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І. PRINCIPLES OF DEVELOPMENT OF MODELS OF «BLUE» AND 
«GREEN» ECONOMIES 

1.1 Prerequisites for the development of the green economy model and its 
basic postulates 
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Today, the economic system is undergoing a global transformation – from 
resource-dependent linear to resource-efficient circular type. The trigger for the 
transition was the adoption of the concept of sustainable development in the late 
1980s, which strengthened the emphasis on a type of economic growth that would 
take into account the interests of future generations and not limit their ability to meet 
their needs. 

The following decades were characterized by the gradual «greening» of the 
economy, which was accompanied by the emergence of new theories of economic 
development. The culmination of this process was the emergence of a new type of 
economic system – the green economy, which is closely intertwined with the concept 
of sustainable development, circular economy and bioeconomy, but these are not 
identical concepts. That is why the historical preconditions for the emergence of a 
green economy are in the field of development of ideas about sustainable 
development and are at the intersection of ecological and environmental economics. 
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Chronologically, it is possible to divide the period of green economy 
development into several stages: preparatory (shifting the focus of research to the 
intersection of environmental and economic spheres), formative (emergence of the 
concept of «green economy» and its separation into an independent direction of 
research), active development (the emergence of a common definition of the green 
economy, the formation of the theoretical basis of the concept and areas of practical 
implementation and evaluation), modern (strategies for the development of the green 
economy in the context of global transformations and challenges) (Table 1). 

Table 1 
Chronology of development of the «green economy» concept 

The 
name of 
the stage 

Period Key events 

Pr
ep

ar
at

or
y 

1962 Publication of R. Carson's book «Silent Spring» [1], which was the impetus for 
the development of economic research in terms of ecology 

1960-1970 The emergence and development of theories of balanced development: N. 
Georgescu-Roegen (law of entropy) [2; 3], K. Boulding («Economics of the 
Coming Spaceship Earth», the theory of equilibrium of matter) [4] 

1972  United Nations Conference on the Human Environment, Stockholm, at which 
the Stockholm Declaration was signed, consisting of 26 principles of 
environmental protection [5] 

1970-1980 Development of theories of rational development: A. Markandia, D. Pierce 
(monetary assessment of environmental policy), A. Ness (the concept of 
«ecosophy») [6] 

1983  Establishment of the World Commission on Environment and Development 
(Brundtland Commission)  

1987 Report of the Brundtland Commission «Our Common Future», which for the 
first time provides a definition of the concept of sustainable development [7] 

1989 Report of the Government of the United Kingdom «Blueprint for a Green 
Economy» (D. Pierce, E. Barbier, A. Markandia) [8], which explains the 
concept of sustainable development. The concept of «green economy» is used 
only in the title of the report 

Fo
rm

at
iv

e 

1991 «Blueprint 2: Greening the World Economy» (D. Pierce, E. Barbier, A. 
Markandia). The distinction between the concepts of green economy and 
sustainable development has begun with the publication of this report [9] 

1992 The United Nations Conference on Environment and Development (Rio de 
Janeiro) adopted the Agenda 21 [10], the Declaration on Environmental 
Protection and the Convention on Climate Change, Biodiversity and the 
Principles of Forest Protection 

1993 «Blueprint 3: Measuring Sustainable Development» (D. Pierce) [11], which 
provided a deeper assessment of economic development, taking into account 
the environmental component 

1997 Rio + 5 [12], which summed up the first results of the implementation of the 
«Agenda 21» and noted the lag behind the planned indicators 

2000 United Nations Millennium Summit, which required sustainable development 
by 2015  

2008 UNEP Green Economy Initiative [13] 
2008  Creation of the Green European Foundation (GEF) - a political fund of the 

European level [14] 
 

A
ct

iv e 
de

ve
l

op
m

e
nt

 2009 UNEP Global Green New Deal (GGND), E. Barbier [15] 
2009 United Nations Climate Change Conference in Copenhagen, which publishes a 

statement in support of the green economy 
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2010 UNEP Global Environment Ministers' Forum in Nusa Dua, Indonesia, 
recognizing UNEP's leading role in the green economy 

2011 UNEP Green Economy Report, which for the first time provides a definition of 
the green economy as a type of system that increases the standard of living and 
well-being of people, as well as social justice, while reducing environmental 
risks and resource dependence of economic processes. It is low-carbon, 
resource-saving and socially inclusive [16] 

2012 United Nations Conference on Sustainable Development Rio + 20, one of the 
topics of which was the development of a green economy, supported by 
Resolution 64/236 [17] 

2012 Establishment of the Global Green Growth Institute (GGGI) [18] 

M
od

er
n 

2012 Establishment of the Global Green Knowledge Platform (GGKP) [19] with the 
support of the Global Institute for Green Growth, the Organization for 
Economic Cooperation and Development, the United Nations Environment 
Program, the United Nations Industrial Development Organization, and the 
World Bank. 

2015 р. Summit on Sustainable Development in New York, which presented the global 
goals of sustainable development to be achieved by 2030 («17 goals of 
sustainable development»)  

2019 р. Development strategy until 2030 «Low-carbon, sustainable world of strong, 
inclusive and sustainable development» under the auspices of the Global 
Institute for Green Growth [20] 

2020 р. Congress of the Green Economy, which addressed the development of the 
concept and its implementation at all levels of the EU [21] 

Source: developed by the authors based on [1-21] 
 
Summarizing the chronology of development of the concept of green economy, 

it is possible to note the existence of interdependent concepts – green economy, green 
growth and sustainable development. Green growth is characterized as a type of 
economic growth that is formed on the basis of green investment and strengthening 
the green sector of the economy and the creation of new green jobs in terms of social 
inclusion. In turn, green growth ensures the formation of a green economy – an 
economic system that ensures the sustainability of the environment through the 
greening of business and is a condition for achieving global goals of sustainable 
development. That is, green growth is a type of economic development in which a 
green economy is achieved as an economic system within the framework of which it 
becomes possible to achieve global goals of sustainable development. 

According to Prushkivska E. and Shevchenko Y. [22], these three concepts can 
be considered in a comparative analysis of three aspects: economic, environmental 
and social. In the economic aspect, green growth is the basis of economic progress 
through green innovation, technology, jobs, which takes into account the state of the 
environment, and not just achieved through GDP growth. The green economy, in 
turn, contributes to the attraction of green investment at the public and private levels 
and forms the flexibility of the economic system through new types of economic 
activity. Sustainable development involves reducing investment in those areas of 
economic activity that are environmentally harmful, as well as limiting production 
and consumption in economically developed countries with the simultaneous support 
of developing countries. 

In the social aspect, green growth ensures the well-being of the population 
through the goods and services of the «green» sector and creates new «green» jobs in 
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terms of social inclusion. The green economy creates the conditions for achieving a 
high standard of living and ensuring fundamental human rights and freedom in terms 
of gender equality and inclusion. Sustainable development involves the equalization 
of economic prosperity and social justice among all members of society while 
increasing the level of human capital. 

In the environmental aspect, green growth is aimed at developing the green 
sector of the economy, through green investment, innovation, support for 
environmentally friendly areas of activity, which in the long run ensures 
minimization of environmental pollution and climate and environmental 
sustainability. The green economy focuses on leveling the negative impact of human 
economic activity by strengthening the responsibility of each business entity and 
reducing the burden on the environment. Sustainable development ensures the 
stability of the environment and the continuous improvement of the efficiency of the 
use of available resources and the reduction of the negative impact on the 
environment. 

If we consider the relationship between these concepts more broadly, we can see 
that one concept is the result of another, and the original concept is green growth. It, 
in turn, is provided by «green policies» of states within the framework of the Global 
Green New Deal (GGND) [23; 24]. In addition, the green economy directly affects 
the achievement of the global goals of sustainable development, namely (according to 
UNEP documents [25]) the following goals: 1 (poverty reduction), 8 (decent work 
and economic growth), 9 (industry, innovation and infrastructure), 11 (sustainable 
development of cities and communities), 12 (responsible consumption and 
production). 

Considering these components as one functional system (Fig. 1), it is possible to 
give each its role. Thus, the initial condition of the system (input) can be considered a 
«green» policy of states within the Global Green New Deal, which creates the 
necessary regulatory framework for green growth through financial and 
administrative methods. Under these conditions, it becomes possible to move to green 
growth, which is to strengthen the green sectors of the economy and acts as a driving 
force of the system (driving force). 

According to the classification of the EU Green Policy Platform [26], there are 
13 green sectors: agriculture, green building, alternative energy, green finance, 
fisheries, forestry, information technology, green production, metals and minerals, 
green tourism, green transport, waste management, water resources management. At 
the same time, green growth is formed on the basis of the achievements of the 
circular economy, bioeconomy, innovation and intellectual economy. 

Circular economy, or closed-cycle economy, is based on the rational 
consumption of resources and the formation of a closed cycle of their use, in contrast 
to the linear type of economy. The basis of this process is the recycling of raw 
materials, the transition to renewable energy sources and, as a result, the reduction of 
negative impact on the environment.  
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Fig. 1. Functional system of green economy and its impact on sustainable 
development goals 

Source: developed by the authors 
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should be the basis of strategies for rational waste management and be the foundation 
of ecological production within the green economy. 

Directly closed-loop production processes should be formed on the basis of the 
use of green biotechnologies, which are the main postulates of bioeconomics, which 
is a type of economic development in which there is a transition to the use of 
biological materials in production cycles and abandonment of synthetic, toxic, 
harmful substances, as well as fossil fuels and non-renewable resources with their 
replacement by natural substances and materials, alternative energy sources, 
innovative green technologies and business models. 

The postulates of the circular and bioeconomy are the basis for the creation and 
implementation of green innovations, which are the foundation of green growth and 
should be stimulated primarily in the «green» sectors of the economy. Green 
innovations are formed within the innovation economy, which is based on a 
continuous flow of innovation, technical modernization, research and development. 

The key catalysts for green growth are 5 types of capital [27]: natural 
(ecosystems, natural resources); human (labor, education, health), social (inclusion, 
culture, social infrastructure), industrial (industry, physical infrastructure), financial 
(investment, financial institutions and incentives). All types of capital must be used 
effectively to achieve results in three aspects: economic, social and environmental. It 
is the efficiency of capital combination that is determined by the high level of 
qualification of green sector specialists, which reflects the high level of development 
of intellectual resources. That is why the foundation of the transformation and 
development of the green sector is the intellectual economy within which intellectual 
resources are formed, which are the driving force of the entire functional system of 
the green economy. 

The result of green growth through the development and support of the green 
sectors is the achievement of a new type of economic system «green economy», 
which is characterized by a high level of economic and social development and 
simultaneous environmental sustainability, which is expressed in achieving green 
economy goals. According to UNEP [27], the main goals of the green economy 
include: reduction of carbon emissions and environmental pollution; increase of 
energy and resource efficiency; leveling the loss of biodiversity and negative impact 
on ecosystems. The implementation of goals should be based on the basic principles 
[45] of the green economy (Fig. 2). 

1. The principle of well-being. The green economy is human-centered, and aims 
to achieve public welfare – economic, social, spiritual through access to basic goods, 
social inclusion, high level of education, the creation of decent jobs. Thus the green 
economy can be considered intellectually oriented. That is why it is intertwined with 
the concept of intellectual economy. Achieving the goals of a green economy is 
possible only with the intellectualization and greening of human activity. 

2. The principle of justice. The green economy is inclusive, non-discriminatory 
and based on gender equality. This allows to increase the efficiency of human 
potential and, accordingly, increases the level of economic development. 
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Fig. 2 Fundamental principles and goals of the green economy 
Source: developed by the authors based on [27] 
 
3. The principle of planetary boundaries. The green economy recognizes the 

limited substitutability of natural capital and invests in maintaining the sustainability 
of ecosystems and biodiversity on a global scale. 

4. The principle of efficiency and sufficiency. The green economy is aimed at 
sustainable production and conscious consumption based on the establishment of a 
social minimum and maximum with an effective response to externalities. Thus, 
economic entities that carry out environmentally harmful activities should financially 
compensate for the damage caused, and those entities that carry out environmentally 
oriented activities should receive financial incentives. 

5. The principle of good governance. The green economy should be guided by 
institutions that take responsibility for the state and functioning of all types of capital 
and are guided by environmentally oriented principles in their activities. These 
principles should be implemented through the creation of an appropriate «green» 
regulatory field, which should determine the activities of all economic entities. 

Under the conditions of the green economy it becomes possible to achieve 
global goals of sustainable development, which is the initial result of the system 
(output) with emphasis on goals 1, 8, 9, 11 and 12. Thus, analyzing all elements of 
the green economy in a single functional system, it becomes clear to connect each 
element and its functions. The green economy is often considered in connection with 
the brown and blue economy [28]. The brown economy is a type of system in which 
development depends on environmentally destructive activities, and production 
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cycles are based on non-renewable resources, mainly on fossil fuels: coal, peat, oil. 
The main manifestation of the negative impact of this type of economic system is air 
pollution due to emissions of carbon dioxide and methane, as well as pollution of 
water resources, which ultimately leads to degradation of the ecosystem. 

In this context, the green and blue economy is a transformation of the brown, 
namely the blue economy – focuses on maintaining the sustainability of water 
resources and coastal areas and identifies them crucial for the development of society. 
The green economy, in turn, should help reduce poverty and boost economic growth, 
which is environmentally friendly and focuses on developing the green sectors of the 
economy, as well as reducing carbon emissions. This transformation can be 
represented in the form of a matrix of green economy (Fig. 3). The axes reflect the 
growth of labor productivity and green growth, depending on the degree of 
development of which four types of economic development are formed: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Green economy matrix 
Source: developed by the authors based on [27] 
 
1) Brown economy – a low level of labor productivity and a high level of 

material and resource consumption. 
2) Transitional type (1) – low level of labor productivity and low level of 

material and resource consumption. 
3) Transitional type (2) – a high level of labor productivity and a high level of 

material and resource consumption. 
4) Green economy – a high level of labor productivity and a low level of 

material and resource consumption. 
Thus, the development of a green economy largely depends on a high level of 

human capital and innovation and high-tech production processes. The level of 
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technological development depends on the scientific and technological progress of 
mankind, which is characterized by technological paradigm. Historically there are 6 
technological paradigms (1 – textile equipment; 2 – steam engine; 3 – electric engine; 
4 – internal combustion engine, petrochemistry; 5 – microelectronics; 6 – 
biotechnology)   [29-32]. Green innovations are based on the use of biotechnology, 
genetic engineering, membrane and quantum technologies, which are the basis of the 
sixth technological paradigm.  

That is why it is possible to conclude that the green economy is a modern type 
of economic system based on the latest achievements of the sixth technological 
paradigm and in the long run contributes to increasing human well-being, increasing 
life expectancy, reducing material and resource consumption and increasing human 
capital productivity [33]. 

Summarizing the above, it becomes possible to form a definition of a green 
economy. Currently, the definition of UNEP remains the main one and is cited in 
most scientific papers, but various scientists offer their approaches to the essence of 
the green economy. In our opinion, analyzing the existing theories of scientists, they 
can be distinguished in the following approaches (Fig. 4): 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Approaches to defining key elements of the green economy 
Source: developed by the authors  
 
- market – green economy is considered a type of economic system, which is 

achieved through «green» market mechanisms that must be implemented at all stages 
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- socio-economic – in this approach the main emphasis is shifted to the goals of 
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ecosystems, while not emphasizing the way to achieve these goals; 
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market logic in the socio-ecological field; 
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- intellectual – according to this approach, the important role of innovation, 
technology and knowledge as a means of achieving a green economy is emphasized, 
thus the system itself receives an intellectual context. 

Given these approaches and the genesis of the green economy, in our opinion, 
the green economy is a type of economic system based on green innovations, 
technologies and knowledge of the sixth technological paradigm, which must be 
implemented in economic processes at all levels in green growth, providing efficient 
use of natural capital, characterized by a low level of material and resource intensity 
by increasing the level of human capital development in order to achieve global goals 
of sustainable development. In our opinion, the intellectual component of the green 
economy is a key factor in its formation and development, and therefore needs a more 
detailed analysis of scientist. The green economy should become a new paradigm of 
the modern world, and its goals and principles must be the basis of development 
strategies of all countries. 
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With the development of technology and the emergence of new ideas, the 

population increase of our planet, new needs of a higher order have arisen. During the 
industrial revolution, production, machinery, and equipment growth came to the fore; 
most attention was paid to engineering development, construction, and 
commissioning plants or factories. Industry progress logically led to the area of 
production concentration expansion. The invention of such necessary for humanity 
electricity, telegraph and telephone, railway, antibiotics, etc. - helped improve the 
quality of people’s lives, their comfortable living and movement; made it possible to 
cure previously hopeless diseases and injuries. Thus, the industry began to shape the 
bright future of man and determine its prospects. 

Due to the spread of infections and diseases in underdeveloped societies, little 
attention has been paid to the possible harm to the health and life of such industries. 
After all, their appearance was associated with progress. Gradually, satisfying part of 
human needs, there were new needs of a higher order. They, in turn, provoked new 
scientific developments, inventions, and industrial designs. This has led to a situation 
where no one sees their everyday life without the Internet, laptop or smartphone; the 
problem of describing the road rules for electric scooters occurs; space tickets began 
to be actively sold, 3D printers print models of buildings and robots perform heart 
operations. 

All these things are the progress of humanity. However, over time, as the 
euphoria subsided from new opportunities, piles of accumulated garbage, 
contamination of water bodies with hazardous waste, the emergence of new viruses 
and diseases (such as coronavirus infection or allergies), the detrimental effects of 
computer game addiction became more visible. Along with this, the population of the 
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planet Earth grew, 2021 it reached 7.8 billion people (World population, 2021), and 
in 2064 it may reach 9.7 billion people (McNamara A.,2020). As a result, large areas 
of our planet have gradually turned into a wasteland, become uninhabitable and 
useless for food-growing. In particular, in Ukraine, 2,569.4 km2 belongs to the 
Chornobyl Exclusion Zone (Interactive map of administrative-territorial units of 
Ukraine). Moreover, 51 million km2 of our planet is used for agriculture, which is 
only half of the habitable land (Ritchie H., 2019). As a result, in 2021, about 270 
million people facing crisis levels of hunger (World could face “hunger pandemic” in 
2021, World Food Programme head warns, 2020). Humankind needs resources to 
ensure their existence and the comfortable living of people around the world. 
Increasingly, the scientific community and the public began to talk about the inability 
of the planet to meet all these needs; calculation of the ecological footprint, i.e., the 
impact on the environment, have become available for use by the average person 
(Ecocalcultor, 2021). 
 

