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INTRODUCTION

The use of environmentally friendly and en-
ergy efficient technologies is one of the condi-
tions for building a modern developed economy. 
This is also relevant for the Russian transport in-
dustry: lately, when designing and building any 
large-scale transport facility, specialists have to 
increasingly take into account the environmental 
component (Lysyannikov et al. 2020)

The construction and operation of highways 
is one of the most significant sources of poten-
tial environmental risks that negatively affect 
the living conditions of people. The motor road 
as an engineering structure significantly changes 
natural landscapes, the flow regime of surface and 
ground waters, habitats of flora and fauna, leads 
to changes in the microclimate of individual terri-
tories, the appearance of landslides, land erosion, 
changes in the coastlines of water bodies, and 
is also a source of noise, vibration, electromag-
netic and ionizing effects on environmental com-
ponents, population and wildlife. The transport 
complex is the largest source of toxic pollution of 
water, soil and air.

In the modern world, plastic is used every 
day. Unfortunately, people do not think about the 
irreparable harm that this product brings to our 
nature, how much it affects the ecological situa-
tion in the world. The only way out of this situa-
tion is to properly dispose of it. In this case, you 
can protect not only the nature, the resulting raw 
materials are used a second time. Recycling plas-
tics is the only correct way to get rid of it without 
harming human health, animals and the environ-
ment in general (Pugin et al. 2017)

Russia faced the problem of recycling plas-
tic waste much later than Europe: in the Soviet 
Union, paper was used as a packaging material 
much more often than plastic, and its disposal 
was fairly well developed. There was no legal 
framework, no technology, or even interest in the 
problem of processing plastic waste. It was only 
at the end of the 20th century that this problem 
began to be discussed taking into account world 
experience. However, according to the Solid 
Waste Journal, plastic waste makes up only 6% 
of the total volume of municipal solid waste, this 
is a special type of waste that requires different 
approaches by type and region of generation. 
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Disposal of plastics is a problem, mainly for two 
reasons: the variety and complexity of the chemi-
cal composition, and the long decomposition pe-
riod of the waste.

To solve this problem, a new method of using 
plastic waste in the creation of road surfaces was 
put into operation. One of the main components 
of the asphalt concrete mixture is bitumen, the 
content of which is 13–75% (Boguslavsky 2020). 
Partially replacing this material with recycled 
plastic will solve the problem of pollution and im-
prove the practical properties of the road (Kuang 
et al. 2017). The advantages and disadvantages of 
plastic roads are presented in Table 1.

Road pavements based on recycled plastic 
waste are one of the most promising areas for the 
development of road construction. In the near fu-
ture, this direction may become one of the stable 
sales channels for the plastics processing busi-
ness. The use of innovative materials will help 
reduce highway construction and maintenance 
costs and eliminate plastic waste in the city.

MATERIAL AND METHODS

In Russia, the technology of using plastic 
waste in road construction was proposed by the 
Open Joint Stock Company Rusnano, which de-
veloped an Innovative Road Program, during 
which road surfaces using plastics were to be 
used in Moscow and Kazan. However, the pro-
gram remained at the development stage, due to 

the need to adjust technical regulations for the 
production of asphalt concrete and the operation 
of road surfaces based on them.

The use of technologies for the construction 
of road surfaces using materials obtained from 
the processing of plastic waste will save signifi-
cant amounts on road repairs. Almost a million 
kilometers of highways require investments of 
1–2 trillion rubles annually. At the moment, the 
share of modified roads with the addition of poly-
mers in Russia is 5%, compared with 15% in the 
USA and China and 20%. Formula and many or-
ganizations are trying to find out the technology 
of processing innovative asphalt. It took the three 
co-founders of MacRebur several years to come 
up with the concept of plastic asphalt. In April 
2016, all technologies were documented and li-
censed (Lysyannikov et al. 2020).

The plastic materials required for the con-
struction of Plastic Roads consist mainly of com-
mon post-consumer products such as product 
packaging. The most common plastics used in 
product packaging are polyethylene terephthal-
ate (PET or PIT), polypropylene (PP), and high 
density polyethylene (HDPE and LDPE). The 
main essence of the manufacturing technology is 
available to everyone interested. The process is 
as follows:

The starting material looks like a matte gran-
ule, there are millions of such microgranules 
(Maciejewski 2010).

According to the developers of the formula, 
recycled plastic replaces oil, and the secret is 

Table 1. The advantages and disadvantages of plastic roads

No. Positive sides Negative sides

1

Using plastic waste is a workable solution to the problem 
we are facing. Along with this, since the bitumen used in 
the mixture is partially replaced, this means that we use 
less fossil fuels. Again, this is another significant positive in 
the struggle to save our planet.

