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ABSTRACT: The Republic of Croatia had undergone dramatic changes during the 1990s. As soon as Croatia became an independent state, the making of the institutional framework for the environmental protection policy was continued. The inadequate waste management has been identified as the major environmental protection problem in Croatia. Following the establishment of the Environmental Protection and Energy Efficiency Fund the campaign has started to accomplish the goals in the Waste Management Strategy of the Republic of Croatia. The present report includes the description of several municipal solid waste landfills which are designed, constructed and operated in line with European standards. Among others the rehabilitation of the largest waste disposal site in Croatia situated near village Jakuševec close to Zagreb is also described. The plan for the construction of waste management centers is briefly mentioned along with the overview of the center Marišćina.
1 Introduction
At the beginning of 1990s when Croatia became an independent state, the making of the institutional framework for the environmental protection policy was continued. The 1992 Declaration on Environmental Protection calls for the establishment of the legislative system that will be in accordance with the international agreements and standards. The Environmental Protection Act, which was adopted in 1994, has set up a basis for the implementation of the policy in line with the concept of sustainable development. That has initiated a process of drafting the National Environmental Strategy as well as National Environmental Action Plan (NEAP) which were adopted in 2002.
In the meantime the Waste Act was adopted in 1995.  The waste landfilling requirements were specified for the first time in the Ordinance on Requirements for Handling Waste adopted in 1997.
The Strategy and NEAP have established that the gravest problem in the field of environmental protection in Croatia is inappropriate waste management. The quantity of waste continuously increases while infrastructure required to manage it is insufficient. Waste management system does not completely function due to the fact that regulations on waste management are not being fully applied. 
Unregulated waste management system results in negative effects on water, air, sea and soil as well as on climate, public health and the environment. Ground waters, the main source of drinking water and basic national resource, are especially endangered. 

In the European Commission’s opinion on Croatia’s application for the membership of the European Union, dated April 20, 2004 is has been stated:

"Waste management is the biggest problem in the environment sector in Croatia. Not only does the legislative framework need to be in compliance with the EU requirements and standards, but also regulations in force are not being implemented. This sector presents major challenge for Croatia and will require significant efforts during the process of harmonization with the EU legislation."

According to the Council Decision 2004/648/EC from September 13, 2004 on the principles, priorities and conditions of the European partnership with Croatia, the most important tasks of Croatia in waste management sector are as follows: 

a) Short-term (1-2 years)

· Adopt and start implementing the Waste Management Plan,

· Develop and enforce horizontal legislation and strengthen monitoring capacity;

b) Medium-term (3-5 years)

· Ensure the integration of waste management requirements into other sector policies with a view to promote sustainable development and implement horizontal legislation, 

· Continue the work on transposition of the EU acquis, with particular emphasis on waste management, water and air quality, etc.,

· Increase investments in environmental infrastructure, with particular emphasis on waste water collection and treatment, drinking water supply and waste management. 
Significant activities on a more systematic remediation of the existing landfills have begun in 2004 when the activities of the Environmental Protection and Energy Efficiency Fund (2003) were launched. That is actually a turning point when the campaign has started to accomplish the goals in the Strategy.
The activities of the Fund related to waste management are closely connected to several key strategic documents, e.g.: new Waste Act (2004), the Waste Management Strategy of the Republic of Croatia (2005), new Environmental Protection Act (2007) and Waste Management Plan of the Republic of Croatia for the period 2007-2015 (2007). All of them are harmonized with the relevant EU legislation.
2 Waste Management Strategy of the Republic of Croatia
2.1 General
The objective of the Strategy is to establish framework within which Croatia should reduce the amounts of waste it produces and to be able to manage it in a sustainable manner. 

Taking the assessment of current situation and a vision of an appropriate waste management system as a starting point, the Strategy sets the objectives and offers suggestions for their gradual achievement by 2025.

An ideal project of waste management in the Republic of Croatia is the so-called non-landfill concept. In order to achieve this project it would be necessary to close the circle starting from avoidance of waste production, reduction of quantities and harmfulness, recycling and recovery (mechanical, biological, energy recovery) to the use of inert residue. Permanent training and education of all target groups as well as participation of citizens in the whole process, from the first project to the realisation and management, are a precondition for achieving this project.

For the purpose of achieving the Strategy the following priorities have been determined:

· Harmonising legislation with EU legislation and ensuring its implementation; 

· Education on environment and waste management;

· Avoiding production of waste – reducing the amount and hazardousness of waste;

· Increasing the payment of charges for burdening the environment with waste;

· Increasing financial means for waste management; 

· Increasing separate collection of waste; 

· Remediation of existing landfills; 

· Increasing quality and scope of data on amounts and flows of waste;

· Constructing facilities and equipment for waste treatment;

· Increasing the share of controlled collection and disposal of waste.

