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ABSTRACT

In this paper we will discuss alternatives to recover phosphorus from sewage for reuse by the phosphorus industry

Recovery of phosphorus from sewage sludge:

· Ash from incinerated sewage sludge (mixture of primary and secondary sludge) contains too much iron, copper and zinc to meet the requirement of the phosphorus industry.

· Ash from bio-P sludge almost meets the requirements of the phosphorus industry. 

Two alternatives for stripping of phosphorus from bio-P sludge are discussed:

· Stripping from sludge withdrawn from the settler results in a good P-precipitate with a good quality with respect to iron, zinc and copper.

· Withdrawing excess sludge from the anaerobic compartment is easy to implement at a plant and will results in a good quality precipitate.

In theory from Dutch sewage 18 kt P2O5 per year can be reused by the phosphorus industry.

Keywords: Phosphorus, recycling, recovery, reuse, sewage, biological P-removal

INTRODUCTION

In 1998 the Dutch sewage contained about 14 kt/year phosphorus (as P)  (1). In the wastewater treatment plants about 10 kt P/year was removed by chemical and biological treatment methods. The intention is to increase this amount even further to approximately 12 kt P/year. Almost all the removed phosphorus is fixed in the primary and secondary sewage sludge. This sludge is treated and disposed of in several ways, but not more than 14% has a useful application as compost (table 1). As application in agriculture is no longer accepted the amount of sludge incinerated will increase.

Sludge disposal and utilisation 
Sewage sludge

(Dry mass)

kton


%

Incineration
162
46

Controlled disposal
101
29

Compost
48
14

Other applications
27
8

Wet oxidation
12    
3





Total
350
100

Table 1 Disposal and utilisation of sewage sludge in 1998 (1)
The elementary (white) phosphorus industry has the capability to reuse phosphorus waste streams. For example Thermphos International in Vlissingen, the Netherlands has formulated the objective to replace 20% of their intake by recovered phosphorus from several origins. In theory it is thus possible that all the phosphorus in the sewage is used as secondary raw material by Thermphos. In this paper we will discuss alternatives to recover phosphorus from sewage for reuse by the phosphorus industry.

 RECOVERY OF PHOSPHORUS FROM SEWAGE SLUDGE

In wastewater treatment plants (Figure 1) phosphorus is chemically or biologically removed from sewage and incorporated into primary and secondary sludge. This sludge is treated by different methods such as thickening, digestion, drying. The final treatment step usually is incineration. One option is to use the ash of the sludge incineration as secondary raw material for the phosphorus industry. The ash (table 2) contains 19% P2O5, but unfortunately the amount of iron, zinc and copper is too high compared to the requirements for reuse. 
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Figure 1 Wastewater treatment and sludge treatment

Iron in the ash originates mainly from chemical phosphorus removal. Therefore another option could be to use the ash from the incineration of sludge from biological phosphorus removal treatment plants (bio-P plants). The logistics for collecting ash from bio-P plants is not simple. Nevertheless it is of interest to see if that type of ash meets the needs of the phosphorus industry. 

In bio-P plants (Figure 2) an environment is created for the proliferation of bacteria that accumulate phosphorus in excess of normal metabolic requirements. Especially a combination of an anaerobic compartment in the beginning and an aerobic at the end is important for the biological removal of phosphorus. In the anaerobic compartment phosphorus is released whereas in the aerobic compartment the bacteria take up phosphorus. The result is a net uptake of phosphorus. Similar to chemical precipitation, the excess sludge produced by bio-P-removal has a high phosphorus concentration but the iron concentration is much lower.
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Figure 2 Biological phosphorus removal and sludge treatment

In table 2 the quality of ash from secondary sludge from bio-P plants is compared with the requirements for reuse by the phosphorus industry. The ash from bio-P plants has a higher phosphorus concentration than ash from mixture of all the plants and is more or less at the same level as phosphate rocks (30-40%). However the iron content is still more than the requirements set by the phosphorus industry. Also the concentration of copper and zinc is above the requirements of the phosphorus industry. However it should be possible that at least a certain amount of incinerated, secondary sludge from bio-P plants can be reused. Nevertheless we can conclude that recovery of phosphorus from incinerated sludge originating from bio-P plants is not a good alternative for all the phosphorus from sewage. 


