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Background. The appearance of railways became 
one of the results of the industrial revolution of the 
beginning of the 19th 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 
it is 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  env i ronmenta l  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 not declare 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 

industrial revolution will be characterized by «economical 
management of resources and minimization of the 
impact on 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 
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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 v olumes and structure of  ra i l 
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 environmental load), but the implementation 
of the 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 
(innovation proposals) has been carried out according 
to sources [8–43]. They are classified in the following 
areas:

– reduction of energy consumption and water 
consumption;
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– reduction of CO

2
 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 
of innovations 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

2
 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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