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Non-Metallic Materials in Rail Vehicles – Application and Recycling

Jolanta Maria RADZISZEWSKA-WOLIŃSKA1

Summary
Th e article features the reasons for the relative lack of interest in the recycling of rail vehicles and presents available meth-
ods for recycling plastics (mechanical, raw material, biological and energetic recycling) as well as some materials made 
from natural raw materials. Pro-recycling activities are also discussed. It is pointed out that the success of recycling re-
quires cooperation within social, technological, economic, manufacturing, environmental and political realms.
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1. Introduction
Both economic and industrial growth as well as the 

growing population drive the demand for materials. 
Th is results in an increase in waste that pollutes the 
environment. For this reason, recycling has become 
a priority in countries with highly developed indus-
trial sectors, both from the perspective of environ-
mental protection and the economics of manufactur-
ing [3]. New legal waste management acts [610] are 
to facilitate the transition to a closed-circuit economy 
in order to raise global competitiveness and support 
sustainable economic growth.

2. Recycling principles

Recycling aims to maximize the reuse of waste
materials while minimizing the resources needed to 
process them. Th is helps us protect the natural mate-
rials used to manufacture those waste materials and 
the materials used to process them later on. Recycling 
covers two realms: the manufacturing of goods and 
the ensuing generation of related waste. Th e idea of 
recycling is to make manufacturers adopt attitudes 
conducive to manufacturing materials that are as re-
cyclable as possible, i.e. with the widest possible use of 
materials susceptible to recycling in them. Making the 
consumers of those products act in desired ways, is 
also necessary. Recycling is a system of managing the 
circulation of materials that can be processed several 
times [19].

3. Th e reasons for the relative lack of inter-
est in rail vehicles’ recycling
Th e major causes of the lack of interest in rail vehi-

cles’ recycling are as follows:
 several decades of rail vehicles’ life cycle, with roll-

ing stock being built mostly of steel, cast iron and
aluminium,

 the high complexity of rail vehicles’ structures as
well as the diversity and the amount of materials
used, which translates into the time- and work-
consuming disassembly of those vehicles,

 old vehicles’ materials that might be banned in
several years’ time and the launch of new modifi ed
materials – diffi  cult recycling processes [6],

 lack of the mandatory law on the recycling of roll-
ing stock.

Rail vehicles are also subject to repair and need to
be overhauled, and in this case a smaller number of 
selected components are replaced. Consequently, this 
should facilitate deliberate component management. 
However, this applies primarily to plastics and natu-
ral materials which have the shortest lifespan and are 
most frequently replaced.

4. Non-metallic materials in rail vehicles

Th e popularity of plastics in rail vehicles began to
grow in the 1960s. New materials made using synthe-
tic, natural or modifi ed polymers have grown increas-
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ingly popular ever since. Th is phenomenon has pri-
marily been driven by the possibility of cutting down 
on the weight of the vehicles to raise their speed and 
reduce operating expenses. In the meantime, due to 
the ease of modelling new materials, trains have come 
to be designed with even greater attention to ergo-
nomics and aesthetics, which provides greater travel 
comfort. Currently, plastics in rail vehicles are used 
to manufacture, among others: the lining of walls 
and ceilings, seats, insulation materials and electri-
cal equipment. Another important group of non-me-
tallic materials used on rail vehicles are the more or 
less modifi ed natural materials, such as: wood, cork, 
leather and wool, used to manufacture textiles (up-
holstery of seats, curtains and carpets) [13].

Th e total weight of all the above materials is sys-
tematically growing and currently is between 1.700 
and 3.500 kg (depending on the type of vehicle), about 
10% of the weight of a wagon / unit. Th ese materials 
need to have pre-defi ned functional and fi re safety 
properties [20, 22], i.e. some of the requirements to 
meet for the vehicle to be put in operation.