 
Figure 5. Status of countries’ net-zero targets, 2020 
Source: Fostering Effective Energy Transition 2021 edition (2021) 
 
Many nation-states have already included emission reduction plans and 

programs and provided government support for energy savings. Last year saw a 
proliferation of net-zero announcements and targets. Around 68% of the world’s 
emissions from fuel combustion are covered by some net-zero target (Figure 5). This 
compares with just 16% a year earlier. One of the most significant announcements 
came from China, with a mandate to achieve net-zero by 2060. However, this 
ratcheting up of ambition needs to be reflected in legislation, policy, and regulation 
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and supported by concrete roadmaps and milestones (Climate Action Tracker, 
“Methodology Note”, CAT Climate governance series, 2020).  

As shown in Fig 1, there are still 1/3 of the world nations that have left net-zero 
targets wholly uncovered. Among them, we can see, for instance, such a big 
(considering the territory) country as Russian Federation (Russian export, 2020). Oil 
and gas are the primary export goods for this country (Top3: Crude Petroleum 
($123B), Refined Petroleum ($66.2B), Petroleum Gas ($26.3B), so we can conclude 
that this interest is not under the agenda due to big profits and mass usage of fuel. In 
order to strengthen the ability to ensure quality and comfortable living for all people 
on our planet, there is a need for moderate production and consumption, saving 
limited resources and minimizing environmental damage. However, minimized 
damage remains damage by definition. This leads to the logical conclusion that if we 
treat the environment around us as consumers and overuse resources year by year, in 
the future, we will not have enough of the whole planet to implement our plans and 
desires. 
 

 
Figure 6. Activities of the Blue Economy due to the World Bank 
Source: built by the authors based on What is the Blue Economy? (2017) 
 
When the people have realized the need to save resources and minimize 

environmental damage, the “green economy” began to develop, but gradually this 
idea became insufficient for the harmonious development of the world. Thus, the 
concept of “green economy” was supplemented by the so-called “Blue Economy”. 
For example, the World Bank interprets the Blue Economy as the sustainable use of 
ocean resources for economic growth, improving the lives and well-being of people, 
creating jobs while maintaining a healthy ocean ecosystem. Thus, according to this 
concept, the Blue Economic has many components (Figure 6). 
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The World Bank has its arguments for including every activity into the concept 
of the Blue Economy. For instance: 

- sustainable marine energy plays a vital role in social and economic 
development; 

- marine fisheries contribute more than US$270 billion annually to the global 
gross domestic product; 

- the sea transports over 80% of international goods, and this volume is 
expected to double by 2030; 

- 80% of the litter in the ocean is from land-based consumers; 
- oceans are essential carbon sinks and help to mitigate climate change; 
- oceans and coastal tourism receive more than 41 million visitors annually. 
The European Green Deal and the Recovery Plan for Europe will define the 

European economy for many years or even decades. Furthermore, the EU’s Blue 
Economy is fundamental to both efforts. Not only should the Blue Economy adhere, 
like every other sector, to the European Green Deal. It is also indispensable to meet 
the EU’s environmental and climate objectives. After all, the ocean is the primary 
climate regulator we have. It offers clean energy and sustains us with oxygen, food, 
and many critical resources. There cannot be green without blue (A new approach for 
a sustainable Blue Economy in the EU, 2021). 

 
Figure 7. Clean water world summary 
Source: constructed by the authors based on (Ritchie H. & M. Roser, 2019) 
 
Along with the apparent contribution of the oceans and seas, maintaining a 

clean climate and creating new jobs, access to clean and safe drinking water is a 
critical component of the Blue Economy. Due to the recent World data statistics, this 
leading resource is not accessed by millions of people on our planet (Figure 7). 

However, the Blue Economy concept acquired a much deeper meaning thanks 
to the idea of Gunter Pauli. The author of books on this topic has significantly 
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expanded the Blue Economy’s knowledge as an economy leading to an innovative 
view of world development in general. 

If we mainly consider minimizing environmental damage through the 
destructive impact on human nature, then Pauli seeks a radically different approach to 
developing the future economy. Without denying the need for a quality life for 
billions of people, getting enough income for the business, the entire satisfaction of 
the living needs in all corners of the globe with no harm to the environment, at first 
glance, may seem something fabulous and incredible. Albeit, the author argues that 
gradually such a world can and should become a reality. 

Instead of fighting waste, spending much money on its disposal, and recycling 
(without avoiding environmental damage), Gunter Pauli offers an innovative 
approach to organizing economic activities, which involves their use for good 
purposes. All only need to rationally consider and organize the production process 
based on nature and elementary physics laws. We do not make good use of the 
advantages and possibilities of physics, such phenomena as water, temperature, 
pressure, solar energy, or gravity. Production should be planned when making any 
item so that all waste from the main product is used for other ancillary products. 
After all, waste does not exist; any product is only a resource for another product. 

In production decision-making, it is crucial to maximizing the use of local 
products, which are often freely available, and their use is cheaper. Moreover, if such 
a business still considers the traditions and customs of the local population, it can 
make the business idea more attractive, exciting and add competitive advantages. 

The modern traditional economy is mainly based on the scarcity of resources 
and their limitations. However, in nature, all phenomena and processes are present 
harmoniously. There is usually no direct linear relationship between them; natural 
processes may take more time; however, this already contains a rational idea that 
provides scientific justification and research and can bring a specific beneficial effect. 
In nature, everything is in symbiosis and harmony. Therefore, we need to understand 
these processes and use them to good effect without harming the environment (Pauli, 
2010). 

If something fails, it is an occasion to think and find a better solution to the 
problem. After all, any challenges are untapped opportunities. Thus, we can identify 
several key ideas of Gunther Pauli in his concept of the Blue Economy (Figure 8). 

 
Figure 8. Key ideas of Gunter Pauli Blue Economy concept 
Source: built by the authors based on Pauli (2010) 
 

Pauli cites many examples of rational solutions to existing problems by natural 
methods with maximum benefit for people and the environment, supporting his ideas 
and conclusions.  In particular, an interesting example is an experience of the 
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Dominican priest Godfrey Nzemunjo, who in 1985 began to implement his idea of 
solving the West African people’s problems (Figure 9). The most severe local 
problems were food shortages, unsanitary conditions, and diseases. It is impressive 
how he managed to solve them all. 

 

 
Figure 9. Model of Godfrey Nzemunjo progress 
Source: developed by the authors based on Pauil (2010) & Father Godfrey Nzamujo - The 

Man Behind Songhai Centre (2021) 
 
It all started with a few acres of wetlands, and a quarter of a century later, there 

was a complete cycle of ecological restoration of the area to provide locals with food 
and all the necessary means of subsistence. 

Wastewater, livestock, and human waste were collected in a systematizer, 
where water hyacinth and a local aggressive aquatic plant were added. Thus, the 
systematizer provided methane, which gave energy to the economy. Moreover, its 
structure was designed so that the acid-base balance limited the development of 
dangerous bacteria. Algae bacteria, under the action of sunlight, converted carbon 
dioxide into oxygen. After mineralization, the material became food for plankton, 
which was fed to the fish. 

However, Africans also had another equally severe problem - flies. These 
insects spread infections, caused unsanitary conditions and the development of 
serious diseases. For them, Nzemunjo invented a unique strategy of counteraction. 
All waste from local slaughterhouses was stored in a container surrounded by water-
canals with carp-fish. The concave surface was covered with a net protected from 
birds but had sufficient loops for the fly’s penetration. These wastes were unsuitable 
for further use, and flies were multiplied on them in a flash. This idea allowed to 
launch a kind of farm for the production of fly larvae with a turnover of about one ton 
per month. To make the larvae easy to collect on the surface, the container was 
simply filled with water. Larval enzymes are of great value in cosmetology and the 
production of ointments for wound healing. Thus, it became possible to place the 
larvae of flies in saltwater, collect the isolated enzyme, and sell it to large 
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pharmaceutical and cosmetic companies. The remains of the larvae, in turn, were 
used to feed fish and quail, which in addition to eggs, are also a source of dietary 
protein meet (Father Godfrey Nzamujo - The Man Behind Songhai Centre). 

Thus, the priest solved many environmental and sanitary problems of the 
territory, provided the local population with food, work, and income. Moreover, at 
the same time, it did not cause any harm to the environment. Besides this, he has also 
made one more crucial thing – he had given hope for locals. This example of the Blue 
Economy, given in Pauli’s book, shows how ordinary people with the inspiration, 
knowledge, and desire to succeed can change the world. The Blue Economy concept 
encourages countries and corporations to build their economies on innovative 
principles. Hence, the following values come to the fore as:  

1. Knowledge and education. 
2. Native region’s nature, problems and customs studies. 
3. Support for innovation and unique ideas. 
4. Belief in one's strength and ability to think “outside the box”. 
5. Consideration of any product as a closed waste-free harmless cycle of 

operations and actions. 
6. Achieving profitability and business success. 
7. Improving the population welfare and the quality of life (Fig. 10). 

 

 
Figure 10. The representation of the success of the Blue Economy 
Source: developed by the authors based on the general ideas of the Blue Economy 
 

Along with this arises the question of how to ensure the transition to a Blue 
Economy. Industrial giants have mainly established stable production of their 
products; research and implementation of innovative ideas and technologies are risky, 
often require long-term implementation. However, successful projects are already 
operational and can be applied to working businesses (Figure 11). 

In particular, G. Pauli gives an exciting example of establishing rational coffee 
production. This super-popular drink produces an incredible amount of waste. First, 
much cellulose is left over from growing coffee, which is often simply burned. 
Second, many coffee grounds remain during the preparation of the drink. In the end, 
only 0.2% of this product from the volume of coffee coming from the farm enters the 
human body. However, not everything is hopeless because coffee waste can be 
effectively used to grow popular mushrooms on the coffee substrate. Moreover, 
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coffee material does not require additional sterilization so that the adjacent 
production process will be cheaper (Pauli, 2010). 

 

 
Figure. 11. The beneficial effect of the Blue Economy 
Source: developed by the authors based on the general ideas of the Blue Economy 
 
Any agricultural production requires large areas for sowing crops, so it is often 

based in rural areas. Villages, in turn, often do not have much choice of employment. 
Country people, who do not become successful entrepreneurs, often live short or go 
abroad to earn money. The development of rural communities is an increase in the 
population’s purchasing power, in the revenue side of budgets, a better quality of life, 
a higher level of education, and opportunities in general. Furthermore, if new 
opportunities arise from the Blue Economy’s symbiosis, this can be considered a 
double advantage. 

Going back to Pauli’s example of coffee and mushroom production, it should 
be noted that progress may arise from such cooperation. In particular, the author 
notes that the mushroom substrate, in turn, is a portion of good food for animals. This 
provides additional opportunities for the development of animal husbandry to give 
families food and business purposes.  

G. Pauli identifies many advantages in the model “cellulose-to-protein” (Table 
2). The “cellulose-to-protein” model influences climate change and the achievement 
of sustainable development goals (Table 3). 

Table 2 
The advantages of G. Pauli’s “cellulose-to-protein” model 

For producer and consumer For the planet 
▲ Wealth Coffee provides a substrate 

for growing mushrooms 
▼ Energy Coffee waste does not require 

additional processing 
▲ Cleanness Ease of sowing and growing ▼ Methane Reduction of greenhouse gases 

due to lack of waste decay 
▲ Spead Caffeine promotes the rapid 

growth of mushrooms 
▼ Pastures Available animal feed 

▲ Value Free raw materials ▼ Logging Coffee waste can replace 
wood in some cases 
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▲ Health Mushrooms do not contain 
fat but are rich in protein 

▼ Landfills Waste is used 

= Food 
security 

Use of crop waste to create 
food 

= Food 
security 

Use of crop waste to create 
food 

Source: Pauli, 2010 
Table 3 

The impact of the “cellulose-to-protein” model on climate change and the 
achievement of sustainable development goals 

Impact on climate change Progress in sustainable development goals 
Low energy consumption Food security 
Forest’s preservation  Women's empowerment 
Lower energy transportation costs Children health improving 
No landfills Ecological balance 
No methane Global partnership 
Reducing the use of charcoal Reducing the incidence 
Cultivation of Slow Food Self-sufficiency training 

Source: Pauli, 2010 
 

In recent years, Pauli's idea has been developed in the scientific literature. As a 
result, more and more researchers are looking for the best way to make the most of 
nature without harming the environment and other people. In particular, Geraldo 
Cardoso De Oliveira Neto et al. (2021) has considered the reuse of water and 
materials as a cleaner production practice in the textile industry contributing to the 
Blue Economy; Henrricco Nieves Pujol Tucci et al. (2021) has accessed the 
economic and environmental performance in the aircraft refueling process due to the 
principles of the Blue Economy; Juan Pablo Morea (2021) has investigated the post 
COVID-19 Pandemic Scenarios in an Unequal World Challenges for Sustainable 
Development in Latin America. 

Thus, the Blue Economy can answer some questions (Figure 12) 

 
Figure 12. Questions which Blue Economy can answer 
Source: developed by the authors based on the general ideas of the Blue Economy 
 

The future of the world is in the Blue Economy. This is the only way how 
humanity can survive and develop in the long run. The health of our planet depends 
on us. Furthermore, even if the damage has already been done, nature knows how to 
heal wounds - we just need to allow it to do this. 

What?
• A new way of thinking and perceiving the world
• Values of responsibility

Who?
• Nature
• All not indifferent people

Why?
• For a better life today in a safe environment
• To move from consumption to storage

https://sciprofiles.com/profile/1353040
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Some factors have a positive impact on stimulating the establishment of the 
Blue Economy, in particular: 

1. Understanding of personal responsibility for one’s own and the planet’s 
destiny. 

2. Development of quality education for sustainable development. 
3. Promotion of science and innovative ideas among young people. 
4. Formation of a critical mass of socially responsible business. 
5. State, local governments, and patrons’ support (Figure 13). 
According to Gunter Pauli, the Blue Economy power offers quality products at 

a low price and returns money back to the local product creation source. When the 
global supply chain of food implies that up to 90 percent of all the value-added 
generated in the supermarkets is spent on transportation, hardly any transportation is 
required, costs are reduced, margins are improved, and prices to the consumer are 
lowered A green battery does not replace a usual one; an energy system simply 
substitutes it for mobile electronic devices and power storage that does not rely on 
metal-based (and mining-driven) batteries. This represents massive savings in 
material and costs while reducing the ecological footprint on the environment and the 
health risks to the citizens of this world. The Blue Economy is not tailored to the 
large corporations, which have an established business model that will be hard to 
change (Pauli, 2021). 

 

 
Figure 13. Factors, which positively impact on stimulating the establishment 

of the Blue Economy 
Source: developed by the authors based on the general ideas of the Blue Economy 
 
The low salaries of Ukrainians have left their mark on our perception of reality. 

Here we can even look for the roots of our perception of reality in the scarce past. All 
this in a complex has developed in some Ukrainians a particular set of worthlessness: 
it is not for us; it is for the rich; we will not be able to do so; it will not work for us, 
and so on. However, the Blue Economy’s concept allows us to believe in our 
strengths and local capabilities, to achieve significant development even in depressed 
areas. The world is full of opportunities; we just have to use them. Nevertheless, this 
all depends on us, so we should not look for instant immediate results. Instead, it will 
be much more efficient to enjoy ours “today” in the big “blue” world. 
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The spread of the green economy in Ukraine and the world, the formation of a 
new ("green") economic model actualizes the transformation of traditional 
approaches to the management of available resources and tools for its practical 
implementation. In recent decades, it has been unequivocally proven that the leading 
resource for growth is human resources, which are recognized not only as a 
competitive advantage, a source of innovation and social development, but also have 
an important mission - to support the philosophy of "green" business. 

"Green", or environmental business is a diversified area of business, which can 
provide not only environmental but also significant economic effect on a national 
scale [5, p.57]; it is a commercial activity aimed at making a profit from the sale of 
environmental goods and services, the production and provision of which involves 
the use of methods and technologies that minimize the integrated eco-destructive 
impact on the environment, and their use contributes to creating the most 
environmentally friendly living conditions for consumers. and in the long run [5, 
с.59]. 

Human resources are identified by scientists as specific and the most important 
of all types of economic resources; as a factor of economic development, human 
resources are employees who have certain professional skills and knowledge and can 
use them during the labor process [1, p. 68]. Human resources are a set of human 
qualities (socio-demographic, educational-professional, motivational, mental, 
intellectual, spiritual-informational, innovative, creative, cultural, ethno-social, 
socialization, etc.) that determine a person's ability to labor, consumption of material 
and spiritual goods, self-development, creation of innovations, increase of knowledge 
in all spheres of human activity [7, с.11]. 

An applied tool for human resource management is personnel policy, which 
should be relevant to the current economic model, and, accordingly, acquires new 
meaning and is transformed in accordance with the principles of the green economy. 
The concept of «personnel policy» is quite ambiguous and complex, in the 
management sphere it is used in a broad and narrow sense. In accordance with the 
developments of modern economics and management science, we consider more 
acceptable a synthetic approach to the definition of «personnel policy», which more 
fully reveals its essential purpose. Personnel policy is a set of principles, methods and 
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forms of organizational mechanism for the formation, reproduction, development and 
use of personnel, the creation of optimal working conditions, its motivation and 
incentives; system of theoretical views, ideas, requirements and principles that 
determine the main directions of work with human resources [2, p.42].  

Personnel policy in a green economy is proposed to be defined as a system of 
goals, principles and interrelated elements of management human resources, which is 
part of the overall strategy of the business entity and is aimed at ensuring human 
development in compliance with the principles of green economy. The green 
economy is proclaimed at the global level as an economy that promotes human well-
being and strengthens social justice while significantly reducing risks to the 
environment and the scarcity of environmental resources [5, p. 21]. Among the 
priorities of the green economy is the well-being of all people. Thus, the goals of the 
«green» economy and personnel policy are closely interrelated and aimed in the long 
run at sustainable development and the development of decent work. 

