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Сажетак U sabirnim rezervoarima primarnih i sekundarnih taložnih uređaja za prečišćavanje komunalnih otpadnih voda sakuplja se mulj čiji se višak pumpama izvlači u sistem za obradu mulja. Zbog niske koncentracije čvrste materije ( 0,5 - 2,0 % DS), obrada iz procesa prečišćavanja otpadnih voda izdvojenog viška mulja rezultira značajnim troškovima koje je moguće bitno sniziti izborom prikladnih tehnoloških rešenja.

U prvom delu rada opisane su moguće varijante rešenja sistema obrade mulja uz kratku kvalitativnu analizu prednosti i mana pojedinih postupaka. Na izbor optimalnog rešenja presudno utiče usvojeni način korišćenja obrađenog mulja (poljoprivreda ili energetika). Odlaganje mulja na deponije treba izbegavati. Drugi deo rada obuhvata sistemsku analizu troškava izrade i pogona različitih sistema za preradu mulja.

Na kraju rada prikazani su podaci za odabrane i izvedene obrade mulja na primerima uređaja u dva grada.
Ključne reči: zaštita okoline, uređaji za prečišćavanje otpadnih voda, mulj, troškovi.

Abstract: The sludge collects in the primary and secondary clarifies sumps of the municipal wastewater treatment plants and the excessive sludge is transported with pumps to tile sludge treatment system. Treatment of excessive sludge, separated from the wastewater treatment process, results in high costs because of the low dry solid contents (0.5 + 2.0 % DS), but the costs can he significantly lowered with the selection of a convenient technological solution.
The first part of the paper describes the possible variants of the sludge treatment system with the short qualitative analyses of the single stage advantages and disadvantages. Optimal so​lution selection is decisively influenced by the adopted manner of the treated sludge use (ag​riculture, energetic). Sludge disposal at the sanitary landfilling is to be avoided. The second part of the paper deals with system analyses of the sludge treatment system erection and op​erating costs.

The final part of the paper presents data about tie selected and erected sludge treatment systems at wastewater treatment plants in the two towns.
Key words: environment protection, wastewater treatment plant, sludge, cost.
1. INTRODUCTION 

Municipal wastewater treatment plants (Figure 1) separate from wastewater different kinds and quantities of wastes. Disposal of the separated wastes causes specific problems and the disposal of the great quantity of the excessive sludge is extremely complex. For example, at wastewater treatment plants in Germany 3x106 tons/year of the excessive sludge was sepa​rated. Today, from this quantity: (a) 30 % is for agricultural use, (b) 14 % is incinerated and (c) 56 % is disposed of at a sanitary landfilling. From the year 2005, dewatered sludge disposal at a sanitary landfiling will be prohibited [1].
The sludge settles in the second stage of the municipal wastewater treatment plant, in the pri​mary PC and secondary SC clarifies (Figure 2). Development of biological processes stimulates the activated sludge returned from SC in BS and the excessive sludge is separated from the process and transported by pumps to the sludge treatment system [2, 3].
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	T            
– town

TP          
– treatment plant 

R            
– recipient

MnWw  
– municipal wastewater 

RecW    
– receiving water

ExcS      
– excessive sludge 

xxxx   
– list at the end of the paper




Figure 1. Municipal wastewater treatment plant block diagram
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	PC

– primary clarifier

BS

– biological stage

SC

– secondary clarifier

ST

– sludge treatment 

PrmS 
– primary sludge 

ActS 
– activated sludge

ERAS 
– excess of the activated sludge 

ExcS 
– excessive sludge 

RawS
– raw sludge 

TrtS  
– treated sludge


Figure 2. Conventional second stage of the municipal wastewater treatment plant block diagram
Sludge treatment technology is decisively determined by the adopted manner of the treated sludge disposal (Figure 3).
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Figure 3. Use of treated sludge disposal

The use of suitably treated sludge in agriculture (farming, grazing, flowers, woods) is limited by harmful substance concentrations (for example, heavy metals: 10 mg Hg/kg, 200 mg Pb/kg, 2000 mg Zn/kg). The norms in Croatia define details on agricultural use of sludge [4].

