000		70,000				1		70,000

						200		m		FöTe		1,500		300,000				250		375,000

														- 0

														870,000						1,295,000

										M+E		5,000		50,000						65,000

										Montage		7%		60,900						90,650

														980,900						1,450,650



														1,000,000						1,500,000



		Hallenfläche Aufbereitung								20 * 20*10		4,000		240,000				5,000		300,000



		Mobilgeräte								Radlader				150,000						150,000

										Bagger				200,000						200,000

														350,000						350,000



										CAPEX

										a5		0.2246		350,000		78,610				350,000		78,610

										a10		0.1233		1,000,000		123,300				1,500,000		184,950

										a20		0.0736		1,209,000		88,982				1,740,000		128,064

														2,559,000						3,590,000

						Planung + NK		15%		a20		0.0736		383,850		28,251				538,500		39,634



										Invest / CAPEX				2,942,850		319,144				4,100,000		430,000



		OPEX				Personal		30,000				5		150,000						10		300,000

						RWU Z		20%		350,000				70,000				700,000				140,000

						RWU		3%		650,000				19,500				800,000				24,000

						RWU mobil		7%		350,000				24,500				700,000				49,000

						RWU buildings		2%		1,209,000				24,180				1,740,000				34,800

						Diesel		1		200		1600		49,488						3200		98,977

						el. Energie		0.16		450				115,200								230,400

												452,868								877,177

						UVH		10%						45,287								87,718

														500,000								960,000



										Capex				319,144								430,000

										Opex				500,000								960,000

														819,144								1,390,000

														16.38 €/t								14 €/t

												advanced mechanical & biological treatment



										BaSep		150,000		- 0				1		150,000

										FöTe		1,500						50		75,000

										Windsichter		80,000		- 0				2		160,000

										M+E		5,000						15		75,000

										XS Allmetallseparator		100,000						1		100,000

										Vorlagebunker Gärsubstrat		200,000						1		200,000

										Entwässerungszentrifuge		200,000				Z		2		400,000

										Bandfilter		200,000						1		200,000

										Entwässerungstechnik allgemein		200,000						1		200,000

																				- 0

										Gärreaktor		5,000,000						2		10,000,000

										Gastechnik incl. BHKW + Flüssigspeicher		2,500,000						2		5,000,000

										Aerobisierung		350,000						2		700,000

																				- 0

																				- 0

										M+E		5,000						12		60,000

										Zw.Su.										17,320,000



										Montage		7%								1,212,400

														- 0						18,500,000



		Hallenfläche zusätzliche Aufbereitung								20 * 20*10		4,000		m³		60				240,000

