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INTRODUCTION

UAVs, commonly referred to as drones,  are 
flying devices that do not require a pilot on board 
in flight – they are either piloted remotely or oper-
ate autonomously. Due to their numerous advan-
tages, UAVs have become increasingly popular 
in recent years for various applications [1, 2]. The 
expansion UAVs has been driven by advancements 
in technology, functionality, and performance, par-
ticularly in terms of range and flight time [3, 4].

Because drones do not require presence of 
human on board the possible scope of application 
is widely expanded with health-hazardous and 
life-threatening missions e.g. rescue, military, 
research in hazardous environments [5–7]. The 
possibility of autonomous control is particularly 

useful in transportation and agricultural appli-
cations as it enables execution of laborious jobs 
without human participation.

UAVs may be equipped with additional sen-
sors and photographic equipment; thus, they 
may find application for tasks such as aerial 
photography and videography, aerial forest fire 
detection, traffic monitoring and management, 
inspection of infrastructure, geographical moni-
toring, scientific data collection, meteorological 
sampling [8–12]. In agriculture, UAVs can be 
used to monitor crops in remote areas and pro-
vide farmers with real-time data on crop health, 
allowing for more efficient and targeted use of 
resources like water and fertilizer [10, 13, 14]. 
Additionally, UAV mounted Base Stations can 
be used to enhance communication coverage for 
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ground user devices and to enhance internet of 
everything capabilities [9, 15]. 

Another advantage of UAVs is their cost-ef-
fectiveness. In many cases, UAVs can perform 
tasks more efficiently and at a lower cost than 
traditional methods. For example, in infrastruc-
ture inspections like bridges, power lines, and 
pipelines, UAVs can be used to quickly and easily 
inspect hard-to-reach areas, reducing the need for 
expensive equipment and human labor. 

The application of UAV in package delivery 
seems particularly promising, as the share of low 
weight packages is becoming dominant, and this 
trend has been additionally reinforced by Covid19 
pandemic. Utilization of UAV in this market sec-
tor signifies reduction of transportation costs, im-
provement of service quality and reduction of de-
livery time [16–19]. The potential use of UAV in 
medicines delivery to hardly accessible areas and 
to areas of warfare seems to be highly encourag-
ing [20]. Moreover, numerous pieces of research 
indicate that employment of drones for delivery of 
small packages will transfer to reduction of CO2 
emission and air pollution [21–25] . Thus, it is no 
surprise that gigantic corporations such as Ama-
zon, DHL, and Google are working on launching 
a fleet of package delivery drones [26, 27].

One may not ignore the application of UAVs 
in hobby application, where they are produced 
in large batches with main design determinant 
being low price.

One of the most common uses of UAVs is in 
military operations. UAVs equipped with cam-
eras and other sensors can be used for surveil-
lance, reconnaissance, and intelligence gathering 
in dangerous or hard-to-reach areas. They can 
also be used for targeted strikes against enemy 
targets, without putting pilots at risk. The wide 
range of UAV applications has made unmanned 

aerial vehicles so complex that no uniform clas-
sification has been created. Multiple criteria for 
classifying unmanned aerial vehicles exist, and it 
is closely related to the constant development of 
their construction, capabilities, and applications.

The primary classification based on aerial 
platform enables distinction of the following 
drone types: fixed wing, flapping wing, rotary 
wing, tilt rotor, ducted fan, helicopter, ornithop-
ter and unconventional types [8, 28]. In case of 
mass, the UAV may be categorized into very light 
(0–5 kg), light (5–50 kg), middle (50–200 kg), 
heavy (200–2000 kg), very heavy (over 2000 kg). 
There are also other classifications of drones in 
use based on the following parameters: applica-
tion (civilian, military), mode of control (auto-
matic, manual, semiautomatic), mode of take-off 
(vertical start, runway, launcher), power source 
(battery, solar power, hydrogen, gasoline, ground 
source, no source of power) or altitude (flight al-
titude), range, flight duration, construction type, 
mode of propulsion (combustion, electric or hy-
brid engine), airspace class in which the operation 
is to be performed, application, designation, the 
sort of operation to be performed [28–32].

Another commonly used classification pre-
sented in Table 1 is UVA classification created by 
Unmanned Vehicle Systems International [29].

