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ABSTRACT

The article considers one of the key characteristics
of the new industrial revolution which is the increase
in environmental friendliness of production or the
«ecological imperative». Areas for improving
environmental friendlinessin the transport sector have
been identified, and a number of inventions (innovative
proposals) have been analyzed that contribute to the

implementation of the ecological imperative. On the
basis of the analysis, a matrix classification of
innovations is presented, representing innovations
significant for transport, primarily railway. Conclusions
are drawn regarding the long-term development of rail
transport in order to improve its environmental
friendliness, an adequate response to the global
challenges of the future.

Keywords: railway transport, ecological imperative, innovative development, economic growth, energy

efficiency, bionics.

Background. The appearance of railways became
one of the results of the industrial revolution of the
beginning of the 19" century, which opened a new era
in the economic history of mankind — the era of modern
economic growth. All the further, almost two-centuries
long, development of the railway industry occurred in
close relationship with subsequent industrial revolutions,
which are differently classified by different researchers,
but under any classification it is obvious that they had
impact on the development of railways and that this
development, in turn, contributed to the deployment of
each subsequent industrial revolution and the formation
of prerequisites for a new one [1].

Therefore, while forecasting the prospects of the
railway industry and transport in general, trying now to
prepare possible answers to probable future challenges,
it is necessary to very carefully monitor new trends in
economic development in order not to miss the start of
another industrial revolution that will certainly generate
both new requirements and new opportunities for
transport.

Objective. The objective of the authors is to
consider «ecological imperative» and innovative
development of transport.

Methods. The authors use general scientific
methods, comparative analysis, evaluation approach,
statistical analysis.

Results. According to Peter Marsh, a well-known
British specialist, the new, fifth according to his
classification, industrial revolution is unfolding now. It
«began around 2005 and will last until about 2040, but
itis possible that its full effect will only be manifested at
the end of the century» [2, p. 363].

One of the key characteristics of the new industrial
revolution, on which it is necessary to focus attention,
is the increase in the ecological compatibility of
production, or, in the terminology of Marsh, the
«ecological imperative». The need should be noted for
a balanced and careful attitude to the ecological aspect
of development. Regardless of the obvious importance
of environmental problems, many economists are
skeptical about the «apocalyptic» conclusions of a
number of environmental experts about the
consequences of industrial production on the
environment [3, p. 526-556] or even give negative
assessments to some actions in favour of protection of
the environment [4, p. 286].

From the economic point of view the approach of
Dipak Lala is the most balanced. It is reinforced by the
position of a number of prominent specialists, according
to which the «ecological economy» in its correct
interpretation boils down to the application of cost-
benefit analysis based on the principles of the welfare
economy [5, p. 381].

P. Marsh, while considering the environmental
aspects of the new industrial revolution, although he
does notdeclare such theoretical approaches, also links
environmental compatibility and economy. And,
accordingly, he does not oppose the preservation of the
environment to economic growth, but shows the
possibilities of realizing both. In his view, the new
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industrial revolution will be characterized by «economical
management of resources and minimization of the
impacton the environment ... This will be a world in which
the growth of the economy will continue, but production
for the first time in history will reduce the impact on the
environment instead of increasing this impact» [2,
p. 211].

Achievement of such goals is seen at the expense
of a combination of different thematic areas:

— reduction of energy consumption and water
consumption, primarily — by improving the design of
consuming devices;

— reducing the environmental load through the use
of high-strength wear-resistant materials;

—elimination of unnecessary production stages and
associated harmful emissions and other types of
environmental impact;

—recycling of secondary raw materials, which solves
two problems at once: eliminates waste dumps and
reduces the use of primary resources (minerals).

The latter direction can be most fully realized within
the framework of the «closed cycle economy», which
presupposes a «continuous cycle of processing materials
that connects old and new products» [2, p. 224-225].
Thanks to this, a combination of environmental friendliness
and profitability of production is possible. «If <...> the
effective operation of such a closed circulation of
materials has been achieved, then the source materials
in such a system, by definition, are extracted easily and
very cheaply. Due to low costs, companies working on
this principle can set themselves the task of achieving
higher profit rates than their competitors ...» [2, p. 225].
Thus, speaking of the «ecological imperative», Marsh
does not resort to the general thesis «there are more
important things than profits and competition», and
shows, including a number of examples, how the
ecological compatibility of the products increases the
efficiency and competitiveness of the producer.