Th en, from the perspective of the drive towards 
a transition to the circular economy, the methods of 
managing products upon the end of their life cycle 
should be envisaged as early as the product design 
stage. Th e rolling stock in use now includes the fol-
lowing non-metallic materials in these areas [14]:
 walls and ceilings: paper-phenolic laminates, pol-

yester-glass laminates, polycarbonates, wood and 
wood-based products, and cork,

 fl oors: wood and wood-based products, cork, 
glass-polyester laminates, polyvinyl chloride, chlo-
roprene rubber, ethylene-propylene rubber and 
carpets (polyamide, polypropylene and polyester),

 seats: polyurethane and melamine foams, fabrics 

(polyacrylic fabrics, polyester, and wool with poly-
ester or polyamide), and casing (laminates, poly-
carbonates and modifi ed plywood),

 tables: laminates, polycarbonate and modifi ed ply-
wood,

 curtains/blinds: cotton, Trevira and polyesters,
 structural elements: plywood, laminates, nano-

composites (thermoplastics) and Kevlar (aramid 
fi bre),

 insulation and sealing: modifi ed polyurethane 
foams and melamine foams, cellulose acetate, 
chloroprene rubber, felt, rubber and silicone, 

 electrical systems:
 lighting shades (methyl polymethacrylate and 

polycarbonate),
 cable insulation (polyvinyl chloride, polyethyl-

ene,
 polypropylene, polyolefi n cross-linked by ra-

diation and rubber),
 pipes and ducts (modifi ed polyamide),
 and casing (epoxy-glass laminates),

 containers (e.g. for the water): polypropylene,
 gangways: rubber, polyester and rubber-coated 

fabrics.

5. Recycling methods

Th e following types of recycling can be distin-
guished, as shown in Fig. 1:
1. Mechanical recycling – Preferred form of recy-

cling. It consists in the mechanical grinding of seg-
regated and purifi ed used plastics to the form of 
re-granulate (recyclate) suitable for recycling. Th e 
chemical structure remains virtually unchanged. 
All kinds of thermoplastics can be subject to me-

Fig. 1. Methods of recycling plastics; 
according to [18, 21]
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chanical recycling without deterioration of mate-
rial properties. It is usually a  product with a  use 
other than originally intended. Th e properly de-
signed composition translates into highly effi  cient 
recycling and adequate quality of products deliv-
ered in the recycling process [18, 21].

2. Raw material recycling – It consists of reclaim-
ing raw materials previously used to manufacture 
a given product. Th e raw materials may be reused 
to manufacture full-value materials, and the waste 
that results from this method can be added to fuels 
and lubricants. Th e main advantage of this method 
is the ability to process plastics without prior seg-
regation. However, the use of complicated instal-
lations, high temperature, pressure, catalysts and 
strict control of parameters cause restrictions in 
the dissemination of this group of recycling meth-
ods [18]. Th is kind of recycling may use:
 chemical methods: hydrolysis – decomposi-

tion of e.g. PET under the infl uence of hot 
pressurized water; methanolysis – hot poly-
mer degradation under pressure, by means of 
methanol; glycolysis – material degradation by 
heating the material along with glycol,

  thermal methods: pyrolysis – thermal degra-
dation of organic substances without oxygen at 
300-600°C; gasifi cation – conversion of waste 
in the presence of an oxidant to the amount in-
adequate to burn completely, at 13501600°C 
and at the pressure of ca. 15 Pa; hydrocracking 
– hydrogenation of polymer macromolecules at 
high temperatures (approx. 425oC) [21],

 biological methods: decomposition of biode-
gradable plastics under aerobic (composting) 
or anaerobic conditions using microorganisms 
(biomethanization) [2].

3. Energy recovery – consists in burning waste and 
partially recovering of energy used to produce pri-
mary products. Th e process is applied to highly 

contaminated waste diffi  cult to be recycled. How-
ever, due to the reduction of carbon dioxide emis-
sions into the atmosphere, this technology is mov-
ing away [12].