Total amount of produced waste is estimated at approximately 13,2 mil. t/year or approximately 2,97 t of waste annually per inhabitant (Table 1).
Table 1. Estimate of annual amount of waste

	Waste
	Amount (mil. t/year)

	Municipal
	1,2

	Construction and demolition
	2,6

	Industrial and mining
	1,6

	Agricultural and forestry 
	7,1

	Hazardous
	0,1

	Collected separately
	0,2

	Other
	0,4

	Total 
	13,2


The Strategy is using the Regulation on Waste Categories, Types, and Classification together with Waste Catalogue and Hazardous Waste List, harmonized with the European Waste Catalogue (2000).
2.2 Municipal solid waste
Until 2003 a total of 34.5 mil m3 of municipal solid waste was disposed of at 252 landfill sites (of which 60 large ones) with an average of 0,79 m3/per capita/year or 191 kg/per capita/year. Since in Croatia some 65% of the population is covered by organized waste collection, it is assumed that an average of 270 kg of waste/inhabitant/year is actually being produced.
The number of uncontrolled dumpsites was around 3,000 but it has been constantly changing, because some are being remediated and the new ones emerge. 
The data on waste flows confirm that Croatia is entirely relying on landfilling of MSW (more than 90% is being disposed of in this manner), and only 1% is being composted. 
Landfills are classified according to category, i.e. legal status, size, type of the waste landfilled, activity status, environmental impact and equipment. 

Active landfills are grouped in five categories (Table 2): 

· Legal landfills 
 




· Landfills in process of legalization 




· Official landfills






· Landfills by agreement





· Non-sanitary landfills – “wild” dumpsites



Legal landfills are facilities for (permanent) landfilling of waste, envisaged by appropriate spatial planning documents (county or city/municipality) and constructed in compliance with the regulations in force, and operating with the approval of local administration and self-administration competent body, based on the EIA and issued permits – location, construction and operating permit. 

Landfills in the process of legalization are facilities for (permanent) disposal of waste, envisaged by appropriate spatial planning documents (county or city/municipality) and for which the EIA process has started but has not yet been completed, i.e. issuance of the required permits – location and construction, and operational permit for new landfills. 

Official landfills are mainly large, unregulated sites for (permanent) disposal of waste, envisaged by appropriate spatial planning documents (county or a city/municipality) but for which the EIA has not yet begun nor do they have necessary permits (location, construction and operational). These landfills operate on the basis of formal decision of local administration and self-administration competent body and are included in the officially organized waste collection system of the authorized utility services. 

Landfills by agreement are mainly unregulated, smaller sites for (permanent) landfilling of waste, which have not been envisaged by the appropriate spatial planning documents (county or city/municipality) and for which EIA procedure has not been done. These landfills have none of the required permits (location, construction and operational) and they operate with the knowledge of or by agreement with local self-government competent body. For the most part they are not included in the officially organized waste collectin system of the authorized utility services.

“Wild” waste disposal sites - dumpsites are smaller, unregulated sites not envisaged for disposal of waste and are formed by citizens without prior knowledge of local self-government bodies. Those sites do not have any of the relevant documents required for the operation (EIA, permits) nor do they have a resolution or formal decision of the competent authority of local government. Citizens usually haul the waste there individually. In addition to those mentioned, the number of such illegal dumps in Croatia is much higher. 

Table 2. Basic characteristics of landfills in Croatia as per category

	Active landfills/category
	No. of landfills
	Surface (m2)
	Capacity (m3)
	Large landfills
	Other landfills

	Legal 
	25
	2.977.545
	25.972.000
	18
	7

	In the process of legalization
	40
	2.156.454
	19.555.000
	23
	17

	Official
	36
	1.457.616
	14.614.000
	19
	17

	By agreement
	86
	1.583.344
	7.948.070
	0
	86

	”Wild“, dumpsites 
	65
	474.641
	1.313.600
	0
	65

	Total
	252
	8.649.600
	69.402.670
	60
	192


Strategy has set quantitative targets that determine the dynamics of meeting strategic objectives (Table 3). Deadlines are determined with the expected time delays in relation to EU regulations.
Therefore the following basic activities are to be performed: 
· rehabilitation and closure of the existing open dumps, 
· extension and improvement of those landfills which will remain in operation, 
· construction of new waste management centers in which the inevitable waste should be landfilled.
The aim of a waste management center is to accept waste collected and transported to transfer stations. Various activities related to waste treatment prior to final disposal should take place within the area of waste management center:

· acceptance and treatment of waste

· separation of waste which can be reused or recycled

· separation and distribution of waste which can be used otherwise

· energy recovery of some waste fractions

· disposal of waste after treatment.

Table 3. Quantitative targets for landfills 

	Targets
	Year

	
	2005.
	2010.
	2015.
	2020.
	2025.