The influence of the «ecological imperative» on rail
transport can be viewed in different aspects.

Firstly, the reduction in the consumption of fossil
sources of raw materials for the production of energy
and materials will reduce (at least, relative to the volume
of industrial production and GDP, and, possibly,
absolutely) extraction and, consequently, transportation
of fossil resources. Given that these goods dominate in
the structure of rail transportation, this will have a
significant negative impact on their volumes. Increased
transportation of recyclables, most likely, does not
compensate for the decline in transportation of fossil
resources. But even providing growth of transportation
of secondary raw materials, railway men must take
special measures. As unlike transportation of coal and
ore, this sector of the market will be more competitive.
Obviously, both new types of cars and new logistics of
cargo delivery will be needed.

To an even greater extent than the total traffic
volumes, their distribution by routes will change. Cargo
flows from places of extraction of minerals to places of
their processing or ports will be partially replaced by
cargo flows from places of concentration of recyclables

.14,1ss. 5, pp. 20-31 (2016)

Macheret, Dmitry A., Izmaikova, Anastasia V. «Ecological Imperative» and Innovative Development of
Transport




'sauaNeq
UOI-LUNIY)I] UISPOW Ul PAIpunyj [eIaA3s Jsurese K)roeded Jo ssof Inoyiim SuiSIeyoal Jo sa[oAd puesnoy)
22111 01 dn Surpue)syIIm ‘sa11911eq dudydels Mau UO ‘SIOJR[NWNIIR — SILID))RY UOGIRD UO SI0)RNUNIIY

-onbruyo9) Aue pue ueWNY © 10§ 9jes A[IN[0SqE SI SUIJBOD O} J[IYM ‘DJ1 PUB MOUS PIJR[NLINIOR
A1 Sunjow pue Jjasu Sureay Jo 9jqeded 91910U0I — I PUB MOUS JO JI9S) SUISUBI[O-J[3S ‘9J2IIU0I LI

*sa11) SULI01SAI-J[as

10J JUEBJRAS © Sosn 1 aredas oany

Touy 5 1

“9[OIL[AA A1) JO JySrom ) Suronpar Aq uondwinsuod
12NJ S2INPAI YOIYM ‘UOTIRIdUIT PIIY) Y JO [92)S SUOIIS-1adNS MU & — [IN dALS 0) [39)s Suo)s-1adng

*SUOISSILO [NJULIRY SUIONPAI OS[E pue

‘[N JO 9567 INOQE UIALS ‘WAISAS SUISUS PLIGAY
PpafeIsur-a1d B yiim UBA PAIAOD-[I] B JO [opOW
Mau e — s10ydededsadns suaydess uo sied Jysaay

“pasn o[duues Y} Ul BIEp OU ST 21 ],

S[eLIyem
AA)IIYJI JUE)SISAX
-IedM PSuds
-ySy o asn Ay,

‘[ony [aseIp
PUB QUISOI| ‘QUI[OSES dNAYIUAS ‘SU0qIRd0IPAY pInbij ojul zOUv APIXOIp U0QIRD PUE (Q°H) 1918M HAAUOD
0} smo[[e Jey) Juefd jo1d e sI [any pinbij ur IPIXOIP UOGIED PUE JIJEM JIIAUOD 0} SMO[[E Jey) A30[0uydd) Y],

*SOABMOIOIW JO
AB10U0 1) SISN I ASNBDOIQ [oN) PISU JOU SIOP I} UIUI UL ST SIABMOIIIUI JO 31913 1) SuIsn Jojour uonoen y

“SOOBJINS OM] UM UOTIOLL JO J[NSAI B SB AIDLIOI[ SIJBISUIT TR} 90IAIP B SI J0)RIIUIF ILIIII0qLI) Y,

*pasn st a1e Passardwiod Yorym Joj “ourdud dnewnaud B Y)im 18D B ST IRIYIA JIe uy