																				18,740,000

						Planung + NK		15%		a20		0.0736		- 0		- 0				2,811,000

																		CAPEX		21,600,000		1,590,000



		OPEX				Personal		30,000												6		180,000

						RWU Z		20%										400,000				80,000

						RWU		3%										6,920,000				207,600

						RWU mobil		7%		- 0								- 0				- 0

						RWU buildings		2%										240,000				4,800

						Diesel		1														- 0

						el. Energie		0.16										150		8760		210,240

																				682,640

						UVH		10%														68,264

																		OPEX				750,000



																		Capex				1,590,000

																		Opex				750,000

																						2,340,000

																						23.40 €/t



		pile composting														tunnel composting, 14 d;										100.000 t/a

										process time		26		w						2		w

		h		4						area density 

		b		10						bulk density		500		kg/m³						500		kg/m³

				35		m²				mass/m²		1.8		t/m²				total capacity				t/y				50,000

										Input / y		25,000		t/y				daily capacity		- 0		t/d				200

										demand composting capacity		7,000		m²				chosen capacity				t/tunnel				200

										traffic area		1,500		m²				tunnel capacity		- 0		t				2,000

										total composting site		8,500		m²				number tunnels								10

																		air volume/tunnel				m³/h				6,000

										Capex		120,000		€/a				air volume total				m³/h				60,000

										investment area		1,275,000						biofilter capacity		120		m³/m²

										investment wheel loader		150,000						biofilter dimension				m²				500

										planning		213,750

												1,600,000						Capex building				- 0				500,000

																		investment tunnels		350,000		- 0				3,500,000

										Opex		90,000		€/a				investment biofilter		500		- 0				250,000

										staff		30,000						electrical devices		- 0						20

										gasoline		49,488						electrical inst.		5,000		- 0				100,000

										maintenance mobile		10,500						building volume								17,500

																		investment building				- 0				1,050,000

																						- 0				4,917,520

										Capex				120,000				UVH		10%		- 0				491,752

										Opex				90,000				planning +		15%		- 0				811,391

														210,000				total investment				- 0				6,200,000

														4.20 €/t

																		Capex mobile				30,000				30,000

																		wheel loader		150,000		150,000



																		total Capex				30,000				530,000

																		total investment				150,000				6,350,000



																		opex				240,000				720,000

																1		staff				30,000		2		60,000

																1		maintenance mobile				10,500		1		10,500

																1		maintenance				124,000		1		124,000

																		gasoline				49,488		2		100,000

										Energieverbrauch Rotte		45		kWh/t				electrical energy				- 0				360,000

																						213,988				654,500

																		UVH		10%		21,399				65,450

																						240,000				720,000

						Biogasproduktion				38,000		t/a						Capex				30,000				530,000

						spez Gasausbeute				120		m³/t						Opex				240,000				720,000

						Gas gesamt				4,560,000		m³/a										270,000				1,250,000

						Energiegehalt				5.5		kWh/m³										5.40 €/t				12.50 €/t

						Energie gesamt				25,080,000		kWh

						BHKW Effizienz elektrisch				40%

						Verfügbarkeit				95%

						Stromproduktion				9,530,400		kWh/a

						gewählt				9,500		MWh/a



						Stromerlös EEX				35		€/MWh

						Erlös gesamt				332,500		€/a

						Erlös spez.				3.3		€/t





add shredder

		SRF Zerkleinerung								50,000										100,000



		Aufbereitung				2				Zerkleinerer		500,000		1,000,000				3		1,500,000

						2				TMS		25,000		50,000				3		75,000

						50		m		FöTe		1,500		75,000				80		120,000

														- 0

														1,125,000						1,695,000

										M+E		5,000		50,000						65,000

										Montage		7%		78,750						118,650

		Halle 		60		€/m³								1,253,750						1,878,650







		Halle Zerkleinerung								20 * 20*10		4,000		240,000				5,000		300,000



		Mobilgeräte								Radlader				150,000						150,000

										Bagger				200,000						200,000

														- 0						- 0



										CAPEX

										a5		0.2246		- 0		- 0				- 0		- 0

										a10		0.1233		1,253,750		154,587				1,878,650		231,638

										a20		0.0736		240,000		17,664				300,000		22,080

														1,493,750						2,178,650

						Planung + NK		15%		a20		0.0736		224,063		16,491				326,798		24,052



										Invest / CAPEX				1,720,000		190,000				2,505,448		280,000



		OPEX				Personal		30,000				1		30,000						2		60,000

						RWU Z		20%		1,000,000				200,000				1,500,000				300,000

						RWU		3%		253,750				7,613				378,650				11,360

						RWU mobil		7%		- 0				- 0				- 0				- 0

						RWU buildings		2%		240,000				4,800				300,000				6,000

						Diesel		0		200		1600		- 0						3200		- 0

						el. Energie		0.16		500				128,000						750		384,000

												370,413								761,360

						UVH		10%						37,041								76,136

														410,000								840,000



										Capex				190,000								280,000

										Opex				410,000								840,000

														600,000								1,120,000

														12.00 €/t								11.20 €/t
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																										plastics 3-D		15%
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																										textile		20%

																										nappies		8%

																										miscellaneous		5%

																										metals		3%

																										wood		2%

																												100%













Teppiche
3%



Windeln
8%

Stoffgruppen < 1 Ma.-%  5%



Feingut (	<	 80 mm)	Fe-Metall	Holz	Kunststofffolien	Kunststoffkörper	PPK	Schuhe	Sortierrest	Teppich	Textil	Windeln/Hygieneartikel	Stoffgruppen 	<	 1 ma.-%	0	2.6390924920430159E-2	2.1271023319420709E-2	0.16023277618026927	0.1533945930381044	0.11121568326376255	5.0721202376153462E-2	0.12228954503455418	3.3534059782398894E-2	0.20066608430243135	7.5769790818135535E-2	4.4514316964339586E-2	plastics 2-D	plastics 3-D	paper	boots	sorting residues	carpets	textile	nappies	miscellaneous	metals	wood	0.16	0.15	0.11	0.05	0.12	0.03	0.2	0.08	0.05	0.03	0.02	



Hessen 2008 Restabf

																								plastics 2-D		2.6%

																								plastics 3-D		2.6%

																								paper		8.7%

																								glass		4.0%

																								sorting residues		9.5%

																								organics		27.0%

																								textiles		2.8%

																								nappies		6.7%

																								metals		1.6%

																								wood		1.2%

																								minerals		11.1%

																								fines < 40 mm		22.2%

																										100.0%



plastics 2-D	plastics 3-D	paper	glass	sorting residues	organics	textiles	nappies	metals	wood	minerals	fines 	<	 40 mm	2.5999999999999999E-2	2.5999999999999999E-2	8.6999999999999994E-2	0.04	9.5000000000000001E-2	0.27	2.8000000000000001E-2	6.7000000000000004E-2	1.6E-2	1.2E-2	0.111	0.222	