The use of treated sludge in energetic is limited by the energy balance -the heat value of dry solids with the heat demand for water vapor removal with flue gases is summed. For sponta​neous combustion, it is necessary to increase dry substance concentrations up to 30 – 50 % DS, depending on the applied technology [5, 1].
Disposal of excessive sludge at sanitary land fillings in Croatia is regulated by local govern​ment, which takes care about the performance of the actual sanitary land filling.

Because of low dry solid concentrations in the raw sludge (0.5 – 2.0 % DS), the sludge treat​ment is accompanied by high costs, which can be significantly lowered with the appropriate technology [6, 7].

2. POSSIBLE SLUDGE TREATMENT VARIANTS 

Independent of the disposal manner, the sludge should be stabilized (Figure 4/a) to hold up the development of the biological process of the sludge digestion. The stabilization by the an​aerobic digestion methods accompanies a gaseous fuel formation, with a corresponding low​ering of dry solid concentrations.

An increase of the DS (Figure 4/b) is determined by the conditions / regulations and eco​nomic parameters. For example, in the absence of harmful substances, in agriculture stabi​lized sludge can be used without an increase of DS concentrations (improvement of the soil performance and irrigation), as the practically dry sludge has 90 % DS (lowering of the stor​age room/improvement of the soil performance). With an increase of the DS concentration, costs of treated sludge transport are towered.

For agricultural use, it is appropriate to perform the sludge, feature improvement (Figure 4/c) with the chemicals addition (to attain the performance of the fertilizer) and/or composting.
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Figure 4. Sludge treatment methods

Tire optimal solution of the sludge treatment technology is achieved by the appropriate stage combination Figure 4 and Table 1 contains data about method stage advantages and disad​vantages.

3. SELECTION OF THE OPTIMAL SLUDGE TREATMENT TECHNOLOGY 

Total cost (TT)  includes cost of the:

· technical documentation made,

· equipment purchase,

· system building works,

· work of the plant during the ten years,

· services during the ten years,

· the capital,

and unexpected costs (for example, 5 % TT).

Designer: (a) adopts -the most appropriates manner of sludge disposal, (b) preselects the sludge treatment methods (advantages and disadvantages - Table 1) and (c) collects the needed information from the equipment producers and building manufacturers. Table 2 con​tains the equipment operating costs, which must be taken into considerations by selection of the optimal sludge treatments technology.

Data from German literature can be used as orientation:

(a) Reimann, Stand 1993:

· sludge dewatering to 35 % DS: 
180 - 250   DM/Mg DS

· sludge draying from 35 to 80 % DS: 
300 - 450   DM/Mg DS

· dewatered sludge incineration: 
400 - 800   DM/Mg DS

· drayed sludge (80 % DS) incineration:                           
300 - 680   DM/Mg DS

· sanitary landfilling dewatered sludge disposal:            
300 - 500   DM/Mg DS

· sanitary landfilling drayed sludge (80 % DS) disposal:         
125 - 200   DM/Mg DS 

(b) UBA-VEDEWA, Stand 1992/93 – Figure 5.

Table l. The main advantages / disadvantages of the sludge treatment methods

	
	No
	Variant
	Advantages
	Disadvantages

	Stabilization
	1
	chemical
	fast, simple
	temporary, chemicals

	
	2
	heating

( t about 250 °C)
	fast, DS % increase
	temporary, heat

	
	3
	biological - aerobic
	investment, simple, appropriate

sludge features, without odors
	slow, energy

	
	4
	biological - anaerobic,

conventional
	investment, simple, gas, DS quantity decrease, DS % increase
	slow, active is only 50 % of 4 the digester volume

	
	5
	biological - anaerobic,

accelerated  
	faster than No 4, gas, DS quantity decrease, DS % increase, stable sludge
	investment, energy, skilled plants personal 

	DS contents increase
	6
	gravitational - fields
	simple, space
	slow, low Ds % increase

	
	7
	gravitational - tank
	simple
	slow, space, effectiveness (climatic influence)

	
	8
	heating

( t = 200-400 °C)  
	fast, without chemicals, commer​cial products, stable sludge
	investment, heat 

	
	9
	mechanical
	fast, commercial products
	investment, electrical energy,

chemicals, maintenance, skilled plants personal

	Features improvement
	10
	chemical addition
	fast, commercial products
	pretreatment, chemicals

