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Montenegro faces serious challenges in terms of waste tire management. The financial and economic justification of the

implementation of the first phase of the project of collection, takeover and transport, sorting, and storage of waste tires

from the three municipalities in Montenegro.
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1. Introduction

Environmental contaminants are toxic and undesirable compounds that can endanger human health and the survivorship

of life on Earth. Thus, their removal from the environment has become a hot topic of numerous research works . The

application of advanced materials and new applied technologies gives very important results in various fields, such as in

improving human life, eliminating environmental pollution, and environmental remediation. There is great interest in

producing efficient photocatalytic compounds that can remove a wide spectrum of toxic pollutants to remediate the

environment. Photocatalysis technology has undergone ultra-fast development during the past several decades and has

been widely applied in many fields, such as photo-synthesis, pollutant treatment, and other chemical- or energy-related

processes . Photocatalysis is accepted as a beneficial and environmentally friendly solution for the removal of

undesirable contaminants. This environmentally friendly technology uses non-hazardous reactants that do not lead to the

problem of environmental contamination. The results of energy-saving, simplicity, and reproducibility are also important

characteristics of this efficient technology . Its most substantial advantage is the capability to mineralize a wide variety of

contaminants. In recent years, a remarkable number of scientific papers have been reported on the utilization of oxide

nanostructures to eliminate environmental pollution . The energy gap for the nanophotocatalysts was determined,

making the nanocomposites favorable for removing contaminants. With a completely environmentally friendly method in

the photocatalytic process, utilizing sunlight in the presence of photocatalytic compounds, poisonous contaminants can be

oxidized or even degraded . Optimization studies for the photocatalytic decomposition of each contaminant

demonstrated that the best performance could be achieved at a specific amount of contaminant and nanocatalyst .

Two major problems related to population growth, urbanization, and economic growth, environmental and public health

concerns, as well as the depletion of non-renewable resources, are caused by the problem of inadequate waste

management. According to the available data, the total world production of natural and synthetic rubber amounted to over

25 million tons , of which about 60% was used for the production of car tires. Preliminary estimates suggest that the

total stock of waste tires is around 100 million tons, with only about 10% being recoverable .

Tires are a specific category of waste, as they are very durable and almost non-degradable , which is why they are a

major environmental problem . Waste tire management methods depend on various factors, such as country

characteristics, industry development, and population. According to some projections, worldwide, waste raised from tires

amounts to 1.5 billion tons/year and by the end of 2025, is expected to be more than 2.5 billion tons .

Results of certain studies conclude that Europe, Asia, and North America generate 90% of the total amount of scrap tires

. Eastern Europe has traditionally had disposal fees at a lower level than Western Europe, and lower safety

standards have enabled the intensification of the trade of used tires and their reuse. A necessary condition for putting

things under control is to increase disposal fees and strengthen safety regulations . At the same time, some research

suggests that the model of “manufacturer and importer responsibility” for tire recycling should be applied in other countries

as well, as it has proven successful in most European countries .

Waste tire management includes a set of measures for the collection, takeover and transport, storage, and treatment of

waste tires. After the end of the life cycle, numerous recycling alternatives (pyrolysis, retread, shredding, compacting

rubberized concrete, crumbing, reclaiming, rubber modified asphalt) are carried out in the process of waste tire treatment,

which creates conditions for using waste tires for energy purposes. European directives do not cover part of the
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management of waste tires, as is the case with electrical and electronic waste, waste batteries, and accumulators.

Although the EU has banned the disposal of tires in landfills since 2009, most countries do not have specific legislation on

waste tire collection. However, a number of countries are trying to find ways to extend their life cycle. Improperly collected

and disposed waste tires can endanger the environment by polluting the air, soil, and water.

Additionally, due to mechanical abrasion, car tires release particles in the environment, and many studies point to the

problem of car tires as a source of microplastics in the environment . As the release of this abrasive material is

not possible in the near future , the results of some recent research suggest that emission reduction of non-exhaust

emission source  and tire wear and tear  should be given more prominence on the political agenda .

The problem of waste tires is rising from year to year, especially in countries in transition. The policy and mechanism of

waste reuse and recycling is based on the rational use of resources, and not uncontrolled one-time use, or uncontrolled

ignition and improper disposal in the case of tires. The combustion of tires produces many toxic substances  and

is extremely harmful to all three media in the environment, suggesting that the problems are not only environmental, but

also health-related. They are very hazardous waste and drastically impair air quality through the emission of combustion

products , which requires an expensive air emission control system . Atmospheric toxic pollutants emitted from

burning tires directly endanger public health and safety , and cause various types of mild to severe diseases 

.