UAVs have become an increasingly impor-
tant tool in many industries. The world market 
for civilian commercial drones in the year 2022 
has achieved a value of over USD 30 billion and 
it is estimated that by the year 2032 it will have 
achieved USD 125 billion [33].

Unfortunately, despite all the UAV-related 
advantages mentioned above, a problem of their 
complex recycling seems to remain unnoticed 
While efforts have been made to recycle elec-
tronic components and lithium-ion batteries used 

Table 1. Classification according to UVSI (unmanned vehicles systems international) (the indicated values are 
maximum values) [29]

Class Range of operation Flight time Altitude

Nano 1 km 10 min 100 m

Mikro 10 km 1 h 150 m

Mini 10 kg 2 h 300 m

Close range Cr 30 km 4 h 3000 m

Short range Sr 70 km 6 h 3000 m

Medium range Mr 200 km 10 h 5000 m

Medium altitude long endurance (Male) > 500 kg 24 h 13000 m

Medium altitude long endurance (Male) > 2000 kg > 20 h 20000 m
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in drones [34, 35], the major challenge lies in re-
cycling the construction materials employed in 
UAVs, which appears to be largely ignored. This 
issue becomes particularly problematic due to the 
strict determination of their weight and construc-
tion materials based on their intended applica-
tions, leading to various difficulties in recycling. 
Taking into consideration the estimated growth in 
the market for UAVs, their relatively short life-
cycle and the lack of appropriate steps aimed at 
their recycling undertaken it may be predicted 
that huge ecological problem will appear in the 
nearest future. Furthermore, the absence of ac-
tions in the field of drone recycling goes against 
the principles of a clean circular economy and 
clean economy development policies adopted in 
many countries [36–38]. For instance, the Euro-
pean Union (EU) aims to have all its products us-
ing resale or recyclable plastic packaging by the 
year 2030, with the goal of achieving a climate-
neutral state in the EU by 2050 [30, 31].

Addressing the recycling challenges posed 
by UAVs is crucial for promoting sustainabil-
ity and environmental responsibility in the rap-
idly expanding drone industry. Encouraging 
research, development, and implementation of 
eco-friendly materials and recycling methods 
for UAVs should be a priority to align with the 
broader clean economy goals.

SCALE OF THE PROBLEM

Only in the year 2020, the value of world 
market for commercial drones was equal to USD 
13.44 billion, which translated into almost 700000 
pcs [27]. In that year, the commercial drones 
found the broadest application in the construction 
and agriculture market (Fig. 1). In 2022 commer-
cial drones marker increased up to USD 30 billion 
[33], and it is forecasted to reach USD 35.28 bil-
lion in 2024 [39]. The market for military drones 
in 2020 amounted to USD 5.6 billion, with esti-
mated constant growth in the nearest decade [40].

The above data indicates that as of today, the 
market for UAV both in quantitative and quo-
ta approach is so developed, that the problem 
of complex recycling of drones may not be ig-
nored, especially taking into consideration their 
short lifecycle. What is more, it is estimated, 
that by the end of 2029 the number of civilian 
drones worldwide will amount to almost 56 
million pieces, and the value of the market will 

supersede USD 108 billion [42, 43]. It is antici-
pated, that within a decade a level of expenditure 
for military drones will constitute 40 percent of 
all military procurement in the USA [40]. 

The problem of UAV recycling is complex, 
and is a result of materials utilized for their con-
struction, selection of which is strictly related to 
their application. The primary requirement for 
materials used in aircraft is their low specific 
weight as the reduction of mass of a flying object 
translates to greater range, longer flight duration 
and higher payload. The next required attribute 
of materials utilized in drones is durability and 
resistance to vibrations. Materials, which fulfil 
these requirements, are carbon and glass fibre 
composites, light metal alloys, particularly al-
uminium, titanium and magnesium, wood and 
thermoplastic polymers. Auxiliary materials such 
as steel, copper, rubber etc. are also used in UAV 
production to a lesser extent [29, 44–47]. 

In order to determine the magnitude of the 
problem, six drone categories, with which the 
greatest recycling challenges are connected, have 
been distinguished according to their applica-
tion: drones for amateur, construction, video and 
photography (media), transportation, agricultural 
and military applications. 

