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CURRENT ISSUES IN RESOURCE CONSERVATION IN MECHANICAL
ENGINEERING

Mechanical engineering is traditionally one of the most resource-intensive
sectors of the global economy, consuming significant volumes of metals, polymers,
and non-renewable energy resources, which necessitates the acute implementation of
resource-saving principles. The contemporary problematics of resource conservation
extend beyond simple reduction in consumption norms and transform into a systemic
approach based on the concept of the circular economy, whose goal is to create closed
production cycles where the waste of one process becomes the raw material for another.
The relevance of this problem is amplified by global climate challenges, the need to
reduce greenhouse gas emissions, and the increasing volatility of raw material prices.
The theoretical foundations of resource conservation in mechanical engineering are
based on three key npillars: material efficiency, energy efficiency, and waste
minimization throughout the entire product life cycle — from design to disposal.

1 Material Efficiency and Innovative Design. The key direction for resource
conservation at the design stage is achieving maximum material efficiency, which
implies creating products with the lowest possible mass while maintaining specified
operational characteristics. Traditional shaping methods, such as casting and
machining, are characterized by high material usage coefficients, which in some cases
reach only 40-60 %, resulting in significant raw material losses in the form of chips
and waste. The solution to this problem is directly related to the implementation of
additive technologies (3D printing), which allow the creation of complex geometric
shapes with virtually no waste (near-net-shape manufacturing) and the optimization of
product topology to reduce their mass. For instance, the application of topological
optimization in combination with additive manufacturing can reduce the mass of parts
in the aerospace and automotive industries by 20-50 %. However, the widespread
adoption of additive technologies is constrained by the high cost of equipment,
materials (such as metal powders), and the need to develop new quality control and
certification standards for critical components. Another important aspect is the use of
new materials with improved characteristics. These include composite materials, high-
strength and light alloys, as well as smart materials. The problem here lies in the
complexity of their processing and, more critically, the difficulty in subsequent
reprocessing and recycling after the product’s service life expires, as many composites
require specialized and costly disposal, thereby violating the closed-loop principle.

2 Energy Efficiency of Production Processes. The problems of energy
conservation in mechanical engineering encompass both direct energy consumption
during the production process (such as machine tools and thermal treatment) and
indirect consumption (including heating, lighting, and ventilation). The
implementation of the Industry 4.0 concept and the digitalization of production
processes are key factors in increasing energy efficiency. The use of sensors and
monitoring systems enables the real-time optimization of equipment operating modes,
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thereby reducing downtime and non-productive energy consumption. For example,
intelligent control systems can regulate the electricity consumption of CNC machines
depending on the actual load and the characteristics of the material being processed.
Nevertheless, the transition to digital production is fraught with serious barriers. Such
barriers include significant investments in upgrading the outdated equipment fleet and
creating an integrated IT infrastructure, as well as a shortage of specialists possessing
competencies at the intersection of engineering, information technology, and cyber-
physical systems, which slows down the pace of implementing intelligent solutions.
Energy intensity remains a critical issue for processes such as thermal treatment and
casting, where the share of energy costs can reach 30-40 % of the product’s total cost,
necessitating the introduction of new low-temperature or energy-free technologies.

3 Waste Management and Circular Economy. The most complex challenge of
resource conservation is implementing circular economy principles, particularly in
waste management and ensuring the reuse of components. For mechanical engineering,
this means transitioning from the linear model (production — use — disposal) to the 3R
model (Reduce, Reuse, Recycle) with an emphasis on extending the product’s life cycle
and its remanufacturing. The problem lies in the fact that mechanical engineering
products have a long service life, which complicates the return of components to the
production cycle. Furthermore, the dismantling and sorting of complex multi-
component products (such as cars, machine tools) is a labor-intensive and costly
process. The issue of recycling complex alloys and composite materials is particularly
acute, as the mixing of different types of metals during processing reduces the quality
of secondary raw materials. The lack of developed infrastructure for the collection,
sorting, and high-tech processing of large and technically complex waste hinders the
development of the secondary resource market. The solution requires implementing
the "Design for Disassembly"” (DfD) concept, where the product is initially designed
with consideration for its easy breakdown into components and materials. It is also
necessary to stimulate the practice of remanufacturing and restoring worn-out
assemblies, which significantly reduces the consumption of primary materials and
energy compared to producing new items.

The contemporary problems of resource conservation in mechanical engineering
are systemic and complex. A successful transition to sustainable development requires
the simultaneous resolution of technological, economic, and institutional problems.
The primary barriers are high initial investments in additive technologies and
digitalization, the lack of integrated infrastructure for recycling complex materials, and
a shortage of personnel capable of working with innovative, closed-loop systems.

To overcome the identified problems and ensure the sustainable development of
the industry, a complex of measures is necessary, starting with institutional support,
which includes the implementation of government mechanisms to stimulate “green"
investments, such as tax benefits and subsidies, for projects related to additive
manufacturing, increasing energy efficiency, and recycling. Simultaneously, a key
factor is personnel development, requiring the creation of interdisciplinary educational
programs covering engineering ecology, industrial recycling, and Industry 4.0
competencies, in order to form a new generation of specialists.
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