Plastic is a material that can be a health problem for 
humans and animals. It can leach, we can consume it if 
the asphalt breaks, and this can lead to a wide range of 
health problems.

2

It is an environmentally friendly way of using waste, 
preventing waste from ending up in landfills. However, 
where it can really stand out is how plastic roads, 
especially those made entirely of plastic, can completely 
change our lifestyles.

Among the disadvantages of the coating:
• the cost is 3% higher than the usual asphalt concrete 
pavement;
• deterioration of performance at high temperatures;
• lack of a regulatory framework for the implementation 
of coverage (Boguslavsky L.A.2020).

3

Plastic roads are becoming reusable as they are easy 
to remove, recycle and repurpose. This process is much 
less intrusive than traditional roads and can help the 
environment in many ways, in particular by helping to 
reduce greenhouse gas emissions.

Production requires a lot of plastic waste – a separate 
waste disposal system is needed.

4

Traditionally, we lay pipes and cables under roads. 
However, plastic roads can help make this process much 
easier. The hollow space in the structure can aid in the 
routing of cables and pipes. Along with this, they can store 
water, and this can also help reduce flooding, surface 
water and road safety.
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bitumen. The melting temperature is 60 degrees 
Celsius lower than the traditional one, so less en-
ergy and heat is required, which also has a posi-
tive effect on the environment. The use of plastic 
in the composition of asphalt concrete does not 
change the technological scheme of its produc-
tion. The technological process of obtaining an 
asphalt concrete mixture with the addition of 
plastic waste is shown in Figure 2.

In order to develop the direction of plastics 
processing in road construction, the road labora-
tory of the Tyumen Industrial University conduct-
ed research on asphalt concrete samples, which 
used plastic waste.

Plastics of groups 1 and 4 were selected for 
the study in a 50/50 ratio. The choice is justified 

by the low toxicity when they are heated (the 
preparation of the asphalt concrete mixture took 
place in a closed room) and the melting point of 
the plastics. The standard bitumen mix was mixed 
with 2% plastic by weight of bitumen.

The heating temperature of the initial mineral 
raw materials and bitumen for the preparation of 
asphalt concrete was set at 150 °C. This made it 
possible to completely melt the plastic of the 4th 
group in bitumen and transfer the plastic of the 
1st group to a plastic state. Fine-grained asphalt 
concrete of type B of the first grade was used as 
a comparison sample. Figure 3 shows the study 
area – the Uvat district of the Tyumen region, 
where a road was built from construction waste 
using plastic waste.

Fig. 1. The main essence of manufacturing technology

Fig. 2. Technological stages of the production of asphalt mix with the addition of plastic waste
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RESULTS

Preliminary laboratory studies have shown 
that when using plastics in the composition of 
asphalt concrete, it is possible to obtain composi-
tions that are not inferior in their characteristics to 
asphalt concrete based on natural raw materials. 
In appearance, the samples with the addition of 
plastic do not differ from the samples obtained by 
traditional technology. Samples of asphalt con-
crete with added plastic are shown in Figure 4.

Compared to plastics and glass, rubber has 
disadvantages when used in harsh climates, since 
the operating temperature range is lower, but the 
life of the roadway is longer than that of recycled 
plastics (Table 2).

Preliminary laboratory studies have shown 
that when using plastics in the composition of 
asphalt concrete, it is possible to obtain composi-
tions that are not inferior in their characteristics to 
asphalt concrete based on natural raw materials. 

Compressive strength:

 • at a temperature of 20°C, the indicators of sam-
ples with plastic were 5.91 MPa, in contrast to 
the indicators of control samples 4.61 MPa;

 • at a temperature of 50°C, the indicators of sam-
ples with plastic were 1.50 MPa, in contrast to 
the indicators of control samples 1.32 MPa;

 • at a temperature of 0°C, the indicators of sam-
ples with plastic were 9.88 MPa, in contrast to 
the indicators of control samples of 9.50 MPa;

The shear stability by the coefficient of inter-
nal friction according to the results of the study 
for the indicators of samples with plastic was 
0.91 MPa, in contrast to the indicators of the con-
trol samples 0.87 MPa.

The adhesion of bitumen to the mineral part is 
the same for all samples – the mineral part is cov-
ered by more than ¾ of the surface (Li et al. 2019). 