If the purpose of traditional personnel policy is related to staffing the current 
and future goals of the business entity, the purpose of personnel policy in a green 
economy is to support a «green» economic model through human resources 
development and the spread of decent work. In turn, decent work means work in 
conditions of freedom, equality, security and respect for human dignity [4, p. V]. The 
key characteristics of decent work are:  

1) productivity;  
2) security;  
3) respect for workers' rights and social protection;  
4) appropriate income; {{ 1}} 5) the ability to influence decisions on working 

conditions and labor relations through social partnership. 
In the conditions of "green" economic model the formation of personnel policy 

on the basis of decent work remains relevant, which is defined as a system of 
principles, methods, rules and tools of human resources management aimed at 
ensuring sustainable development, macroeconomic stability, improving the quality of 
life. women of decent and productive work in conditions of freedom, justice, security 
and human dignity [3]. Characteristics of personnel policy are shown in Fig. 14. 

Depending on the level of implementation of human resources management 
tools, there are:  

1) state personnel policy;  
2) regional personnel policy;  
3) corporate personnel policy. 
State personnel policy is a system of officially recognized goals, objectives, 

priorities and principles of the state in regulating personnel processes and relations 
[3]. Ukrainian legislation proclaims the goal of the state personnel policy to provide 
all spheres of life of the state with qualified personnel necessary for the realization of 
national interests in the context of Ukraine's development as a democratic, social state 
with a developed market economy [9]. The main components of the state personnel 
policy are: demographic policy, policy in the field of education and employment, 
social policy. 
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Fig. 14. Essential characteristics of personnel policy  
Source: developed by the author 
 
In the context of the effectiveness of the state personnel policy of Ukraine in 

the "green" economic model, it is advisable to pay attention to the assessment of such 
indicators of "green" growth as [5, p.108]:  

- indicators of environmental aspects of quality of life, namely indicators 
health status of the population (average life expectancy at birth, average life 
expectancy at birth, the growth rate of the most common diseases in 
Ukraine); 

- socio-economic conditions and characteristics of growth, namely, population 
(population, population forecast until 2050) and the labor market (level of 
economically active population (labor force participation) aged 15-70 years, 
employment rate aged 15-70 years and the unemployment rate of the 
population aged 15-70 (according to the ILO methodology)). 

Regional personnel policy is a set of rules and principles for the formation, 
development and rational use of human resources in the region in order to ensure its 
innovative development in the future [3, p.35]. It is a means of implementing the 
strategy of state personnel policy at the regional level. In modern conditions, regional 
personnel policy must meet a number of requirements, the most important of which 
are: regional personnel policy, which must be closely linked to public personnel 
policy, be scientifically sound and active, systematic and comprehensive, it must be 
proactive and preventive, and multilevel (cover all personnel processes). 

Characteristic features of the personnel policy of the region depend on [8]: the 
uniqueness of material, natural and human resources of the region; certain socio-
economic parameters of the region; the ability to flexibly adapt to changes in the state 
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(external environment) and the region (internal environment); the balance of goals 
and objectives of the state and the region. 

In addition, in the "green" economic model, the specifics of the formation of 
regional personnel policy should be determined depending on the prevalence of 
"green" sectors of the economy in the region, the provisions of program and strategic 
local documents. Corporate personnel policy (personnel policy of the enterprise) is a 
general direction of personnel work, a set of principles, methods, forms, 
organizational mechanism for developing goals and objectives aimed at preserving, 
strengthening and developing human resources, creating a qualified and highly 
productive team capable of timely respond to ever-changing market demands, taking 
into account the development strategy of the organization " [10, с. 188]. Its purpose is 
to form a highly productive, highly professional, cohesive team, in particular, 
motivated to work on the basis of the principles of «green» economy. 

The main principles of the «green economy», which, in our opinion, should be 
taken into account in the formation and implementation of personnel policy include:  

 - equality and justice within one generation and between generations;  
 - compliance with the principles  
 - caution about social consequences and environmental impact;  
 - understanding the high value of natural and social capital;  
 - resource efficiency, sustainable consumption and production;  
 - the need to meet macroeconomic goals in a way to create "green" jobs, 

increase competition and growth in key industries [5, с.22]. 
Substantive corporate personnel policy includes the following components:  

personnel selection and adaptation policy; personnel evaluation policy; personnel 
development policy; personnel investment policy; personnel incentive policy;  
production relations policy; labor organization policy; corporate social policy. In 
terms of development " green "economic model for all levels of government, it is 
advisable to offer a certain algorithm for the formation of personnel policy (Fig. 15). 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.15. Algorithm for forming personnel policy in a «green» economy  
Source: developed by the author 

І. Analysis of the external environment → Forecasting the 
development of the state, region, enterprise → Assessment of the 
prerequisites for the development of "green" business 

ІІ. Defining the principles and 
objectives of personnel policy 

ІІІ. Formation of a system of 
personnel procedures and 
measures (human resource 
management technologies) 

ІV. Formalization of personnel 
policy 

V. Development of a plan for the 
implementation of procedures 

and measures 
VІ. Implementation of personnel 

policy VІІ. Monitoring of personnel 
policy 
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When implementing this algorithm, management entities should take into 

account that in the human resources management system under the development of 
"green" economic model are the following processes:  

- change in the structure of employment by type of economic activity 
(employment growth in "green" rural economy, "green" energy, "green" 
industry, areas related to energy efficiency, waste management, biodiversity 
conservation, development of "green" infrastructure and the corresponding 
reduction of employment in such activities as oil, coal, etc.); 

- growth of labor market demand for professions and specialties related to the 
development, implementation and operation of "green" technologies, which 
provides for appropriate changes in education - the opening of new 
educational programs, changing the structure of the state order for training, 
etc.; 

- increasing the number of «green» jobs and updating the new list of 
competencies of staff of «green» companies;  

- transformation of corporate motivation systems in the direction of 
encouraging staff to support the «green» corporate culture and adherence to 
the principles of enterprise (company) «green» business, as well as ensuring 
the adaptation of staff in the transition of business to "green" principles.  

 These trends are confirmed, in particular by the following data. Achieving the 
20% renewable energy target could have a net effect of creating around 417,000 
additional jobs in the EU labor market; similarly, achieving a 20% energy efficiency 
target could increase net employment by about 400,000 jobs. Increasing the growth 
rate of water management in Europe by 1% can create from 10 thousand to 20 
thousand new jobs. Tourism and recreation at Natura 2000 sites are estimated to 
directly support about 8 million jobs [6, с.68]. 

Thus, the features of the "green" economic model and the principles on which 
the "green" business is based determine the features of personnel policy, its tools and 
mechanisms at the state, regional and corporate levels. Transformation of approaches 
to the formation and implementation of personnel policy will contribute to both 
resource support for the development of a "green" economy and the development of 
human resources on the basis of decent work.  
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A new trend in the modern labor market is the development of policies to 
promote employment based on the principles of green economy. The key direction of 
such policy is the formation of an environmentally oriented labor market by creating 
green jobs that help reduce negative impact on the environment and improve the 
environmental situation [1]. A new direction of research and assessment of economic 
and social factors of sustainable development in the context of environmental 
protection emerged in the early 1980s, resulting in the analysis of labor market 
problems in the green economy. 

Currently society has different interpretations of the essence of the expression 
"green" economy. Those include new sectors of economy or new technologies that 
can improve the environment of the planet, create environmentally friendly products. 
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All approaches to the definition of "green economy" are very close and define the 
economy, which aims to preserve the well-being of society through the efficient use 
of natural resources, ensures the return of end-use products in the production cycle. 
First of all, the green economy is aimed at the economical consumption of those 
resources that are currently prone to depletion and rational use of inexhaustible 
resources. At the heart of the green economy are "clean" or "green" technologies. 
According to experts, the development of a green economy will avoid the world's 
environmental crisis, which has already begun its onset on a global scale. 

UN sustainable development experts define green economy as an economy with 
low carbon emissions, efficient use of its resources, and socially inclusive [2]. 
According to UNEP documents, the green economy increases people's well-being, 
ensures social justice and at the same time significantly reduces risks to the 
environment. It must maintain the natural environment while ensuring equal access to 
environmental goods, supporting the people who consume these goods, promoting 
employment, and providing and encouraging work that contributes to the protection 
of the environment. 

Failure to address important environmental issues will not only have adverse 
effects on the environment but can also have a negative impact on human health and 
economic development. Climate change, air pollution and irrational use of natural 
resources directly or indirectly affect all sectors of the economy and can affect the 
prospects for long-term economic growth. The Paris Climate Agreement, approved 
by the Climate Conference on 21 December 2015, identifies climate change as one of 
the greatest threats to sustainable development in the 21st century [3]. 

Changing the policy of states to protect the ecological system will avoid the 
risks of environmental degradation, prevent deterioration of health and support 
economic growth in the long run. An important goal of environmentally oriented 
policy should be the formation of legal, economic and institutional conditions 
conducive to employment in the labor market on the basis of green jobs, the 
formation of competencies in the field of resource conservation and more. It should 
be noted that the green economy is one of the drivers of sustainable development, it 
will not replace a sustainable economy. 

Until a few years ago, the green economy consisted exclusively of politicians in 
environmental area, alternative energy companies and researchers. It has now spread 
to different types of industries, as more and more sectors move towards sustainable 
development goals. Activities to improve the environment, conserve natural 
resources, energy and resource conservation, production of environmentally friendly 
products, waste processing, development of organic farming, implementation of 
green standards is becoming a factor that promotes economic growth, expands 
employment and creates new jobs [4]. 

One of the most important areas of environmental policy is the development of 
"green employment", which means a set of socio-economic measures aimed at 
forming an efficiently functioning labor market while reducing the negative impact 
on the environment. 

The question of strengthening the relationship between employment, jobs and 
the possible destruction of the environment was first raised in the work of the Swiss 
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economist H. K. Binswanger "Work without the destruction of the environment. 
Strategies of the new economic policy" [5], which considered the possible negative 
consequences of environmental pollution in the labor market. Since then, the green 
economy and its impact on the functioning of the labor market has become a driver of 
research and policy-making in many international organizations and countries. 

According to ILO experts’ forecast, the transition to a green economy will affect 
at least half of the world's workforce, or 1.5 billion people. For this reason, the Green 
Jobs Initiative [6] was incorporated into the Seven Centenary Initiatives of ILO [7] 
proposed by the ILO Director-General in 2012 in connection with the forthcoming 
celebration of the centenary of this organization. The document emphasizes that 
“More than 1.2 billion jobs depend on a stable environment and ecosystems. The 
Green Initiative aims to scale up the ILO’s knowledge, policy response and capacity 
to manage just a transition towards greener economies and a sustainable future”. The 
Green Jobs Initiative aims to intensify the work of all units to spread the knowledge, 
consult and develop tools for the transition to a low-carbon economy of the future. 

The impact of the green economy on the development of labor markets can be 
both positive, creating new opportunities for workers, as well as quite risky. The 
structure of labor demand will differ for various sectors of the economy, different 
skills of workers, countries and regions, depending on environmental policy and its 
instruments. Simultaneously with the change of policy to environmentally oriented, 
the functioning of the labor market will be affected by technological, economic and 
demographic trends that are inherent to national economies, which will create 
additional challenges for the labor market. 

Effective threat management in the transition to a green economy will create 
new opportunities for many workers. New jobs will be created in the green sectors, 
while in the "brown" sectors the number of jobs will gradually decrease. In other 
sectors of the economy, the impact on employment can also be significant. It is still 
not possible to say for sure about the numerical impact on the labor market of the 
consequences of the transition to a green economy, but according to preliminary 
calculations of scientists, the policy of supporting the green economy should not 
harm overall employment. Its main task is to prepare the labor market for the 
transition to the green economy. According to the EU Development Strategy "Europe 
2020", the goals of the green economy include environmental employment of the 
population aged 20 to 64, as well as reducing the number of people living below the 
poverty line by 25% [8]. At the same time, ecological employment is a new type of 
employment associated with the elimination of accumulated damage to the ecological 
system, processing of solid waste, introduction of ecological innovations, and so on. 
In other words, it is an activity that generates income and does not contradict the law, 
reduces the negative impact on the environment. 

The purpose of environmentally oriented policy is to create legal, economic and 
institutional conditions that can ensure employment in the labor market on the basis 
of green jobs, the formation of competencies in the field of resource conservation and 
others in the transition to an environmentally friendly economy. 

As stated in the study Report «Green Jobs: Towards decent work in a 
sustainable, low-carbon world» [9] «we define green jobs as work in agricultural, 
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manufacturing, research and development (R&D), administrative, and service 
activities that contribute substantially to preserving or restoring environmental 
quality. Specifically, but not exclusively, this includes jobs that help to protect 
ecosystems and biodiversity; reduce energy, materials, and water consumption 
through high efficiency strategies; de-carbonize the economy; and minimize or 
altogether avoid generation of all forms of waste and pollution».  

The main directions of creating green jobs include the formation of new means 
of economic development related to environmental protection, rational use of natural 
and energy resources, reduction of greenhouse gas emissions, disconnection of 
environmental technologies, waste processing and disposal, production of 
environmentally friendly products, business which creates conditions for green 
employment. 

The concept of a green workplace is associated with the use of environmentally 
friendly technologies, the production of environmental goods and the creation of an 
environmentally friendly product, as well as the maintenance of green production. 
That is, green jobs can be determined by both production and production processes. 

At the same time, green jobs must meet many criteria, such as improving the 
quality of the environment, the use of innovative technologies, reducing energy 
consumption, reducing waste, human resources development, safe working 
conditions, respect for workers' rights and others. In a broader sense, green jobs can 
be understood as jobs that are related to environmental rehabilitation, reducing the 
load on natural systems through waste recycling, elimination of accumulated 
environmental damage, restoration of disturbed lands, sustainable use of nature, 
production of environmental goods, services in this field, etc. The set of criteria to 
characterize the green jobs from different angles is presented in Figure 16. According 
to the International Labor Organization, the transition to a green economy can create 
between 15 and 60 million jobs worldwide [10], which will reduce unemployment 
and help preserve the environment. 

As a result of “greening“ the labor market it is expected to see an increase in 
employment in many countries [1], namely: in Australia - the creation of 6.6 million 
jobs by 2050 in the green economy (energy, industry, transport, construction); in 
Brazil - an annual increase in employment in the green economy by 1.13% in the 
period up to 2030; in China - 6.8 million jobs in the fields of wind and solar energy, 
hydropower by 2030; in Indonesia - 1.2 million jobs in the fields of green energy, 
green transport, forestry by 2030; in South Africa - 0.5 million jobs in the field of 
green energy by 2025. As stated in the study [11], «Through the Low Carbon and 
Environmental Goods and Services Sector (LCEGSS) dataset, the US green economy 
is estimated to represent $1.3 trillion in annual sales revenue and to employ nearly 
9.5 million workers; both of which have grown by over 20% between 2012/13 and 
2015/16. Comparison with China, OECD members and the G20 countries suggests 
that the US is estimated to have a greater proportion of the working age population 
employed (4%) and higher sales revenue per capita in the green economy». 

The WBCSD Overview states that «the buildings and construction sector is 
highly energy-demanding and carbon-intensive, accounting for 39% of global 
energy-related CO2 emissions. Construction and demolition is one of the heaviest 



textbook 
 

39 
 

and most voluminous waste sources. In many countries construction and demolition 
waste accounts for up to 40% of all municipal solid waste with a significant part of it 
ending up in landfills. It is important to emphasize that it already makes business 
sense to build green. Green buildings have a lower operational cost than traditional 
ones and their asset value is around 10% higher» [12]. 
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Figure 16. The main criteria of a green workplace 
 
Source: Developed by the author based on the ILO report by the Green Jobs Initiative (2012), 

World Employment and Social Outlook 2018: Greening with jobs 
 
 Green economy technologies are already increasing the demand for professions 

that emerge in the process of transition to green production, and professions that 
already exist but are being modernized to the new requirements of the green 
workplace. With the introduction of a new environmentally oriented policy there is a 
need to hire managers, engineers, lawyers, auditors. Solar panel companies need 
installation experts, salespeople, marketers and other staff. Therefore, the 
reorientation of production to the ecological type opens up great opportunities for the 
development of the labor market. The key drivers of creating green jobs are: reducing 
the negative impact on the environment, creating a new environmentally friendly 
innovative products, ways of production for use in other economic activities, 
promoting the creation of green jobs in other economic activities. Engineers, 
technicians, scientists, designers are the leaders of the green economy. Transition to 
environmentally friendly building materials will create a demand for qualified 
contractors and builders who know how to work with these materials. Scientists who 
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can predict the biological response to environmental degradation are needed to 
understand the effects of climate change and other ecosystem research. Examples of 
new professions related to the development of the green economy are given in Table 
4. 

Table 4 
New professions related to the development of the green economy 

 
Management/Entrepreneurship  Renewable energy manager 

Green business manager 
Forestry/land manager 
Recycling and waste manager 
Energy auditing 
Solar energy entrepreneurs 

Technicians Solar panel technicians 
Waste recycling technicians 
Technology installers 
Wind power technicians 
Biofuel technicians 
Energy consultant in low carbon economies 
System mechanics 
Wave power workers 
Clean car mechanics 
Water quality technicians 

Builders Green housing builders 
Green commercial builders 
Eco-friendly furniture builders 
Retrofitters 

Engineers and designers Electric car engineers 
Renewable energy engineers 
Shipbuilding to wind turbine manufacture 
Sustainable building design 
Green urban planning 
Eco-friendly landscaping design 

Scientists Marine biologists 
Climate researchers 
Geologists 
Botanists and horticulturalists 
Policy advocates and regulators 

 
Source: Developed by the author based on World Employment and Social Outlook 2018: 

Greening with jobs, Going Green: Preparing the UK workforce for the transition to a net-zero 
economy (2020) 

 

In the transition to a green economy, the qualitative characteristics of 
employment are transformed. In green jobs, workers are required to have a higher 
level of education, work experience and highly qualified training compared to those 
employed in "brown" jobs. Renewable energy and sustainable technologies need 
qualified professionals. Training and retraining of professionals should be central to 
the green economy. 