‘uondwnsuod 1omod mof A1oA YIIm XLeW AjsAoIad B o [RISAID Yor[q © ST [B)SAI0 pUgAH

'SOL1911Bq I[0S UIopow 10] Nem 1ad 6'¢§ 03 paredwod 1jem 1od £ 7§ Jo 9o1d & Je A310U0 9A100I
01 Ayunyroddo ay) SUTAIS 031ysA019d — [RLI9JBLU MAU B WOIJ OPBW SALI0)JEq — SILIA)IR( JR[0S I SA0Id]

199 AU uryIm
WOoIJ AZIBYD [BOLIFOS[ ASEI[AI 0] BLIAJORQ JO AN[IGE 3Y) UO Paskq S BLIJIBY w0y A319U Jo uonisinboe jowdy

*921n0s Jomod e 238210 01 ued © wolj juted ay1] dovjIns Aue 0 parjdde aq uay) ues yorym
‘pinbi| € 01Ul A19)18q [RUONIPERI] B 1I9AUOD 0] POUIAL B ST AI9))B( B 0JUl JDBLINS AUL S)IIAUOD JeY) Avids

“Toyjeom Aurel pue Auuns
110q UT AJ1911199]9 9JBISUAT Ued Jey) s[oued Ie[os oIe urel ay) Sulmp £1911303[d donpoad jey) saLd)jeq 1e[0S

*a8eaIu jo ouelsip Suoj v
Surpiroad 1ySrom mo[ st 01 anp ‘Ied paromod-Ie[os
1811 S, PIIOM AU} — Jd pasomod-1e[os € SI B[[9)S

‘moy 1od s1ojowony

PpuEsnoY} ¢ Jo spaads 0} 91LIA[2IIE 0 UOIYSND dIjouTel & uo
SureI) MO[[e [[1m AI03U) UI YOIYM ‘Q0UBISISAI 1B PIOAR 0] SUIMO[[e
‘A30]0u29) — A SeA[-19dng ASojouyd],

“SUOISSIWUS “0)) INOYNM L10dSUBI) PUE] JO SUINY PUE SISIM]

19110 pue sJuapIdoe ‘swel d1jyer) jo Juspuadapur suiqes yodsuern)
JO JUSLUAAOL U]} OB PUE SAUI[ PUB] JO [2A] A} 2A0QE Lodsuen)
o11qnd JO [9A] 9Y) 3SIBI [[IM W)ISAS (UOIIRIIAYT d1duSeA ) A TSRIAl
‘uorsuadsns o1jauSew Jo asn YY) UO Paseq — SWI)ISAS AITIeIA

'spaou AS19UD §) [[ AINSUD P[nom Jey) wajshs Ajddns 1omod
POZI[E1IUQD JSUIS B YIIM ouR[dITR UE ST JJRIdIIe ILI)II ATNJ

*SOL1)1Bq Je(os )im paddimba oq

UBD AINING AY) UI YOIYM ‘Wrodsuer) A[pually AJ[e)UsWUOIIAUD [)IM
S19 JO Juawaor[dar 3y :19af01d aY) JO BIPI UIBW AU [, "UONIBIIAJ]
onousew Jo d[oy oY) YIm SIOJAW XIS JO JYSIY © e [[eIouow &
uo pjay ‘9rdoad z 01 dn jo Ay1oedes e yum ‘sjeuaiew 9)isodwod
Jo[Ing sa[nsded [[ews — 11odsuen) ueqin dAneAOUUT — UBILAYS

*$1500 A310U2 MOJ M PUE SUOISSILID

‘00 moyna ‘suoddns uo punois ayy aroqe payi| durjadid ainssaid
MoJ [eroads e uo y / wy ooz ] 01 dn jo paads e Je Suirow so[nsdes
Aof[e wnurwnpe 198usssed — 19afo1d wd)sAs yiodsuer) doopadAy