Amateur application UAVs are characterised 
primarily by low manufacturing cost and high 
production volume, hence the dominating mate-
rials used for their construction are thermoplastic 
materials formed in injection moulding machines 
and glass fibre composites [29, 45].  The biggest 
problems in their recycling are short product life-
cycle and limited access to specialized recycling 
required in particular with regard to composites 
– the end user is not registered, and the product 
is simply discarded in trash bin after it is worn 
out, and its structure is never subject to an ade-
quate recycling. The drones used for construction 

Figure 1. Global drones market in 2020: revenue 
(percentage) by application [41]
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applications are currently used in tasks such as: 
building surveys, topographic and land surveys, 
construction site inspections, equipment tracking 
and auto mapping, remote monitoring, integra-
tion of laser scanning and aerial photogramme-
try, thermal imaging recording [48, 49]. UAVs 
for construction applications are equipped main-
ly with measuring and photographic equipment, 
which results in an expensive build of medium 
weight and for this reason, the materials domi-
nating in the structure of this type of UAVs are 
mainly carbon and glass composites, recycling of 
which has low efficiency and requires a special-
ized process (in particular, this applies to carbon 
composites). Furthermore, these drones consti-
tute the majority of commercial UAV market and 
their mass is relatively high. There are no effi-
cient procedures which oblige the users to trans-
fer the drones to specialised recycling, which is 
economically unprofitable anyway and targeted 
mainly for large objects, such as wind turbines’ 
blades [29, 45, 50–54].

The drones for video and photography ap-
plications are characterised by similar recycling 
challenges as the construction application drones, 
because of the similar scope of operation and sim-
ilarity of carried payload. 

The application of UAVs in agriculture start-
ed at the beginning of 1990s, and in mid 2000s, 
UAVs were already spraying ca. 10% of rice 
fields in Japan [41, 55]. It is estimated, that along 
transportation, the agriculture will represent the 
strongest developing area of drone application 
[27, 41, 56]. In crop production the UAVs are 
used for monitoring of growth and crops’ quality 
parameters, automated and optimized spraying 
process and monitoring and optimization of wa-
ter irrigation, whereas in livestock production 
they are used for herd supervision, monitoring 
and optimization of water and feed consump-
tion [57–59]. The widespread use of drones in 
agricultural production will result in decrease 
of CO2 emission and reduction of utilization of 
crop protection products and water, and in im-
provement of harvest quality through optimal 
resources management, which will have a ben-
eficial influence on the development of clean 
economy [10, 21, 26, 27, 60–62].

Agricultural drones recycling will pose a 
significant challenge due to huge and dynam-
ically developing market, one of the biggest 
single unit curb weight among the commercial-
ly available drones, and the fact, that mainly 

carbon composites are used in their construction 
[29, 45]. The advantage of this market is a rela-
tively long product lifecycle. 

The most promising commercial drone appli-
cation is transportation, thus the greatest growth 
of this area of use is predicted in the entire mar-
ket for UAV [16, 27, 63, 64]. Corporations such 
as Amazon, DHL and Google have been working 
on solutions that would enable transport drones 
application in everyday use for years. Thanks to 
their specifications, UAVs enable a better man-
agement of delivery rout by its shortening and 
optimization [21, 23, 26, 55, 60, 61]. This would 
allow to vastly limit the costs of transportation, 
increase the service quality and speed of deliv-
ery, and in ecological aspect would decrease 
the CO2 emissions and improve air quality [25]. 
The air corridors for UAVs are being tested cur-
rently. The test highway for UAVs, the “Arrow 
Drone Zone” is located In the Great Britain. If 
the solution will prove itself, the network of sky 
highways shall become widespread, which will 
become a substantial step towards mass com-
mercial application of UAVs in transportation. 
Currently, China is leader in the transport appli-
cation of UAVs. One of the largest drone used in 
logistics is SF Express, with maximum take-off 
weight of over 5000 kg, a range of over 1 thou-
sand km and cruise speed of 180 km/h.

The transportation drones are middle to very 
heavy weight, and due to the carried loads, carbon 
fibre prevails in their construction, which, taking 
into consideration a significant development of this 
area of UAV application, will translate to a massive 
amount and weight of hard-to-recycle waste.

The military application drones’ recycling is a 
separate subject, because these types of construc-
tions are covered by military confidentiality. The 
most expensive materials are used in their pro-
duction, and ecological aspect is a secondary is-
sue in production of those. The military drones 
are produced within a very broad range of unitary 
specific weight, from the lightest to the heaviest 
among all drones in existence [65–67].