P2O5
(g/kg ash)
Copper

(mg/kg ash)
Zinc

(mg/kg ash)
Iron

(g/kg ash)

Ash sewage sludge (primary + secondary sludge)
190
1600
3500
100

Ash bio-P sludge (secondary sludge)
360
1500
3100
16

Requirements for reuse by the phosphorus industry
> 250
( 500
( 100
( 10

Table 2 Quality ash compared with requirements Thermphos

RECOVERY OF PHOSPHORUS FROM SEWAGE

It is also possible to recover phosphorus at the treatment plant itself, especially at bio-P plants. We will discuss two alternatives for phosphorus recovery at these plants. The first alternative is known as the Phostrip-process (2). In this case (fig 3) a part of the return sludge is recycled through a stripper. In the anaerobic stripper the phosphorus is released from the sludge. The sludge and water are separated in a settler. The sludge is returned to the anaerobic compartment and the phosphorus rich water is transferred to a precipitation reactor. Lime or aluminium salts should be used as precipitation agent rather than iron salts, because iron is not accepted by the phosphorus industry.
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Figure 3 Scheme of a bio-P plant with phosphorus stripping

In the Netherlands the treatment plant of Geestmerambacht is working according to this approach. There the phosphorus is precipitated in a Crystallactor®. In table 3 the quality of the precipitate from that plant is compared with the Thermphos requirements. Recovering of phosphorus at a bio-P plant with the Phostrip method is a good alternative.


P2O5
(g/kg ash)
Copper

(mg/kg ash)
Zinc

(mg/kg ash)
Iron

(g/kg ash)

Phostrip phosphorus precipitate (Crystalactor®)
260
1.6
35
-

Requirements ThermPhos
> 250
( 500
( 1000
( 10

Table 3 Quality precipitate compared with requirements Thermphos

The second alternative to recover phosphorus at a bio-P plant is demonstrated in figure 4. In this approach the excess sludge (a mixture of sludge and water) is withdrawn from the anaerobic compartment instead of from the sludge return flow (see for example Figure 1). In the anaerobic compartment the phosphorus that was accumulated in excess of the normal metabolic uptake, was already released from sludge. The phosphorus containing water is separated from the sludge in the thickener. In the precipitation reactor this phosphorus has to be precipitated with lime or aluminium salts. After precipitation the water is returned to the activated sludge plant. The quality of the precipitate in case a Crystalactor is used will be about the same as in the Phostrip approach and meets the requirements of the phosphorus industry.

In the BCFS-process (3) this approach is already used especially in case the biological P-removal isn’t sufficient. However in their approach the sludge is also returned to the activated sludge plant. It is however more efficient to discharge the excess sludge from the anaerobic compartment. The effect of withdrawing excess sludge from the anaerobic compartment at the bio-P process should be investigated.

By recovering phosphorus in a sidestream according to these two alternatives, it isn’t possible to recover all the removed phosphorus. A part of the phosphorus is used for normal metabolic needs and this phosphorus will not be released in an anaerobic phase. By the COD/P ratio as is found in the Netherlands about 65 % of the phosphorus removed can be recovered and 25 % leaves the wastewater treatment plant with the excess sludge.
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Figure 4 Scheme with phosphorus recover from the anaerobic phase

RECOVERING PHOSPHORUS IN THE NETHERLANDS

The next item to be discussed is the amount of phosphorus that can be recovered from Dutch sewage. First of all we will have look how many wastewater treatment plants are already using biological P-removal. According to an inquiry about 90 of the 414 wastewater treatment plants have included biological P removal in their process (Figure 5). We cannot conclude that also 22 % of the secondary sludge is from bio-P plants as the mean load of the bio-P plants is lower than the mean load of all the plants. 
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Figure 5 Wastewater treatment plants with biological P-removal in the different provinces

To have an idea of how much phosphorus can be recovered theoretically we have calculated how much phosphorus would be removed in each province in case the phosphorus concentration in the effluents of the plants was lowered to 1 mg/l.  Next we assumed that 65% of the removed phosphorus could be recovered in a sidestream precipitation reactor in case all the plants had biological P-removal (Figure 6). The total amount of phosphorus that can theoretically be recovered is about 18 kton P2O5/year (8 kt P/year) and this is about 50% of the amount of phosphorus from recovered material that can be used by Thermphos.
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Figure 6 Maximum amount of P2O5 that can be recycled in the Netherlands together with an estimation of P that can be recycled from the plants that have already bio-P

CONCLUSIONS

· Ash from sludge incineration (a mixture of primary and secondary sludge) doesn’t meet the requirements of the phosphorus industry because it contains too much iron, copper and zinc. 
· Ash from bio-P secondary sludge almost meets the requirements set by the phosphorus industry.
· Phosphorus recovered in a sidestream of biological P-removal plants can be reused by the phosphorus industry.
· Recovering phosphorus from the excess sludge transferred from the anaerobic compartment of a biological P-removal plant is the easiest way to recover phosphorus from sewage. The effect of withdrawing excess sludge from the anaerobic compartment at the bio-P process needs to be investigated.
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								aantal ie's p. jr.												Totale Slibproduktie						slibproduktie						Ptot-gehalte						P-gehalte						Pin slib								Zware metalen in
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				Zs. Limburg		Maastricht-Bosseveld		132900		100000				114724		70561				1528						21.6550218959										55104						9683		45421		82.4						380		1021				ja
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Sheet2