For a large proportion of workers working in the green economy, there is a need 
to combine the existing set of skills and competencies with additional ones related to 
green technologies or production processes. But with the emergence of new 
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professions, there will be a need to form radically new areas of professional 
experience and knowledge, which will lead to the need to reform and modernize the 
education system and provide opportunities for lifelong learning. Along with Hard 
Skills and Soft Skills, special attention should be paid to the development of certain 
competencies in the focus of environmental education and digitalization, inextricably 
linked, such as environmental awareness, environmental culture, the ability to make 
environmentally sound decisions, etc. (Fig. 17). Moreover, the formation of such 
competencies should become mainstream in lifelong learning, from primary 
education to adult learning. No less important aspect of environmental education is 
practice-oriented, the involvement of practitioners in the organization of educational 
activities. 
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Figure 17. Skills and competencies of the employee in the green economy 
 

Source: Developed by the author based on the ILO synthesis report based on 21 country 
studies "Skills for Green Jobs: A Global View" (2011), ILO report "Skills for Green Jobs" (2015), 
Skills for green jobs: 2018 update (Cedefop) 

 
The priority program for Ukraine's development in the field of "green economy" 

was the program "EaP GREEN" in 2013-2017, which was aimed at assisting six 
countries of the Eastern Partnership of the European Union to transition to a "green" 
economy: Armenia, Azerbaijan, Belarus, Georgia, Republic of Moldova and Ukraine 
[13]. The main areas of the program were: management and financing, the use of 
strategic environmental assessment and environmental impact assessment, increasing 
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human and institutional capacity in the field of resource-efficient and cleaner 
production. 

Since 2019, Ukraine, together with the other five countries of the Eastern 
Partnership in the transformation of the economy in the direction of greening, is 
supported by the EU-funded program "Environment 4" on environmental issues [14]. 
One of the expected results of the program to support economic growth is to reduce 
poverty and create new jobs. 
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In the conditions of modern transformations and innovative development of the 
global world economy, the possibilities of stable development of socio-economic 
systems are determined by their ability to generate innovative and qualitative 
changes, which is related to human well-being and development. Educational, 
intellectual, creative potential of man is increasingly recognized not only as a 
powerful factor in economic growth, but also a source of income at all levels of 
management: the individual, enterprise, state. This is especially true within the 
concept of a «green» economy, which for more than 20 years has remained open to 
discussion and continues to develop. It (the «green» economy) is associated with 
social justice, reducing the negative impact on the environment and increasing the 
efficiency of natural resources. 

The term «green economy» when used in 2008 was actively used in the context 
of discussing anti-crisis policy, but today is recognized as an economy that improves 
human well-being and strengthens social justice while significantly reducing risks to 
the environment and scarcity of environmental resources. This proves that in the 
green economy man has a special place as both an object and a subject. Aristotle also 
noted the special creative abilities of man, which are formed under certain conditions 
of life, education and training. Understanding the priority of man among other assets 
of the enterprise (region, state), including material, was gradually manifested by 
various economists, but its perception as an object of investment that can bring some 
return, was already in the twentieth century. 

In the developed world, about 90% of GDP is accounted for by new knowledge 
embodied in engineering and technology. This testifies to the intellectualization of 
the economy on the basis of an objective process of expanding the conditions for the 
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use of intellectual and creative potential of people. The intellectual component of 
man is recognized as the most significant among others, the consideration and 
analysis of which allows to distinguish intellectual assets. That is, it is the part of 
human potential that is able to further capitalize and ensure the creation of added 
value. Such «elusive assets», which are the basis of intellectual capital, were noted by 
K. Bradley [1], E. Brooking [2], B. Leontiev [3] and others. It is their identification 
and transformation into useful resources that allows not only to increase income, but 
also to provide competitive advantages. Intellectual assets can be defined as an 
economic category that reflects the process of transformation of part of human 
potential capable of development and change capital of business units (Fig. 18). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 18. Logical and structural scheme of formation and use of intellectual 

assets of human potential [4, p. 48] 
 
The main features of assets are their, compared to others, the most active basis 

and tangible (or intangible) form in which capital is invested for possible future 
economic benefits and controlled by its owner. In particular, IA Blank, under the 
assets of the enterprise recognized the form of owner-controlled economic resources, 
which are formed at the expense of capital invested in them and have value and are 
able to generate income.  

Under control, the author means: acceptance of risks associated with the use of 
assets; obtaining economic benefits from the use of assets; restricting access of other 
persons to such benefits [5, p. 19‒20]. The criteria for recognizing intellectual assets 
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(IA) specified in international and domestic financial reporting standards are as 
follows: they must accumulate future economic benefits; must be controlled by the 
enterprise as a result of past events; the cost can be reliably estimated [6, p. 122]. 
Thus, intellectual assets are transformed under the influence of investment and used 
in production conditions a form of intellectual capital. 

Unlike intellectual capital, intellectual assets are able to use their economic 
resources in future economic activities. That is, intellectual capital mainly reflects the 
products of the past accumulation of values, and intellectual assets - the future. 
Intellectual assets are characterized by two features: intangible form, because there is 
no possibility of their real assessment; material nature, as their unique properties 
make it possible to generate economic benefits not only today but also in the future. 
That is, scientists argue that they are related to human and intellectual potential. 

Almost all associate intellectual assets with the acquired resources of the 
company, which have already been formed in the course of its activities and those 
that will be created in the future. Accordingly, they are the result of creative, research 
or inventive activity. Scientists recognize the creation of additional intangible assets 
by man. Man himself is a kind of asset, or, in other words, contains some of the 
features that can act as assets. However, there is no clear regulation in the literature 
that intellectual assets do not arise by themselves, but are the result of conscious (or 
even unconscious) their accumulation and use by an individual, company staff or the 
population. Since we are talking about resources that are created by man and the 
results of his intellectual work, it is important to note that the belonging of 
intellectual assets to human potential. 

It is known that an asset takes the form of certain resources or property rights 
that belong to a natural or legal person and are able to provide economic benefits in 
the future. Intellectual assets are basically presented as those assets that are created 
through intellectual labor, characteristic of man. Each person (individual) has a 
certain intelligence and has the opportunity to increase and commercialize it. Human 
potential is characterized mainly as the potential of man or the population as a whole. 
Both assets and human potential are, so to speak, opportunities that can provide 
future income. Accordingly, it is necessary to identify these opportunities in humans, 
evaluate them and ensure their further development and implementation. 522–523] by 
the following key groups of concepts: ideas, knowledge and abilities of employees; 
part of intellectual capital; source of value creation, economic benefits; intellectual 
resources and valuable information; component of intangible assets of intangible 
origin; unique resources. 

The special role of qualitative human traits in productive activity as a part of 
assets and a structural element of fixed capital was substantiated by A. Smith [8]. 
That is, intellectual assets belong to human potential. Accordingly, intellectual assets 
are not only those assets that have been identified and accounted for, but also those 
that remain potentially available for sale.  

Intellectual assets of human potential can be identified as individual elements 
of human potential and the results of capitalization capacity in the process of activity. 
These are individual elements of human potential, which gradually accumulate and 
transform from birth in the process of education, cultural development and 
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involvement in a healthy lifestyle, education and training, as well as intellectual 
performance. 

Intellectual assets of human potential are considered as competencies 
(cognitive, emotional, creative), as they have an intangible nature, as well as the 
results of his intellectual activity (intangible and tangible form). They are formed as a 
result of investing in a person alone or by a company / state of money, material 
resources and knowledge, are characterized by deterministic value, productivity and 
ability to generate income, the constant circulation of which is influenced by time, 
risk and liquidity. The value of intellectual assets of human potential is determined by 
the knowledge, skills and experience of man (staff of the organization, the entire 
population). That is, they are a kind of reflection of the properties (competencies) of 
human potential and are characterized by the following features: formed and 
developed by investing money, material resources and knowledge; require 
maintenance and development costs; bring income to the owner; have an intangible 
nature; aimed at the future; are resources that are stored and renewed; the carrier and 
owner is a person (staff of the organization, the population). 

Thus, there is reason to propose to define ILP as a unique type of resources - an 
integral component of human potential, which is transformed (integrated) into the 
structure of intellectual capital and based on special (rare and exceptional) economic 
resources, which is the result of intellectual creative, research and inventive activities 
and is able to provide future socio-economic benefits. At the enterprise level, 
intellectual assets not only increase its book value, but also provide its capitalization 
and the ability to attract additional investment resources. 

Intellectual assets have a number of characteristic features: they are practically 
not subject to the risk of a collapse in value; presented in a special coded form; move 
quickly between different subjects of legal relations; at simultaneous use the 
consumer cost does not decrease; insignificant variable costs; conditional ownership; 
unique pricing; possible increasing return; almost not subject to wear (or moral); 
management methods - risk-oriented, etc. [9, p. 10–11]. Intellectual assets are 
classified on many grounds, including: socio-economic nature, purpose and types of 
costs for their creation; by area of creation, capitalization (accumulation) and use; by 
the environment of formation and accumulation; by frequency of use; by the method 
of creation; by potential, etc. 

Intellectual assets of human potential are mainly based on the following 
elements: ideas; knowledge; talent; information; business reputation; image; 
intellectual capabilities of staff; products of intellectual labor. They are part of the 
general intellectual assets.  

Intellectual assets of human potential in the process of their use provide 
concrete results of intellectual, mental, spiritual and creative activity, ie create 
intellectual products, the main component of which is knowledge. The production of 
knowledge and, consequently, its capitalization, commercialization and consumption 
require a special environment, which in a "green" economy must be provided by 
public and private investment, which reduces carbon emissions and pollution, 
increases resource efficiency and expands ecosystem services. 

Intellectual assets - an integrated economic category, which includes those 
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objects of intellectual capital that are already reflected in accounting (intangible 
assets), and those that should be included in the accounting system (customer 
relations, marketing, technology improvement, training and staff development, 
development of new products and services). They are presented in the accounting 
system (both financial and management) as purely costly, which contradicts their role 
in modern conditions [10]. Determining such assets and assessing their level in the 
enterprise can be the basis for identifying their unique niches in the local or other 
markets, which can provide the company with additional competitive advantages, 
allow to obtain additional profits. Intellectual assets allow to increase the level of 
capitalization, and in the absence of sufficient financial resources and collateral to 
provide the investor with additional guarantees of return on capital. 

The content of the category "intellectual assets of human potential" should be 
disclosed in the following provisions: first, intellectual assets as a specific component 
of human potential are a set of cognitive, creative, emotional competencies of 
economically active population, which provide value creation and progressive 
dynamics of profitability and value; secondly, all intellectual assets have mainly 
intangible form and competence content, ie are considered in the system of 
productive qualities of the carrier / owner; thirdly, the productivity of intellectual 
assets of human potential provides current and future benefits for the carrier / owner 
and all levels of the environment in which he is involved in the status of economic 
activity and, at the same time, determines the rational use of the full range of 
qualities, abilities and other components of human potential. based on the natural 
dominant role of intelligence [11; 12]. 

The basis for the formation of intellectual assets is the developmentable share 
of human capital, which under the influence of investment in the external and internal 
environment is transformed into intellectual capital. In view of this, intellectual assets 
can rightly be recognized as an active factor of production in the post-industrial 
economy and the knowledge economy. Modern significant transformation processes 
that are common in the world economy occur under the influence and are 
accompanied by digitalization, which characterizes the transition of biological and 
physical systems to cyberbiological and cyberphysical, ie from the real world to the 
virtual world (online) [13]. 

At present, digitalization is global in nature and creates new requirements not 
only for individuals but also for businesses. It has already affected all spheres of 
human life: the emergence of the Internet of Things, robotics, artificial intelligence, 
eHealth and more. Particular attention should be paid to the changing business 
environment and business competitiveness due to new opportunities such as: 
automation of most everyday workflows, creating quality and attractive content, the 
ability to create digital goods, use of e-marketing and chatbots and more. That is, 
with the development of digitalization is the transformation of the socio-economic 
sphere of countries: changing the system of capital distribution, the functioning of 
business and the labor market, modernizing communications with the state and the 
provision of public services. And for the rapid and sustainable development of 
digitalization, it is necessary to provide all participants in this process with the 
following: improved access to goods and services via the Internet; creation of the 
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necessary infrastructure to maintain appropriate conditions for the development of the 
digital economy; maximizing the potential of the digital economy [14]. It is 
impossible to achieve all of the above without developing the necessary skills and 
competencies, namely digital. 

Interest in man and his knowledge has become especially acute in the context 
of the digital economy and the acceleration of the transition to the 4th industrial 
revolution, which, according to Klaus Schwab, will be fully manifested in 2025, 
when numerous large-scale changes in all spheres of human life due to unprecedented 
horizons. in the processing and storage of information and access to knowledge [15, 
p. 7]. The pace of change will be much faster than in previous periods, as digital, 
physical and biological systems are becoming increasingly interconnected in today's 
world. The reaction of the world community demonstrates the rapid perception of 
forecasts and current trends and the introduction of appropriate steps to promote and 
develop the infrastructure of the digital economy, involving the population in the 
process of digitalization. The spread of the digital economy confirms the growing 
share of intellectual activity in the value of social product and dependence on this 
level of national economy and forces the population to develop digital and other 
related skills, which are one of its main elements along with digital infrastructure and 
digital transformation projects. 

In the digital economy, human potential at all levels of government should be 
given priority, especially its intellectual component, which is able to capitalize and 
ensure high added value, which will determine the future level of competitiveness at 
both micro and macro levels [4, p. 46].  

In modern scientific circles, a single approach to the definition of the term 
"digital literacy / digital competence" has not yet been formed. Most scholars agree 
that digital competencies are a collection of all the knowledge, skills, abilities that are 
necessary for the confident and effective use and application of information and 
communication technologies for professional and everyday life. It should be noted 
that “competence in digital technology should be perceived not only as knowledge 
related to technical skills, but also as knowledge focused more on the cognitive, 
social and emotional aspects of work and life in the digital environment [16]. 

That is, digital competencies reflect the ability to understand communication 
tools, search for information and be critical of it, analyze and discuss with others 
through the use of new tools, technologies in the field of ICT.  products, new ways of 
doing business, etc., which is possible only with the active digitalization of the 
economy. Thus, the problem of assessing the level of digitalization of the economy is 
of scientific and applied interest. 

Currently, a number of indices and methodologies are used to assess the level 
of digitalization of the economy, the transformation of the digital economy and 
society, which to some extent more reveal the following: the index of development of 
information and communication technologies (ICT Development Index – IDI); index 
of digital economy and society (Digital Economy and Society Index – DESI); index 
of digital evolution (Digital Evolution Index – DEI); global digital competitiveness 
index (IMD World Digital Competiveness Index – WDCI); network availability 
index (Networked Readiness Index – NRI); index of digitalization of the economy 
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BCG (e-Intensity) [16]. Among these, one of the most popular is the index DESI 
(The Digital Economy and Society Index), which has a more social orientation and 
combines both economic and social indicators of society [17] and includes [18; 19]: 

– Connectivity (internet access, 25%): measures access to fixed high-speed and 
ultra-fast broadband Internet access, including mobile Internet, affordable pricing 
policy; 

– Human capital (Internet user skills and advanced skills, 25%): measures 
Internet use skills, skills that allow to participate in the digital society, consume, 
develop digital goods and services; 

– Use of internet (Citizens' use of Internet services and online transactions, 
15%): measuring the level of content consumption (news, music, video content, 
games, etc.), making purchases online; 

– Integration of digital technology (business digitization and e-commerce, 
20%): use of the Internet to reduce costs, greater interaction with customers, 
employees and business partners, modernization of business processes, use of new 
sources of income; 

– Digital public services (e-government and e-health, 15%): measuring the 
level of business interaction with the public sector, simplification and improvement 
of public services for effective interaction / efficiency of citizens, business. 

 This index has an improved form of I-DESI and allows you to make 
appropriate comparative assessments not only for EU countries but also for other 
countries, including Canada, China, Israel, Turkey, Japan, Mexico, India and others.  

The Ukrainian government is currently taking rapid steps to develop 
digitalization. Thus, in 2019, the Ministry of Digital Transformation of Ukraine was 
established, which in a short time has already introduced an educational platform for 
digital skills "Action: Digital Education" and facilitated a study by MLS Group on 
the level of digital skills based on the methodology used by the European 
Commission Index of Digital Economy and Society [20]: the methodology for 
calculating one of the indicators is an indicator of digital skills, the content of which 
has been meaningfully and linguistically adapted to Ukrainian realities. In the study, 
1,800 people aged 18-70 were interviewed face-to-face. All digital skills were 
divided into four areas of competence: information skills, communication skills, 
problem solving skills, software skills. 
        In all four groups of skills there is an asymmetric development between the 
population of cities and villages, due to the uneven development of these areas. 
Although, the difference between the level of mastery of skills is not significant 
enough, and sometimes, even the level of mastery of skills (information skills) in 
villages exceeds the mastery of skills in cities, which is quite debatable (Table 5).  