	Regional centers for waste management* 
	0
	1-2
	2-3
	3
	4

	County centers for waste management*
	0
	3-7
	7-10
	10-14
	14-21

	“Official landfills” *
	187
	100
	50
	30
	14-21

	Percentage of remedied landfills 
(% from the number determined in 2000). 
	5
	65
	75
	85
	100


*Definition of centers for waste management is given here hereinafter in Chapter 6

**Group “Official landfills“ consists of the following categories defined here above: legal landfills, landfills in the process of legalization, official landfills, and landfills by agreement
2.3 Investment assessment and sources of financing
For the implementation of the Strategy an assessment is provided of necessary initial investments and reinvestments for waste management on the entire territory of Croatia for the period of 2005 – 2025 without operation and maintenance costs (Table 4).

Table 4. Investments assessment
	Item
	Estimated cost
 [mil. EUR]

	Centers for waste management with bio composts 
	460 

	Waste collection – mechanization
	434 

	Waste collection site (recycling yards, island, etc.)
	96 

	Waste-to-energy plant – Phase I in the City of Zagreb
	290 

	Waste-to-energy plants – Phase II
	439 

	Installation for mechanical-biological treatment (MBT)
	83 

	Transfer stations with baling *)
	64

	Additional construction of landfills
	52

	Remediation of landfills
	344 

	Total
	2.262


For the efficient realization of investments in the waste management system it is necessary to precisely determine and ensure all sources of financing. Two groups of financing sources are envisaged:
· Financing from public sources:

· State Budget,

· Environmental Protection and Energy Efficiency Fund,
· County budgets and City of Zagreb Budget, 

· Municipality/city budgets.

· Other sources

· Commercial capital – leasing market and proprietary shares,
· Concessions and other public/private partnerships,
· Own resources,
· Donations etc,
· Pre-accession, structural, cohesion funds of EU,
· International financial institutions with favorable loans, interest and grace period. 

According to present experiences of waste management financing in the EU substantial percentage of other resources in relation to public resources is expected. One or more financial resources will be used for realization of waste management programs and projects.
3 Environmental Protection and Energy Efficiency Fund

As already mentiond the Environmental Protection and Energy Efficiency Fund has been established in 2003. The task of the Fund is to financially support preparation, development and execution of the programs, projects and similar activities in the field of:
· preservation, sustainable use, protection and improvement of the environment,

· energy efficiency and use of renewable energy sources.
Besides the Fund organizes and facilitates the implementation of waste management for special waste categories (packaging waste, end-of-life tires,  end-of-life vehicles, waste oils, waste batteries and accumulators, electrical and electronic equipment waste).
Since its establishement until end of October 2007 the Fund has approved and signed contracts for financial support for the total of 2074 projects in the field of environmental protection and energy efficiency. Among these 298 projects are related to rehabilitation of municipal solid waste landfills and 556 projects to rehabilitation of illegal dumps. The rehabilitation of 30 municipal solid waste landfills and 273 illegal dumps have been completed so far. The Fund has signed the contracts for the construction of the following waste management centers (Table 10): Lećevica, Bikarac, Biljane Donje, Kaštijun and Badovinje Rupe. Only the activities for the construction of center Bikarac have been initiated so far.
4 Landfill rehabilitation and waste management centers projects
This chapter covers several projects of landfill rehabilitation (Figure 1), the majority of which (except Jakuševec) were financially supported by the Environmental Protection and Energy Efficiency Fund.
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Figure 1. Locations of described landfills
4.1 Landfill Vinogradine near Požega

Landfill "Vinogradine" is situated 6 km north-northwest from the center of Požega (IPZ Uniprojekt, 2002). The site has been used as the official landfill since 1993. The environmental impact assessment report was completed in 1998 and the main design of rehabilitation was completed in 2002. The landfill occupies the area of 2,4 ha. In the process of rehabilitation the landfill should be extended up to a total area of 5,7 ha (Figure 2).
Total quantity of municipal solid waste and non-hazardous industrial waste is estimated to be 290.000 t for the period 2007-2015. The required total volume of the landfill is planned to be 450.000 m3.

According to geotechnical investigations the subsoil of the landfill is a 6 m thick clay layer having the permeability of 10-10 m/s. Therefore the clay layer is a natural element of the bottom liner system. HDPE geomembrane 2,5 mm thick is placed on top of the clay layer. The geomembrane is protected by geotextile 500 g and drainage layer of 50 cm thickness is placed above it.

The waste is gradually placed in 7 cells. Waste is placed in layers of thickness 2,5 -3,0 m. Total height of the landfill is planned to be 12,5 (15) m above the existing ground level (Figure 3). 
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Figure 2. Layout of the closed landfill Vinogradine 
[image: image3.wmf]
Figure 3. Typical cross section of the landfill Vinogradine

The final cover system is shown on Figure 4.
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Figure 4. Final cover system of the landfill Vinogradine
4.2 Landfill Gornji Kneginec near Varaždin

Landfill Gornji Kneginec is situated at the site of the former brick yard where clay had been extracted for brick production (Portal, 2004). The abandoned natural depression has been used as uncontrolled landfill since 1983. The landfill is placed at the northern border of Municipality Gornji Kneginec and 5 km away of Varaždin. 