	
	11
	heating

( t about 200 °C)
	fast, without chemicals, commercial products, storage
	investment, heat, odors, harm​ full substances

	
	12
	composting
	ecological circulation, solid wastes adding, commercial products
	slow, energy, solid wastes adding, odors, harmful sub​ stances, skilled personal


Table 2. Main plant operation costs of the sludge treatment methods EIEn – electrical energy, PlPr-plants personal, UsMt - use of the materials, Trns - transport, DSConInc - DS concentrations increase, FtIm - feature improvement

	
	No
	Variant
	EIEn
	Heat
	P1Pr
	UsMt
	Trns

	Stabilization
	1
	chemical
	
	
	+
	+
	+

	
	2
	heating, (t about 250 °C)
	
	+
	+
	
	+

	
	3
	biological-aerobic
	+
	
	
	
	+

	
	4
	biological - anaerobic, conventional
	
	
	
	
	+

	
	5
	biological - anaerobic, accelerated
	+
	+
	+
	
	+

	DsConInc
	6
	gravitational - fields
	
	
	
	
	+

	
	7
	gravitational - tank
	
	
	
	
	+

	
	8
	heating (t = 200-400 °C)
	
	+
	+
	
	+

	
	9
	mechanical
	+
	
	+
	+
	+

	FtIm
	10
	chemical addition
	+
	
	+
	+
	+

	
	11
	heating (t about 200 °C)
	
	+
	+
	
	+

	
	12
	composting
	+
	+
	+
	+
	+
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	1 – agricultural use of the sewage sludge

2 – dewatering/pretreatment, transport, disposal
3 – dewatering, composting, transport, disposal

4 – dewatering, draying, trans​port, disposal

5 – dewatering, draying, incineration, disposal




Figure 5. Cost range of the main sludge disposal methods
More details about costs of sludge disposal methods in German/Bavaria are contained in of K. Steler's paper [8].

Besides economic optimum of the sludge treatment, attention has to be devoted to the effec​tiveness, which include: (a) readiness (to start with operation after longer stoppage), (b) reli​ability (permanent in operation without damages) and (c) flexibility (permanent in operation under variable conditions) [9].
4. EXAMPLES OF SLUDGE TREATMENT SYSTEM SOLUTIONS 

As examples the following are descriptions of the two adopted and erected sludge treatment systems at the plants: (a) GOSPIC and (b) VRSAR. The GOSPIC plant is located at the Adri​atic Sea basin area - by the river Novčica, and VRSAR plant near the Adriatic coast. The system was designed using the explained methodology, considering the third phase of con​struction also.

With the variant comparison the following data was used [9, 10, 11]:

· raw sludge quantity (with 98,5 % DS) separated from the wastewater treat​ment process per equivalent inhabitant: 2,3 kg/(Eiod),

· DS concentrations in gravitational thickened sludge: 5 %,

· DS concentrations in mechanical thickened sludge: 10 %,

· DS concentrations in dewatered sludge: 22 %,

· transport: 4010-3 kn/(kg x km),

· disposal at the sanitary landfiiling: 0,01 kn/kg,

· heat contents of the drayed sludge (90 % DS): 11 MJ/kg,

· heat value for the water heating and evaporating: 2,65 MJ/kg,

· electrical energy price: 0,5 kn/kW x h,

· price / heat value of the natural gas: 1,6 kn x mn; 3 / 35 Ml-m,"3,

· price / heat value of the heating oil (middle): 1,2 kn x kg" / 40 MJ x kg ',

· price of the compost: 0,2 kn/kg.
and information acquired by the equipment producers and building manufacturers.