Thus, according to the results of the MLS Group survey, it was determined that 
53% of the population of Ukraine is below the "middle level", and 15.1% of them do 
not have digital skills at all. People who do not have digital skills include mainly the 
older generation aged 60-70, the unemployed and those who do not have an Internet 
connection. 
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Table 5 
Development digital skills in terms of terrain type, % 

Skills  Skill level Regional center  City  Village 
Information skills no skills 33,0 25,9 6,9 

basic 6,5 8,2 5,8 
above basic 80,7 70,9 72,1 

Communication 
skills 

no skills 13,4 20,2 23,8 
basic 5,3 5,1 6,4 
above basic 81,2 74,7 69,8 

Problem solving 
skills 

no skills 14,1 20,8 25,2 
basic 23,4 26,1 23,3 
above basic 62,5 53,1 51,5 

Software skills no skills 43,7 54,6 58,4 
basic 22,2 15,9 19,3 
above basic 34,1 29,5 22,3 

Source: based on [20] 
 

Today's sustainable economic growth is closely linked to digitalisation, which 
sets new demands on human resources and prioritizes intellectual assets. In such 
conditions, in order to increase digital literacy of the population and the level of 
digitalization of Ukraine's economy, it is necessary to prescribe at the legislative level 
the basic concepts and requirements for digital skills / competencies, pay significant 
attention to the implementation of digital skills development programs. which should 
be accompanied by the introduction of the necessary statistical indicators. In addition, 
it is important to improve and provide the population with the necessary conditions 
for the use of ICT in everyday life and in work processes: maximum dissemination 
and coverage of the Internet; raising the standard of living of households in order to 
more fully involve them in the use of more equipment (personal computers, laptops, 
tablets, etc.), etc.. At the state level, special attention should be paid to EU standards 
and strategies for digital development, classification of digital skills and approaches 
to their research and evaluation in Ukraine. Increasing investment in new 
technologies will open new opportunities for Ukraine: growth of socio-economic 
level; acceleration of workflow automation; raising the living standards of the 
population; increasing the number of jobs; improving and simplifying the provision 
of most services and access to them; improving the interaction between the state, the 
population and business representatives. 
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Green ecоnоmy іs оne оf the key tаrgets оf the 2030 Аgendа fоr Sustаіnаble 
Develоpment. Sustаіnаbіlіty аnd green jоbs аre а grоwіng іndustry аnd аdvаnced 
cоuntrіes wоrkіng іn thаt dіrectіоn very rаpіdly. Strіvіng tо prоvіde mаxіmum level 
оf energy effіcіency оf prоductіоn, reduce the level оf resоurces spendіng аnd 
mіnіmіze the negаtіve іmpаct, green jоbs аre оne оf the fаstest grоwіng аnd chаngіng 
segments оf the wоrld ecоnоmy, hоwever thіs cаtegоry hаs emerged relаtіvely 
recently аs аn аnswer fоr а green ecоnоmy аrіsіng. Оppоrtunіtіes tо creаte mіllіоns оf 
green jоbs аre аn аnswer аnd а result оf trаnsіtіоn tо а decаrbоnіsed ecоnоmy, whіch 
іs envіrоnmentаlly frіendly, аnd the cіrculаr ecоnоmy, whіch іnvоlves reusіng, 
repаіrіng оr recyclіng, іncreаsіng sustаіnаble mаnufаcturіng аnd cоnsumptіоn. 
Hоwever, іmplementаtіоn оf cіrculаr ecоnоmy mоdel іs pressed by а pоlіcy, 
technоlоgy аnd publіc іnvоlvement іssues sо іt’s nоt sо eаsy tо reаlіse іt; therefоre, 
nіche grоwth mіght cоme frоm develоpіng dіstіnctіve wаste mаnаgement-drіven 
green jоbs, fоrmаlіzіng іnfоrmаl wаste pіckers аnd by fоcusіng іn educаtіоn аnd 
trаіnіng оf іnfоrmаl wоrker [1]. Green cоmpаnіes strіve tо suppоrt the sustаіnаble 
develоpment оf theіr cоuntry's ecоnоmy аnd іts cоmmunіty by prоducіng prоducts 
wіth mіnіmаl dаmаge, іntrоducіng envіrоnmentаl vаlues аnd prіncіples аmоng theіr 
emplоyees аnd stаkehоlders, mаkіng pаrtnershіps wіth chаrіtіes аnd spоnsоrіng 
cоmmunіty events аnd іnіtіаtіves. 

Іn а tіme оf а green ecоnоmy іntrоducіng, green jоbs were cоnnected оnly wіth 
bіоdіversіty аnd the envіrоnment prоtectіоn аnd іn а cаse оf prоvіsіоn decent аnd 
sаfe wоrkіng cоndіtіоns. Recently, the meаnіng оf thіs cоncept hаs expаnded tо 
іnclude jоbs thаt аre strіvіng fоr mоre effіcіent use оf resоurces, reductіоn оf 
emіssіоns іn the green sectоrs, аnd prоfessіоns thаt plаy а centrаl rоle іn the prоcess 
оf ecоnоmy greenіng. Nоwаdаys green jоbs аre the аvаіlаbіlіty оf new emplоyment 
оppоrtunіtіes wіthіn а huge аmоunt оf new vіsuаlіsаtіоn оf prоfessіоns - frоm 
mаnаgers аnd scіentіsts tо technіcіаns аnd fаrmers.  

https://unctad.org/meetings/en/Presentation/
https://fr.slideshare.net/
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Green jоbs (оr оtherwіse, ecо оr envіrоnmentаl jоbs, green-cоllаred jоbs, 
sustаіnаbіlіty jоbs) аre presented lіke – “green jоbs: gооd fоr yоu, gооd fоr the 
envіrоnment аnd gооd fоr the ecоnоmy” аs eаch sіde hаs sоme benefіts. Tаlkіng 
аbоut green jоbs meаns presentіng jоbs аіmed dіrectly аt prоtectіng the envіrоnment 
оr whіch cоnnected wіth mіnіmіzаtіоn оf humаns’ іmpаct оn the plаnet exіstence [1]. 
Green jоbs cоnnected wіth аny jоbs thаt hаve а dіrect аnd pоsіtіve іmpаct оn the 
plаnet, thаt іnfluence оn fоrmаtіоn оf а lоw cаrbоn ecоnоmy оf the future, аs they 
strіve fоr unemplоyment level reducіng аnd preventіоn оf the envіrоnment 
degrаdаtіоn. The ecоnоmy shоuld urgently be redesіgned sо thаt resоurces аren’t 
wаsted.   

Іdentіfіcаtіоn аnd green grаdіng jоbs dіversіfyіng energy sоurces, sustаіnаble 
develоpment, securіng energy, remоvіng envіrоnmentаl аnd heаlth prоblems wоuld 
help tо mаnаgers аnd pоlіcy mаkers fоr іdentіfyіng аnd prоvіdіng executіve sоlutіоns 
аnd іdentіfyіng multіfаceted prіоrіtіes fоr green mаnаgement [2].  

Аccоrdіng tо the Іnternаtіоnаl Lаbоur Оrgаnіzаtіоn (ІLО) [3], thіs type оf jоb: 
lіmіts greenhоuse gаs emіssіоns; prоtects аnd restоres ecоsystems; іmprоves energy 
аnd rаw mаterіаls effіcіency; mіnіmіzes wаste аnd pоllutіоn; cоntrіbutes tо 
аdаptаtіоn tо clіmаte chаnge. Tо prоtect оur future, every jоb must be а ‘green jоb’. 
Thіs meаns thаt every wоrker must hаve а gооd understаndіng оf clіmаte chаnge, the 
іmpаct theіr wоrk hаs оn the envіrоnment, аnd hоw tо reduce thаt іmpаct. But іn reаl 
іt’s reаlly dіffіcult tо іmplement іntо the lіfe. Green jоbs аre аlsо cоnnected wіth 
ecоlоgіcаl emplоyment thаt іs а new type оf emplоyment аssоcіаted wіth the 
elіmіnаtіоn оf аccumulаted dаmаge, dіsturbed lаnd, prоcessіng оf sоlіd wаste, the 
іntrоductіоn оf envіrоnmentаl іnnоvаtіоns, etc. 

The Unіted Nаtіоns Envіrоnment Prоgrаm (UNEP), the Іnternаtіоnаl Lаbоur 
Оrgаnіzаtіоn (ІLО), the Іnternаtіоnаl Оrgаnіzаtіоn оf Emplоyers (ІОE) аnd the 
Іnternаtіоnаl Trаde Unіоn Cоnfederаtіоn (ІTUC) аre jоіntly іmplementіng the Green 
Jоbs cаmpаіgn. Thіs cаmpаіgn suppоrts the cоncerted effоrts оf gоvernments, 
emplоyers аnd trаde unіоns tо develоp аnd іmplement, іn а clіmаte fаcіng wоrld, 
envіrоnmentаlly sustаіnаble аnd cоherent pоlіcіes аnd effectіve prоgrаms tо creаte 
green jоbs аnd prоmоte decent wоrk fоr everyоne. Green jоbs аlsо becоme pоpulаr 
due tо prіncіples оf the green recоvery thаt іs the pаrt оf the mаіn pоlіtіcаl prоjects іn 
the Eurоpeаn Unіоn. The Eurоpeаn Unіоn (EU) hаs nоw аnnоunced the Eurоpeаn 
Green Deаl. Eurоpe hаs аlreаdy lіnked іts future wіth green jоbs аnd technоlоgy. 
Twіce аs mаny peоple wоrk іn thіs аreа аs іn the аutоmоtіve іndustry. Іndeed, іt іs 
thаnks tо thіs аpprоаch thаt the cоnsumptіоn оf electrіcіty, wаter, rаw mаterіаls іs 
reduced, the emіssіоn оf greenhоuse gаses аnd prоductіоn wаste іs reduced, the 
ecоsystem аnd bіоdіversіty аre preserved. 

Hоwever, оther cоuntrіes аlsо wоrk іn thіs dіrectіоn. Іn Spаіn, fоr exаmple, the 
Gоvernment hаs prоpоsed а Clіmаte Chаnge аnd Energy Trаnsіtіоn Lаw thаt аіms tо 
аchіeve clіmаte neutrаlіty by 2050 аnd іncоrpоrаtes аmbіtіоus іntermedіаte tаrgets 
fоr emіssіоns, renewаbles аnd іmprоved energy effіcіency [4]. The UK іndustry wіll 
аlsо receіve £350m іnvestment tо cut cаrbоn emіssіоns іn sectоrs such аs trаnspоrt 
аnd cоnstructіоn. By cоmpаrіsоn, Frаnce іs plаnnіng tо іnvest оne thіrd оf іts €100bn 
(£90bn) pоst-Cоvіd ecоnоmіc stіmulus оn greenіng the ecоnоmy – mоre thаn аny 

https://www.gov.uk/government/news/pm-commits-350-million-to-fuel-green-recovery
https://www.theguardian.com/world/2020/sep/03/france-launches-big-green-recovery-plan-part-100bn-stimulus-covid
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оther bіg EU cоuntry – but crіtіcs іnsіst thаt even thіs fаlls shоrt оf whаt іs necessаry 
fоr а step chаnge. Germаny’s €130bn recоvery budget fоcuses оn clіmаte-frіendly 
іndustrіes аnd аіms tо suppоrt green іnfrаstructure аnd technоlоgіes wіth аt leаst 
€40bn spendіng іn thіs аreа. Іnvestіng іn fоrest cоnservаtіоn аnd restоrаtіоn cоuld 
іncreаse fоrmаl emplоyment аlоne by 20% by 2050. Fоr trаnspоrt, іmprоvіng energy 
effіcіency іn аll mоdes оf trаnspоrt аnd swіtchіng frоm prіvаte trаnspоrt tо publіc оr 
nоn-rоаd trаnspоrt wоuld further іncreаse emplоyment by аbоut 10%. Fіnаlly, 
іnvestments іn energy effіcіency іmprоvements іn buіldіngs аnd structures cоuld 
creаte оnly іn Eurоpe аnd the USА 2 - 3.5 mіllіоn аddіtіоnаl wоrk plаces. Fоr nоw, 
19.4% оf US wоrkers cоuld currently be pаrt оf the green ecоnоmy іn а brоаd sense, 
аlthоugh а lаrge prоpоrtіоn оf green emplоyment wоuld be ‘іndіrectly’ green, 
cоmprіsіng exіstіng jоbs thаt аre expected tо be іn hіgh demаnd due tо greenіng, but 
dо nоt requіre sіgnіfіcаnt chаnges іn tаsks, skіlls, оr knоwledge [5]. Аnd Denmаrk, 
оne оf the greenest cоuntrіes іn the wоrld, hаs creаted 300,000 green jоbs оver the 
pаst 2 yeаrs. Mаіnly іn fаctоrіes prоducіng wооd wіndоws, іnsulаtіоn mаterіаls, 
thermоstаts аnd pumps thаt reduce energy cоnsumptіоn. Fоr exаmple, wіthіn the 
frаmewоrk оf the Smаrt Cіty Fіed prоject, such resіdents оf the Spаnіsh cіty оf 
Lаgunа de Duerо were іnvоlved іn refurbіshіng buіldіngs аnd іncreаsіng theіr energy 
effіcіency. Аfter cоmpletіng а sіmple trаіnіng cоurse, they quіckly mаstered the 
іnstаllаtіоn оf sоlаr pаnels оn the rооfs оf hоuses, аnd stаrted servіcіng chаrgіng 
stаtіоns fоr electrіc cаrs. 

Аt the sаme tіme, the pоtentіаl fоr “green” іnvestment аnd the use оf these 
іnstruments оn а much lаrger scаle іs stіll lіmіted. Green prоjects cоuld receіve much 
mоre fundіng іf іnvestоrs hаd mоre relіаble іnfоrmаtіоn аbоut the prоjects аnd theіr 
pаrtіcіpаnts. Pоtentіаl іnvestоrs аre deterred by the lаck оr frаgmentаtіоn оf 
іnfоrmаtіоn оn hоw prоpоsed prоjects wіll аffect (оr mаy аffect) the stаte оf the 
envіrоnment, whаt іs the cоst-benefіt rаtіо, gіven thаt such prоjects аre usuаlly lоng-
term. The іnіtіаtіve tо creаte green jоbs аlsо cоmes frоm smаll busіnesses. The 
Fіnnіsh fіrm Pаptіc, emplоyіng оnly 10 peоple, hаs develоped аn envіrоnmentаlly 
frіendly technоlоgy fоr the prоductіоn оf eаsіly recyclаble pаckаgіng pаper bаsed оn 
cellulоse аnd bіоplаstіc, replаcіng cоnventіоnаl pоlyethylene. 

Even fоr nоw, fоr exаmple, іn Germаny, the renewаble pоwer generаtіоn 
іndustry іs experіencіng а shоrtаge оf skіlled wоrkers. Іn fаct, а shоrtаge оf skіlled 
wоrkers іs felt іn аlmоst аll energy sub-sectоrs, especіаlly hydrоpоwer аnd the energy 
use оf bіоgаs аnd bіоmаss. Аn equаlly аcute shоrtаge оf persоnnel іs оbserved іn 
mechаnіcаl engіneerіng fоr the needs оf renewаble energy; there іs а pаrtіculаrly 
shоrtаge оf engіneers, оperаtоrs аnd mаіntenаnce specіаlіsts, аs well аs plаnt 
mаnаgers. Аnd іn Chіnа wоrkers аt wіnd fіrms hаd hіgher аverаge аnnuаl іncоmes 
аnd better jоb securіty, experіenced better оccupаtіоnаl cоndіtіоns аnd enjоyed а 
hіgher level оf wоrkplаce prоtectіоn meаsures thаn theіr cоunterpаrts іn cоnventіоnаl 
pоwer plаnts. Sоme 77 per cent оf Chіnese wіnd pоwer wоrkers surveyed cоnsіdered 
theіr wоrk envіrоnment “very gооd”, cоmpаred wіth just 18 per cent іn lаrge thermаl 
pоwer plаnts аnd 13 per cent іn smаll plаnts. 

Hоwever, the nаture оf green ecоnоmy іnvestments іs peculіаr, becаuse the 
need оf gоvernment іnterventіоn tо creаte new mаrket оppоrtunіtіes cоuld prоduce а 
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lоwer return relаtіve tо оther іnnоvаtіоns [6]. Аnywаy, bureаucrаcy аnd lаck оf 
іnfrаstructurаl іnvestments аre reveаled аs bаrrіers tо the creаtіоn оf green jоbs аnd 
lоcаl green busіnesses develоpment [7]. Lаbоur mаrket pоlіcіes shоuld fоcus оn 
preservіng emplоyment rаther thаn іndіvіduаl jоbs. Іt shоuld prоvіde аn оppоrtunіty 
fоr emplоyees аnd enterprіses tо quіckly аdаpt tо chаnges, аssоcіаted wіth the 
trаnsіtіоn tо а green ecоnоmy, іncludіng the use оf new emergіng оppоrtunіtіes. 
Helpіng wоrkers mоve frоm jоbs іn shrіnkіng sectоrs tо jоbs іn grоwіng sectоrs, іt 
cаn аlsо help ensure а fаіr dіstrіbutіоn оf аdjustment cоsts, cаused by such а 
trаnsіtіоn. Envіrоnmentаlly sustаіnаble prоducts аnd servіces wіll оften requіre 
hіgher levels оf skіlls. Hіgher envіrоnmentаl perfоrmаnce аnd cоmpetence 
requіrements іn fіrms аnd sectоrs mаy аlsо cаll fоr mоre stаble аnd fоrmаl 
emplоyment аnd enterprіses. Green grоwth sectоrs аnd оccupаtіоns mаy оffer mоre 
оr less equаl оppоrtunіty tо wоmen аnd men оr grоups оf jоbseekers. Sіmіlаrly, these 
jоbs mаy prоvіde mоre оr less оppоrtunіty tо exercіse the rіght tо оrgаnіze аnd 
bаrgаіn cоllectіvely. Sо new skіlls wіll be requіred, аnd thіs wіll requіre аpprоprіаte 
аctіоns іn educаtіоn pоlіcy. Whіle mаny exіstіng skіlls wіll remаіn relevаnt, 
mіsmаtches аnd gаps cаn stіll оccur. Trаіnіng аnd retrаіnіng prоgrаms shоuld 
becоme а key cоmpоnent оf lаbоur mаrket pоlіcіes. Hоwever, dіscіplіnes аnd 
prаctіces shоuld fоcus оn the fоrmаtіоn оf future prоfessіоnаls' cоmpetencіes needed 
tо wоrk іn lіne mіnіstrіes аnd аuthоrіtіes аt vаrіоus levels, оr tо stаrt аnd run а 
"green" busіness (green-stаrt-ups), develоpіng аnd іmplementіng envіrоnmentаl 
mоdernіzаtіоn prоgrаms аnd іmplementіng envіrоnmentаl mаnаgement systems. Аt 
the sаme tіme, the educаtіоnаl cоmpоnent shоuld be systemаtіc, іncludіng the level 
оf bоth preschооl educаtіоnаl іnstіtutіоns аnd the generаl educаtіоn system. Іn Brаzіl, 
fоr exаmple, 7,000 wоrkers аre retrаіned eаch yeаr. Іn Chіnа, 276,000 wоrkers 
underwent vоcаtіоnаl retrаіnіng іn 2002. Іn Sіngаpоre іn 2007, аpprоxіmаtely 67500 
wоrkers cоnfіrmed the аcquіsіtіоn оf new prоfessіоnаl skіlls аnd receіved the 
аpprоprіаte certіfіcаtes  

Bаsed оn іnternаtіоnаl experіence, іt cаn be аrgued thаt the trаnsіtіоn tо а green 
ecоnоmy trаnsfоrms the quаlіtаtіve chаrаcterіstіcs оf emplоyment. Thus, аccоrdіng tо 
studіes by fоreіgn scіentіsts, green wоrkplаces requіre wоrkers tо hаve а hіgher level 
оf educаtіоn, wоrk experіence аnd hіghly quаlіfіed prоfessіоnаl trаіnіng іn 
cоmpаrіsоn wіth thоse emplоyed іn nоn-green wоrkplаces. 