Such important indicators as compressive 
strength, shear stability, have better values com-
pared to the control samples (without plastic). This 
testifies to the improved performance of the road 
surface, extended service life of the road surface. 
Consider a practical example of the construction 
of a road surface, which includes recycled plastic, 
using the example of a large oil region – the Tyu-
men region, which includes the Uvat region. In 
the Uvat district, at 382 km of the Tyumen region, 
it is planned to build a 25 km long road surface in 
2023, which will include recycled plastic.

Rosavtodor approved a pilot project for 
the construction of plastic roads in Russia. The 
government has already allocated funds for this 
pilot project, and the Ministry of Transport em-
phasized that in the near future, about 15–20% 

Fig. 4. Appearance of asphalt concrete 
samples with the addition of plastic

Fig. 3. Uvat district of the Tyumen region
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of new highways in Russia will be built from re-
cycled plastic if the technology is implemented 
in Russia.

The main difficulties in the construction of 
such plastic roads in Russia are the harsh climatic 
zones and significant fluctuations in summer and 
winter temperatures. If in Europe freezing tem-
peratures in winter are rare, then in Russia for 
3–4 months a year there will be a cooling down 
to minus 20–30 degrees, or even lower. It is cur-
rently unknown how plastics behave in such ex-
treme conditions. Another difficulty is the use of 
reagents and deicing salts on Russian roads. In 
Europe, the use of these chemicals is prohibited 
by law, but in Russia in difficult climatic condi-
tions it is not known whether plastic retains its 
performance characteristics without the use of 
such reagents. Based on the totality of all previ-
ously made calculations, we found out the cost 
of building a road surface according to the tradi-
tional and innovative method with a length of one 
kilometer, it is 336805,28 and 346909,44 dollars, 
respectively.

Consequently, the cost of a 25 km road sur-
face will be:
 • According to the traditional method:

336805,28* 25 = 8420131,99 USD
 • By innovative method:

346909,44* 25 = 8672735,95 USD
 • Accordingly, the mass of plastic used to re-

place bitumen on a 25 km road surface is:
47.505 * 25 = 1 187.625 tons.

In the Uvat district, at 382 km of the Tyumen 
region, a 25 km road was built from construction 
waste using 1.2 million tons of waste. This saved 

1.2 million tonnes of bitumen and, most impor-
tantly, 40 hectares of land that would have been 
required for waste disposal. About 47 tons of gar-
bage were consumed per kilometer.

CONCLUSIONS

In accordance with the general situation, on 
the basis of all previous calculations, it is con-
cluded that the advantages of using plastic in road 
construction are twofold. Both for the environ-
ment and for the economy due to the fact that the 
waste that needs to be recycled (plastic bottles, 
glasses, bags) turns into a building material, that 
is, a useful raw material. On the positive side, it 
can also be noted that the coating production tem-
perature will decrease from 160 to 120 °C, which 
contributes to significant energy savings, reduces 
greenhouse gas emissions into the air, signifi-
cantly increases the service life of new asphalt, 
moreover, over time, when cracks appear in the 
asphalt, repairs are carried out by heating and re-
distributing plastic.

The study showed that the production of as-
phalt with the addition of plastic is 3% more ex-
pensive than usual, but its environmental friendli-
ness and prospects fully compensate for the in-
creased production costs. The light weight of the 
plastic road slabs and the simplicity of their in-
stallation will significantly reduce the economic 
costs of their transportation. Another distinctive 
feature is the ability to lay asphalt on the old layer, 
good adhesion properties, improved performance 
of the road surface, extended service life of the 

Table 2. Physical and technical characteristics of recycled waste

Physical and technical 
characteristics Glass Plastic Rubber

Bulk density, kg/m³ 240 220 250
Dry heat conductivity, W/(m K) 0.08 0.04 0.02
Thermal conductivity under 
operating conditions B, W/(m K) 0.085 0.050 0.035

Compressive strength, MPa 0.79–1.98 (depending 
on the seal)

0.64–1.84 (depending on 
the seal)

0.31–2.03 (depending on 
the seal)

Operating temperature range °C from -200 to +550
°C from -40 to +80

(performance degradation 
at high temperatures)

°C from -30 to +50

Frost resistance, brand F100 F80 F40
Short-term water absorption at 
full immersion for 24 hours, % 1.5 1.6 2.0

Flammability level Not flammable Combustible Combustible
Service life of the roadway Up to 12 years old Up to 10 years Up to 11 years old
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road surface compared to the traditional method 
of creating an asphalt concrete mixture.

The widespread introduction of the proposed 
technology will simultaneously solve the prob-
lem of recycling plastic waste and improve the 
performance of asphalt concrete.
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