The initiative for the rehabilitation started yet in 1994 when the first environmental impact assessment report was completed. The design for rehabilitation and closure of the landfill was completed in 2004 when the total amount of cca 500.000 m3 of municipal solid waste and non-hazardous industrial waste had been already landfilled on the site. The landfill occupies the area of cca 15,5 ha where the thickness of the existing waste varies between 2,0 and 5,0 m. 
A major part of the landfill is placed on the relatively thin layer of heterogenous material (low permeability sand, silt, clay and gravel with fines). The coefficient of permeability of this material varies between 10-9 to 10-6 m/s. The extreme western part of the landfill is placed directly on gravel deposit. Yet, according to the result of the subsoil invetigation the amount of pollution is below limit values. Therefore it was concluded that it was not necessary to remove the existing waste prior to rehabilitation of the landfill.

The area of the landfill is divided into 5 sectors (Figure 5). Municipal solid waste has been deposited on sectors B-1 to B-4 while construction waste has been landfilled in sector C. The rehabilitation should include the whole area while sectors B1 and B2 should be additionally prepared for future landfilling. As already mentioned the bottom liner system is constructed on the exiting old waste (Figure 6a) and final cover system will be placed according with the landfill closure procedure (Figure 6b).
Rehabilitation includes active and partially passive gas collection system which is installed in sector b-4 (old waste) and in sectors B-1 and B-2 in line with the future landfilling.
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Figure 5. Layout of landfill Gornji Kneginec
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Figure 6. a) Cross section of the bottom liner system, b) Cross section of the final cover system of landfill 

Gornji Kneginec
4.3 Landfill Virovitica

Municipality landfill of Virovitica is situated at the northwestern edge of Virovitica at the distance of cca 1 km from the center of the town (IPZ Uniprojekt, 2004).The landfill is placed  at the site of the former brick yard where clay was extracted for brick production. Municipal solid waste and non-hazardous industrial waste has been landfilled on the site since 1980. The existing official landfill occupies the total area of 6,4 ha, but the subjet of the actual rehabilition is a portion occupying the surface cca 3,7 ha (Figure 7). A part of the landfill occupying cca 2,7 ha had been already closed.
The preliminary design of landfill rehabilitation was completed in 2002, the environmental impact assessment report accepted in 2004 and the main design was also completed in 2004.
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Figure 7. Layout of landfill Virovitica

According to environment impact assessment report from 2004 the total quantity of waste landfilled in the period 1980-2003 is estimated to be 150.000 t. The total volume of the landfill is estimated to be 230.000 m3.

The amount of waste to be landfilled in the period 2004-2010 is estimated to be cca 96.000 t, which means that the additional volume of 137.000 m3 is required. 
The existing waste on the portion of the landfill (cca 2,4 ha) to be used during rehabilitation process (New landfill) was leveled and compacted. The cover is  then constructed in order to serve as the bottom liner for the new waste (intermediate layer, clay layer with permeability k = 10-9 m/s, HDPE geomembrane, geotextile, drainage layer. 

The remaining part of the site occupying cca 1,3 ha (Old landfill) was immediately closed as the first part of the rehabilitation process. The same final cover system is used as in the case of landfill Vinogradine (Figure 4)
The final shape of the landfill is shown on Figure 8.
[image: image9.wmf]
Figure 8. Cross section 1-1 of the landfill Virovitica

4.4 Landfill Sorinj on the island of Rab
Landfill “Sorinj” is situated on the peninsula Sorinj at the northern part of the island of Rab (ECOINA, 2007). The site is at the distance of 150 m from the coast. The peninsula is not inhabited. The terrain is mainly flat with a number of karts sinkhole. The coast is rather steep. The site has been used as open dumpsite since 1969. Total quantity of municipal solid waste and non-hazardous industrial waste is estimated to be 255.000 m3. The available volume of the site is 42.000,0 m3.
The site occupies the surface of about 3,3 ha whereas the surface under the waste is about 1,1 ha. According to the design two different method of rehabilitation should be applied related to the ground morphologie: the flat part of the site and the steep part (Figure 9).
The waste on the flat part occupying the area of about 1,1 ha will be leveled and compacted. The cover will be then constructed (Figure 10a). The cover will serve as the bottom liner for the new waste. The available volume for the new waste is cca 40.000,0 m3 (including 20.000,0 m3 from the steep part). The type of the final cover is shown on Figure 10b.
The steep part on the south-west part of the site with the slope of about 1:1 occupies the area of about 0,8. The slope will be changed to 1:2 using berms, the waste will be compacted and final cover will be placed. Due to change in geometry a part of the waste should be removed to the flat part of the site. The volume of the waste to be removed is cca  20.000,0 m3. 
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Figure 9. Typical cross section of the landfill Sorinj