flowsheet 











































































shredding

sieving

black box B

black box M

biological treatment

landfill

energy recovery

recycling



type A











































































shredding

sieving

biological treatment

landfill 

50 %

50 %

~10 %

~88 %

scrap 

2 %



type B













																																mit SRF Produktion



																				disposal costs low						50,000						disposal costs low						50,000

																				landfill		38%		10		190,000		3.80 €/t				landfill		38%		10		190,000		3.80 €/t

																				scrap		2%		-10		-   10,000		-0.20 €/t				scrap		2%		-10		-   10,000		-0.20 €/t

																				mass loss		12%		0		- 0		0.00 €/t				mass loss		12%		0		- 0		0.00 €/t

																				SRF		48%		50		1,200,000		24.00 €/t				SRF		48%		-10		-   240,000		-4.80 €/t

																										1,380,000												-   60,000

																										27.60 €/t												-1.20 €/t



																				disposal costs high						50,000						disposal costs high						50,000

																				landfill		38%		50		950,000		19.00 €/t				landfill		38%		50		950,000		19.00 €/t

																				scrap		2%		50		50,000		1.00 €/t				scrap		2%		50		50,000		1.00 €/t

																				mass loss		12%		0		- 0		0.00 €/t				mass loss		12%		0		- 0		0.00 €/t

																				SRF		48%		50		1,200,000		24.00 €/t				SRF		48%		50		1,200,000		24.00 €/t

																										2,200,000												2,200,000

																										44.00 €/t												44.00 €/t















shredding

sieving

biological treatment

landfill 

50 %

~12 %

~38 %

scrap 

2 %

waste incinerator

48 %



type C

















																				disposal costs low						50,000

																				landfill		0%		10		- 0		0.00 €/t

																				scrap		2%		-10		-   10,000		-0.20 €/t

																				mass loss		34%		0		- 0		0.00 €/t

																				SRF		64%		-10		-   320,000		-6.40 €/t

																										-   330,000

																										-6.60 €/t



																				disposal costs high						50,000

																				landfill		0%		50		- 0		0.00 €/t

																				scrap		2%		50		50,000		1.00 €/t

																				mass loss		34%		0		- 0		0.00 €/t

																				SRF		64%		50		1,600,000		32.00 €/t

																										1,650,000

																										33.00 €/t











shredding

biological drying

~34 %

scrap 

2 %

SRF for power plants

64%



type D

















																						disposal costs low						100,000

																						landfill		38%		10		380,000		3.80 €/t

																						scrap		3%		-10		-   30,000		-0.30 €/t

																						mass loss		12%		0		- 0		0.00 €/t

																						SRF		41%		50		2,050,000		20.50 €/t

																						Recyclables		6%		0		0		0.00 €/t

																												2,400,000

																												24.00 €/t





																						disposal costs high						100,000

																						landfill		38%		50		1,900,000		19.00 €/t

																						scrap		3%		50		150,000		1.50 €/t

																						mass loss		12%		0		- 0		0.00 €/t

																						SRF		41%		50		2,050,000		20.50 €/t

																						Recyclables		6%		0		0		0.00 €/t

																												4,100,000

																												41.00 €/t













shredding

sieving

biological treatment

50 %

~12 %

scrap 

waste incinerator

41 %

advanced mechanical treatment

~ 3 %

recyclables 

~6 %

50 %

landfill 

38%



type E

















																								disposal costs low						100,000

																								landfill		40%		10		400,000		4.00 €/t

																								scrap		2%		-10		-   20,000		-0.20 €/t

																								mass loss		5%		0		- 0		0.00 €/t

																								incineration		53%		50		2,650,000		26.50 €/t

																								waste water disposal		10%		5		50,000		0.50 €/t

																														3,080,000

																														30.80 €/t







																								disposal costs high						100,000

																								landfill		40%		50		2,000,000		20.00 €/t

																								scrap		2%		50		100,000		1.00 €/t

																								mass loss		5%		0		- 0		0.00 €/t

																								incineration		53%		50		2,650,000		26.50 €/t

																								waste water disposal		10%		25		250,000		2.50 €/t

																														5,000,000

																														50.00 €/t





























shredding

sieving

composting

landfill 

50 %

~ 5 %

~ 40 %

scrap 

2 %

waste incinerator

53 %

advanced mechanical treatment

fermentation

dewatering

Biogas
~ 55 % CH4

water-treatment

10 - 50 %

? %

5 %

7 %



Calc MBT

				calculation 50.000 t/a																calkculation 100.000 t/a

		throughput		50,000		t/a				circulation area receiption								100000		t/a

		operation time		250		d				spez. 20*5 m		100		m²

		average capacity		200		t/d				degree of utilization		3		je Std.

		contingencies		20%						area		300		m²

				240		t/d

		hmax		30%						Bunker

		Mmax		72		t/h				bulg density		0.25		t/m³

		trucks load		9		t/truck				Vmax/d		960		m³

				8		Fzg/hmax				solids loading		4		m³/m²

										area		240		m²

										selected		300		m²

										feeding area		300		m²

										total area Bunker 		900		m²				total area Bunker 		1500		m²

										construction volume		9900		m³				construction volume		16500		m³

										EP		60		€/m³

										GP		594,000		€				GP		990,000		€



		circulation area										2,500		m²						3,000		m²

										EP		150		€/m²

										GP		375,000		€						450,000

		processing				1				shredder		350,000		350,000				2		700,000

						1				drum sieve		150,000		150,000				1		150,000

						1				overbelt magnetic seperator		70,000		70,000				1		70,000

						200		m		conveying system		1,500		300,000				250		375,000

														- 0

														870,000						1,295,000

										mechanical engineering		5,000		50,000						65,000

										assembly		7%		60,900						90,650

														980,900						1,450,650



														1,000,000						1,500,000



		building volume for processing								20 * 20*10		4,000		240,000				5,000		300,000

		mobile equipment								wheel loader				150,000						150,000

										excavator				200,000						200,000

														350,000						350,000



										CAPEX

										a5		0.2246		350,000		78,610				350,000		78,610

										a10		0.1233		1,000,000		123,300				1,500,000		184,950

										a20		0.0736		1,209,000		88,982				1,740,000		128,064

														2,559,000						3,590,000

						engineering		15%		a20		0.0736		383,850		28,251				538,500		39,634

										Invest / CAPEX				2,942,850		319,144				4,128,500		431,258

		OPEX				staff		30,000				5		150,000						10		300,000

		repair + maintenance (RWU)				RWU Z		20%		350,000				70,000				700,000				140,000

						RWU		3%		650,000				19,500				800,000				24,000

						RWU mobil		7%		350,000				24,500				700,000				49,000

						RWU buildings		2%		1,209,000				24,180				1,740,000				34,800

						Diesel		1		200		1600		49,488						3200		98,977

						el. Energy		0.16		450				115,200								230,400

												452,868								877,177

						contingencies		10%						45,287								87,718

														500,000								960,000

										Capex				319,144								431,258

										Opex				500,000								960,000

														819,144								1,391,258

														16.38 €/t								13.91 €/t

		pile composting														tunnel composting, 42 d; 50.000 t/a										100.000 t/a