Examples of applying the above-mentioned meth-
ods to reuse various non-metallic products are shown 
in the following diagrams, elaborated on the basis of 
[4, 5, 11, 17, 18, 21] (Figs. 25). Th e choice of a recy-
cling method largely depends on the degree of con-
tamination and the size of the waste stream [13, 12, 
15, 16, 18, 21].

Fig. 3. Methods of recycling plastics – polyurethane waste; 
in accordance with [4]

Fig. 4. Methods of recycling textiles; in accordance with [11]

Fig. 2. Methods of recycling plastics 
– rubber; according to [17]
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Fig. 5. Recycling of scrap wood; see [5]

6. Eco-design activities

Th e implementation of recycling across all sectors 
of the economy, in rail vehicles including, requires 
actions that promote recycling [3]. Th ese actions in-
clude, above all:
 proper state legislation policy that supports recycling,
 development of waste processing technologies, 

primarily to maximize the use of waste,
 designing goods that consist of as many recyclable 

materials as possible,
 designing goods that are homogeneous in terms of 

the materials in order to facilitate their subsequent 
disassembly and segregation,

 designing products that combine various materi-
als in a way that facilitates their disassembly into 
pieces made of homogeneous materials,

 designing products in a  way that maximizes the 
amount of components suitable for reuse without 
processing them or with the minimum eff ort to re-
cover their full value,

 an identifi cation system for products and compo-
nents of those products to facilitate the recogni-
tion and segregation of waste,

 pro-ecological education and the promotion and 
organization of pro-ecological habits,

 logistics of sorting and collecting used products 
and their components,

 processing of pre-prepared waste and reclamation 
of the materials they are made of.

7. Conclusions

Non-metallic products in rail vehicles intended for 
liquidation account for a signifi cant weight of materi-
als suitable for reuse, as well as waste harmful to the 
environment. Th ey should be professionally recycled 
and / or safely disposed of. Th e transition to the circu-
lar economy across rail transport needs many changes 
in the approach to the organization, management and 
design of products across all design stages. First of all, 
it is necessary to consider the following two principles 

when developing the products for the rolling stock [3]:
 clean technology that off ers greater effi  ciency in 

using natural resources,
 design for recycling (design that addresses re-

cycling considerations) aimed at launching, us-
ing and then disposing of the products in a  way 
that contributes towards generating waste and the 
harmfulness of waste to the minimum degree.

Th us, the success of recycling requires cooperation 
within social, technological, economic, manufactur-
ing, environmental and political realms. 

Literature

1. Cheul-Kyu L. and others: Assessing environmen-
tally friendly recycling methods for composite bo-
dies of railway rolling stock using life-cycle analysis, 
Transportation Research Part D: Transport and 
Environment, ELSEVIER, Volume 15, Issue 4, 
June 2010, pp. 197203.

2. Co to jest recykling odpadów opakowaniowych? 
Dostępny na WWW http://www.opakowania.biz/
artykuly,75725,1,Co_to_jest_recykling_odpadow_
opakowaniowych [dostęp 18.05.2018 r.].

3. Czarnecka-Komorowska D.: Tendencje w recyklin-
gu tworzyw sztucznych, prezentacja na Targi EPLA, 
Poznań, 2010.

4. Czupryński B. i inni: Zagospodarowanie odpadów 
sztywnych pianek poliuretanowo-poliizocyjanura-
nowych w wyniku ich alkoholizy połączonej z ami-
nolizą, Polimery 2002, 47, nr 2.

5. Danecki L.: Potencjał recyklingowy zużytych mebli, 
Recykling, 2007, z. 9.

6. Directive 2000/53/EC on End-of-Life Vehicles (ELV).
7. Directive 2002/95/EC on the Restriction of haz-

ardous substances in electrical and electronic 
equipment (RoHS).

