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Abstract: The construction of high-mountain roads and the removal of waste generated in this
process pose many difficulties and challenges related to difficult terrain, limited
infrastructure, the need to protect the environment, harsh climatic conditions and regulatory
requirements. Successful waste management during the construction of high-mountain roads
requires an integrated approach, including planning and preliminary assessment, waste
reduction and reuse, on-site sorting. Training of personnel involved in this activity is also of
great importance. There is a direct and very strong link between waste management and global
environmental problems such as pollution, climate change, resource depletion. Circular
economy and resource efficiency are closely related concepts that play a key role in the
management of construction waste.
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Introduction

Construction of high-mountain roads is an extremely complex task that requires careful
planning and execution [1]. The specific conditions of the mountainous terrain, the remoteness
and the ecological sensitivity of the environment create a number of challenges, both in the
supply of the necessary materials and in the removal of the waste resulting from the
construction.

Challenges in the removal of construction waste

« Difficult terrain: High mountain roads are often built in remote and inaccessible areas,
which makes it difficult for heavy machinery to access waste removal. Steep slopes, tight turns
and uneven terrain require specialized equipment and experienced operators.

* Limited infrastructure: Many mountain areas lack adequate waste management
infrastructure, such as landfills or recycling centers. This requires the transportation of waste
over long distances, which increases costs and time.

* Environmental impact: Mountain ecosystems are extremely sensitive. Improper
removal and disposal of waste can lead to soil erosion, pollution of water bodies, damage to
vegetation and disruption of animal habitats [2]. Construction waste such as concrete, asphalt,
metals, which can release harmful substances, are particularly dangerous.

» Weather conditions: Wind, rain, snow and low temperatures can further complicate
the process of waste collection and removal, especially during the cold months.

* Regulatory requirements: The construction of high-altitude roads is often subject to
strict environmental regulations and nature conservation requirements. Failure to comply with
them can lead to serious fines and project suspension.
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Solutions for successful construction waste management

Successful waste management during the construction of high-altitude roads requires an
integrated approach that includes the following measures [3]:

* Planning and preliminary assessment: A detailed assessment of the types and
quantities of waste that will be generated should be made at the project planning stage. Potential
temporary storage sites and removal routes should be identified.

* Reduction and reuse: The priority should be to reduce the amount of waste generated.
This can be done by optimizing construction processes, using modular structures and recyclable
materials. Reusing excavated earth for embankments or backfilling, as well as necessary
materials such as gravel and stones, is also key.

* On-site sorting: Organizing effective sorting of waste on the construction site
(concrete, metal, plastic, wood, aggregates). This facilitates their subsequent recycling or
proper disposal.

 Specialized equipment: Using appropriate equipment for working in mountainous
conditions — smaller and more maneuverable trucks, specialized loaders, cable cars or even
helicopters to transport waste to accessible points if necessary.

» Temporary landfills and transfer stations: Building temporary, well-secured landfills
or transfer stations near the construction site, where waste can be collected and sorted before
being transported to final destinations. These facilities should be designed to minimize
environmental impact.

* Contracts with licensed companies: Conclusion of contracts with licensed companies
for waste removal and management, which have the necessary experience, equipment and
permits to work in mountain conditions.

* Monitoring and control: Continuous monitoring of the processes of waste collection,
transportation and disposal. Regular inspections for compliance with environmental standards
and prevention of pollution.

« Staff training: Training of all staff involved in the project on waste management rules
and the importance of environmental protection.

An example of good practice is the use of temporarily constructed access roads, which
after the completion of construction activities are removed, and the terrain is recultivated to
restore its original appearance.

Effective waste management during the construction of high-mountain roads is a
guarantee not only for compliance with legal requirements, but also for the preservation of the
unigue mountain nature for future generations [4].

Importance of training for construction waste disposal personnel for
environmental protection

Training personnel authorized to dispose of construction waste on waste management
rules and the importance of environmental protection is of utmost importance for any
organization, regardless of its size and field of activity. This is why it is necessary to:

* Reducing the ecological footprint: Through proper waste management, organizations
can significantly reduce their negative impact on the environment. This includes reducing
landfill waste, more effective recycling and reuse, and minimizing pollution.

» Compliance with regulations: Waste management legislation is strict and constantly
updated. Training ensures that personnel are familiar with current requirements and regulations
(such as the Waste Management Act and related regulations), which protects the company from
fines and sanctions.
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* Increased Corporate Social Responsibility (CSR): Companies that actively invest in
environmentally responsible practices improve their image and reputation. This can attract new
customers, partners and investors who value sustainable development.

* Economic benefits: Effective waste management often leads to reduced waste disposal
costs, the opportunity to generate revenue from recyclable materials and optimize production
processes.

* Employee motivation and engagement: When employees understand the importance
of their role in protecting the environment, they feel more engaged and motivated. This can lead
to greater job satisfaction and reduced turnover.