										process time		26		w						6		w

		h		4						area density 

		b		10						bulk density		500		kg/m³						500		kg/m³

				35		m²				mass/m²		1.8		t/m²				total capacity		25,000		t/y				50,000

										Input / y		25,000		t/y				daily capacity		100		t/d

										demand composting capacity		7,000		m²				chosen capacity		200		t/tunnel				200

										traffic area		1,500		m²				tunnel capacity		3,000		t				6,000

										total composting site		8,500		m²				number tunnels		14						30

																		air volume/tunnel		6,000		m³/h				6,000

										Capex		120,000		€/a				air volume total		84,000		m³/h				180,000

										investment area		1,275,000						biofilter capacity		120		m³/m²

										investment wheel loader		150,000						biofilter dimension		700		m²				1,500

										planning		213,750

												1,600,000						Capex building				600,000				1,300,000

																		investment tunnels		350,000		4,900,000				10,500,000

										Opex		90,000		€/a				investment biofilter		500		350,000				750,000

										staff		30,000						electrical devices		42						90

										gasoline		49,488						electrical inst.		5,000		210,000				450,000

										maintenance mobile		10,500						building volume		14,000						30,000

																		investment building				840,000				1,800,000

																						6,300,000				13,530,090

										Capex				120,000				UVH		10%		630,000				1,353,009

										Opex				90,000				planning +		15%		1,039,500				2,232,465

														210,000				total investment				8,000,000				17,100,000

														4.20 €/t

																		Capex mobile				30,000				30,000

																		wheel loader		150,000		150,000



																		total Capex				630,000				1,330,000

																		total investment				8,150,000				17,250,000



																		opex				560,000				800,000

																1		staff				30,000		2		60,000

																1		maintenance mobile				10,500		1		10,500

																1		maintenance				240,000		1		240,000

																		gasoline				49,488		2		98,977

										Energieverbrauch Rotte		45		kWh/t				electrical energy				180,000				360,000

																						509,988				769,477

																		UVH		10%		50,999				76,948

																						560,000				800,000

																		Capex				630,000				1,330,000

																		Opex				560,000				800,000

																						1,190,000				2,130,000

																						23.80 €/t				21.30 €/t

														disposal costs								50,000		100,000		100,000

														landfill		88%		10		50		440,000		880,000		4,400,000

														scrap		2%		-10				-   10,000		-   20,000		- 0

														mass loss		10%		0				- 0		- 0		- 0

																						430,000		860,000		4,400,000

																						8.60 €/t		8.60 €/t		44.00 €/t





Calc type C

								type C		MBD		Biologische Trocknung

										nur 100.000 t / a Variante rechnen

										keine Vorbehandlung, sondern integrierte Bunker-Aufbereitungs-Trocknungshalle

				Kalkulation 50.000 t/a																Kalkulation 100.000 t/a

																		100,000

				50000		t/a				Anlieferungsfläche								Bunkertore		Stk		4

				250		d				spez. 20*5 m		100		m²				Bunkerbreite		m		20

				200		t/d				Nutzungsfaktor		3		je Std.				Bunkervolumen		m³		1,920

		Zuschlag		20%						Fläche		300		m²				Bunkertiefe		m		6

				240		t/d												Bunkerfläche		m²		320

		hmax		30%						Bunker								Bunkerfläche		gewählt		400		m²

		Mmax		72		t/h				Schüttdichte		0.25		t/m³

		LKW		9		t/Fzg				Vmax/d		960		m³				Aufstellfläche Zerkleinerer		m²		100

				8		Fzg/hmax				Flächenbelegung		4		m³/m²				Fläche Bunker+Zerkleinerung				500

		Betriebsstunden		1600		h/a				Fläche		240		m²				Gebäudehöhe				16

										gewählt:		300		m²				Bauvolumen Bunker		m³		8,000



										Verkehrsfläche Aufgabe		300		m²





										Bunker gesamt:		900		m²



										Bauvolumen		9900		m³				Bauvolumen		8,000		m³

										EP		60		€/m³				EP		200		€/m³

										GP		594,000		€				GP		1,600,000		€



		Verkehrsflächen										2,500		m²						3,000		m²

										EP		150		€/m²

										GP		375,000		€						450,000

		Aufbereitung				1				Zerkleinerer		350,000		350,000				2		700,000

						1				Trommelsieb		150,000		150,000				0		- 0

						1				ÜMS		70,000		70,000				1		70,000

						200		m		FöTe		1,500		300,000				100		150,000

										Hallenkran		1,000,000		- 0				1		1,000,000

														870,000						1,920,000

										M+E		5,000		50,000						65,000

										Montage		7%		60,900						134,400

														980,900						2,119,400



														1,000,000						2,100,000



		Hallenfläche Aufbereitung / Verladung						m²		20 * 20*10		4,000		240,000				2,000		400,000