The elements of the bottom liner system and the final cover system of the landfill Sorinj are shown on Figure 10.
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Figure 10. a) Cross section of the bottom liner system, b) Cross section of the final cover system of the landfill Sorinj
The available volume on the landfill is sufficient for the period until the end of 2010.
4.5 Landfill Karepovac

Karepovac is the second largest landfill in Croatia (IGH, 2007). Since 1964 Karepovac became a legal landfill for Split and surrounding municipalities. Today Karepovac has the total quantity of about 4.254.000 m3 of municipal and non-hazardous industrial waste occupaying the surface of about 16,6 ha in the suburban area of Split. The anual quantity of waste which is landfilled on the site is cca 83.000 t. Until recently the site had the feature of an open dump.
The geological profile on the site mainly consists of two lithological elements: flysch formation that is composed of limestone and sandstone, and marl with a high percentage of carbonate components (over 60% CaCO3). This is the bedrock which is covered by a very heterogeneous deposit (silty clay, degraded flysch, rock fragments and waste) of mainly low permeability. Flysch deposits have a general dip of 20° to 50° towards north. The flysch formations are generally acting as hydraulic barrier but it is reasonable to assume that a part of leachate from the landfill is percolating to the subsoil due to porosity of carbonate component of flysch. 

The bottom of the landfill is situated in a mild depression. Underground water level is approx. 20 m below the bottom of the landfill.

The composition of the municipal solid waste landfilled on Karepovac could be estimated according to the survey which has been carried out during 1998 (Table 5).

Table 5. Composiition of municipal solid waste in Split (after IGH, 2007)

	Constituent
	Composition (% by weight)

	Fines (d < 40 mm)
	22,0

	Organic waste
	15,5

	Paper
	12,3

	Cardboard
	9,2

	Organic fraction (for compost)
	7,3

	Soft plastics
	7,0

	Glass
	4,4

	Hard plastics
	4,3

	Textile
	3,9

	Metal
	2,5

	Leather and bones
	1,6

	Wood
	1,4

	Rubber
	0,5

	Other
	8,1


In 2000 the Municipality of Split reached the decision to start the rehabilitation of the official landfill Karepovac. The closure of the landfill is planned for 2010 when the regional waste management center Lećevica (Table 10) should be ready for operation. The rehabilitation includes the extension of the existing landfill. The estimated quantity of waste to be landfilled is the period 2005-2009 is 944.000 m3. New waste will be landfilled adjacent to the existing waste following the construction of the bottom liner and leachate collection and removal system. In order to comply with the designed shape of the landfill the volume of cca 285.000 m3 of waste should be removed and reset on the site. The designed slope is 1:3 (1:5), and 1:4 on the western part of the site. The inclination of the top part of the landfill will be 5%. The layout of the landfill is shown on Figure 11 and the typical cross section is shown on Figure 12.
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Figure 11. Layout of the landfill Karepovac
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Figure 12. Typical cross section of the landfill Karepovac

Rehabilitation will include passive gas collection system which will be installed on the old part of the existing landfill where the amount of 1.600.000 t had been landfilled in the period 1964-1984. Total of 13 gas vents will be installed. They will be interconnected by vent trenches filled with gravel.

Active gas collection system will be installed on the remaining part of the existing landfill (waste 20 years old) and on the planned new sanitary landfill. Total amount of waste covered by active gas collection system is about 2.280.000 t. The system will consist of 50 vertical gas extraction wells interconnected by 9 collection pipes. Gas is conveyed from the waste body to the flare station by 2 main collection pipes.

The final volume of the landfill after the completion of the rehabilitation will be 5.200.000 m3 occupaying the surface of about 20,2 ha.

4.6 Landfill Kaštijun near Pula

Landfill “Kaštijun” is located in the coastal flat area cca 5 km south of Pula and cca 2 km north-east of the village Banjole (IPZ Uniprojekt, 2007). The site occupies the surface of about 8 ha while the waste body  occupies 5,5 ha (Figure 13).
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Figure 13. Layout of the landfill Kaštijun
Since 1967 Kaštijun has beeen used as a legal landfill for Pula and surrounding municipalities. Environmental impact assessment report was elaborated as early as 1994 and the main design of rehabilitation of the landfill was completed in 2007. According to gelogical engineering investigation the subsoil on the site consists of terra rossa deposit of very low permeability.
The quantity of municipal and non-hazardous industrial waste landfilled in the period 1967-2005 is estimated to be 736.000 t. The volume of the waste is cca 1.132.000 m3. The volume required for new  waste until 2010 is estimated to be cca 260.000 m3.
The composition of the municipal solid waste landfilled on Kaštijun is shown on Table 6.