		Groningen

																						Number		Percentage				Bio-P plants		Total plants

		Ws. Hunze en Aa's		Bellingwolde														Groningen				1		3		Groningen		1		34

																		Friesland				1		3		Friesland		1		30

		Friesland																Drente				1		5		Drente		1		19

		Ws. Friesland		Burgen														Overijssel				13		33		Overijssel		13		40

																		Flevoland				3		60		Flevoland		3		5

		Drente																Gelderland				28		52		Gelderland		28		54

																		Utrecht				3		12		Utrecht		3		25

		Ws. Noorderzijlvest		Eelde		82200						44255		0				Noord Holland				7		16		Noord Holland		7		45

																		Zuid Holland				13		16		Zuid Holland		13		80

		Overijssel																Noord Brabant				11		48		Noord Brabant		11		23

																		Limburg				3		7		Limburg		3		41

		Ws. Groot Salland		Genemuiden		39700		30000				37676		26099				Zeeland				4		22		Zeeland		4		18

				Dalfsen		35000		24630				33489		22695				Nederland						21		Nederland				414

		Ws. Reest-Wierden		Steenwijk		60000

				Vollenhove		16000

				Meppel		88700						82491		0								88

		Ws. Regge en Dinkel		Goor				45000				50514		39351

				Enschede-W				275000						175000

				Almelo-Vissedijk

				Haaksbergen				25000				44570		28881										3

		Ws. Velt en Vecht		Coevoorden		67873		59000				35829		29434										3

				Hardenberg		63250		32000				44808		29301										5

				Ommen				18000				29811		19991										33

				Sleen		31793		22500				26563		17473										60

																								33

		Gelderland																						12

		Ws. Rijn en IJssel		Zutphen				125000						75000										16

				Lichtenvoorde				43800						28908										54

				Etten				167000						121910										43

				Holten																				7

		Zs. Rivierenland		Arnhem-Z				125000						83750				Amst?						22

		8		Druten														Culemborg						26

				Groesbeek														Dreump

				Bommelerwaard-O				55000				64200		0				Cgorinchem

				Beesd				7500				6088		0				Haaften?

				Zetten								5030		0				Lienden

		Ws. Vallei en Eem		Bennekom		22000						17380		0				Millingen

		2		Ede		300000						201000		0				Valburg

				Soest-Baarn

				Veenendaal

				Amersfoort

				Woudenberg

		Ws. Veluwe		Elburg		160000						108800		0				Apeldoorn

				Heerde		35000						22400		0				Harderwijk

		Flevoland

		Hh. Fleverwaard		Zeewolde				25000						18000

				Dronten

		Zuider Zeeland

				Almere

		Utrecht

		Hh. De StichtseRijnlanden		Driebergen		49000						39690		0

				Woerden		85000						85000		0

				Bunnik

		Noord Holland

		Ws. Amstel, Gooi en Vecht		Huizen		80000

				Blaricum		30000

		Hh. Van Uitwaterende Sluizen		Geester-Ambacht

				Katwoude

				Alkmaar

				Beemster

				Wevershoof

		Zuid Holland

		Zs. Holl. Eilanden en Waarden		Papendrecht		53000						37630		0

				Vianen		53000						30740		0

				Oud-Beijerland		66200						54284		0

				Stolwijk		9700						7081		0

				Hoogvliet		99300						71496		0

				Sliedrecht

				Bergambacht

		Hh. Van Rijnland		Alphen, Kerk en Zanen		104800						46112		0

				Lisse		48900						34719		0

				Bodegraven		83800						58660		0

				Gouda

				Haarlem-Waardenpolder

				Heemstede

		NoordBrabant

		Ws. De Aa		Vinkel		82100						63217		0

		Hh. Alm en Biesbos		Sleeuwijk

		Ws. De Dommel		Biest-Houtakker

				Boxtel

				Haaren

				Hapert

				Soerendonk

				Tilburg-Oost

		Ws. De Maaskant		Cuijk				111500				191269

		Hh. West-Brabant		Putte		10600						7208		0				Dongermond

		1

		Limburg

		Zs. Limburg		Maastricht-Bosseveld		132900		100000				114724		70561

				Susteren		322500		210650				239511		0

				Venlo		339500		279600				245823		147713

		Zeeland

		Ws. Zeeuwse eilanden		Verseput

				Waarde

		Ws. Zeeuws Vlaanderen		Breskens

				Oostburg

				Kloosterzande
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Sheet5

		verdeling capaciteit over Nederland								CZV-vrachten						slibproductie				P-vracht				P-conc		max. P te verwijderen				P terug te winnen