The next chapters will present the common 
materials used in UAV production. Their benefits 
and drawbacks as UAV construction materials 
will be discussed, as well as recycling methods 
available for them. This will enable to indicate 
the materials, which are the more environment 
friendly then the most common ones nowadays, 
and to propose other solutions, which will lead 
to policy of closed product’s life cycle.
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AN OVERVIEW OF UAV CONSTRUCTION 
MATERIALS AND THEIR RECYCLING 
METHODS

The selection of material has an essential 
influence on the quality and reliability of an air-
craft. Aeronautical constructions have special re-
quirements. Light and mechanically durable ma-
terials are sought after. Currently, materials most 
commonly used for UAV construction are carbon 
and glass fibre composites, light metal alloys, 
in particular aluminium, titanium, magnesium, 
wood and thermoplastic polymers. In aeronauti-
cal industry the constant competition exists be-
tween metal and composite materials – up to this 
time, the share of composite materials in aircraft 
construction was continuously increasing, but the 
problems with recycling, the rising pressure from 
ecologists and the priority rule of balanced devel-
opment should force the search for compromise 
solutions, designating the new directions of UAV 
construction at the same time.

The authors propose that one of the key as-
pects of the development of drones should be the 
necessity of taking into consideration the bal-
anced recycling of construction materials, includ-
ing the selection of optimum materials in terms 
of overall influence of UAV on the environment.

Composites 

The composite materials currently play a 
central role in the design and manufacturing of 
drones. These materials may be formed into com-
plex shapes achieving a better aerodynamics than 
in case of the same components manufactured 
from metal. The most popular materials in this 
range are glass fibre-reinforced plastics (GFRP) 
and carbon fibre-reinforced plastics (CFRP)[68]. 
Besides the above-mentioned materials, the ara-
mid fibre-reinforced plastics (AFRP) are also 
applied . Recently, the grave problem related to 
recycling of composites from aircraft and wind 
turbine blades has been noticed. In Germany in 
2009 the law prohibiting the stockpiling of com-
pound waste was introduced, in 2019–2020 the 
first big wave of wind turbines retired from opera-
tion appeared and additionally the accelerated  de-
commissioning of aeroplanes due to COVID-19 
pandemic substantially increased the amount of 
stored composite waste [53]. For this reason, the 
problem of composite materials recycling has be-
come severe and requires a swift reaction. Such 

social and technological pressure will rise only 
in the incoming decade, because other countries 
may follow Germany’s steps by limiting ad for-
bidding the possibility of waste stockpiling. This 
problem will pose even greater challenge in case 
of drones, because of their mass production and 
small unitary weight, which causes their recy-
cling to be economically unviable. 

Glass fiber-reinforced plastics 

Glass fiber-reinforced plastics (GFRP) is a 
term, which describes a composite material built 
of glass fibres that have been saturated with poly-
mer resin. The components joined by this method 
make up a material, which is durable, lightweight, 
corrosion resistant and yields good possibilities in 
terms of machining and forming. A characteristic 
feature of glass fibres is high tensile strength with 
a relatively low Young modulus, and at the same 
time high elastic modulus at shear stress [50]. 
GFRP recycling in every case is a quite complex 
process. Presently the primary methods of recy-
cling are mechanical, thermal and chemical recy-
cling[69]. Mechanical recycling is a method of 
shredding the waste into smaller parts also known 
as recyclates. The process begins with cutting 
and shredding GFRP composites into smaller 
pieces. The smaller size enables better possibil-
ities of separating fibres from the resin matrix. 
The recyclates are then sorted depending on their 
size. The efficient reuse of GFRT recyclates is 
based on the size of recyclate fragments, which 
results from the fact, that shortening of the fibres 
disables the possibility to obtain the primary 
strength of the composite. Presently, recyclates 
are reused most often as fillers or strengthening 
materials. Unfortunately, application of GF recy-
clates as fillers is economically unviable due to 
availability of much cheaper filler materials [50, 
53, 70]. Another possibility of recyclate reuse is 
its application as a concrete additive [50, 71, 72].