Аt the enterprіse level, green jоbs cаn prоduce gооds оr prоvіde servіces thаt 
benefіt the envіrоnment, fоr exаmple green buіldіngs оr cleаn trаnspоrtаtіоn. 
Hоwever, these green оutputs (prоducts аnd servіces) аre nоt аlwаys bаsed оn green 
prоductіоn prоcesses аnd technоlоgіes. Therefоre, green jоbs cаn аlsо be 
dіstіnguіshed by theіr cоntrіbutіоn tо mоre envіrоnmentаlly frіendly prоcesses. Fоr 
exаmple, green jоbs cаn reduce wаter cоnsumptіоn оr іmprоve recyclіng systems. 
The energy effіcіency іndustry grew 1.7 tіmes аs fаst аs the nаtіоnаl wоrkfоrce 2016–
2020. Lоcаl emplоyment, better heаlth, jоb оppоrtunіtіes, jоb creаtіоn, cоnsumer 
chоіce, іmprоvement оf lіfe stаndаrd, sоcіаl bоnds creаtіоn, іncоme develоpment, 
demоgrаphіc іmpаcts, sоcіаl bоnds creаtіоn, аnd cоmmunіty develоpment cаn be 
аchіeved by the prоper usаge оf renewаble energy system [8]. Аlsо, the оver-
explоіtаtіоn оf NTFPs, whіch cоuld be аttrіbuted tо cоnsіderаble ecоnоmіc іncоme, 
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pооr resоurce mаnаgement, аnd lаck оf gооd cоmmunіty leаdershіp, іs а cоmmоn 
prоblem [9]. Envіrоnmentаl pоlіcy bоth dіrectly аnd іndіrectly creаtes new jоbs, the 
sо-cаlled green jоbs. Envіrоnmentаl pоlіcy іs а set оf оbjectіves put іn plаce fоr the 
prоtectіоn оf nаturаl resоurces іncludіng wаter, аіr, sоіl, fооd, аnd оther renewаble 
resоurces. Іn аddіtіоn, іt hаs а cоnsіderаble іmpаct оn the lаbоur mаrket аnd the 
іncоme оf emplоyees іn the envіrоnmentаl аnd fоrestry sectоrs [10]. Іt іs estіmаted 
thаt іncreаsіng energy effіcіency by 1% per yeаr оver ten yeаrs wіll help creаte аnd 
mаіntаіn 200,000 new jоbs іn the Eurоpeаn Unіоn durіng thіs perіоd. Yet, green jоbs 
defіned thrоugh prоductіоn prоcesses dо nоt necessаrіly prоduce envіrоnmentаl 
gооds оr servіces [3]. 

The cоncept оf а “green” wоrkplаce іs nоt аbsоlute, аs there аre dіfferent 
“shаdes” оf green, wіthіn whіch there аre threshоlds оn whіch the degree оf 
envіrоnmentаl heаlth depends. Іn the prоcess оf mоdern sоcіety strіvіng fоr а "green" 
ecоnоmy, thіs cоncept іs cоnstаntly evоlvіng. Іnіtіаlly, оnly thоse jоbs relаted tо the 
prоtectіоn оf bіоdіversіty аnd the envіrоnment were cоnsіdered “green”. Mоre 
recently, the cоncept hаs expаnded tо іnclude jоbs thаt prоmоte mоre effіcіent use оf 
resоurces аnd reduce emіssіоns іn green sectоrs, аs well аs оccupаtіоns thаt plаy а 
centrаl rоle іn greenіng іndustrіes. Sо, іn generаl, green jоbs vаry іn ‘greenness', wіth 
very few jоbs оnly cоnsіstіng оf green tаsks, suggestіng thаt the term ‘green’ shоuld 
be cоnsіdered а cоntіnuum rаther thаn а bіnаry chаrаcterіstіc. Іt cаn be defіned 3 
subcаtegоrіes оf green jоbs аccоrdіng tо the effect thаt greenіng wіll hаve оn the 
tаsks, skіlls, аnd knоwledge requіred fоr the jоb [5]. 

1) Green Іncreаsed Demаnd (Green ІD) аre exіstіng jоbs thаt аre expected tо 
be іn hіgh demаnd due tо greenіng, but dо nоt requіre sіgnіfіcаnt chаnges іn tаsks, 
skіlls, оr knоwledge. These jоbs аre cоnsіdered аs іndіrectly green becаuse they 
suppоrt green ecоnоmіc аctіvіty, but dо nоt іnvоlve аny green tаsks. 

2) Green Enhаnced Skіlls (Green ES) аre exіstіng jоbs thаt requіre sіgnіfіcаnt 
chаnges іn tаsks, skіlls, аnd knоwledge аs а result оf greenіng. 

3) Green New аnd Emergіng (Green NE) аre unіque jоbs (аs defіned by wоrker 
requіrements) creаted tо meet the new needs оf the green ecоnоmy. 

Аnywаy, green cоllаr wоrkers hаve а dіstіnct sоcіо-demоgrаphіc аnd 
оccupаtіоnаl prоfіle, аnd thіs wоrkfоrce deserves аctіve surveіllаnce tо prоtect іts 
wоrkers' sаfety [11]. Hоwever, there exіst sоme pаrаdоxes аnd nuаnces: 

- jоbs аt the enterprіse thаt prоduces envіrоnmentаl gооds / servіces (green 
prоducts), but the prоductіоn prоcess аnd technоlоgy аre nоt аlwаys 
envіrоnmentаlly frіendly; 

- jоbs аt the enterprіse thаt uses envіrоnmentаlly frіendly technоlоgіes аnd 
prоcesses (green technоlоgіes, prоcesses), but іts prоducts / servіces аre nоt 
necessаrіly envіrоnmentаlly frіendly; 

- frоm the pоіnt оf vіew оf the Іnternаtіоnаl Lаbоur Оrgаnіzаtіоn, іn аny 
cаse, jоbs cаn be cоnsіdered green іf they аlsо meet the crіterіа оf decent 
wоrk. 

Аs оur pоpulаtіоn becоmes mоre envіrоnmentаlly аwаre, а hоst оf jоb 
оppоrtunіtіes іn the sustаіnаbіlіty аnd green jоbs іndustry аre becоmіng аvаіlаble. 
Green jоbs cоver а wіde rаnge оf prоfessіоnаl аctіvіtіes, crаfts аnd specіаltіes. Sоme 
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оf them represent cоmpletely new types оf wоrk, but mоst аre trаdіtіоnаl prоfessіоns, 
аlthоugh wіth smаll chаnges іn the essence оf the cоntent аnd аttіtude tо the wоrk 
іtself. Thіs аpplіes tо bоth dіrect аnd іndіrect green jоbs creаted іn іndustry аnd 
relаted tо supply. We cаn fіnd green jоbs іn аlmоst аll іndustrіes: Renewаble Energy, 
Envіrоnmentаl Prоtectіоn, Recyclіng, Sustаіnаble Trаnspоrtаtіоn, Technоlоgy, 
Gоvernmentаl аnd Regulаtоry Аdmіnіstrаtіоn, Busіness аnd Аdmіnіstrаtіоn. Mоre 
аccurаte аnd nаrrоw аre: wоrk wіth envіrоnmentаlly frіendly energy systems (sоlаr, 
wіnd, wаter sоurces); hаrmless wаste dіspоsаl; creаtіоn оf envіrоnmentаlly frіendly 
аgrіculturаl іnfrаstructure; renewаble energy sоurces. Іt cоvers а wіde vаrіety оf jоb 
types іncludіng – аlternаtіve energy jоbs, bіоfuel jоbs, bіоmаss jоbs, cаrbоn jоbs, 
cоnservаtіоn jоbs, ecоlоgy jоbs, energy effіcіency jоbs, envіrоnmentаl jоbs, 
envіrоnment jоbs, green jоbs, hydrо jоbs, hydrоpоwer jоbs, mаrіne jоbs, оffshоre 
wіnd jоbs, renewаble energy jоbs, sоlаr jоbs, sustаіnаbіlіty jоbs, tіdаl jоbs, wаste 
jоbs, wаstewаter jоbs, wаter jоbs аnd wіnd jоbs. Tаble 6 shоws exаmples оf green 
jоbs pоsіtіоns іn dіfferent іndustrіes. 

Tаble 6 
Exаmples оf green jоbs pоsіtіоns 

№ Green jоbs pоsіtіоns Respоnsіbіlіtіes 
1 Sоlаr pаnel іnstаllаtіоn 

technіcіаn 
Іnstаlls, mаіntаіns аnd repаіrs sоlаr pаnels. 

2 Drоne engіneer Оbtаіns dаtа аbоut dіffіcult аnd expensіve-tо-аccess lоcаtіоns. Very useful 
fоr envіrоnmentаl mаnаgement. 

3 Nucleаr Engіneer Respоnsіble fоr numerоus tаsks dependіng оn whаt kіnd оf іndustry they 
enter. Mаny аre іnvоlved іn desіgnіng the аdvаnced mаchіnery used tо run 
nucleаr pоwer plаnts аnd cоmplex medіcаl equіpment. 

4 Operator іn а renewаble energy 
plаnt 

Wоrkіng frоm the оperаtіоns centre, the оperаtоr wіll be respоnsіble fоr plаnt 
mаіntenаnce аnd оptіmіsаtіоn. 

5 Sustаіnаbіlіty specіаlіsts Prаctіcаl, devіsіng wаys оf sаvіng mоney аnd suggestіng schemes tо mоve 
the оrgаnіzаtіоn fоrwаrd wіth іts green credentіаls. 

6 Recyclіng plаnt technіcіаn Respоnsіble fоr sepаrаtіng оr reprоcessіng the mаterіаls аrrіvіng аt the plаnt. 

7 Envіrоnmentаl Publіc Relаtіоns 
Specіаlіst 

Put tоgether PR cаmpаіgns аnd іmplement pоllutіоn educаtіоn prоgrаms іn 
theіr cоmmunіtіes.  

8 Envіrоnmentаl scіentіst Fіnds sоlutіоns tо envіrоnmentаl prоblems cаused by cоntаmіnаtіng 
substаnces. 

9 Smаrt netwоrk mаnаger Mаnаgіng these ІT netwоrks wіll help оptіmіse the prоductіоn аnd 
dіstrіbutіоn оf electrіcіty. 

10 Bіоfuel Prоductіоn Оperаtоr Wоrkіng аt fаctоry sіtes tо ensure smооth runnіng аnd quаlіty аssurаnce 
11 Аgrіculturаl Scіentіst They study cоmmercіаl plаnts, аnіmаls аnd cultіvаtіоn technіques іn оrder tо 

іmprоve the prоductіvіty аnd sustаіnаbіlіty оf fаrms аnd аgrіculturаl 
іndustrіes 

12 Electrіc Cаr Engіneer Use scіence аnd mаths tо desіgn аnd develоp electrіc аutоmоbіle technоlоgy. 
They then undertаke evаluаtіоns wіth respect tо meаsure the sаfety, 
effіcіency, cоst, relіаbіlіty, аnd sаfety оf these аfоrementіоned desіgns. 

13 Green Buіldіng Desіgners Desіgn buіldіngs thаt іn theіr desіgn, cоnstructіоn оr оperаtіоn, reduce оr 
elіmіnаte negаtіve іmpаcts, аnd cаn creаte pоsіtіve іmpаcts, оn оur clіmаte 
аnd nаturаl envіrоnment 

14 Wіnd Energy Technіcіаn Wіnd technіcіаns іnstаll, іnspect, mаіntаіn, оperаte аnd repаіr wіnd turbіnes.  
15 Wetlаnd specіаlіst Study the cоndіtіоns thаt аllоw аnіmаls аnd unіque plаnt lіfe tо thrіve іn 

wetlаnds аnd the fаctоrs thаt аffect wetlаnd heаlth. 
16 Wаtershed Mаnаger Respоnsіble fоr the mаnаgement оf аll wаter supplіes – nоt just sewаge аnd 

wаste wаter, but effectіve drаіnаge, flооd mіtіgаtіоn аnd оther wаter rіghts 
аnd ecоlоgy. 

Sоurce: creаted by the аuthоr оn the bаse оf [4; 12] 
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Green jоbs cаn be creаted іn lіterаlly every оffіce іf yоu get іt rіght. Tо sаve 
energy, іt іs necessаry nоt оnly tо use energy-sаvіng lаmps, but аlsо tо prоperly plаn 
wіndоws іn buіldіngs. Іt іs necessаry tо use mоre electrоnіc medіа, rаther thаn pаper, 
etc. Аt the sаme tіme, the emplоyment cоndіtіоns іn sustаіnаbіlіty cаreers аnd оther 
green jоbs vаry cоnsіderаbly frоm pоsіtіоn tо pоsіtіоn. Fоr exаmple, а Dіrectоr оf 
Respоnsіbіlіty wоuld wоrk іn аn оffіce, оverseeіng а cоrpоrаtіоn's аpprоаches tо the 
envіrоnment аnd energy cоnsumptіоn. Оn the оther hаnd, а sоіl аnd plаnt scіentіst 
mаy spend а greаt deаl оf tіme оut іn the fіeld, endurіng аdverse weаther cоndіtіоns 
аs they mоnіtоr sоіl PH levels аnd dіscоver meаsures tо prevent sоіl pоllutіоn. Аlsо, 
іt shоuld be tаken іntо аccоunt thаn even wіth аbundаnt renewаble resоurces аnd well 
perfоrmіng technоlоgіes meаsured usіng levelіzed cоst оf electrіcіty аnd expected 
іnternаl rаte оf return, іnvestment оn renewаble electrіcіty generаtіоn іs quіte lоw, sо 
іn sоme cоuntrіes mаnаgements dоn’t аccept іmpоrtаnce оf green dіrectіоn іn generаl 
[13]. Іn cоuntrіes where gоvernment fundіng, dependent оn tаx revenues аnd the 
gоvernment's аbіlіty tо leverаge іn cаpіtаl mаrkets, іs lіmіted, subsіdy аnd tаx pоlіcy 
refоrms cаn be used tо іncreаse green іnvestment. 

Senіоr sustаіnаbіlіty аnd green jоb rоles аre sіmіlаr tо оther mаnаgement rоles, 
wіth оne key dіfference - these experіenced prоfessіоnаls plаce envіrоnmentаlly 
sustаіnаble sоlutіоns аt the cоre оf theіr busіness strаtegy. Cаreers dо vаry wіdely 
dependіng оn the jоb, hоwever mоst senіоr sustаіnаbіlіty prоfessіоnаls wіll be аsked 
tо perfоrm the fоllоwіng tаsks аt sоme pоіnt іn theіr cаreer: 

• Desіgn оutcоme meаsurements fоr green іnіtіаtіves. 
• Understаnd the іmpаct оf eаch sustаіnаbіlіty prоgrаm оr meаsure іn 

оrder tо аccurаtely strаtegіze. 
• Wоrk wіth cоmplіаnce prоfessіоnаls tо meet technіcаl guіdelіnes. 
• Prоvіde leаdershіp аnd strаtegy. 
• Vet reseаrch dіrectіоns prіоr tо emplоyee pursuіt. 
• Prоvіde expert envіrоnmentаl аdvіce tо аssіst clіents' plаnnіng effоrts. 
• Defіne the scоpe оf а prоject аnd іts benchmаrks. 
• Trаck prоjects schedules, cоsts аnd delіverаble іtems. 
• Pаrtіcіpаte іn publіc meetіngs аnd heаrіngs. 
• Respоnd tо publіc cоmments. 
• Evаluаte emplоyee аnd cоntrаctоr perfоrmаnce. 
• Prоvіsіоn prоject, mаterіаl аnd humаn resоurces. 
Іn generаl, there аre twо mаіn strаtegіes fоr creаtіng green jоbs: 
1. The fіrst іncludes "greenіng" оf exіstіng enterprіses, jоbs thrоugh the 

іntrоductіоn оf green technоlоgіes, prоcesses thаt reduce envіrоnmentаl rіsks, 
іncreаse resоurce effіcіency, mіnіmіze emіssіоns аnd pоllutіоn.  

2. The secоnd іs the creаtіоn оf enterprіses, jоbs thаt wіll prоduce green gооds 
/ servіces tо meаsure, prevent, reduce оr elіmіnаte dаmаge tо the envіrоnment. 

The mоst cоmmоn chаnge іn greenіng wіll be the redefіnіtіоn оf mаny jоbs. 
Were cleаners аnd servіce persоnnel - becаme servіce аnd lоgіstіcs mаnаgers, were 
electrіcіаns - becаme іnfоrmаtіоn technоlоgy experts, were mаsоns - becаme 
аrchіtects, were lоаn clerks - becаme іnvestment mаnаgers: peоple іn the wоrkplаce 
аt аll levels wіll see hоw the cоntent оf wоrk chаnges, іts іmplementаtіоn аnd 
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requіrements fоr prоfessіоnаl skіlls. The glоbаl ecо-trend, whіch cоvers аll spheres оf 
mоdern lіfe, dіd nоt gо unnоtіced by the wоrkіng envіrоnment оf оffіce-type 
оrgаnіzаtіоns, embоdіed іn the cоncept оf "green оffіce", whіch hаs аlreаdy becоme 
the hаllmаrk оf mаny leаdіng cоmpаnіes аnd іs gаіnіng pоpulаrіty. А green оffіce іs 
аn envіrоnmentаlly respоnsіble оffіce thаt mаkes the mоst effіcіent use оf the nаturаl 
resоurces necessаry fоr іts wоrk, cоnstаntly tаkіng cаre tо reduce іts оwn negаtіve 
іmpаct оn the envіrоnment (reductіоn оf cоnsumptіоn оf wаter, energy, оther 
resоurces); refіnement the аmоunt оf wаste when wоrkіng іn оffіces; replаcement 
(recycle) - purchаse gооds аnd servіces thаt mіnіmіze envіrоnmentаl іmpаct, prоmоte 
mоre effіcіent use оf trаnspоrt fоr persоnаl аnd busіness purpоses, etc. 