		1997		I.e.'s		%				1000 kg/d						kg/d				kg/d		%		mg/l		kg/d		%				als P2O5 in ton/year

		Groningen		828000		3				85		3				31365				1300		4		9.6		1165		4		873		1460				3		43

		Friesland		1058000		4				98		4				36162				1500		4		10.3		1354		4		1016		1698				3		57

		Drenthe		807000		3				81		3				29889				1400		4		11.2		1275		4		956		1599				5		84

		Overijssel		1968000		8				205		8				75645				3000		8		9.2		2674		8		2005		3353				33		1090

		Flevoland		302000		1				38		2				14022				600		2		10.8		544		2		408		683				60		410

		Gelderland		3015000		12				293		12				108117				4700		13		8.6		4153		13		3115		5208				33		1736

		Utrecht		1598000		6				156		6				57564				2200		6		8.3		1935		6		1451		2426				12		291

		Noord Holland		3755000		15				390		16				143910				5700		15		8.8		5052		15		3789		6335				16		985

		Zuid Holland		4555000		18				492		20				181548				7400		20		7.5		6413		20		4810		8042				54		4323

		Zeeland		638000		3				55		2				20295				800		2		7.2		689		2		517		864				43		376

		Noord Brabant		4529000		18				417		17				153873				5900		16		7.6		5124		16		3843		6425				7		470

		Limburg		1738000		7				200		8				73800				2600		7		7.1		2234		7		1675		2801				22		622

																														24460		40895				26		10569

				24791000		100				2510						926190				37100		100				32613				24460		40895

																				13541500						11903642.7493916				8927732.06204366

										BZV-vracht						volgens tabel 4.2 is de slibproductie 0.41 tot 0.5 kg d.s./kg czv verwijderdstel 0.45

												1000 kg/d						gem. P-perc		4.0056575865										we nemen aan dat 75% terug te winnen is.

										P-totaal-inf		37.2		pag 29						p-vracht

										P-totaal-eff		8.8		pag 31						kg/j						herwinbaar p2o5				40894.7726712968		ton/jaar

										P-verwijderd		28.4								13541500

																												in as (28% verbrand)

												kton/jaar		ktonP2O5/j														2499764.97737223

										P-totaal-inf		13.578		62.196

										P-totaal-eff		3.212		14.7130322581

										P-verwijderd		10.366		47.4829677419

																										Uitgansgpunten berekening max P

												P2O5/P		4.5806451613												1. Effluent p=1 mg/l

																										2. 25% wordt opgeslagen P in biomassa; ma.w. 75% kan gestript worden

														yield		0.41								P-removal		0.8790490529

														CZV-eff		0.9

				ton P2O5/year		ton P2O5/year

				Maximum		Theoritical in 2001

		Groningen		1460		43

		Friesland		1698		57

		Drenthe		1599		84

		Overijssel		3353		1090

		Flevoland		683		410

		Gelderland		5208		1736

		Utrecht		2426		291

		Noord Holland		6335		985

		Zuid Holland		8042		4323

		Zeeland		864		376

		Noord Brabant		6425		470

		Limburg		2801		622

		Nederland		40895		10569





Sheet3

		Omrekenen ie136 naar ie 54 op basis van gemiddelde cijfers cbs, 1999

				1997

		debiet		4700000		m3/d

		czv		2508000		kg/d				P-rendement				0.8888888889		%		32888.8888888889		kg/d

		n-kj		233000		kg/d				P-inbiomassa								29936.3395225464

		bzv		985000		kg/d

		p-tot		37000		kg/d

		ie54		18240740.7407407				perc ontwerpcapaciteit						0.7358104373

		ie136		26270661.7647059

		ie54/ie136				0.6943388371

		czv/bzv				2.5461928934

		1981: P-verwijdering per kg CZVverwijderd:

		CZVin		1904000		kg/d

		CZVuit		396000		kg/d		rendCZV		0.7920168067

		Pin		48000		kg/d

		Puit		28000		kg/d

		P/kgCZV		0.0132625995		75.4
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								aantal ie's p. jr.												Totale Slibproduktie						slibproduktie						Ptot-gehalte						P-gehalte						Pin slib								Zware metalen in

								capaciteit				schatting		belasting				schatting		totaal		prim.		sec		per ie.		Totale aanvoer				influent		vracht				effluent		vracht						rendement		P-gehalte		fosfor%		slib (mg/kg ds)				slibgehalte		chem.		d.s.%slib

				Waterkwaliteitsbeheerder		RWZI		ie136		ie54		ie54		ie136		ie54		ie54		(1000 kg ds./jr)		kgds/d		kgds/d				m3/jr.		m3/dag		(mg/l)														P-verwijdering (%)		slib				Cu		Zn		g/l		defos.