Thermal recycling of GFRP leads to separa-
tion of fibres from the matrix by application of 
pyrolysis process. Currently pyrolysis is one of 
the most commonly used processes of aeronauti-
cal composites recycling. The process consists in 
heating of GFRP to high temperature (400–700 °C) 
in an inert atmosphere, during which the decom-
position of organic fraction occurs. The polymer 
matrix undergoes decomposition into the mixture 
of liquid and gaseous hydrocarbons, which may 
be used as a fuel, and the glass fibre is recovered. 
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Unfortunately, the glass fibres strength is reduced 
by almost 50% [70, 73].

Chemical recycling of GFRP is a process, in 
which the matrix’ polymers are chemically con-
verted into monomers, or partially depolymerized 
to oligomers as a result of chemical reaction. After 
the polymer matrix is dissolved the fibres, which 
have undergone recycling area washed in order 
to remove miniscule superficial residue. This pro-
cess allows to recover long fibres with undeterio-
rated mechanical properties. The process is char-
acterised by degradation of resin. These, how-
ever, are very costly techniques utilized mainly 
at laboratory scale and their commercialization 
poses many difficulties [50, 73].

Carbon fiber-reinforced plastics

Carbon fibre-reinforced plastics (CFRP) is 
a term describing a composite material build of 
carbon fibres embedded in polymer matrix. The 
carbon fibre composites are not only lighter, 
but also have higher strength and stiffness per 
unit of mass in comparison to other composites. 
Even better ratios of stiffness to weight may be 
observed when comparing CFRP to steel – they 
are up to five times stronger than steel and carbon 
fibre has a Young modulus at the level reaching 
1000 GPa. CFRP has low thermal expansion co-
efficient (lower then steel and aluminium) and is 
characterised by very high fatigue strength. The 
principal disadvantages of carbon fibre applica-
tion are lower impact resistance compared to oth-
er composites and a relatively high price – from a 
few to a few dozen times higher in comparison to 
glass fibre composites [50, 73, 74].

Recycling of carbon composites is incredi-
bly demanding technologically because of their 
complex construction and lattice characteristics 
of thermosetting resins. An additional obstacle 
is the application of metal additives, fibre ad-
hesion improving and weight reducing additives 
etc. The simplest solution, which is burning 
with energy recovery, is economically unviable 
and problematic due to overly high carbon fibre 
degradation temperature [50, 73].

Mechanical recycling of CFRP consists in 
breaking the composite into smaller parts by pro-
cesses of breaking, crushing, grinding or other 
mechanical processes. The resulting fragmented 
elements are segregated into resin-rich and fiber-
rich. The mechanical recycling does not recover 
single fibers. The mechanical recycling is an 

extremely energy-consuming process, and its 
biggest disadvantages are deterioration of me-
chanical properties and degradation of structure, 
which limits the possibility of material reuse. 
The typical application of mechanically recycled 
composites based on carbon fiber is their addi-
tion as fillers or composite’s reinforcement, in 
construction industry e.g. for tarmac or concrete 
production [50, 73, 75].

During thermal recycling of CFRP the resin is 
decomposed separating the reinforcing fibers and 
fillers. This process is based on thermal decom-
position of organic particles in the atmosphere of 
inert gas (e.g. nitrogen). In the pyrolysis process, 
the previously cut CFRP elements are heated up to 
high temperature in almost oxygen-free environ-
ment. The polymer matrix is separated and carbon 
fibers are recovered. The principal disadvantage 
is, that an oxidization process is needed to remove 
the char deposited on the fiber. The excess char 
results in reduced quality of bonding between the 
fibers and the new polymer [50, 53, 73, 75]. 

Chemical recycling methods of CFRP are 
based on reactive environment. The polymer 
resin undergoes decomposition into relatively 
large oligomers, whereas the carbon fibers re-
main neutral to the chemical environment. The 
advantage of this method is high efficiency of 
high quality carbon fibers recovery. The funda-
mental disadvantages of this method are high 
costs and numerous problems with introduction 
into service at industrial scale. The chemical sol-
vents used in the method tend to be toxic to the 
environment [50, 73, 75].