“wiarqold Ajddns AS1auo a1) Suiajos 10j uondo
150q 9]} PAIOPISUOD ST [IIYM ‘PROI-TUTUI UOIT Uk SuIsn A31oud
Suriols pue Sunerauas 1oj 10ofoxd joqid e st Jueyd Jomod Kempres oy,

*SAOIAIP JAYIO PUE SIOSUAS

*$90IN0S ASIAUD d[qeMaUDI WOJ SulSIeyd
Jo 9qedes Kyoeded a3ny Yiim saLId)Ieq A[qeInp
JYSIoMIYBI] Oew 03 d[qIssod 11 SAYW YIIYM

AS10U2 d[qEMAUL
Jojuawdojaaap

Q) UBY) JO[[BLUS ST} UOI[IW B SI YDIYm ‘JIwl] 1onepue ay) o) [enba jsowe ‘Sunndwod 10y A510us Jo
Junowe d[qissod wnwiuIw ay} sawnsuod jey) diyds onousew e — diyd dpsuSewr Sununsuod £319u9 ou Jsowy

onoudew 10§ odid e jo adA10101d € s1 souridojouSewr
JUAIdIYd AS19ud paads-ySiy jo 3oafoad ayJ,

‘areradwa) auISud Inoge uonLeWIOJUT SuIsuLI) A[SSa[aIim
Jo 91qedes 10suas © s1 sauIsud 10j A30[0uydd) sSafaim Inbiun y

mmjeradwa) ‘sauoyd [[90 a818Yd 01 d[qIssod aq [[IM 11 YIIYm Wolf ASI2Ud Aq paure1qo ‘susisap Jo AJoLeA © ‘ouaydels — [eLId)eW 1SaUL) AY) Fulsn SIOTYA *SALI)IB(Q 1B[0S JUAIDLJ wolf A[ddns 1omod yyim urer) 1o3uassed ‘SUOISSIW
ur gqeosrjdde st pue uonerpel J3[oIARNN Sulqlosqe Jo A[qeded A1a11eq IR[0S © ST AI9))eq Je[os Judtedsur], OL1199[3 — SALIRYq dudydess Suisn s1ed dLNIB[Y |  Paads-y3iy e Jo 109f01d [e103ds © ST 19[Ing JejoS ssaIdxd 1P3udssed ‘00 Suronpay
‘AS10U0
“20ds 0] JBAY] SSIOXD $$9] apnituSeuw Jo 1ap1o ue Juipuads sny) Kpuayis
SUNDAIIPAI ‘SIOLITW [IIM SIQUONIPUOD IIE JO UONNINSNS — SFUIP[N( Ul [01u0d dan)esdduwd) Judidya-A3oug JSOWE A0w 0) saur|dojoUSe ) SMOJ[e YOIYM
‘Joad] Bas Je anssaid ouaydsowe ay) uey) Jomo| ‘uondwnsuod
*$10850001d UIOPOW UT SIS0 ASIOUD JR[IWIS | SO ()] ST AOUBISISAI ITE OY} YOIUM JO OpISUI ‘Surer) Jom0d 20NPAI PUE SAIIM WOIJ SI[OIYIA JAES 0} SMO[[E YIIYM uondwnsuod 1ajem

pue uondwnsuod
A319U9 JO UOONPIY

saruedwos odsuen) jo Aouardnye ay3 drordur 03 saniuniroddo mou dn suado
J1odsuer) Jo Sapow 110 pue [1el Aq Yo1ym jo uondiosqe ayj ‘saLisnpul Jodsueil-uou 1910 ul suorjeAouu]

JoyIeW uonEIIOdsURI) AU UT dFEJURAPE
QANIIadOD B WAY) SAIS UED Jey)) odsuer)
JO Sopow 1AYJ0 Ul pajustua[diur suoreAouu|

sAem[rel jo yuawdojorap
oY) ym ASI0UAS 2Insud 03 SUIMO[[e ‘JIodsuel) Jo Sopow JAIo
o Se [[om sk ‘yiodsuer) Aem[iel ur pajudwa[duwi suonesouu|

jio0dsuer) 10§ JuedyIuSis pue aAnesdul «[8d130[099» ) 0) Suipuodsdariod ‘(sjesodoid uoryEAOUUL) SUOIUIAUL JO UOIIBRIYISSE]D)