																																mg/l		kg/d		kg/jr		mg/l		kg/d		kg/jr		kg/j				g/kgd.s.

				Ws. De Aa		Vinkel		82100						63217		48677.09																																										nee

				Hh. Alm en Biesbos		Sleeuwijk												54598.56

				Ws. Amstel, Gooi en Vecht		Huizen		80000										54598.56																																								nee

						Blaricum		30000										54598.56

				Ws. De Dommel		Biest-Houtakker														1316								5413680		14832		10				54136.8						11368.728		42768.072		79

						Boxtel														1302								8107380		22212		7.1				57562.398						6331.86378		51230.53422		89

						Haaren														729								4508480		12352		6.1				27501.728						9900.62208		17601.10592		64

						Hapert														788								4451905		12197		5.3				23595.0965						11561.597285		12033.499215		51

						Soerendonk														392								1514750		4150		4.8				7270.8						1890.408		5380.392		74

						Tilburg-Oost														2592								6998145		19173		7.3				51086.4585						12260.75004		38825.70846		76

				Hh. Fleverwaard		Zeewolde				25000						18000																																										ja

						Dronten												54598.56

				Ws. Friesland		Burgen												54598.56

				Ws. Groot Salland		Genemuiden		39700		30000				37676		26099																																										nee

						Dalfsen		35000		24630				33489		22695																																										nee

				Zs. Holl. Eilanden en Waarden		Papendrecht		53000						37630		28975.1																														>83												nee

						Vianen		53000						30740		23669.8																														>83												nee

						Oud-Beijerland		66200						54284		41798.68																														>83												nee

						Stolwijk		9700						7081		5452.37																														>83												nee

						Hoogvliet		99300						71496		55051.92																														>83												nee

						Sliedrecht												54598.56

						Bergambacht												54598.56

				Ws. Hunze en Aa's		Bellingwolde												54598.56

				Zs. Limburg		Maastricht-Bosseveld		132900		100000				114724		70561				1528						21.6550218959										55104						9683		45421		82.4						380		1021				ja

						Susteren		322500		210650				239511		184423.47				4387						23.7876448155										143419						15414		128005		89.3						251		540				ja

						Venlo		339500		279600				245823		147713				5116						34.6347308632										181549						20309		161240		88.8						383		929				ja

				Ws. De Maaskant		Cuijk				111500				191269				147277.13

				Ws. Noorderzijlvest		Eelde		82200						44255		34076.35				990						29.0524073148		8020000				3.9				31278		0.8				6416		24862		79.4871794872												nee

				Ws. Reest-Wierden		Steenwijk		60000										54598.56																																								nee

						Vollenhove		16000										54598.56																																								nee

						Meppel		88700						82491		63518.07

				Ws. Regge en Dinkel		Goor				45000				50514		39351				406						10.3173998119		2434800				7.1		45		16425		0.9		7		2555		13870		87.5												nee

						Enschede-W				275000						175000				3325								17337500				9.4		447		163155		2.4		114		41610		121545		74.5												nee

						Almelo-Vissedijk												54598.56

						Haaksbergen				25000				44570		28881				652						22.5753955888		2619195				5.7		43		15695		1.3		10		3650		12045		76.4

				Ws. Rijn en IJssel		Zutphen				125000						75000																																										nee

						Lichtenvoorde				43800						28908																																										nee

						Etten				167000						121910																																										nee

						Holten												54598.56

				Hh. Van Rijnland		Alphen, Kerk en Zanen		104800						46112		35506.24																																										nee

						Lisse		48900						34719		26733.63																																										nee

						Bodegraven		83800						58660		45168.2																														97												nee

						Gouda												54598.56																																								nee

						Haarlem-Waardenpolder												54598.56

						Heemstede												54598.56

				Zs. Rivierenland		Arnhem-Z				125000						83750				2046		1570		1460		24.4298507463		9739000				7.2		175		63875		0.2		5		1825		62050		97										4.1		nee

						Druten												54598.56																												>75

						Groesbeek												54598.56																												90

						Bommelerwaard-O				55000				64200		49434								1174				6177000				6		93		33945		0.9		16		5840		28105		80										4.4

						Beesd				7500				6088		4687.76								334				783000				5.8		10		3650		1.1		2		730		2920		69										3.2