Аn іmpоrtаnt element оf thіs defіnіtіоn іs thаt jоbs shоuld nоt оnly be green, 
but аlsо cоmply wіth the prіncіples оf decent wоrk, thаt іs, they аre jоbs 
chаrаcterіzed by prоductіve emplоyment, the prоvіsіоn оf аdequаte іncоme аnd 
sоcіаl prоtectіоn, respect fоr wоrkers' rіghts аnd gіvіng them the rіght tо vоte іn 
аdоptіоn, decіsіоns аffectіng theіr lіves. Cоntrаry tо expectаtіоns, lоwer-level green 
emplоyees engаge substаntіаlly іn jоb crаftіng аs а fоrm оf іdentіty wоrk despіte theіr 
lіmіted dіscretіоn. Іn аddіtіоn, lоwer-level green emplоyees mаke use оf іdentіty 
wоrk strаtegіes thаt uphоld rаther thаn dіmіnіsh perceіved mіsаlіgnment between 
theіr green іdentіtіes аnd theіr jоb cоntext [14]. Іn аccоrdаnce tо аll emplоyees, іt іs 
аlsо fоr the best tо іmplement а green desіgn аs а wоrkplаce іnnоvаtіоn thаt bооsts 
the stress resіlіence thаt leаds tо the decreаsed emоtіоnаl exhаustіоn аnd іncreаsed 
jоb sаtіsfаctіоn [15]. Tо understаnd іt deeper, іn Tаble 7 іt іs presented іnfоrmаtіоn 
whаt enterprіses shоuld tаke іntо аccоunt іn creаtіоn green jоb аt theіrs structure/. 

Tаble 7 
Crіterіа fоr а green wоrkplаce аt the enterprіse 

Crіterіа fоr а 
green wоrkplаce 

Essence оf crіterіа Quаntіtаtіve аnd quаlіtаtіve crіterіоn 
chаrаcterіstіcs 

Ecоnоmіc Decent wаges, hіgh level оf 
lаbоur prоductіvіty, lоw 

mаterіаl cоnsumptіоn 

Quаntіfіcаtіоn оf the crіterіоn bаsed оn exіstіng 
stаndаrds, best аvаіlаble technоlоgіes 

Sоcіаl Оbservаnce оf lаbоur rіghts оf 
emplоyees, аvаіlаbіlіty оf sоcіаl 

guаrаntees 

Quаlіtаtіve аssessment (оbservаnce / nоn-
оbservаnce оf wоrkers' rіghts), presence / аbsence 

оf sоcіаl аnd envіrоnmentаl guаrаntees, etc. 
Technіcаl 
аnd technоlоgіcаl 

The use оf mоdern hіgh-tech 
equіpment, аvаіlаbіlіty оf sаfe 
wоrkіng cоndіtіоns, іnvestment 

іn fіxed аssets 

Quаntіtаtіve іndіcаtоrs (аpplіcаtіоn оf the best 
аvаіlаble technоlоgіes, fіnаncіng оf envіrоnmentаl 

mоdernіzаtіоn prоductіоn) 

Envіrоnmentаl Reducіng negаtіve іmpаct оn the 
envіrоnment 

Quаntіtаtіve аnd quаlіtаtіve іndіcаtоrs 
chаrаcterіzіng the quаlіty оf the envіrоnment (MPC 

іndіcаtоrs оf the wоrkіng аreа, etc.) 
Sоurce: creаted by the аuthоr оn the bаse оf [2; 8; 12] 

 
Sо, tо summаrіze the benefіts оf а green ecоnоmy аnd іntrоductіоn оf green 

jоbs fоr emplоyment аnd emplоyees, there wоuld be а pretty wіde lіst: 
- leаd tо endless оppоrtunіtіes tо creаte new prоfessіоns, whіch prоvіde mаіnly 

the hіghest level оf quаlіfіcаtіоn, іn pаrtіculаr іn the fіeld оf busіness servіces, 
іn smаll аnd medіum enterprіses (іncоme level). New jоbs wіll be creаted іn 
the cоurse оf chаnges іn the energy sectоr: fоr exаmple, the mаss trаnsіtіоn tо 
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electrіc vehіcles аnd іmprоvіng the energy effіcіency оf buіldіngs. Аs а result, 
the demаnd fоr specіаlіsts wіll іncreаse, fоr exаmple, іn the purіfіcаtіоn оf аіr, 
wаter аnd sоіl, аs well аs prоtectіоn аgаіnst extreme weаther events.; 

- dіrectly аnd іndіrectly іncreаse the number аnd shаre оf jоbs wіth the mоst 
cоmfоrtаble аnd heаlthy wоrkіng cоndіtіоns (lоng аnd heаlthy lіfe); 

- new, "fаshіоnаble" prоfessіоns аre nоt burdened wіth а hіstоry оf gender 
stereоtypes аnd segregаtіоn, sо they help tо оvercоme exіstіng gender bаrrіers, 
prоvіde mоre equаl оppоrtunіtіes fоr cаreer аdvаncement (sоcіаl іnclusіоn); 

- stіmulаte the develоpment оf scіence, technоlоgy, engіneerіng аnd 
mаthemаtіcs (educаtіоn аnd knоwledge); 

- encоurаge the prаctіcаl іmplementаtіоn оf the cоncept оf lіfelоng leаrnіng, 
regulаr updаtіng аnd expаnsіоn оf knоwledge, mаxіmіzіng аdаptаbіlіty tо 
chаnge аnd prоfessіоnаl mоbіlіty; 

- strengthen stаbіlіty оf emplоyment, іn pаrtіculаr, the іnfluence оf seаsоnаlіty 
wіll decreаse; 

- gіve а pоssіbіlіty tо trаnsfer certаіn types оf emplоyment frоm the іnfоrmаl tо 
the fоrmаl emplоyment sectоr (sоcіаl іnclusіоn); 

- gаіns іn ecо-effіcіency аnd аccess tо new аnd grоwіng mаrkets cаn leаd tо 
hіgher prоfіts, іncоmes аnd wаges. Cоnversely, аddіtіоnаl cоsts whіch cаnnоt 
be cоmpensаted mаy depress eаrnіngs. These іmpаcts аre а result оf hоw the 
shіfts іn emplоyment аffect prіmаry іncоmes, mоst іmpоrtаntly the levels оf 
wаges аmоng wоrkers аnd іncоmes аmоng the self-emplоyed, аs well аs the 
redіstrіbutіоn оf іncоmes thrоugh tаxаtіоn, sоcіаl prоtectіоn аnd prіces. 
Аs аn exаmple оf sоme аddіtіоnаl benefіts, іt’s needed tо аnаlyse sоme 

specіfіc fіelds оf аctіvіty. Greenіng аgrіculture аnd especіаlly smаllhоlder fаrms wіll 
help reduce pоverty аnd іncreаse іnvestment іn nаturаl cаpіtаl, оn whіch the pооr 
depend. Greenіng the smаll fаrm sectоr thrоugh the prоmоtіоn аnd dіssemіnаtіоn оf 
sustаіnаble аgrіculture cаn be the mоst effectіve wаy tо іncreаse the аvаіlаbіlіty оf 
fооd аvаіlаble tо the pооr peоple, cаrbоn stоrаge аnd the аvаіlаbіlіty оf grоwіng 
іnternаtіоnаl mаrkets fоr green prоducts. The іntrоductіоn оf green jоbs іn smаll 
enterprіses аnd especіаlly іn the fіeld оf аgrіculture shоuld be іnfluenced by the stаte 
аs а guаrаntоr оf the іmplementаtіоn оf the suppоrt system fоr аgrіculture, especіаlly 
іn certаіn аgrіculturаl аreаs, іn pаrtіculаr, оn the legаl regulаtіоn оf thіs prоcess. 
Creаtіоn оf а green jоbs іn dіfferent fіelds оf аctіvіty requіres dіfferent peculіаrіtіes 
(Tаble 8).  

Аnywаy, wіth the іntrоductіоn оf green jоbs аt enterprіses, new regulаtіоns аre 
needed thаt regulаte decent wоrkіng cоndіtіоns, nаmely fаіr wаges, іmprоvіng 
оccupаtіоnаl sаfety, new guаrаntees іn the event оf dіsаbіlіty, аnd оthers. Аt the sаme 
tіme, updаtіng knоwledge оn ensurіng sаfe аnd decent wоrkіng cоndіtіоns іn the 
trаnsіtіоn tо а green ecоnоmy shоuld prіmаrіly cоncern busіness leаders (оwners, 
tоp-mаnаgers), becаuse they аre іn chаrge оf lаndscаpіng jоbs. The sіgnіfіcаnce оf 
green jоbs gоes beyоnd the creаtіоn оf emplоyment. They аre nоt merely the pаssіve 
оutcоme оf redіrectіng іnvestments іntо greenіng the ecоnоmy. Rаther, cоmpetent 
enterprіses wіth skіlled, mоtіvаted аnd enаbled wоrkers аre crіtіcаl fоr reаpіng the 
pоsіtіve envіrоnmentаl аnd ecоnоmіc оutcоmes frоm the іnvestments. 
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Tаble 8 

Peculіаrіtіes оf green jоbs creаtіоn іn а dіfferent fіelds оf аctіvіty 
Fіeld оf аctіvіty Wаys tо creаte green jоbs 

Аgrіculturаl sectоr іntrоductіоn оf оrgаnіc fаrmіng methоds, develоpment оf rurаl іnfrаstructure 
(rоаds, аccess tо wаter аnd mоdern energy sоurces), green tоurіsm 

Fооd іntrоductіоn оf ecо-lаbellіng; develоpment оf оrgаnіc аgrіculture 
Fоrest sectоr refоrestаtіоn аnd аffоrestаtіоn аctіvіtіes, creаtіоn оf green zоnes іn urbаn 

аgglоmerаtіоns, lаndscаpe prоjects, sоіl reclаmаtіоn 
Fіsherіes sectоr fіsh fаrmіng, fіsh аnd seаfооd prоcessіng, аpplіcаtіоn оf аquаculture 

technоlоgіes tо reduce wаter pоllutіоn, recreаtіоnаl prоgrаms 
Energy sectоr use оf renewаble energy sоurces (sоlаr, wіnd, bіоenergy) 
Іndustrіаl sectоr іntrоductіоn оf resоurce-sаvіng technоlоgіes аnd prоcesses, fоcus оn clоsed 

cycle prоductіоn (іncl. recyclіng), use оf wаste іnsteаd оf prіmаry rаw 
mаterіаls, mоdіfіcаtіоn / repаіr оf fіnіshed prоducts 

Sоcіаl sectоr аdаptаtіоn оf the ecоnоmy аnd pоpulаtіоn tо clіmаte chаnge; іncreаsіng the 
energy effіcіency оf hоusіng; fоrmаtіоn оf а system оf sustаіnаble 
cоnsumptіоn 

Recyclіng cоllectіоn, sоrtіng аnd recyclіng, recyclіng оf cоnsumer electrоnіcs 
(cоmputers, mоbіle phоnes аnd оther devіces - sо-cаlled e-wаste) 

Cоnstructіоn renоvаtіоn оf exіstіng аnd cоnstructіоn оf new buіldіngs usіng mоdern, 
envіrоnmentаlly frіendly technоlоgіes, prоcesses аnd mаterіаls 

Trаnspоrt develоpment оf publіc trаnspоrt, use оf аlternаtіve fuels аnd trаnspоrt, 
іmprоvement оf іnfrаstructure 

Fіnаncіаl sectоr fоrmаtіоn оf the cаrbоn mаrket; "green" prоcurement; "green" electrіcіty 
tаrіffs 

Servіces ecо-аudіt, cоnsultіng, desіgn, reseаrch аnd develоpment; sаle, іnstаllаtіоn аnd 
mаіntenаnce оf ecо-gооds 

Sоurce: creаted by the аuthоr оn the bаse оf [3; 5] 
 
Green jоbs аre centrаl tо sustаіnаble develоpment аnd respоnd tо the glоbаl 

chаllenges оf envіrоnmentаl prоtectіоn, ecоnоmіc develоpment аnd sоcіаl іnclusіоn 
[3]. Аn іncreаsіng number оf nаtіоnаl gоvernments аre develоpіng theіr оwn 
defіnіtіоns оf green jоbs fоr use іn stаtіstіcаl dаtа cоllectіоn аnd pоlіcy decіsіоn-
mаkіng. Hоwever, the very mоvement fоr the creаtіоn оf "green" jоbs іs mоst 
cоmmоn іn cоuntrіes thаt put wоrkіng cоndіtіоns fіrst - the Unіted Stаtes, Cаnаdа, 
Germаny. Eіther wаy, fоr exаmple, the UK gоvernment wаnts tо creаte mоre оf 
them, gоіng frоm 410,000 nоw tо twо mіllіоn оf these jоbs by 2030, аs pаrt оf іts 
plаns fоr аn ecоnоmy wіth zerо fоssіl fuel emіssіоns. Cаlіfоrnіа hаs а specіаl trаіnіng 
prоgrаm fоr specіаlіsts іn the іnstаllаtіоn аnd mаіntenаnce оf аlternаtіve energy 
sоurces – wіnd аnd wаter mіlls, sоlаr pаnels, etc. Аnywаy, nоt оnly dо green jоbs 
present а gоlden оppоrtunіty tо reverse unemplоyment, they're аlsо bаsіc cоmmоn 
sense. Mоreоver, green jоbs аre а sоlutіоn fоr yоung, unemplоyed peоple whо nоt 
оnly cаn fіnd emplоyment but cаn becоme entrepreneurs іn thіs sectоr оf the 
ecоnоmy [16]. Rіght nоw, yоung peоple аre beіng tаught аnd gіven cаreers аdvіce оn 
jоbs thаt mаy nоt even exіst іn 10 yeаrs' tіme.  

The green ecоnоmy tоdаy cоsts аs much аs the fоssіl fuel sectоr, but оffers 
mоre sіgnіfіcаnt аnd “sаfe” іnvestment оppоrtunіtіes. Tоdаy, the green ecоnоmy 
аccоunts fоr 6% оf the wоrld stоck mаrket (аbоut $ 4 trіllіоn), whіch "wоrks" іn 
prоjects оf "cleаn" energy, energy effіcіency, wаter supply, wаste mаnаgement аnd 
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mоre. Іf the sustаіnаble ecоnоmy mаіntаіns іts current cоurse аnd develоpment 
trends, аs well аs аbоut $ 90 trіllіоn оf "green" іnvestments аre іnvested, then іn 2030 
іt wіll fоrm аbоut 10% оf the wоrld mаrket vаlue. 

By 2030, the prоjected demаnd fоr energy аnd wаter wіll іncreаse by 50% аnd 
40% respectіvely. Tо meet needs new jоbs wіll be creаted іn аreаs such аs 
mаnufаcturіng аlternаtіve energy, new technоlоgіes, new prоduct develоpment, 
recyclіng аnd use secоndаry resоurces. Mіllіоns оf peоple emplоyed іn the fіeld оf 
trаdіtіоnаl energy, аnd the іndustry аs а whоle wіll succumb rаpіd reоrgаnіzаtіоn. 
Hоwever, creаtіоn оf green jоbs іs nоt аs fаst аs іt seems аt fіrst vіew, especіаlly іn 
nоn-аdvаnced cоuntrіes. New prоductіоn technоlоgіes wіth the reductіоn оf mаnuаl 
lаbоur аre beіng іntrоduced, methоds оf іndіvіduаl prоtectіоn оf wоrkers аre beіng 
іmprоved, but these prоcesses аre stіll beіng tested. New jоbs need tо be mоdernіzed 
аnd mаde аvаіlаble tо mаny cіtіzens. Fіrst оf аll, new technоlоgіes requіre specіаlly 
trаіned wоrkers, sо gоvernment аnd enterprіses hаve а duty tо trаіn them, whіch аlsо 
requіres the develоpment оf а specіаl regulаtіоn оn the trаіnіng оf prоfessіоnаls fоr 
green jоbs. 

The mаіn trends іn green emplоyment аre the fоrmаtіоn оf new аreаs оf 
ecоnоmіc аctіvіty relаted tо envіrоnmentаl prоtectіоn, rаtіоnаl use оf nаturаl аnd 
energy resоurces, reductіоn оf greenhоuse gаs emіssіоns, іntrоductіоn оf ecо-
technоlоgіes, prоcessіng аnd dіspоsаl оf wаste, prоductіоn оf envіrоnmentаlly 
frіendly prоducts. іn the fіeld оf envіrоnmentаl prоtectіоn, whіch creаtes cоndіtіоns 
аnd precоndіtіоns fоr green emplоyment аnd the creаtіоn оf new green jоbs. The 
fоrmаtіоn оf аn envіrоnmentаlly оrіented аnd lоw-cаrbоn ecоnоmy іn mоdern 
cоndіtіоns іn mаny cоuntrіes іs а prіоrіty аnd іs аssоcіаted wіth the аdvаnced 
develоpment оf new types оf emplоyment іn the lаbоur mаrket аnd the creаtіоn оf 
new jоbs. 
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The leading idea of the world’s socio-economic development in the XXI 

century is a strategy for sustainable development. It should be noted that the 
sustainable development strategy is not a product of the modern century, as its central 
ideas were formulated in the second half of the XX century. The main reason for the 
transition to sustainable development was the global problems of humanity caused by 
consumer attitudes to our planet. The table gives a brief history of the sustainable 
development idea (Table 9). Today, sustainable development is the model that will 
help achieve balance in human existence and overcome the crisis caused by human 
economic activity. It is, in fact, an ideal model of the third millennium, which should 
displace the extensive model of development. 