Thermoplastic polymers

The UAVs mass-produced for hobby applica-
tions are made of thermoplastic polymers. The 
characteristics of these materials are low density, 
good mechanical properties, durability, corrosion 
resistance, ease of forming with injection mold-
ing and low price. These materials are commonly 
used in 3D printing [76, 77]. The can be divided 
into three types:
 • Crystalline thermoplastics, which have high-

est mechanical impact resistance. Examples 
are polypropylene (PP), low-density polyeth-
ylene (LDPE), and high-density polyethylene 
(HDPE);

 • Amorphous thermoplastics usually transparent, 
representative polymers are poly vinyl chloride 
(PVC), polymethylmethacrylate (PMMA), 
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polycarbonate (PC), polystyrene (PS), and ac-
rylonitrilebutadiene styrene (ABS);

 • Semi-crystalline polymers properties of which 
are combination of the two mentioned above. 
Examples are polyester polybutylene terephthal-
ate (PBT) and polyamide imide (PAI) [78, 79]. 

The basic methods of thermoplastic polymers 
recycling are mechanical and chemical recycling 
and energy recovery. The most commonly uti-
lized recycling method is mechanical recycling, 
in which the material undergoes mechanical break 
up and forming into granulates, flakes or pellets, 
which are melted and used for manufacturing of 
new products. The method is commonly used in 
waste recycling process and for this reason the 
drones made of thermoplastics do not require spe-
cialized recycling method. Chemical recycling 
has been developed at an industrial scale mostly 
for polypropylene (PP) and high-density polyeth-
ylene (HDPE). The energy recovery method may 
not be ecologically viable due to the toxic sub-
stances that can be created in this process [78, 79].

Biodegradable polymers

The biodegradable polymer used for UAVs 
production is PLA (polylactic acid), which is fully 
biodegradable and may be obtained e.g. from corn 
meal. It is characterized by low density, good me-
chanical properties and ease of forming and possi-
bility of application in 3D printing technology. For 
ecological reasons it seems to be a good alternative 
for commonly utilized thermoplastics, unfortunate-
ly because of a relatively high price it is used main-
ly in low production volume and prototype drones 
manufactured by 3D printing technology [79, 80].

Wood

The wood had been used in aircraft construc-
tion from the moment aviation was born. Nowa-
days the application of wood in flying objects is 
limited. Wood is characterized by high durability, 
but unfortunately also by relatively high specific 
weight. What is more, because of its natural ori-
gin, material selection and adequate preparation 
(among others drying, protection against external 
conditions) is mandatory to obtain a high-quali-
ty product. Additional problems in operation of 
UAVs with wooden elements are construction 
displacements related to the variation in wood’s 
humidity in different operating conditions. Even 

the slightest displacements cause changes in the 
geometry of aircraft, which have influence on the 
aerodynamic characteristics. Because of the rea-
sons mentioned above, as of today, wood in drones 
is used mainly for the production of propellers and 
support structure of lifting surfaces [45, 81, 82].

Light metals alloys

All metals commonly used in flying objects, in 
particular, alloys thereof are much easier to recycle 
than their composite counterparts are – after prop-
er heat treatment, they may be reused. The metals 
most commonly used in UAV production are alu-
minum, titanium and magnesium alloys [29].

Aluminum alloys

Aluminum alloys are one of the most im-
portant construction materials utilized in aero-
nautical industry, including UAVs. The main 
components of aluminum alloys in aircraft, apart 
from aluminum, are copper, silicone, manga-
nese, magnesium and zinc, and in low percent-
age quantities: nickel, iron, titanium, chromium, 
beryllium and others. Various construction com-
ponents are produced from aluminum alloys, in-
cluding: beams, ribs, frames, plating, pylons of 
lifting surfaces as well as connective components 
– rivets (rivet nuts) [45, 83]. Aluminum alloys 
have specific strength and stiffness, good ductil-
ity and corrosion resistance. They have low price 
and excellent manufacturability and reliability. 
Aluminum alloys offer a wide range of material 
properties, through adjusting compositions and 
heat treatment methods [81, 83, 84].

Titanium alloys

Titanium alloys are metallic elements with 
high mechanical strength in relation to their spe-
cific weight. They are very light and character-
ized by high melting point. Titanium alloys have 
an outstanding chemical properties, remarkable 
corrosion resistance (comparable to resistance of 
platinum) and low heat and electrical conductivity. 
The titanium alloys are characterized by high ten-
sile yield strength [85]. The application of titanium 
alloys allows to increase the strength of construc-
tion and reduction of its mass at the same time. 
The disadvantages are high costs and difficulties 
during machining. For this reason, it is used only 
in the modern UAVs for professional applications. 
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Titanium alloys are used to produce, among oth-
ers, strength components, connective items (rivets, 
bolts, pins etc.), power transmission parts and load 
bearing structures [45, 81, 83, 86].