		Mobilgeräte								Radlader		1		150,000				- 0		- 0

										Bagger		1		200,000				- 0		- 0

														350,000						- 0



										CAPEX

										a5		0.2246		350,000		78,610				- 0		- 0

										a10		0.1233		1,000,000		123,300				2,100,000		258,930

										a20		0.0736		1,209,000		88,982				2,450,000		180,320

														2,559,000						4,550,000

				Planung + UVH + NK				15%		a20		0.0736		383,850		28,251				682,500		50,232



										Invest / CAPEX				2,942,850		319,144		Invest / CAPEX		5,200,000		490,000



		OPEX				Personal		30,000				5		150,000						8		240,000

						RWU Z		20%		350,000				70,000				700,000				140,000

						RWU		3%		650,000				19,500				1,400,000				- 0

						RWU mobil		7%		350,000				24,500				- 0				- 0

						RWU buildings		2%		1,209,000				24,180				2,450,000				49,000

						Diesel		1		200		1600		49,488						0		- 0

						el. Energie		0.16		450				115,200						450		230,400

												452,868								659,400

						UVH		10%						45,287								65,940

														500,000								730,000



										Capex				319,144								490,000

										Opex				500,000								730,000

														819,144								1,220,000

														16.38 €/t								12.20 €/t





		pile composting														tunnel composting, 10 d; 100.000 t/a

										process time		26		w						10		d

		h		4						area density 

		b		10						bulk density		500		kg/m³						250		kg/m³

				35		m²				mass/m²		1.8		t/m²				total capacity		100,000		t/y

										Input / y		25,000		t/y				daily capacity		274		t/d

										demand composting capacity		7,000		m²				chosen capacity		300		t/tunnel

										traffic area		1,500		m²				tunnel capacity		3,000		t

										total composting site		8,500		m²				number tunnels		10

																		air volume/tunnel		10,000		m³/h

										Capex		120,000		€/a				air volume total		100,000		m³/h

										investment area		1,275,000						biofilter capacity		120		m³/m²

										investment wheel loader		150,000						biofilter dimension		833		m²

										planning		213,750

												1,600,000						Capex building

																		investment tunnels		400,000		4,000,000

										Opex		90,000		€/a				investment biofilter		500		420,000

										staff		30,000						electrical devices		30

										gasoline		49,488						electrical inst.		5,000		150,000

										maintenance mobile		10,500						building volume		19,500

																		airation system		100,000 m³/h

																				10 €/m³		1,000,000

																		investment building				3,900,000

																						9,470,000

										Capex				120,000				UVH		10%		947,000

										Opex				90,000				planning +		15%		1,562,550

														210,000				total investment				12,000,000

														4.20 €/t

																		Capex mobile				- 0

																		wheel loader		- 0		- 0

																		total Capex				880,000

																		total investment				12,000,000





																		opex				1,220,000

																1		staff				30,000		2

																1		maintenance mobile				- 0		1

																1		maintenance				360,000		1

																		gasoline				- 0		2

										Energieverbrauch Trocknung		45		kWh/t				electrical energy				720,000

																						1,110,000

																		UVH		10%		111,000

																						1,220,000

																		Capex				880,000

																		Opex				1,220,000

																						2,100,000

																						21.00 €/t

														disposal costs								100,000

														SRF		63%		10		50		630,000		3,150,000

														scrap		2%		-10		50		-   20,000		100,000

														mass loss		35%		0				- 0		- 0

																						- 0

																						-   20,000		3,250,000

																						-0.20 €/t		32.50 €/t





Calc type D

										MBT type D



				Kalkulation 50.000 t/a																Kalkulation 100.000 t/a



				50000		t/a				Anlieferungsfläche								100,000		t/a

				250		d				spez. 20*5 m		100		m²

				200		t/d				Nutzungsfaktor		3		je Std.

		Zuschlag		20%						Fläche		300		m²

				240		t/d

		hmax		30%						Bunker

		Mmax		72		t/h				Schüttdichte		0.25		t/m³

		LKW		9		t/Fzg				Vmax/d		960		m³

				8		Fzg/hmax				Flächenbelegung		4		m³/m²

										Fläche		240		m²

										gewählt:		300		m²



										Verkehrsfläche Aufgabe		300		m²





										Bunker gesamt:		900		m²				Bunker gesamt:		1500		m²



										Bauvolumen		9900		m³				Bauvolumen		16500		m³

										EP		60		€/m³

										GP		594,000		€				GP		990,000		€



		Verkehrsflächen										2,500		m²						3,000		m²

										EP		150		€/m²

										GP		375,000		€						450,000



		Aufbereitung				1				Zerkleinerer		350,000		350,000				2		700,000

						1				Trommelsieb		150,000		150,000				1		150,000

						1				ÜMS		70,000		70,000				1		70,000

						200		m		FöTe		1,500		300,000				250		375,000

														- 0

														870,000						1,295,000

										M+E		5,000		50,000						65,000

										Montage		7%		60,900						90,650

														980,900						1,450,650



														1,000,000						1,500,000



		Hallenfläche Aufbereitung								20 * 20*10		4,000		240,000				5,000		300,000



		Mobilgeräte								Radlader				150,000						150,000

										Bagger				200,000						200,000

														350,000						350,000



										CAPEX

										a5		0.2246		350,000		78,610				350,000		78,610

										a10		0.1233		1,000,000		123,300				1,500,000		184,950

										a20		0.0736		1,209,000		88,982				1,740,000		128,064

														2,559,000						3,590,000

						Planung + NK		15%		a20		0.0736		383,850		28,251				538,500		39,634



										Invest / CAPEX				2,942,850		319,144				4,100,000		430,000



		OPEX				Personal		30,000				5		150,000						10		300,000

						RWU Z		20%		350,000				70,000				700,000				140,000

						RWU		3%		650,000				19,500				800,000				24,000

						RWU mobil		7%		350,000				24,500				700,000				49,000

						RWU buildings		2%		1,209,000				24,180				1,740,000				34,800

						Diesel		1		200		1600		49,488						3200		98,977

						el. Energie		0.16		450				115,200								230,400

												452,868								877,177

						UVH		10%						45,287								87,718

														500,000								960,000



										Capex				319,144								430,000

										Opex				500,000								960,000

														819,144								1,390,000

														16.38 €/t								14 €/t

																advanced mechanical treatment

										Siebmaschine		100,000		- 0				1		100,000

										BaSep		150,000		- 0				1		150,000

										FöTe		1,500						150		225,000

										Windsichter		80,000		- 0				2		160,000

										NIR Sorter		250,000		- 0				2		500,000

										M+E		5,000						15		75,000

										WSS		100,000						1		100,000

										Entstaubung		5		€/m³				50,000		250,000

										M+E		5,000						12		60,000

										Zw.Su.										1,620,000



										Montage		7%		- 0						113,400

														- 0						2,700,000



		Hallenfläche zusätzliche Aufbereitung								20 * 20*10		4,000		m³		60				240,000

																				2,940,000

						Planung + NK		15%		a20		0.0736		- 0		- 0				441,000

																		CAPEX		3,400,000		250,000



		OPEX				Personal		30,000												3		90,000

						RWU Z		20%		45,287								- 0				- 0

						RWU		3%		-   45,287								1,620,000				48,600

						RWU mobil		7%		- 0								- 0				- 0

						RWU buildings		2%		- 0								240,000				4,800

						Diesel		1														- 0

						el. Energie		0.16										250		3200		128,000

																				271,400

						UVH		10%														27,140

																		OPEX				300,000



																		Capex				250,000

																		Opex				300,000

																						550,000

																						5.50 €/t



		pile composting														tunnel composting, 42 d; 50.000 t/a										100.000 t/a