* Encourage innovation: Informed staff can offer new ideas to improve waste
management processes and find innovative solutions to reduce waste[5,6].

Key aspects of staff training in waste management

Staff training should be regulated by the relevant legislative framework. This includes
the Waste Management Act (WMA) and the relevant regulations related to waste classification,
treatment and reporting. In addition, the specifics of certain types of waste - hazardous,
industrial, construction, hospital, etc. must be taken into account.

4.1. Types of waste and their classification

For the removal of waste from high-mountain sites, the recognition of different types -
household, industrial, construction, hazardous, specific flows is of utmost importance. This
recognition must be made in accordance with the relevant rules for waste classification
according to European and national standards [7,8].

4.1.1. Principles of the waste hierarchy

* Prevention: reduction of waste generation;

* Preparation for reuse;

* Recycling: separate collection and processing of recyclable materials;
* Other recovery (e.g. energy recovery);

* Disposal (landfilling).

4.1.2.Practical waste management procedures

» Separate collection: It is necessary to determine how and where to separate the
different types of waste. Appropriate containers and markings must also be used;

« Storage: Rules for safe and temporary storage of waste on the site must be determined;

* Transportation: Special rules and requirements are set for the transportation of waste,
especially hazardous waste;

* Reporting and documentation: Of utmost importance is the creation of a procedure for
keeping records (logs, registers) and working with the National Waste Information System
(NISO). Annual reports are submitted every year;

* Contracts with waste management companies: It is the responsibility of the contracting
authority to conclude contracts for companies that remove waste from the sites.

4.1.3.How the training is conducted

* In-company training: Can be conducted by internal specialists or by external
consultants, adapted to the specific needs and activities of the company.

* External courses and seminars: There are specialized training organizations (such as
NEI, Eco Solutions, Alfa Qualities, ZBUT-Academy, etc.) that offer public or individual
training on various aspects of waste management.
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* Online training: Online platforms are becoming increasingly popular, offering
flexibility and access to specialized content.

* Practical demonstrations: It is important that the training also includes practical aspects
- for example, demonstration of proper separate collection, use of facilities, etc.

« Information materials: Distributing brochures, posters, instructions and other materials
for quick reference.

* Regular updates: Training should be repeated periodically and updated when there are
changes in legislation or internal procedures.

Investing in training staff in waste management is an investment in the sustainable
future of the business and in the sustainable future of business and in protecting our planet.

4.2. Environmental protection from construction waste in high-mountain road
construction and sustainability

There is a direct and very strong link between waste management and global
environmental problems such as pollution, climate change, resource depletion. Circular
economy and resource efficiency are closely related concepts that play a key role in construction
waste management. They offer an alternative to the traditional linear model of "production,
consumption, disposal”, aiming to minimize waste and maximize the reuse of resources.

The circular economy is a model that focuses on extending the life cycle of products
and materials. In the context of construction, this means:

* Reducing waste generated: Through better planning and design of buildings, as well
as by using modular components that can be easily dismantled and reused,

* Reusing and recycling: Instead of dumping construction waste in landfills, it is seen
as valuable secondary raw materials. For example, recycled concrete can replace traditional
aggregate, and other materials such as wood, metal and plastic can be processed and returned
to the construction process;

* Resource recovery: Extracting valuable raw materials from waste that would otherwise
be lost;

* Design for disassembly: Buildings and elements are designed so that they can be easily
disassembled into components that can be reused or recycled when the building reaches the end
of its life cycle.

Resource efficiency refers to using fewer resources to achieve the same or better results.
In terms of construction waste, this includes:

* Material optimization: Choosing durable, recyclable and sustainable materials that
require less energy and water to produce.

« On-site waste minimization: Effectively managing construction sites to reduce
material waste, including through precise cutting, reusing excess materials and properly sorting
waste.

» Reducing the energy and water footprint: Using energy-efficient technologies and
processes during road construction, as well as reducing water consumption.

» Extending the life of roads: Designing and building roads that are durable and
adaptable to changing needs, reducing the need for new construction and the generation of
demolition waste.

The relationship between the circular economy, resource efficiency and construction
waste is symbiotic: the circular economy is the framework that promotes resource efficiency as
ameans to achieve its goals, and construction waste management is a key area for implementing
these principles.

By applying the principles of the circular economy in the construction sector, a
significant improvement in resource efficiency is achieved. Instead of simply managing waste
after its generation, the aim is to prevent its occurrence and return materials to the cycle of use.
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This reduces dependence on primary raw materials, saves energy, reduces greenhouse gas
emissions and creates new business opportunities.

Conclusion

The transition to a circular economy in the construction sector, and more specifically in
the construction of roads in high-mountain areas, is a complex process that requires changes in
design, production, construction and waste management, but the potential benefits for the
environment and the economy are enormous.
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