In order to alleviate the energy crisis and environmental degradation, it has become imperative to use technology to

obtain energy from unconventional sources, such as municipal and/or industrial waste, in which used tires have a special

place. Due to their high calorific value, tires are used as an energy source in some countries (controlled incineration)

where incinerators contain the necessary systems for the purification and treatment of gases. As waste tires have a higher

energy content than coal, scrap tire recycling can significantly contribute to reducing GHG emissions . However, this is

not the primary option in tire treatment. The literature suggests several processes for used tires, analyzes the

environmental and economic aspects of these processes, and investigates different management schemes for used tires

. As the need for the recovery and recycling of waste is increasingly emphasized, efforts are being made for the

development of new technologies for used tire treatment .

2. Current Status of Waste Tire Management: The Case of Montenegro

In 1996, the Collaborative Working Group on Solid Waste Management in low- and middle-income countries developed a

framework system for integrated and sustainable waste management (ISWM), emphasizing public health, the

environment, and resource recovery. In order to establish a satisfying and sustainable ISWM, in addition to technical

elements, it is necessary to systematically include all stakeholders in the planning, implementing, and monitoring phases

. In relation to the above, sustainable development is significantly based on the management of tire waste, including its

environmental, economic, and social effects. The United Nations has emphasized the key elements of waste management

systems: policies and regulations, supporting institutions, proper financial mechanisms, stakeholder participation, and

supporting technologies . In many developing countries, waste tire management has not received the attention it

deserves, and the processing, treatment, and disposal of waste tires are still in their initial phase. In some countries (e.g.,

Mexico and Russia), an integrated reverse logistics (RL) model has been proposed, which includes the processes of re-

manufacturing and diversification, providing an economical and sustainable system of waste management. The same

model has been successfully applied in some developed countries (Japan, Spain, and Germany), and contributes to the

improvement of other strategies in the EU, Japan, Colombia, Italy, and Romania, . However, developed countries also

need more efficient and innovative methods related to recovery and recycling in waste tire management, regardless of the

progress made.

In some developing countries, until recently, waste tires were dumped in legal and illegal landfills and have posed a

serious environmental problem. By harmonizing legislation with EU law, the practice of treating waste tires as an important

resource for the production of various rubber products or energy in cement plants is introduced . Generally, in the

second half of the previous decade, methods for managing waste tires have been adopted worldwide, with minimal threat

to the environment and people. The main alternatives for end-of-life tire management have also been accepted, and this

is viewed in the context of 4R: reduction, reuse, recovery, and recycling. Many developing and transition countries have

faced knowledge inadequacies in order to implement integrated programs that include “environmental sustainability,

stockpiling of whole tires at landfills, lack of consistent and systematic approaches to tire regulation, lack of methods and

tools to update tire data and trends, limited application of technology to process and treat WTs, and lack of societal

acceptance” . In the meantime, used tire recycling management schemes have been developed and identified in the

literature, including extended producer responsibility (EPR), free market, and government .
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Montenegro has not yet resolved the issue of waste tire management and rubber technical products in an appropriate,

environmentally and economically sustainable way. The problem is further complicated by the fact that the amount of

waste tires generated annually in the capital of Podgorica and Montenegro is growing, primarily due to the growth of all

types of motor vehicles.

Based on previous experiences, it can be stated that the management of waste tires—pneumatics in the Capital

Podgorica, and in Montenegro in general—has not been adequately addressed. Namely, the Law on Waste Management

 prescribes the obligation of manufacturers and importers of pneumatics to ensure the functioning of the waste tire

management system. Another way to solve the problem is to get involved in the organized system managed by a

company listed in the register of organized systems for waste collection and treatment. So far, there have been authorized

collectors of waste tires (verified by the Environment Protection Agency), as well as authorized freight forwarders, who

have not transported waste tires to legal landfills. In the previous period, there were no authorized companies for receiving

waste tires in Montenegro and Podgorica, nor legal warehouses for storing waste tires.

The recommendation of the competent bodies of the European Commission emphasizes the need to preserve the

environment and to organize a space where waste tires can be collected, stored, and treated, as in highly developed EU

countries. Acquiring the status of a candidate country and opening Chapter 27 for negotiations between the EU and

Montenegro intensifies the obligations of Montenegro in the implementation of regulations that are in line with European

legislation. This increases the possibilities for providing greater financial support from EU pre-accession funds in the form

of grants or quality credit lines to address waste management issues.

In Podgorica, problems in the management of waste pneumatic tires are evident and more intense. A significant number

of waste tires are disposed of in illegal and unregulated landfills in the capital, while some tires are disposed of in

containers together with mixed municipal waste. These illegal landfills are becoming, especially in the summer, potential

places for fires due to the intentional and uncontrolled combustion of tires (or accidental, due to electric discharge), which

sometimes burn for months. Thus, gases are emitted in large quantities, which is dangerous for people and all living

beings. This situation has imposed the need to urgently address the problem of waste tire management. After determining

the location (within the sanitary landfill of non-hazardous municipal waste, “Livade”, in Podgorica), the next step in solving

this problem is to analyze the justification of the first phase of waste tire management. This phase includes collection,

transport, sorting, and storage in the Waste Tire Management Center in Podgorica.