										process time		26		w						6		w

		h		4						area density 

		b		10						bulk density		500		kg/m³						500		kg/m³

				35		m²				mass/m²		1.8		t/m²				total capacity		25,000		t/y				50,000

										Input / y		25,000		t/y				daily capacity		100		t/d

										demand composting capacity		7,000		m²				chosen capacity		200		t/tunnel				200

										traffic area		1,500		m²				tunnel capacity		3,000		t				6,000

										total composting site		8,500		m²				number tunnels		14						30

																		air volume/tunnel		6,000		m³/h				6,000

										Capex		120,000		€/a				air volume total		84,000		m³/h				180,000

										investment area		1,275,000						biofilter capacity		120		m³/m²

										investment wheel loader		150,000						biofilter dimension		700		m²				1,500

										planning		213,750

												1,600,000						Capex building				600,000				1,300,000

																		investment tunnels		350,000		4,900,000				10,500,000

										Opex		90,000		€/a				investment biofilter		500		350,000				750,000

										staff		30,000						electrical devices		42						90

										gasoline		49,488						electrical inst.		5,000		210,000				450,000

										maintenance mobile		10,500						building volume		14,000						30,000

																		investment building				840,000				1,800,000

																						6,300,000				13,530,090

										Capex				120,000				UVH		10%		630,000				1,353,009

										Opex				90,000				planning +		15%		1,039,500				2,232,465

														210,000				total investment				8,000,000				17,100,000

														4.20 €/t

																		Capex mobile				30,000				30,000

																		wheel loader		150,000		150,000



																		total Capex				630,000				1,330,000

																		total investment				8,150,000				17,250,000



																		opex				560,000				800,000

																1		staff				30,000		2		60,000

																1		maintenance mobile				10,500		1		10,500

																1		maintenance				240,000		1		240,000

																		gasoline				49,488		2		98,977

										Energieverbrauch Rotte		45		kWh/t				electrical energy				180,000				360,000

																						509,988				769,477

																		UVH		10%		50,999				76,948

																						560,000				800,000

																		Capex				630,000				1,330,000

																		Opex				560,000				800,000

																						1,190,000				2,130,000

																						23.80 €/t				21.30 €/t

















Calc type E

										MBT type E



				Kalkulation 50.000 t/a																Kalkulation 100.000 t/a



				50000		t/a				Anlieferungsfläche								100,000		t/a

				250		d				spez. 20*5 m		100		m²

				200		t/d				Nutzungsfaktor		3		je Std.

		Zuschlag		20%						Fläche		300		m²

				240		t/d

		hmax		30%						Bunker

		Mmax		72		t/h				Schüttdichte		0.25		t/m³

		LKW		9		t/Fzg				Vmax/d		960		m³

				8		Fzg/hmax				Flächenbelegung		4		m³/m²

										Fläche		240		m²

										gewählt:		300		m²



										Verkehrsfläche Aufgabe		300		m²





										Bunker gesamt:		900		m²				Bunker gesamt:		1500		m²



										Bauvolumen		9900		m³				Bauvolumen		16500		m³

										EP		60		€/m³

										GP		594,000		€				GP		990,000		€



		Verkehrsflächen										2,500		m²						3,000		m²

										EP		150		€/m²

										GP		375,000		€						450,000



		Aufbereitung				1				Zerkleinerer		350,000		350,000				2		700,000

						1				Trommelsieb		150,000		150,000				1		150,000

						1				ÜMS		70,000		70,000				1		70,000

						200		m		FöTe		1,500		300,000				250		375,000

														- 0

														870,000						1,295,000

										M+E		5,000		50,000						65,000

										Montage		7%		60,900						90,650

														980,900						1,450,650



														1,000,000						1,500,000



		Hallenfläche Aufbereitung								20 * 20*10		4,000		240,000				5,000		300,000



		Mobilgeräte								Radlader				150,000						150,000

										Bagger				200,000						200,000

														350,000						350,000



										CAPEX

										a5		0.2246		350,000		78,610				350,000		78,610

										a10		0.1233		1,000,000		123,300				1,500,000		184,950

										a20		0.0736		1,209,000		88,982				1,740,000		128,064

														2,559,000						3,590,000

						Planung + NK		15%		a20		0.0736		383,850		28,251				538,500		39,634



										Invest / CAPEX				2,942,850		319,144				4,100,000		430,000



		OPEX				Personal		30,000				5		150,000						10		300,000

						RWU Z		20%		350,000				70,000				700,000				140,000

						RWU		3%		650,000				19,500				800,000				24,000

						RWU mobil		7%		350,000				24,500				700,000				49,000

						RWU buildings		2%		1,209,000				24,180				1,740,000				34,800

						Diesel		1		200		1600		49,488						3200		98,977

						el. Energie		0.16		450				115,200								230,400

												452,868								877,177

						UVH		10%						45,287								87,718

														500,000								960,000



										Capex				319,144								430,000

										Opex				500,000								960,000

														819,144								1,390,000

														16.38 €/t								14 €/t

												advanced mechanical & biological treatment



										BaSep		150,000		- 0				1		150,000

										FöTe		1,500						50		75,000

										Windsichter		80,000		- 0				2		160,000

										M+E		5,000						15		75,000

										XS Allmetallseparator		100,000						1		100,000

										Vorlagebunker Gärsubstrat		200,000						1		200,000

										Entwässerungszentrifuge		200,000				Z		2		400,000

										Bandfilter		200,000						1		200,000

										Entwässerungstechnik allgemein		200,000						1		200,000

																				- 0

										Gärreaktor		5,000,000						2		10,000,000

										Gastechnik incl. BHKW + Flüssigspeicher		2,500,000						2		5,000,000

										Aerobisierung		350,000						2		700,000

																				- 0

																				- 0

										M+E		5,000						12		60,000

										Zw.Su.										17,320,000



										Montage		7%								1,212,400

														- 0						18,500,000



		Hallenfläche zusätzliche Aufbereitung								20 * 20*10		4,000		m³		60				240,000