Magnesium alloys

Magnesium alloys are the lightest of all con-
struction metals and for this reason, it is a perfect 
choice for application in aircraft, where weight is 
a critical component of the design. Magnesium 
is a metal characterized by high strength, good 
heat removal and vibration damping. Because of 
its mechanical properties, it is easy to machine 
by various methods. It can be easily joined with 
other metals, which yields alloys with desirable, 
more advantageous properties for particular ap-
plications. Utilization of pure magnesium in fly-
ing apparatus is rare because of its flammability 
in high temperatures and low corrosion resistance 
in damp environment. Magnesium alloys are used 
for production of construction components and 
frames, transmission boxes, covers, housings of 
electronics and flight and undercarriage control 
systems in highly specialized drones [81, 87, 88].

COURSE OF RECYCLING-RELATED 
ACTIONS

Ecological responsibility and pursuit of a 
closed product’s lifecycle requires a range of ur-
gent and multi-track actions in the UAV recycling 
area. The authors propose some courses of recy-
cling-related actions:

Eco-friendly materials

Low budget mass-produced drones should 
be made of biodegradable materials, or materials 
that may be recycled by available common recy-
cling processes, so that after being discarded they 
could be properly recycled [89].

When feasible, carbon fiber and glass fiber 
composites used in UAV construction should be 
substituted with materials that are easier to recy-
cle, such as light metal alloys

Waste and recycling regulations for UAVs

When the use of composite materials in UAV 
construction is unavoidable due to construction 
restraints or to achieve ecological benefits, own-
ers of such UAVs should be obligated to deliver 

them to an appropriate recycling process after 
their operating period is over. This could be fa-
cilitated through record-keeping of drones or by 
introducing a deposit refund system (DRS).

The obligatory registration of drones, which is 
becoming common in many countries [67,68], could 
be used for record keeping of UAVs, which require 
specialized recycling. UAVs could be equipped with 
a unique identifier similar to vehicle registration. 
Moreover registration data could contain detailed 
information about waste management strategies.

UAVs parts could be tagged by use of Tag-
gant technology [90]. Taggants are materials 
that can be applied to or incorporated within an 
object to make it identifiable,  facilitating the 
sorting and recycling process.

Laws and regulations should be established 
to obligate manufacturers and importers to intro-
duce appropriately certified eco-friendly UAVs 
with minimized negative environmental influ-
ence into the market.

To ensure the correct functioning of the drone 
recycling system, the existence of adequate spe-
cialized recycling points responsible for recycling 
through processes typical for the applied materi-
als must be secured.

New recycling technologies dedicated to UAVs

Because as of today, the process of carbon 
and glass fiber recycling is not satisfactory, and 
requires further research, during the development 
of new recycling methods small form factor ob-
jects should be taken into consideration.

Rational resource allocation

The research should be undertaken to esti-
mate the balances and losses in relation to the 
applied construction materials, work time and 
impact on the environment.

Research shall be undertaken to develop crite-
ria for the selection of construction materials for 
drone production, depending on their target appli-
cation and weight, so that the negative impact on 
the environment during manufacturing and opera-
tion is limited; the possibility and accessibility to 
recycling and minimization of CO2 production.

CONCLUSIONS

The main target of the article is to draw atten-
tion of scientific environment and public opinion 
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to the grave, but unnoticed problem that recycling 
of UAV will become in the closest years. The data 
presented in the article indicates, that as of today 
the market for UAV both in quantitative as well 
as quota terms is highly developed and is char-
acterized by dynamic growth, hence the problem 
of complex drone recycling may no longer be ig-
nored. It is a pressing problem resulting in par-
ticular from the short product life cycle and the 
fact, that materials commonly applied in drones 
production, principally composites, pose a signif-
icant challenge in recycling process. The authors 
put forward a proposal, that one of the key aspects 
of the development of drone technology should 
be the necessity of considering the balanced re-
cycling of construction materials, including the 
selection of materials, which are optimal in terms 
of overall influence of UAVs on the environment, 
and necessity of actions, which target delivery of 
worn out drones to specialized recycling.
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