						Zetten								5030		3873.1								351				479600				7.2		8		2920		1		1.1		401.5		2518.5		85										3.1

				Hh. Van Schieland		Kralingseveer								294577		173493								9012				36266901						389		141985				80		29200		112785		79

						Kortenoord												54598.56

						Groenedijk												54598.56												18620				84		30660		0.6		14		5110		25550		84		26				464		576

				Hh. De StichtseRijnlanden		Driebergen		49000						39690		30561.3																																										nee

						Woerden		85000						85000		65450																																										nee

						Bunnik												54598.56

				Hh. Van Uitwaterende Sluizen		Geester-Ambacht												54598.56

						Katwoude												54598.56

						Alkmaar												54598.56

						Beemster												54598.56

						Wevershoof												54598.56

				Ws. Vallei en Eem		Bennekom		22000						17380		13382.6																																										nee

						Ede		300000						201000		154770																8.1		295		107675		0.57		20.7		7555.5		100119.5		93												ja

						Soest-Baarn												54598.56

						Veenendaal												54598.56

						Amersfoort												54598.56

						Woudenberg												54598.56

				Ws. Velt en Vecht		Coevoorden		67873		59000				35829		29434				559						18.9916423184				5553		6		33		12045		0.2		1		365		11680		96				1.69		290		563				nee

						Hardenberg		63250		32000				44808		29301				659						22.4906999761				6861		7.8		54		19710		0.5		3		1095		18615		94				3.2		500		815				ja

						Ommen				18000				29811		19991				179						8.9540293132				4193		9.2		39		14235		3.9		16		5840		8395		58				1.8		260		645				nee

						Sleen		31793		22500				26563		17473				182						10.4160705088				3040		10		31		11315		0.6		2		730		10585		94				1.82		440		973				nee

				Ws. Veluwe		Elburg		160000						108800		83776																																										nee

						Heerde		35000						22400		17248																																										nee

				Hh. West-Brabant		Putte		10600						7208		5550.16																																26.2				380		886				nee

				Ws. Zeeuwse eilanden		Verseput												54598.56

						Waarde												54598.56

				Ws. Zeeuws Vlaanderen		Breskens												54598.56																																								nee

						Oostburg												54598.56																																								nee

						Kloosterzande												54598.56																																								nee

				Zuider Zeeland

						Almere												54598.56

				totaal				2651816		1781180		0		2476645		2129343.84		2058226.73		27148				12331				114851336		123183		134		1746		1269793.281		14.97		291.8		211642.969185		1058150.311815				52.2		8.51		3348		6948		14.8

				gemiddelden				88393.8666666667		89059				72842.5		54598.56				1508.2222222222		1570		2466.2				7656755.73333333		11198.4545454545		7.0526315789		124.7142857143		52908.053375		1.0692857143		20.8428571429		8818.457049375				81.8225838264		26.1		2.1275		372		772		3.7

								aantal ie's p. jr.												Totale Slibproduktie																																Zware metalen in

								capaciteit						belasting						totaal		prim.		sec				Totale aanvoer				Ptot-gehalte						P-gehalte						P in slib		rendement		P-gehalte		fosfor%		slib (mg/kg ds)				slibgehalte		chem.

								ie136		ie54		schatting		ie136		ie54		schatting		(1000 kg ds./jr)		kgds/d		kgds/d		schatting		m3/jr.		m3/dag		influent (mg/l)						effluent						kg/jr		P-verwijdering (%)		slib				Cu		Zn		g/l		defos.

																																mg/l		kg/d		kg/jr		mg/l		kg/d		kg/jr						g/kgd.s.

				Literatuur gemiddelden								Totaal ie54								Totaal slib

				alle RWZI's								4187570.57								129716029.331499		kg ds/j																		Monster ede				Monster bennekom								424		1094

																												Hoeveelheid P in slib				38.9771000374		kg P-tot/ton ds = g P-tot/kg ds						zie excel van sjoerd

																																31		molmassa P

				Berekening hoev slib/ie												876408				27148												142		molmassa P2O5

												berekend met bio-P install						30.9764401968		kg ds/ie.BZV54*jr												89.2701323437		g P2O5/ kg ds.