																				18,740,000

						Planung + NK		15%		a20		0.0736		- 0		- 0				2,811,000

																		CAPEX		21,600,000		1,590,000



		OPEX				Personal		30,000												6		180,000

						RWU Z		20%										400,000				80,000

						RWU		3%										6,920,000				207,600

						RWU mobil		7%		- 0								- 0				- 0

						RWU buildings		2%										240,000				4,800

						Diesel		1														- 0

						el. Energie		0.16										150		8760		210,240

																				682,640

						UVH		10%														68,264

																		OPEX				750,000



																		Capex				1,590,000

																		Opex				750,000

																						2,340,000

																						23.40 €/t



		pile composting														tunnel composting, 14 d;										100.000 t/a

										process time		26		w						2		w

		h		4						area density 

		b		10						bulk density		500		kg/m³						500		kg/m³

				35		m²				mass/m²		1.8		t/m²				total capacity				t/y				50,000

										Input / y		25,000		t/y				daily capacity		- 0		t/d				200

										demand composting capacity		7,000		m²				chosen capacity				t/tunnel				200

										traffic area		1,500		m²				tunnel capacity		- 0		t				2,000

										total composting site		8,500		m²				number tunnels								10

																		air volume/tunnel				m³/h				6,000

										Capex		120,000		€/a				air volume total				m³/h				60,000

										investment area		1,275,000						biofilter capacity		120		m³/m²

										investment wheel loader		150,000						biofilter dimension				m²				500

										planning		213,750

												1,600,000						Capex building				- 0				500,000

																		investment tunnels		350,000		- 0				3,500,000

										Opex		90,000		€/a				investment biofilter		500		- 0				250,000

										staff		30,000						electrical devices		- 0						20

										gasoline		49,488						electrical inst.		5,000		- 0				100,000

										maintenance mobile		10,500						building volume								17,500

																		investment building				- 0				1,050,000

																						- 0				4,917,520

										Capex				120,000				UVH		10%		- 0				491,752

										Opex				90,000				planning +		15%		- 0				811,391

														210,000				total investment				- 0				6,200,000

														4.20 €/t

																		Capex mobile				30,000				30,000

																		wheel loader		150,000		150,000



																		total Capex				30,000				530,000

																		total investment				150,000				6,350,000



																		opex				240,000				720,000

																1		staff				30,000		2		60,000

																1		maintenance mobile				10,500		1		10,500

																1		maintenance				124,000		1		124,000

																		gasoline				49,488		2		100,000

										Energieverbrauch Rotte		45		kWh/t				electrical energy				- 0				360,000

																						213,988				654,500

																		UVH		10%		21,399				65,450

																						240,000				720,000

						Biogasproduktion				38,000		t/a						Capex				30,000				530,000

						spez Gasausbeute				120		m³/t						Opex				240,000				720,000

						Gas gesamt				4,560,000		m³/a										270,000				1,250,000

						Energiegehalt				5.5		kWh/m³										5.40 €/t				12.50 €/t

						Energie gesamt				25,080,000		kWh

						BHKW Effizienz elektrisch				40%

						Verfügbarkeit				95%

						Stromproduktion				9,530,400		kWh/a

						gewählt				9,500		MWh/a



						Stromerlös EEX				35		€/MWh

						Erlös gesamt				332,500		€/a

						Erlös spez.				3.3		€/t





add shredder

		SRF Zerkleinerung								50,000										100,000



		Aufbereitung				2				Zerkleinerer		500,000		1,000,000				3		1,500,000

						2				TMS		25,000		50,000				3		75,000

						50		m		FöTe		1,500		75,000				80		120,000

														- 0

														1,125,000						1,695,000

										M+E		5,000		50,000						65,000

										Montage		7%		78,750						118,650

		Halle 		60		€/m³								1,253,750						1,878,650







		Halle Zerkleinerung								20 * 20*10		4,000		240,000				5,000		300,000



		Mobilgeräte								Radlader				150,000						150,000

										Bagger				200,000						200,000

														- 0						- 0



										CAPEX

										a5		0.2246		- 0		- 0				- 0		- 0

										a10		0.1233		1,253,750		154,587				1,878,650		231,638

										a20		0.0736		240,000		17,664				300,000		22,080

														1,493,750						2,178,650

						Planung + NK		15%		a20		0.0736		224,063		16,491				326,798		24,052



										Invest / CAPEX				1,720,000		190,000				2,505,448		280,000



		OPEX				Personal		30,000				1		30,000						2		60,000

						RWU Z		20%		1,000,000				200,000				1,500,000				300,000

						RWU		3%		253,750				7,613				378,650				11,360

						RWU mobil		7%		- 0				- 0				- 0				- 0

						RWU buildings		2%		240,000				4,800				300,000				6,000

						Diesel		0		200		1600		- 0						3200		- 0

						el. Energie		0.16		500				128,000						750		384,000

												370,413								761,360

						UVH		10%						37,041								76,136

														410,000								840,000



										Capex				190,000								280,000

										Opex				410,000								840,000

														600,000								1,120,000

														12.00 €/t								11.20 €/t
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Prof. Dr.-Ing. Thomas Pretz

MBT and project calculation

Calculation of the basic pre-treatment

• Circulation area and floor space required
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Prof. Dr.-Ing. Thomas Pretz

MBT and project calculation

Calculation of the basic pre-treatment

• Circulation area and floor space required

• Basic design using templates for different

types of trucks to identify floor space
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Prof. Dr.-Ing. Thomas Pretz

MBT and project calculation

MBT type A
• For a 100,000 t capacity a 

closed composting system is

recommended (A 2)

• System to fulfill the minimum 

legal requirements of EU directive

• Does landfill flow stream must

pay landfill tax?

shredding

sieving

biological 
treatment

landfill 

50 %

50 %

~10 %

~88 %

scrap 

2 %
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Prof. Dr.-Ing. Thomas Pretz

MBT and project calculation

MBT type A  economics

50,000 t/y (A 1) 100,000 t/y (A 2)
site demand basic MT 3,800 m² 5,000 m²
site demand BT 8,500 m² 4,000 m²
Total investment MBT 4.6 Mio. € 21.3 Mio. €
CAPEX 440,000 €/y 1,750,000 €/y
OPEX 510,000 €/y 1,620,000 €/y
Total treatment costs 950,000 €/y 3,370,000 €/y
specific treatment costs 19 €/t 34 €/t

Disposal costs low 9 €/t 9 €/t
Disposal costs high 44 €/t

Total treatment costs low 28 €/t 43 €/t
Total treatment costs high 78 €/t
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Prof. Dr.-Ing. Thomas Pretz

MBT and project calculation

MBT type B
• Landfill flow stream must have

quality according to national

landfill regulations! 