Table 6. Composiition of municipal solid waste in Pula (after IPZ Uniprojekt, 2007)

	Constituent
	Composition (% by weight)

	Rubber
	0,8

	Paper and cardboard
	15,1

	Glass
	3,6

	Plastics
	16,3

	Metal
	2,9

	Wood
	1,0

	Organic kitchen waste
	10,0

	Garden and park wastes
	3,1

	Textile
	3,5

	Napkins
	2,1

	Inert waste
	2,2

	Special waste
	1,2

	Fines ( d <40 mm)
	38,4


The rehabilitation method includes partial removal, levelling and compaction of the exiting waste in line with formation of the slope 1:2,5 - 1:3. No additional bottom liner is required due to presence of natural barrier. The height of the waste lifts is envisaged to be 2,5 m including daily cover. Rehabilitation will include active gas collection system. The system will consist of 34 vertical gas extraction wells at the distance of 30 m. Gas is conveyed from the waste body to the flare station by 6 main collection pipes. The cross section of the final cover is shown on Figure 14.
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Figure 14. Final cover system of the landfill Kaštijun
The final shape of the landfill Kaštijun is shown on Figure 15.
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Figure 15. Typical cross section of the landfill Kaštijun

As already indicated on Figure 13 the construction of the new county waste management center Kaštijun (Table 10) is planned adjacent to the existing landfill. The center will cover the area of 35,5 ha so that the waste disposal for the County of Istria will be enabled in the following 25 to 30 years.
The center will consist of the following 3 main zones:

· entrance and service zone with the surface of 0,5 ha

· working zone with the surface of 8,0 ha (including recycling yard for construction and demolition waste, facillty for mechanical-biological treatment, gas-flaring station and electricity generation facility, etc.)

· disposal zone with the surface of 27 ha (disposal of biodegradable waste, disposal of non-hazardous industrial and inert waste).

Environmental impact assessment report (FSB, 2007) for the center Kaštijun is being made available to the public.
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Figure 16. Layout of the County waste management center Kaštijun

4.7 Regional waste management center Marinšćina

Regional waste management centre Marišćina (Table 10) is situated west-north of Rijeka, at the northern part of the Municipality Viškovo (ECOINA, 2006). The site is located in the hilly area at the height between 463 and 515 m above sea level.  
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Figure 17. Layout of the Regional waste management center Marišćina
The purpose of the regional waste management centre Marišćina is to receive, treat, recycle and dispose of municipal and non-hazardous industrial waste in the area of County of Primorje - Gorski Kotar and 15% quantity of County of Lika - Senj. Total quantity of municipal solid waste to be collected in the area is estimated to be cca 76.000 t/year.

The site has the total surface of cca 42 ha. Acoording to the definition of regional waste management center, the site Marišćina consists of a number of facilites. The area of the center can be generally divided into operating zone (Working zone 1, Working zone 2 and Entrance area) having the area of 5,5 ha and the zone for disposal of municipal and non-hazardous industrial waste (Landfill area) having the area of 21 ha. 
The working zone consists of three plateaus. Due to unfavourable terrain, and for the purpose of minimizing excavation, three operational plateaus will be formed on different heights above sea level. The corresponding infrastructure facilities will be built simultaneously, such as internal roads and parking lots, water supply system, water drainage system, waste water treatment plant, power supply system with outdoor lighting and telecommunication network. 

The first plateau (Entrance area) is situated on the lowest above sea level of 477.5 m. Entrance area includes: the guard house with weighbridges, a unit for waste water treatment, additional parking lot for trucks and the space for some unforeseen activities. 
On the middle plateau (Working zone 1) on the above sea level of 480 m there is a  mechanical and biological treatment facility, areas for wastewater treatment and an area for biofilter for the treatment of polluted air, as well as the area for additional treatment of separately collected waste. 
On the plateau with the highest above sea level of 490 m there is a space for several faclities such as: plateau for treatment of bulk waste, recycling yard, faciliy for recycling of construction and demolition waste, diesel pump, garage space, workshop, truck wash and engines with additional content for recycling and treatment of water, administrative building with the parking lot for cars, transformer station, space for conditioning and treatment of landfill gas.

Landfilling area occupies the total area of 21 ha. It is divided into three zones, where the remaining waste that cannot be additionally used or treated, is permanently disposed of in an adequate manner. 

The construction of each of the zones will proceed in stages, considering the spatial requirements, and the trend of increase of waste quantities. The layout of the Center Marišćina on Figure 17 includes only stage 1A (3,2 ha) of the landfilling area. The available volume of the complete landfilling area is cca 4.000.000,00 m3.