												Gem. Alle RWZI,s						18		kg ds/ie.BZV54*jr

																																48		NL

														Verhouding ie54/ie136:				0.77

								in as

				Gemiddelde bio-P installatie				%		g/kg		in slib g /kg ds.		25		% van ds is as				berekend in as g/kg

						P2O5		25		250		62.5								357.0805293748

						Fe		1		10		2.5

						Zn		0.1		1		0.25								3088

						Cu		0.05		0.5		0.125								1488

				Berekening analyse thermphos		ede		g/kg		g/kg		bennekom		g/kg				omrekenfactor				M		A

				P2O5		42.91		429.1		429.1		33.23		332.3		332.3		1

				Fe2O3		3.93		39.3		27.4863727455		2.56		25.6		17.9046092184		0.3496993988				159.68		55.84

				CuO		0.1		1		0.7988433493		0.09		0.9		0.7189590143		0.7988433493				79.54		63.54

				ZnO		0.277		2.77		2.2254613589		0.611		6.11		4.90886964		0.803415653				81.39		65.39
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		Groningen

																						Number		Percentage				Bio-P plants		Total plants

		Ws. Hunze en Aa's		Bellingwolde														Groningen				1		3		Groningen		1		34

																		Friesland				1		3		Friesland		1		30

		Friesland																Drente				1		5		Drente		1		19

		Ws. Friesland		Burgen														Overijssel				13		33		Overijssel		13		40

																		Flevoland				3		60		Flevoland		3		5

		Drente																Gelderland				28		52		Gelderland		28		54

																		Utrecht				3		12		Utrecht		3		25

		Ws. Noorderzijlvest		Eelde		82200						44255		0				Noord Holland				7		16		Noord Holland		7		45

																		Zuid Holland				13		16		Zuid Holland		13		80

		Overijssel																Noord Brabant				11		48		Noord Brabant		11		23

																		Limburg				3		7		Limburg		3		41

		Ws. Groot Salland		Genemuiden		39700		30000				37676		26099				Zeeland				4		22		Zeeland		4		18

				Dalfsen		35000		24630				33489		22695				Nederland						21		Nederland				414

		Ws. Reest-Wierden		Steenwijk		60000

				Vollenhove		16000

				Meppel		88700						82491		0								88

		Ws. Regge en Dinkel		Goor				45000				50514		39351

				Enschede-W				275000						175000

				Almelo-Vissedijk

				Haaksbergen				25000				44570		28881										3

		Ws. Velt en Vecht		Coevoorden		67873		59000				35829		29434										3

				Hardenberg		63250		32000				44808		29301										5

				Ommen				18000				29811		19991										33

				Sleen		31793		22500				26563		17473										60

																								33

		Gelderland																						12

		Ws. Rijn en IJssel		Zutphen				125000						75000										16

				Lichtenvoorde				43800						28908										54

				Etten				167000						121910										43

				Holten																				7

		Zs. Rivierenland		Arnhem-Z				125000						83750				Amst?						22

		8		Druten														Culemborg						26

				Groesbeek														Dreump

				Bommelerwaard-O				55000				64200		0				Cgorinchem

				Beesd				7500				6088		0				Haaften?

				Zetten								5030		0				Lienden

		Ws. Vallei en Eem		Bennekom		22000						17380		0				Millingen

		2		Ede		300000						201000		0				Valburg

				Soest-Baarn

				Veenendaal

				Amersfoort

				Woudenberg

		Ws. Veluwe		Elburg		160000						108800		0				Apeldoorn

				Heerde		35000						22400		0				Harderwijk

		Flevoland

		Hh. Fleverwaard		Zeewolde				25000						18000

				Dronten

		Zuider Zeeland

				Almere

		Utrecht

		Hh. De StichtseRijnlanden		Driebergen		49000						39690		0

				Woerden		85000						85000		0

				Bunnik

		Noord Holland

		Ws. Amstel, Gooi en Vecht		Huizen		80000

				Blaricum		30000

		Hh. Van Uitwaterende Sluizen		Geester-Ambacht

				Katwoude

				Alkmaar

				Beemster

				Wevershoof

		Zuid Holland

		Zs. Holl. Eilanden en Waarden		Papendrecht		53000						37630		0

				Vianen		53000						30740		0

				Oud-Beijerland		66200						54284		0

				Stolwijk		9700						7081		0

				Hoogvliet		99300						71496		0

				Sliedrecht

				Bergambacht

		Hh. Van Rijnland		Alphen, Kerk en Zanen		104800						46112		0

				Lisse		48900						34719		0

				Bodegraven		83800						58660		0

				Gouda

				Haarlem-Waardenpolder

				Heemstede

		NoordBrabant

		Ws. De Aa		Vinkel		82100						63217		0

		Hh. Alm en Biesbos		Sleeuwijk

		Ws. De Dommel		Biest-Houtakker

				Boxtel

				Haaren

				Hapert

				Soerendonk

				Tilburg-Oost

		Ws. De Maaskant		Cuijk				111500				191269

		Hh. West-Brabant		Putte		10600						7208		0				Dongermond

		1

		Limburg

		Zs. Limburg		Maastricht-Bosseveld		132900		100000				114724		70561

				Susteren		322500		210650				239511		0

				Venlo		339500		279600				245823		147713

		Zeeland

		Ws. Zeeuwse eilanden		Verseput

				Waarde

		Ws. Zeeuws Vlaanderen		Breskens

				Oostburg

				Kloosterzande
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Sheet5

		verdeling capaciteit over Nederland								CZV-vrachten						slibproductie				P-vracht				P-conc		max. P te verwijderen				P terug te winnen