The total area of the municipal waste landfill is 575,000 m , while the selected location for waste tires within this landfill

has an area of 9600 m . The subject location is about 5 km away from the center of Podgorica. The distance of the

existing watercourses, in the territory of Podgorica, from the subject location is from 0.5 to 4.5 km. On the southwest side

of the selected location there is a suburban settlement, and the nearest buildings are at a distance of about 180 m.

Northeast of the location is the recycling center building (as part of the landfill) at a distance of about 70 m, while on the

south and southeast side there are no buildings, but the vineyards are at the closest distance of about 190 m. To the east

of the selected location, there are sanitary baths for municipal waste disposal.

Prior to the project implementation, it will be necessary to perform direct measurements of air quality at the selected

location—the “zero state”. The obtained results will be the starting point for comparing possible future cumulative impacts

in this area. Adequate resolution of this issue should result in the prevention of soil, water, and air pollution, as the

interaction with these environments is minimal when preparing a quality substrate for waste disposal.

The defined location is sufficient for the realization of the first phase of the process (the collection, takeover and transport,

sorting, and storage of waste pneumatic tires), but also for the realization of the second phase (the processing of waste

car tires and other rubber technical products). All the necessary infrastructure (road, water, electricity, sewage) for the

selected location of the Center for Waste Tire Management can be provided.

In providing the necessary inputs for the feasibility analysis of establishing a Center for Waste Tire Management, it was

most difficult to define the process of collecting waste pneumatic tires. There are no accurate records of all sites with the

replacement or repair of tires, nor accurate data on which companies produce waste pneumatic tires, based on existing

fleets. With the legal framework (adoption of a special regulation), the obligation of all producers of waste tires (car repair

shops, construction and other companies, physical persons, etc.) will be to deliver the waste tires to authorized

companies, which will be in charge of their collection and transport to the established locations. The collection of waste

pneumatic tires should be entrusted to authorized collectors and transporters of waste car tires, licensed by the

Environment Protection Agency of Montenegro. The authorized collector will have a legal obligation to collect and

transport automobile tire waste directly to the Waste Tire Management Center. The competent state administration body
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should decide on waste management fees, which will be paid by entities that generate waste tires. The establishment of

such a Center requires the construction of a space for the collection, takeover and transport, storage, and sorting of waste

pneumatic tires, the procurement of equipment, and all infrastructure construction for this type of waste. Figure 1 shows

the final technological scheme of waste tire management in Podgorica for the first phase of the project.

Figure 1. Technological scheme of the first phase of the project.

Waste tire management is a non-profit business, so the EU member states (the latest example is Croatia) have committed

to subsidizing in order to solve this burning environmental problem. As this project, according to the Law, is under the

jurisdiction of the Government of Montenegro, i.e., the Line Ministry, the proposal is to include in its financing the Capital

Podgorica, the Environmental Protection Fund of Montenegro, and EU donations. By using modern, eco-friendly

technology for the treatment of waste tires, useful products (rubber granulate, metal, biogas, diesel fuel, hot water) are

obtained in EU countries, with a low degree of pollution. In this regard, the realization of the second phase of this project

implies the implementation of a modern technological solution for the processing of waste tires in Podgorica.

To assess the financial and economic feasibility of the first phase of the project, which includes the collection, takeover

and transport, sorting, and storage of waste tires from the territory of three municipalities in Montenegro. The goals of

establishing the Center for Waste Tire Management, as a significant environmental project in Montenegro, are multiple. A

necessary precondition for the successful implementation of this project is the need to develop the public awareness of

the citizens of Podgorica, as well as Montenegro, with regard to the process of waste tire management. The main goal of

the project is to prevent the disposal of waste tires in unauthorized and illegal places, in order to minimize or completely

eliminate the negative impact of the inadequate disposal of waste tires on land and in surface and groundwater. This also

includes air pollution reduction (PM particles, CO , dioxins, and other hazardous gases), due to the reckless burning of

waste tires in illegal landfills and in the riverbeds of surrounding rivers. In this way, it contributes to the ecological

functionality of the space, as the basic preconditions for the socio-economic development of the city and the entire

country, in the coming period. The realization of the main goal achieves the final disposal of waste tires in accordance with

national regulations  and EU directives. This creates the necessary preconditions for the recycling of waste tires in

the next phase of the project and to enable the reuse of separated raw materials for the production of commercially usable

and energy efficient products. The realization of this project, ultimately, should reduce the threat to the environment and

improve the safety and health of the population of the capital and the surrounding area.
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