Typical cross section of the Center Marišćina is shown on Figure 18.
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Figure 18. Typical cross section of the Regional waste management center Marišćina
The elements of the bottom liner system and the final cover system of the landfill Marišćina are shown on Figure 19.
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Figure 19. a) Cross section of the bottom liner system, b) Cross section of the final cover system
The environmental impact assessment report for the site Marišćina has been approved in 2001. Preliminary design was completed in 2004, and main design was completed in 2006. The construction of the Center will be performed in 9 phases. The bidding for the construction of the first phase of the center (new ring road) is under way and it is expected that the contract will be signed by the end of 2008.
5 Jakuševec - from dumpsite to sanitary landfill
“Jakuševec” is the largest waste disposal site in Croatia. The site has been used in an uncontrolled way for disposal of municipal, hospital and partly industrial wastes of the city of Zagreb since 1960s. It is located in the area of the abandoned gravel pits, on the right bank of the river Sava, at a distance of about 6 km from the center of Zagreb and only 400 m from the nearest Jakuševec residential area. In 1990 at the beginning of the project of Jakuševec rehabilitation, it occupied the area of about 80 ha (Nikolić et al., 1997). The length of the site was approx. 3 km and the width varied from one hundred meters to several hundred meters. It was estimated that about 7.5 million m3 of waste had been deposited on the site. The amount of solid waste disposed daily at Jakusevec site was about 900 t. The composition of the unprocessed waste is shown on Table 7 (Tusar et al. 1991).

Table 7. Composiition of municipal solid waste in Zagreb (after Tušar et al. 1991)

	Constituent
	Composition (% by weight)

	Construction and demolition debris
	28,2

	Organic waste
	23,3

	Paper
	20,5

	Glass
	7,3

	Soft plastics
	6,6

	Hard plastics
	4,2

	Textile
	3,8

	Iron
	2,4

	Leather and bones
	2,2

	Wood
	1,1

	Rubber
	0,4


The location of the site is extremely unfavourable as it intrudes the city area in the suburbs Jakuševec and Mičevec (Figure 20). Moreover, it influences the municipal water distribution system, since it is placed in the vicinity of the existing (Velika Gorica) and future (Črnkovec) well fields (Nikolić et al., 2000).
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Figure 20. Layout of the Jakuševec landfill
Considering the geological and hydrological conditions in the underground, it may be stated that the landfill is located in a very unfavourable position (Figure 21). The initial field investigations and water quality testing have shown that groundwater in the immediate vicinity of the landfill is polluted (Mayer and Markovac, 1992), but far less than it was expected. It was concluded that well fields had not been exposed to pollution at that point. However, considering that the construction of some hydroelectric structures (Hydropower plant Drenje) had been planned in the future, as well as the need for increasing water quantities for Zagreb water supply, the ground water regime may change and with it the influence the landfill has on groundwater quality. 
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Figure 21. Schematic hydro-geological profile at Jakuševec
Due to the above mentioned facts, the need for rehabilitation measures on the waste disposal site had been recognised in the early 1980s. In the beginning of 1990s it has been finally decided to turn the existing dump site into a sanitary landfill. In order to immobilize permanently existing pollution in the zone where it is present until then, several options were discussed (Pletikapić, 1993). From the considered alternatives of remediation, it was decided to construct the impermeable bottom liner at the existing dump site and to restock the old waste subsequently on it. It was also decided to carry out the remediation in steps following the schedule shown on Figure 22.
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Figure 22. Sequence of stages of Jakuševec rehabilitation
The first phase of remediation started in 1995 on the experimental field of about 10 ha (Cell 1). The removal and placement of old waste ended in September 2003, and in 2004 four cells were covered, while the remaining part of the the site is planne to be used for actual waste landfilling. The area occupied by waste should be finally reduced to 54 ha.
The engineered bottom barrier was originally designed as double composite liner system (Babić et al., 1996) as shown on Figure 23.
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Figure 23. Double composite liner system designed for Jakuševec landfill
Before the commencement of the construction the designed cross section of the liner system had been somewhat simplified preserving the same basic features. After the completion of the experimental field (Cell 1) it was decided to change considerably the design of the liner system. Therefore the remaining cells were constructed with single composite liner system (Vukelić et al., 2004) as shown on Figure 24.
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Figure 24. Single composite liner system at Jakuševec landfill
According to the original design (IGH, 2000) the impervious barrier in the final cover was designed as 0.5 m thick clay layer. In the alternative design of final cover system (IGH, 2002) geosynthetic clay liner has been adopted instead of clay layer. The cover configurations for the top and side slopes are shown on Table 8, starting from the top layer and proceeding down.

Table 8. Final cover configurations for sanitary landfill Jakuševec
	  Top Portion of Cover (5% slope)
	Side Slopes of Cover (2.85H:1V)

	0.15 m thick topsoil
	0.15 m thick topsoil

	0.65 m thick frost protection layer
	0.85 m thick frost protection layer

	min. 10 mm thick geosynthetic water drain
	min. 10 mm thick geosynthetic water drain

	1 mm thick LLDP geomembrane
	-

	geosynthetic clay liner
	geosynthetic clay liner

	min. 10 mm thick geosynthetic gas vent layer
	min. 10 mm thick geosynthetic gas vent layer

	intermediate cover
	intermediate cover


Typical transversal cross section of the sanitary landfill is shown on Figure 25. 
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Figure 25. Typical transversal cross section of the Jakuševec landfill
Along with the construction of the landfill body itself, service facilities were constructed as well with the following function: environmental protection (leachate treatment plant, intervention pumping system, monitoring), waste recycling and reduction of waste quantity to be deposited (recycling yard, composting plant, construction waste recycling plant) and utilization of waste energy (gas station).