		1997		I.e.'s		%				1000 kg/d						kg/d				kg/d		%		mg/l		kg/d		%		kg/d		als P2O5 in ton/year

		Groningen		828000		3				85		3				31365				1300		4		9.6		1165		4		757		633				3		19

		Friesland		1058000		4				98		4				36162				1500		4		10.3		1354		4		880		736				3		25

		Drenthe		807000		3				81		3				29889				1400		4		11.2		1275		4		829		693				5		36

		Overijssel		1968000		8				205		8				75645				3000		8		9.2		2674		8		1738		1453				33		472

		Flevoland		302000		1				38		2				14022				600		2		10.8		544		2		354		296				60		178

		Gelderland		3015000		12				293		12				108117				4700		13		8.6		4153		13		2700		2257				33		752

		Utrecht		1598000		6				156		6				57564				2200		6		8.3		1935		6		1258		1051				12		126

		Noord Holland		3755000		15				390		16				143910				5700		15		8.8		5052		15		3284		2745				16		427

		Zuid Holland		4555000		18				492		20				181548				7400		20		7.5		6413		20		4169		3485				54		1873

		Zeeland		638000		3				55		2				20295				800		2		7.2		689		2		448		374				43		163

		Noord Brabant		4529000		18				417		17				153873				5900		16		7.6		5124		16		3330		2784				7		204

		Limburg		1738000		7				200		8				73800				2600		7		7.1		2234		7		1452		1214				22		270

																														21198		17721		7737		26		4580

				24791000		100				2510						926190				37100		100				32613				24460		20447

																				13541500						11903642.7493916				8927732.06204366

										BZV-vracht						volgens tabel 4.2 is de slibproductie 0.41 tot 0.5 kg d.s./kg czv verwijderdstel 0.45

												1000 kg/d						gem. P-perc		4.0056575865										we nemen aan dat 75% terug te winnen is.

										P-totaal-inf		37.2		pag 29						p-vracht

										P-totaal-eff		8.8		pag 31						kg/j						herwinbaar p2o5				20447.3863356484		ton/jaar

										P-verwijderd		28.4								13541500						herwinbaar p2o6		P		8927.7320620437

																												in as (28% verbrand)								teruggewonnen als perc. Aanvoer

												kton/jaar		ktonP2O5/j														2499764.97737223								0.5713818844

										P-totaal-inf		13.578		31.098

										P-totaal-eff		3.212		7.356516129

										P-verwijderd		10.366		23.741483871

																										Uitgansgpunten berekening max P

												P2O5/P		2.2903225806												1. Effluent p=1 mg/l

																										2. 25% wordt opgeslagen P in biomassa; ma.w. 75% kan gestript worden

														yield		0.41								P-removal		0.8790490529

														CZV-eff		0.9

				ton P2O5/year		ton P2O5/year

				Maximum		Theoritical in 2001 op basis van aantallen bio-p rwzi's

		Groningen		633		19

		Friesland		736		25

		Drenthe		693		36

		Overijssel		1453		472

		Flevoland		296		178

		Gelderland		2257		752

		Utrecht		1051		126

		Noord Holland		2745		427

		Zuid Holland		3485		1873

		Zeeland		374		163

		Noord Brabant		2784		204

		Limburg		1214		270

		Nederland		17721		4580





Sheet3

		Omrekenen ie136 naar ie 54 op basis van gemiddelde cijfers cbs, 1999

				1997

		debiet		4700000		m3/d

		czv		2508000		kg/d				P-rendement				0.8888888889		%		32888.8888888889		kg/d

		n-kj		233000		kg/d				P-inbiomassa								29936.3395225464

		bzv		985000		kg/d

		p-tot		37000		kg/d

		ie54		18240740.7407407				perc ontwerpcapaciteit						0.7358104373

		ie136		26270661.7647059

		ie54/ie136				0.6943388371

		czv/bzv				2.5461928934

		1981: P-verwijdering per kg CZVverwijderd:

		CZVin		1904000		kg/d

		CZVuit		396000		kg/d		rendCZV		0.7920168067

		Pin		48000		kg/d

		Puit		28000		kg/d

		P/kgCZV		0.0132625995		75.4
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