1 31981

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 14, Iss. 5, pp. 20-31 (2016)

f
(=]
3
c
Q
£
o
o
[]
>
(]
(a]
(%}
2
2
(1]
>
o
c
m
T
c
(1]
o
2
2
(1]
1
(]
o
E
T
Q
o
9
(=]
(5}
i
>
L
7]
1]
S
(/]
(1]
c
<
9
>
o
=
[}
£
N
<
-
£
£
(a]
ey
(]
'
(7]
K=
o
(1]
=

Transport




to places of its processing. This redistribution will have
to be taken into account when planning the development
of infrastructure and traction of transportation. In
addition, the cargo flows of recyclables will probably be
more difficult to route than cargo flows of fossil
resources, especially for sender routing. Accordingly,
it will be more difficult to ensure the high weights of
trains, thereby reducing the cost of transportation.

Of course, all these changes are a matter of
perspective, and probably not very close — while the
«closed cycle economy» is at an early stage and its
impact on the volumes and structure of rail
transportation will not be manifested very soon.
Nevertheless, we must start preparing for these
changes, even conceptually, today. We cannot be like
«bad economists» (in the words of H. Hazlitt), lightly
neglecting the prospect [6, p. 19].

Secondly, increase in environmental requirements
of global value chains can facilitate the transition of
some freight flows from less environmentally friendly
road and water transport to railways. So, the European
program «Shift2Rail», setting this goal, is largely based
precisely on environmental motivation. And, for
example, in Japan, a decisive argument in favor of
partial replacement of sea traffic by rail transportation
on one of the routes was the reduction of harmful
emissions.

However, one must take into account that ecological
advantages alone, without an effective combination of
price and quality of transportation, cannot ensure the
competitiveness of railways. Yes, and other modes of
transport are actively working to improve the environment
in the concept of «green» transport and the development
of technologies of «green» logistics, the relevance and
demand of which is shown in [7].

The concept of «green» transport must be linked
with the general «ecological imperative» of the new
industrial revolution in such a way as to combine high
environmental friendliness and efficiency.

Currently, in the framework of growing environmental
friendliness of the railway transport, the emphasis is on
reducing harmful emissions, noise and specific energy
consumption. The latter («energy efficiency») is fully
combined with the task of increasing economic
efficiency.

Reuse or recycling of materials on railways has also
traditionally been used (and has always been considered
as a cost-saving measure, not from a position of
reducing the environmentalload), but the implementation
ofthe concept of a closed-cycle economy in the industry
is a matter of the future. As examples from other
industries show, this may require a reduction in the
number of types of materials used for the manufacture
of railway equipment and structures (to simplify their
processing).

It should be mentioned that the concept of an
economy of a «closed cycle» also provides for «the need
to repair and resell things that have ceased to meet the
requirements of the original owners» [2, p. 225].

From this point of view, the above concept (even
without any resale) fits in well with the overhaul of
technical equipment with the extension of their service
life, in which a large amount of experience has been
accumulated in railway transport. (Of course, its
implementation should not contradict the requirements
of efficiency and safety of transportation).

Enhancement of environmental friendliness of the
railway transport also requires the use of environmentally
friendly materials and materials with increased strength
and durability. Fulfillment of this condition allows to
reduce costs of the life cycle of the corresponding
technical means or devices.

To assess the prospects and directions for the
implementation of the «ecological imperative» in the
transport sector, an analysis of a number of inventions

Unbreakable glass — a new technology for glass processing, thanks to which it was possible to significantly

Wood glass is a sturdy, cheap, renewable and very pliable innovative wood-based material that has found its
increase its strength, prompted by the properties of shellfish shells.

application in the manufacture of windows and solar panels as a cheaper alternative to traditional silicon

High-strength aluminum is as light as aluminum metal, but twenty-five times stronger.
glass.