6 Waste Management Plan of the Republic of Croatia for the period 2007-2015
The most recent document related to waste management policy in Croatia is the Waste Management Plan of the Republic of Croatia for the period 2007-2015 (2007). Its objective is the implementation of the Waste Management Strategy of the Republic of Croatia (2005).

In the section "Status Analysis" of the Plan it is stated that 92,8% of the population is covered by organized waste collection. The estimated total amount of municipal solid waste produced in 2005 amounts to 1,5 mil tones. The average production of municipal solid waste is found to be 327 kg/per capita/year. 
No regular analysis of municipal solid waste composition had been carried out in Croatia. The results of an investigation in the period 1992-2000 carried out in certain regions of Croatia (Domanovac and Orašanin, 2002) are shown on Table 9.

Table 9. Composition of municipal solid waste in the Republic of Croatia (after Domanovac and Orašanin, 2002)
	Constituent
	Composition in continental area (% by weight)
	Composition in coastal area
 (% by weight)
	Average value (% by weight)

	Organic kitchen waste
	43,1
	41,0
	42,1

	Paper and cardboard
	19,6
	20,3
	20,0

	Leather and bones
	3,0
	3,1
	3,1

	Wood
	1,3
	1,2
	1,3

	Textile
	7,8
	8,2
	8,0

	Glass
	6,6
	7,0
	6,8

	Metals
	4,1
	4,0
	4,1

	Inert waste
	1,5
	2,2
	1,9

	Plastics
	11,6
	12,3
	12,0

	Rubber
	0,9
	0,5
	0,7

	Special waste
	0,4
	0,2
	0,3


On the basis of data from Table 9 it can be concluded that 74,5% of municipal waste quantity is the biodegradable fraction.
In the section "Plan of the waste management organization" the European waste hierarchy is defined according to Waste Framework Directive (2006) and new Waste Act (2004):
· the prevention and reduction of waste production
· the recovery of waste by means of recycling, re-use or reclamation
· the use of waste as a source of energy

before the final disposal of the remaining waste.
Table 10. List of waste management centers
	No.
	County
	Site
	Estimated cost (EUR mil.)

	1
	County of Sisak - Moslavina
	Options: Cetvrtkovec, Blatusa, Kurjakana, Banski Grabovac, Core, Radenovci
	21

	2
	County of Sibenik - Knin
	Bikarac
	16

	3
	County of Split - Dalmatia
	Lećevica (Kladnjice)
	40

	4
	County of Istria
	Kaštijun
	30

	5
	County of Dubrovnik - Neretva
	Badovinje Rupe
	18

	6
	County of Karlovac and 35% of County of Lika - Senj
	Options: Lemić Brdo, Babina Gora, Okić
	18

	7
	County of Koprivnica - Križevac

County of Krapina- Zagorje

County of Varaždin

County of Međimurje
	Site not yet defined
	32

	8
	County of Primorje - Gorski Kotar and 15% of County of Lika - Senj
	Marišćina
	35

	9
	County of Slavonski Brod - Posavina

County of Požega - Slavonia
	Options: Šagulje - Ivik, Baćanska, Municipalities Gornja Vrba, Podcrkavlje, Vrpolje i Vrbje
	23

	10
	County of Zadar and 50% of County of Lika - Senj
	Benkovac (Biljane Donje)
	27

	11
	County of Osijek - Baranja

County of Vukovar - Sirmium
	Antunovac
	37

	12
	County of Virovitica - Podravina

County of Bjelovar - Bilogora
	Jasenaš
	18

	13
	City of Zagreb and County of Zagreb
	Facility for thermal treatment, site not yet defined
	15


As defined in the Strategy the final end of the waste management is the construction of waste management centers on the whole territory of the Republic of Croatia.

In line with the so called "regional concept" the construction of eight regional (No. 6 to No. 13) and five county centers (No.1 to No. 5)  is planned (Table 10, Figure 26).
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Figure 26. Regional and county centres for waste management
As already defined in Table 3 all regional and county centres should be completed until 2025.
7 Conclusions
According to the Strategy of Environmental Protection, waste management is the gravest problem and priority for environmental protection in Croatia. Waste Management Strategy and Waste management plan are based on general EU waste management principles and represent a real framework for the implementation of sustainable waste management in Croatia by 2025.
Adoption of these documents are of particular importance for the Republi of Croatia, because they have initiated the changes necessary to gradually solve existing problems, improve the system and direct the Republic of Croatia toward sustainable waste management and accession to the EU. 

Problems with waste are gradually being solved by the activities of the Environmental Protection and Energy Efficiency Fund within the framework of landfill remediation program.The rehabilitation of 30 municipal solid waste landfills and 273 illegal dumps have been completed so far owing to financial support of the Fund. A broad range of activities have been initiated for the construction of waste management centers.
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