8. Directive 2002/96/EC on Waste Electric&Electronic 
Equipment (WEEE).

9. Directive 94/62/EC on packaging and packaging 
waste (P&PW).

10. Komunikat Komisji do Parlamentu Europejskie-
go, Rady, Europejskiego Komitetu Ekonomiczno-
Społecznego i  Komitetu Regionów, Zamknięcie 
obiegu – plan działania UE dotyczący gospodarki 
o obiegu zamkniętym, Komunikat KE COM(2015) 
614 fi nal; 2.12.2015 r.

11. Moraczewski A., Wiśniewski M., Wojtysiak J.: 
Recykling odpadów tekstylnych za pomocą technik 
włókninowych, Problemy Eksploatacji, 2007 z. 1.

12. Pikoń K., Bogacka M.: Gospodarowanie odpadami 
a odzysk energii, Napędy i sterowanie, dostępny na 
WWW: http://nis.com.pl/userfi les/editor/nauka-
/042016_n/Bogacka.pdf [dostęp 30.05.2018 r.].



Non-Metallic Materials in Rail Vehicles – Application and Recycling 127

13. Radziszewska-Wolińska J., Zienkiewicz-Gałaj B., 
Milczarek D.: Plastics development In Rolling Stock, 
Proceedings INMAT 2005, Gdańsk 2005, s. 207216.

14. Radziszewska-Wolińska J.M., Milczarek D.: Unie-
palnienie materiałów niemetalowych a  ich właści-
wości funkcjonalne, tts Technika Transportu Szy-
nowego (1112)/2012, s. 5659.

15. Recyclability and Recoverability Calculation meth-
od railway rolling Stock, UNIFE Sustainable Trans-
port Committee, Topical Group: Life Cycle Assess-
ment, WWW: http://unife.org/component/attachm
ents/?task=download&id=326 [dostęp 01.03.2018].

16. Recykling i  odzysk energii, dostępny na WWW: 
https://www.plasticseurope.org/pl/focus-areas/
circular-economy/zero-plastics-landfi ll/recycling-
and-energy-recovery [dostęp 30.05.2018 r.].

17. Recykling mechaniczny odpadów gumowych oraz 
własności wytrzymałościowe produktów, Katedra 
Technologii Polimerów Wydziału Chemicznego 
Politechniki Gdańskiej, Gdańsk 2013.

18. Recykling surowcowy, dostępny na WWW: https://
www.recyklingorganizacjaodzysku.com/recy-
kling-surowcowy/ [dostęp 30.05.2018 r.].

19. Recykling, dostępny na WWW: https://pl.wikipe-
dia.org/wiki/Recykling [dostęp 30.05.2018 r.].

20. Rozporządzenie Ministra Transportu, Budownic-
twa i Gospodarki Morskiej z dnia 27 grudnia 2012 
r. w sprawie wykazu właściwych krajowych specy-
fi kacji technicznych i  dokumentów normalizacyj-
nych, których zastosowanie umożliwia spełnienie 
zasadniczych wymagań dotyczących interoperacyj-
ności systemu kolei, Dz.U. 2013 z. dnia 10 stycznia 
2013 r., nr 0 poz. 43.

21.  Siedlecka E.M.: Recykling tworzyw sztucznych, – 
Wykład 4, Wydział Chemii UG, Gdańsk.

22. TSI Loc&Pas nr 1302/2014: Rozporządzenia Ko-
misji (UE) nr 1300/2014 z dnia 18 listopada 2014 r. 
w sprawie technicznej specyfi kacji interoperacyjno-
ści odnoszącej się do podsystemu „Tabor — lokomo-
tywy i tabor pasażerski” systemu kolei w Unii Euro-
pejskiej.

23. Wojciechowski A., Merkisz-Guranowska A., Mo-
czarski J., Dyduch J.: Gospodarka zamkniętego 
obiegu na kolei, Prezentacja na konferencji ART 
2016 „Najnowsze technologie w  transporcie szy-
nowym”, Warszawa, 910.11.2016 r.