4.1. Sludge treatment system - GOSPIC plant 

The wastewater treatment GOSPIC plant (Figure 6) contains mechanical clarification, a grit​grease trap with grit treatment, primary settler, biological stage, secondary settler and sludge treatment system.
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	G 
– town Gospic

TP         – wastewater treatment plant 

N 
– river Novčica

RnWw 
– municipal wastewater 

RecW 
– receiving water


Figure 6. Wastewater disposal system GOSPIC

Considering the possibilities:

1. 
agricultural use,

2. disposal at the sanitary landfilling in case of lack of demand, sludge treatment system (ST - Figure 7) is constructed as a combination of the DS contents increase ST methods: (a) gravitational thickening and (b) mechanical dewatering. The waste​water separated by the gravitational sludge thickening returns to the biological stage.
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	GT
– gravitational thickening

MD
– mechanical dewatering 

Saws 
– raw sludge 

ThcS 
– thickened sludge 

Dews 
– dewatered sludge

WwSD  – wastewater separated by dewatering
WwST 
– wastewater separated by thickening




Figure 7. Sludge treatment system at the GOSPIC plant

The new wastewater treatment GOSPIC plant was erected in 1997 through reconstruction of the existing plant (second phase). Gravitational thickening was kept from the existing plant and the adopted mechanical dewatering system (MD - Figure 8) is completely newly con​structed.
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	MD  
– mechanical dewatering

CD

– chemicals solution dozing system

SD

– sludge dewatering system

PChS 
– prepared solution of  the chemicals 

EIEn 
– electrical energy 

UsMt 
– use of the materials 

PIPr 
– plants personal


Figure 8. Block diagram of the mechanical sludge dewatering system at GOSPIC plant

After the techno-economical comparisons of different variants of mechanical dewatering, as an optimum, the compact container construction has been adopted - Figure 9 [11, 12].

Erections cost of the mechanical sludge dewatering system at GOSPIC plant, 15 000 El ca​pacity, was about 410 000 kn, that is about 61 kn/El.
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Figure 9. Compact mechanical sludge dewatering system at GOSPIC plant - plan view

4.2. Sludge treatment system - VRSAR plant 

The wastewater treatment VRSAR plant (Figure 10) contains only: mechanical clarification, primary settler and sludge treatment system.
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	G 
– town Vrsar

TP 
– wastewater treatment plant 

A 
– Adriatic Sea

RnWw 
– municipal wastewater 

RecW 
– receiving water


Figure 10. Wastewater disposal system VRSAR

The new wastewater treatment VRSAR plant was erected in 1999 through reconstruction of the existing plant (first phase). After the techno-economical comparisons of different variants of mechanical dewatering, as an optimum, the equipment construction in the existing building have been adopted - Figure 11. Sludge treatment system (ST - Figure 10) is completely newly constructed [11, 12].
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	MT
- mechanical thickening

RawS
- raw sludge 

ThcS 
- thickened sludge

WwST
- wastewater separated by thickening 

ElEn 
-
electrical energy 

Trns 
- transport


Figure 11. Block diagram of the mechanical sludge dewatering system at VRSAR plant

Construction price of the mechanical sludge dewatering at VRSAR plant, 10 000 El capacity, was about 470 000 kn, i.e. about 47 kn/El.

5. CONCLUSION 

The sludge excess, which settled in the clarifiers of the wastewater treatment plant, must be treated, and the treated sludge is: (a) used in agriculture, (b) used in energetic (c) disposed of at a sanitary landfilling. Because of the great number of possible variants, it is difficult for designers / investors to adopt the optimal solution of a sludge treatment system. In the paper the possible sludge treatment methods and their main advantages and disadvantages are systematically cited and serve as planning advice for qualitative analyses and reselection of an appropriate solution. Planning advice for quantitative analyses is the list / values of the main plant operating costs. At the end of the paper two examples of the sludge treat​ment system, designed to be used with of the methodology explained are described. Future treatment of the sludge disposal problem should form:

· mobile sludge treatment pilot plants which enable features of the sludge to be set a base for decision on an optimal sludge disposal method;

· a computer program which enables to the insufficiently informed designers/investors to take a system analyses of the sludge treatment system and optimal solu​tion selections.

Chemical analyses of the sludge should be left to the authorized laboratory.

6. NOMENCLATURE


	Designation
	Meaning
	Designation
	Meaning

	ElEn 

PlPr 

UsMt 

Trns 

SlWs 

SpFl 

TWwP 


	electrical energy 

plants personal 

uses of the materials 

transport 

solid wastes 

separated flotate 

treated wastewater after primary clarifier     
	TWwB

TWw 

2S

MnWw

RecWw

TP

WwSD
	treated wastewater after biological stage

treated wastewater

water treatment second stage 

municipal wastewater 

receiving wastewater 

treatment plant 

wastewater separated by

dewatering 
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