Vanadium batteries — batteries that can work almost forever.

Airplanes with printed 3D details are a new method | There is no data in the sample used.

for producing metal parts of aircraft using 3D
three-dimensional printer capable of printing with

3D printer — a prototype of a small electric car,
almost the whole body of which and most of the
other parts were manufactured using an industrial
several different materials.

printing that will save fuel, materials and other
StreetScooter C16 is an electric car made on a

resources.
There is no data in the sample used.

2.1.

railway — a new

of the J.

design-chameleon of high-speed trains that will merge with the
surrounding terrain, providing harmony of transport and the

natural environment.

he

the kr

ecologically safe, resource-saving technology for washing railway
tank boilers, the feature of which is simultaneous degassing from

the residual gas and washing the internal surface of the boiler.
cars from biological materials that can change and adapt to the

The technology of creating «live» cars is the technology of creating
environment.

Car-washing complex with the use of the detergent «O-BIS» is an

Trai

P
. ® (innovation proposals) has been carried out according
Sp® to sources [8-43]. They are classified in the following
S E g 5

222 " areas:

E §§ 2 — reduction of energy consumption and water
g § g 2 consumption;
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- reduction of CO, emissions, including through the
development of renewable energy (use of wind, solar,
various types of hydropower, etc.);

— application of high-strength wear-resistant effective
materials;

— liquidation of unnecessary production stages;

— bionics (applied science on the application of the
principles of organization, properties, functions and
structures of living nature in technical devices and
systems).

In addition, in the future, increased attention should
be paid to innovations that ensure the recycling of
secondary raw materials and to implementation of the
principles of a non-waste economy of a «closed cycle» for
transport.

In terms of applying these innovations to transport
(with a focus on railways) or of their impact on transport,
they are classified into three categories:

—innovations implemented in railway transport, as well
as in other modes of transport, allowing to ensure synergy
with the development of railways;

—innovations implemented in other modes of transport
that can give them a competitive advantage in the
transportation market;

— innovations in other, non-transport, industries, the
absorption of which by rail and other modes of transport
opens up new opportunities to improve the efficiency of
transport companies.

(Such a grouping is a modification of the classification
ofinnovations that are significant for rail transport, proposed
in [44]).

The resulting matrix classification of innovations
corresponding to the «ecological imperative» and significant
for transport, especially the railway, is shown in Table 1.

Conclusion. Based on the analysis of inventions
(innovation proposals) formed within the framework of
the ecological paradigm and significant for the long-term
development of transport, a number of significant
conclusions can be drawn.Of five identified areas of
implementation of the ecological paradigm, the most
actively developing direction is associated with the
reduction of CO, emissions and the use of renewable
energy. In this case, most of the inventions and
innovations both in this area and in general are carried
out in non-transport industries (which is quite natural).
To improve the environmental friendliness of railway and
other modes of transport, target absorption is required,
and then diffusion of such innovations.

Regaring modes of transport (air and road)
competing with the railways one can take note of a
number of promising inventions that can give them a
competitive advantage in terms of environmental
friendliness. This requires the railway men to react
adequately.

Most innovations directly affecting rail transport are
associated with innovative transport systems that have
the potential for synergy with the development of
railways. To realize this potential, a purposeful scientific,
technical and economic policy is needed.

It is necessary to radically intensify developments
in the field of new high-strength wear-resistant effective
materials for a railway transport (as well as diffusion of
developments available in other industries) and in the
development of new technologies that reduce the
number of production stages.

We should pay attention to the lack of activity in the
sphere of radical innovations, which reduce energy
consumption and water consumption in railway
transport. In the industry, the diffusion of previously
created innovations (such as the Elbrus system in
Russia) takes place, but new inventions are needed that
would allow dynamic increase in energy efficiency of
railways in a strategic perspective.

Innovations require great efforts and support in the
framework of currently unusual field of of «bionics»,
which can concern not only the use of properties of
specific objects of wildlife, but also the mechanisms of
interaction between them, such as symbiosis, which can
serve as a basis for harmonizing the interaction of
various transport systems and technologies.
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