• Adjustment of deposit material

quality by mass distribution based

on sieve cut. Better landfill quality

means higher amount of waste

to incinerator!

• Does landfill flow stream must

pay landfill tax?

shredding

sieving

biological 
treatment

landfill 

50 %

~12 %

~38 %

scrap 

2 %

waste 
incinerator

48 %
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Prof. Dr.-Ing. Thomas Pretz

MBT and project calculation

MBT type B  economics

* exclusive German exhaust air treatment

• Visible economy of scale effect

• Important influence of the disposal costs on total treatment costs

50,000 t/y* 100,000 t/y*
Total investment MBT 12 Mio. € 21.3 Mio. €
Total treatment costs 2.0 Mio. €/y 3.37 Mio. €/y
specific treatment costs 40 €/t 34 €/t

Disposal costs 28 – 44 €/t
Landfill 4 – 19 €/t

Incineration 24 €/t
Recyclables 0 - 1 €/t
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Prof. Dr.-Ing. Thomas Pretz

MBT and project calculation

MBT and SRF production

• Comparison of treatment costs regarding SRF quality

50,000 t/y* 
incineration

50,000 t/y*      
SRF

Total investment MBT 12 Mio. € 14 Mio. €
Total treatment costs 2.0 Mio. €/y 2.6 Mio. €/y
specific treatment costs 40 €/t 52 €/t

Disposal costs 28 – 44 €/t 0 – 44 €/t
Landfill 4 – 19 €/t 4 – 19 €/t

Incineration / SRF 24 €/t - 5 – 24 €/t
Recyclables 0 - 1 €/t 0 - 1 €/t

* exclusive German exhaust air treatment
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Prof. Dr.-Ing. Thomas Pretz

MBT and project calculation

MBT type C
• What are the main quality requirements for SRF?

• Dry quality with a big share of fine 

fraction (~ 65 % < 60 mm!) cannot be 

used in all incineration systems 

depending on feedstock mixture!

shredding

biological 
drying

~34 %

scrap 

2 %

SRF for power 
plants

64%
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Prof. Dr.-Ing. Thomas Pretz

MBT and project calculation

MBT type C  economics

* exclusive German exhaust air treatment

100,000 t/y*
Total investment MBT 17.2 Mio. €
Total treatment costs 3.3 Mio. €/y
specific treatment costs 33 €/t

Disposal costs 0 – 32 €/t
Landfill 0 €/t

SRF 0 - 32 €/t
Recyclables 0 €/t
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MBT and project calculation

MBT type D

shredding

sieving

biological 
treatment

50 %

~12 %

scrap waste 
incinerator

41 %

advanced 
mechanical 
treatment ~ 3 %

recyclables 
~6 %

50 %

landfill 
38%
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MBT and project calculation

MBT type D
• Big advantage to avoid separate collecting system for packaging waste 

by sorting plastics and metals from the coarse fraction.

• It isn´t the small yield of plastics to

use type D but mainly the waste

management solution for

packaging waste!

• In addition beverage carton can 

also be sorted (example NL)

• The result of sorting plastics for

material recycling is lower calorific

value of the coarse fraction 

(~ 10,000 kJ/kg)
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MBT and project calculation

MBT type D  economics

* exclusive German exhaust air treatment

100,000 t/y*
Total investment MBT 24.7 Mio. €
Total treatment costs 4.1 Mio. €/y
specific treatment costs 41 €/t

Disposal costs 24 – 41 €/t
Landfill 4 - 19 €/t

incineration 21 €/t
Recyclables 0 -2 €/t
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MBT and project calculation

MBT type E
shredding

sieving

composting

landfill 

50 %

~ 5 %

~ 40 %

scrap 

2 %

waste 
incinerator

53 %

advanced mechanical 
treatment

fermentation

dewatering

Biogas
~ 55 % CH4

water-
treatment

10 - 50 %

? % 5 %

7 %
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MBT and project calculation

MBT type E
• The driver to choose type E can be the option of renewable energy 

production that can be used as controlled energy resource (energy on 

demand)

• No continuous production of electrical energy but production when spot market 

(European Power Exchange EPEX Spot in Paris) announces high prices



- 22 -

Prof. Dr.-Ing. Thomas Pretz

MBT and project calculation

MBT type E
• Difficult to produce heat on demand!

Heat from CHP unit can be used in grids when the CHP 

share in the grid is less than 10%, otherwise efficiency of 

heat use from Biogas CHP is running down

• Biogas process consumption
• Unused heat offer
• Heat use in the grid
• Total heat demand from the grid
• Total heat production of the CHP
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MBT and project calculation

MBT type E  economics

* exclusive German exhaust air treatment

100,000 t/y*
Total investment MBT 31.9 Mio. €
Total treatment costs 5.0 Mio. €/y
specific treatment costs 50 €/t

Disposal costs 31 - 50 €/t
Landfill 4 - 20 €/t

Incineration 27 €/t
Recyclables 0 -1 €/t

Waste water disposal 1 – 3 €/t
Revenues for Biogas 3 – 6 €/t
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MBT and project calculation

Economic assessment of MBT technologies

Try to find conditions with leading to different results

type Capex + 
Opex mass loss landfill incineration SRF metals recyclables total treatment 

costs

€/t % % €/t % €/t % €/t % €/t % €/t €/t
A 34 10% 88% 8,8 2% -0,4 42
B 34 12% 38% 3,8 48% 28,8 2% -0,4 66
C 33 34% 64% 6,4 2% -0,4 39
D 41 12% 38% 3,8 41% 24,6 3% -0,6 6% -3 66
E 50 5% 40% 4 53% 31,8 2% -0,4 85

landfill 10 10 30 -10 -50 -100
incineration 60 20 40 0 -40 -75
SRF 10 30 50 10 -30 -50
metals -20 40 60 20 -20 -40
recyclables -50 50 70 30 -10 -30

60 80 40 0 -20
70 90 10 -10
80 100 20 0
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