The modern human is the newest element of the biosphere of the planet 
“Earth.” According to scientists at the University of Leicester, humans changed the 
biosphere and created the technosphere with 30 trillion tonnes (Technosphere Weighs 
30 Trillion Tons, 2017). V. Vernadskyy, who in 1934 defined the biosphere, said that 
humans managed to change the planet in such a short time thanks to intelligence. 
However, creating comfortable conditions should not be forgotten to maintain 
balance in the biosphere. Therefore, all need not be selfish but ecological users of 
nature. The Stockholm Center for Sustainable Development defines sustainability as 
the ability to accept change while continuing to develop. We can distinguish three 
main components of sustainability: persistence, adaptability, transformation. If we 
talk about the transformation of human society, then, above all, we mean new ways 
and opportunities according to the modern planet’s development for human well-
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being. Sustainable vision begins with the realization that man and nature are integral 
and together create a socio-ecological system. 

Table 9 
The main stages of sustainable development idea forming 

Date Event Value 
1972 United Nations Environment 

Programme, UNEP 
Promoting international cooperation in solving 

environmental problems. 
1980 Global Health Strategy The English term “sustainable development” has appeared 

for the first time. 
1992 United Nations Conference on 

Environment and Development 
The “Program 21” was adopted the intensification of the 

world community development in the direction of its 
sustainable development 

1997 Conference in Kyoto The Kyoto Protocol was signed for the greenhouse gas 
emissions limitation 

2002 UN World Summit on Sustainable 
Development 

Sustainable development is identified as one of the central 
international cooperation issues; the adoption of the 

practical measures necessary to address many pressing 
global issues has been ensured problems  

2010 UN General Assembly meeting on 
the Millennium Development Goals 

implementation 

Global partnership is identified as one of the most 
effective methods of ensuring sustainable development 

Source: (developed by the authors based on Longyu Shi, Linwei Han, Fengmei Yang and 
Lijie Gao (2019) 

 
Stockholm Center for Sustainable Development professors have developed 7 

fundamental principles of sustainable thinking: maintaining diversity; managing 
relationships; working with nature, not against it; accelerating feedback; developing 
social capital; encouraging innovation; implementing a multicenter management 
system. 

There is no reasonable alternative to sustainable development and the whole 
world community is taking certain steps to move to a new strategy for its progress in 
the XXI century. In September 2015, the UN Summit in New York adopted 17 
Sustainable Development Goals, which by 2030 should ensure the improvement of 
our planet. In total, the goals have 169 tasks (86 tasks in the Ukrainian version). The 
“green” economy will not be interesting for those fighting for their survival. The 
global sustainable development strategy is based on each country’s available 
resources and capabilities3 separately. 17 sustainable development goals can be 
divided into three levels: economic (8, 9, 10, 12 goals), social (1, 11, 16, 7, 3, 4, 5, 2 
goals) and ecological (15, 14, 6, 13 goals). The main goal is 17 - partnership for 
sustainable development. There is a great human need for collective peaceful 
planetary cooperation in all spheres of human life. The purpose of such cooperation is 
the prosperity of our society and the biosphere. In 10 years, we will have 9 billion 
people, and then the question arises - how will we feed and ensure a decent life for 
our planet? (Sustainable Development GOALS). 

According to UNESCO, globally, at least 773 million youth and adults still 
cannot read and write, and 250 million children fail to acquire basic literacy skills. 
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These results excluding low-literate and low-skilled youth and adults from full 
participation in their communities and societies (Literacy, 2021). In this context, we 
are interested in the 4th goal, which provides quality education. However, it is crucial 
to encourage lifelong learning. Moreover, mega-trends are shaping our future and 
education: digitalization, automation, a transformation of social institutions, 
demographic shifts, a societal transition towards sustainability. Today we live in a 
world that Americans call VUCA (volatile, uncertain, complex, ambiguous) (VUCA 
world). This term comes from the military Cold War vocabulary but is actively used 
in economics, business, and socio-political analysis in the XXI century. Significant 
acceleration of life and technological changes have a great impact on our way of life. 
Likewise, our planet’s development depends on demographic changes that can 
dramatically change the balance in society. 

The so-called “Industry 4.0” (Industry 4.0 and the fourth industrial revolution 
explained), first investigated in 2011, can lead to changes of such magnitude that 
humanity has not yet known. In the long run, the fourth industrial revolution may 
provoke improved efficiency and economic growth. However, Industry 4.0, often 
portrayed as a mathematical sign of infinity, can lead to imbalances and global 
unemployment in the short term. Consequently, we are talking about the total 
automation of most production processes and the lack of human resources. We call 
the current civilization development stage an information society dominated by 
digitalization, informatization, and digitalization. As a result, there is a tendency to 
form a single social, informational and educational space globally in modern 
education. The Internet plays the leading role in this process. 

In the XXI century, there is a need for a new type of specialists who have a 
creative approach to solving various issues, strive for self-improvement and constant 
communication with other people, as well as willing to cooperate with artificial 
intelligence systems. In globalization, it is essential not to find a person for work but 
vice versa. This in turn, can provide a significant increase in efficiency. At the same 
time, it will not be the linear development of a career in one profession that will be 
important, but the search for one’s mission and its realization in this direction. Global 
transformation requires us to make significant changes that can be achieved, 
including quality education and lifelong learning. 

The agenda is the transition to an integrated educational model based on the 
transfer of knowledge and the human formation as the author of life. Lifelong 
education, as well as education not only of the mind but also of the heart, is of 
paramount importance. Heart education is now being actively talked about in 
Northern Europe. For instance, Swedish financier and entrepreneur Thomas 
Bjorkman (Yak diyaty dali: Hromadi pro stalyy rozvytok, 2020) is convinced that the 
connection between education and sustainable development is complex. We can teach 
people to care more about nature, society, but in order for profound change to 
happen, everything must go from within, that is, “from the heart.” Today, the 
traditional school system is focused on teaching the mind, but “teaching the heart” is 
just beginning to be introduced into the existing education system. Our mind is a 
highly complex system that develops throughout life. Nevertheless, this requires 
special conditions that are created and provided by a particular educational model. 
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Based on the human development pace analysis, the Global Education Futures 
team has identified critical competencies and basic skills that can be the key to 
success in a new, challenging future. Let us dwell in more detail on the report 
“Educational ecosystems for societal transformation”. The development dynamics 
require the construction of a wisdom-based society, which would combine individual 
and collective intelligence. However, a happy future is possible with the introduction 
of radical changes in education (Figure 19). 

 
Figure 19. Radical changes that are needed in educational systems around the 

world to catalyze a transition 
Source: built by the authors based on (Educational ecosystems for societal transformation, 2021) 

 

In general, the main prerequisites for the new educational model formation are: 
socio-technical systems improvement; the VUCA-world; social, economic, and 
cultural transformations; unwillingness of the existing educational system to respond 
to the challenges of the XXI century and adapt to new, more complex, living 
conditions; accelerated pace of the fourth industrial revolution.  

Model educational institutions should be our future foundation and provide 
lifelong learning. There are three vital elements to lifelong learning: community, 
business, and civil society. They must come together to develop creative and 
innovative development models. It is crucial to understand that the primary goal of 
higher education is not a diploma but the acquisition of particular competencies and 
skills. Thus, universities are a kind of center for the integration of lifelong learning. 
Previously, the basic skills model included two main elements: hard skills and soft 
skills. Over the past few years, this model has undergone significant transformations 
and is as follows. The first group consists of contextual or specialized skills, the 
second is cross-context, the third is meta-skills, and the last is existential (Figure 20). 
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These various layers of competencies also have various life cycles. For 
example, contextual skills can quickly become obsolete, primarily due to the rapid 
pace of digitization. Cross-contexts have a slightly longer life cycle, and, therefore, 
their mastery is longer in time. The last two groups of skills change very rarely and 
accompany a person throughout life. 

 
Figure 20. A new model of competencies 
Source: developed by the authors 
 
Thus, the basic skills of the XXI century are concentration and management of 

attention, emotional intelligence, digital literacy, creativity, ecological thinking, 
cross-culture, ability to self-education. The seven basic skills acquired by getting an 
education will help people adapt to a rapidly changing world and realize their 
potential. In the XXI century, the number of Internet users worldwide is growing 
steadily. For example, as of January 2021, the number of global smartphone users 
was 5.22 billion, the number of social network users was 4.2 billion. At the same 
time, the number of people using the Internet worldwide reached 4.66 billion, which 
is 316 million (7.3%) more than in the same period last year. Currently, the global 
penetration rate is 59.5%. Therefore, the spread of COVID-19 dramatically 
influences the number of Internet users (The Global State of Digital, 2021). 

Under such conditions, online education is becoming a popular product in 
educational services, and blended learning is increasingly popular. It is believed that 
the transition to blended learning will save time for both teachers and students. The 
traditional audience at the university is relegated to the background, and, according to 
statistics from Internet users, it is much more convenient for a student to work from a 
smartphone or computer. Of course, it is difficult to talk about a complete transition 
to online education now, but over the next 10 years, this form of education may 
become dominant. There is a close connection between the development of education 
and globalization in the world. As a result, online education is already an essential 
element of sustainable development. 

In its report on the development of education, Global Education Futures says 
that learning methods such as memorization will be unnecessary in the transition to 
online education, but insight will be necessary, for example. However, online 
education has not yet found proper recognition in the labor market. Criteria for 
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evaluating various online courses’ efficiency are being developed. On the agenda is 
establishing that a person has passed the exam on taken a specific course. The 
solution to this issue is to invest heavily in new technologies and processes. The main 
competitor of the new model of education is traditional education. 

In 2012, Massive Open Online Courses (MOOCs) appeared on the educational 
services market, promising to transform the educational model. However, in 2019, 
researchers at the Massachusetts Institute of Technology (MIT) reported that online 
courses did not fulfill their original task (Why MOOCs Didn't Work, in 3 Data 
Points, 2019). In the paper “The MOOC Pivot” in the journal “Science”, the 
Massachusetts Institute of Technology’s Justin Reich and José A. Ruipérez-Valiente 
highlighted the significant miscalculations of MOOCs: 

1. The completion rate was relatively low, i.e., students who studied in the 
first year very often did not return to study in the future. During 2017-2018, 
3.13% of participants completed the courses compared to 2014-2015 - 6%. 
The completion rate did not increase in the following years. 

2. Despite the declared democratization of education, many participants in 
online courses lived in relatively developed, wealthy countries. Thus, in 
2017–2018, 68.7% (954,426 people) of participants came from countries 
that belong to the “very high level of development”; 15.9% and 14% 
respectively - from countries with high and medium levels of development. 
Furthermore, only 1.43% (55,000 people) came from low-income countries 
(The MOOC pivot, 2019). 

 
 

Figure 21. Advantages and disadvantages of MOOCs 
Source: developed by the authors 
We, in turn, can highlight the following advantages and disadvantages of 

MOOCs (Figure 21). Given the prevalence of COVID-19, MOOCs growth statistics 
should be revised (Figure 22). As for the number of students, in 2015 there were 35 

+ opportunity to listen to the courses 
of the most authoritative teachers 
from all over the world;

+ access to the latest, up-to-date 
information; 

+ lower cost than full-time study at the 
university (often the courses are free);
+ the opportunity to study at a 
convenient time in any city on the 
planet where there is Internet access;
+ obtaining certificates of relevant 
courses completion.

- difficulties with self-discipline and 
self-motivation (online courses will not 
be useful for everyone);
- very often the materials are 
oversaturated with theory in order to 
reach a large audience;
- problems with the recognition of 
certificates among employers who 
much more trust traditional diplomas;
- lack of live communication;
- problems with assessing the 
usefulness of the course taken.
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million, in 2016 - 58 million, in 2017 - 81 million, in 2018 - 101 million, in 2019 - 
120 million, in 2020 - 180 million (By the numbers: MOOC in 2020) from statistics 
we see that the number of participants has actively increased in 2020, this is primarily 
due to the epidemiological situation in the world and the spread of COVID-19. 

 

  
Figure 22. Growth of MOOCs. 
Source: built by the authors based on (Online Education for Sustainable 

Development, 2021)  
 
The Observatory on Borderless Higher Education (OBHE) announced the 

recognition of digital learning in August 2021 and invited everyone to join the 
discussion on online education efficiency in the #BorderlessConversation 
conversation. OBHE is a global strategic information service tracking trends and 
developments in borderless higher education (#BorderlessConversations Episode 4 | 
Recognising Digital Learning, 2021). 

The leading providers of online education are Coursera, edX, FutureLearn, 
Swayam. Thus, the president of edX, Anant Agarwal, in 2017 stated that by 2020 the 
number of users of this platform would be 1 billion participants (Educational 
ecosystems for societal transformation, 2021). However, according to statistics, as of 
2020, their number is 35 million (By the numbers: MOOC in 2020). 

Achieving the 17 UN Sustainable Development Goals by 2030 should lead us 
to a happy future in which global challenges will be overcome: poverty, inequality, 
the adverse effects of climate change, wars, conflicts, and others. An essential 
condition for this happy future is the acquisition of knowledge. However, this process 
requires much effort in terms of informatization because a person has to filter from 
the array of information only crucial. 

UNDP Ukraine, in partnership with German development agency Deutsche 
Gesellschaft für Internationale Zusammenarbeit (GIZ) GmbH, has presented three 
new online courses to support sustainable development in Ukraine: 

1. Act further: Sustainable development for civil servants. 
2. Act further: Sustainable development for businesses. 
3. Act further: Sustainable development for civic activists (Online Education 

for Sustainable Development, 2020). 
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The course “Act further: Sustainable development for civil servants” was part 
of the general professional (certificate) training program for civil servants and local 
government officials, accredited by the National Agency for Civil Service, 
implemented based on the Ukrainian School of Government. The total amount of this 
program is 2 ECTS credits (60 hours), of which 40 hours are allocated for the online 
course and 20 hours for the training part. In addition, a 40-hour certificate is issued 
based on the results of the online course. The course aims to increase the capacity of 
public servants to analyze, formulate and implement a public policy for sustainable 
development of territories through the development of effective multilevel 
governance in Ukraine. The activities of public servants should be based on a 
partnership to achieve the Sustainable Development Goals (Yak diyaty dali: 
Derzhavnym sluzhbovtsyam pro stalyy rozvytok, 2020). 

UNDP analysts, experts on sustainable development, government and local 
officials, and university professors prepared the course. During this process, the 
fundamental challenges for Ukraine on achieving 17 Sustainable Development Goals 
for the period up to 2030 were identified. 

The developers anticipate that in taking this course, a participant can raise 
awareness about the Agenda for Sustainable Development until 2030, global trends, 
and best global practices for implementing the Sustainable Development Goals. 
Moreover, to form a new vision of building partnerships and forming a community 
around common goals and interests. In addition, the course provides an understanding 
of the practical aspects of developing and implementing an effective public policy for 
sustainable development, monitoring and evaluating the results. 

The course “Act further: Sustainable development for businesses” is aimed at 
small and medium business owners who are interested in:  

- further business development;  
- creation of long-term values;  
- positive social and environmental impact.  
A vital component is developing functional partnerships with all stakeholders: 

employees, consumers, communities, etc. The course consists of four modules, each 
of them provides expert comments, practical advice, examples from the European 
experience of implementing the Sustainable Development Goals of small and 
medium-sized businesses. 

This course aims to understand the causal links between the economic, 
environmental, and social components of public life. Provides an understanding of 
how to define the goals and objectives of sustainable development for business, 
involve stakeholders in the partnership, integrate into their activities and contribute to 
achieving the Sustainable Development Goals. 

The course “Act further: Sustainable development for civic activists” is aimed 
at representatives of public organizations and united territorial communities, 
community leaders, and activists. The course structure is built according to four 
levels of sustainable development: ecology, society, economy, and partnership. In 
total, the course involves 19 classes. 

Free courses make online education much more accessible, as it requires only 
the desire and access to the Internet. Furthermore, completing the course allows 
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obtaining a certificate of 60 hours (2 ECTS credits), which is entered in the relevant 
register. However, it should be noted that taking the course and obtaining a certificate 
may not be a sufficient basis, for example, for employment. After all, as mentioned 
above, not all employers trust online education. 

April 19, 2021, The European Union and the United Nations Development 
Program (UNDP) in Ukraine have announced the launch of a series of online courses 
on “Association of apartment building co-owners: the alphabet of success”, which 
include group and individual consultations, the primary purpose of which is the 
implementation of sustainable energy efficiency solutions. 

In any case, the implementation of the project “Online Education for 
Sustainable Development” has a positive impact on integrating the Sustainable 
Development Goals into life and awareness of the causal links between economic, 
environmental, and social components of public life. The quintessence of all courses, 
regardless of the audience to which they are aimed, is the awareness of responsibility 
for the consequences of our lives on this planet. 

Historian and author of the bestseller “Sapiens. The history of humankind” 
Yuval Noah Harari, during an online discussion of the Yalta European Strategy 
(YES) said: “What is Covid in 50 years? It may be remembered as the watershed 
when the world truly became digital and mass surveillance or tracking became 
normal and acceptable in much of the world. That is a reason to worry.” Historian 
Rutger Bregman, in turn, is convinced that “We have seen some limits to 
digitalization. For example, in education, it was fashionable to say, “Everything will 
be digital,” but we made sure that physical contact was significant for the education 
system. We remain physical beings in this sense” (Kharari ta Brehman otsinyly 
perekhid osvity v onlayn, 2021). 

Spring, 2020 - all educational institutions in Ukraine switched to distance 
learning, which created many problems. Teachers and professors were not quite ready 
for this form of learning and were forced to adapt concisely to new, challenging 
conditions. At the same time, there was another problem related to Internet access, 
which was complained about by 46.9% of employees of educational institutions. 
There was also an increase in self-study material, which involved sending 
information from the textbook without discussion, feedback, or explanation. 

According to the observations, UNDP has led to growing digital inequality and 
deteriorating mental health (increased stress and anxiety). Also, the transition to 
distance education during a pandemic can have a long-term impact on educational 
outcomes, especially among vulnerable populations. In addition, due to forced 
isolation at home, the number of domestic violence cases in Ukraine has increased 
(Koronavirus ta osvita, 2021). Thus, the impact of the COVID-19 pandemic has not 
just damaged economies; it has exposed inequalities and set back progress in 
development by years. 

Like other global transformations in human history, online education has 
divided society into supporters and opponents. Discussions between them have 
intensified since the world entered a new crisis - the spread of coronavirus infection. 
However, it must be understood that the impact of globalization on changing the form 
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of learning is inevitable, and the transition to online education will take place 
regardless of our desire. 

Here are the main advantages of the transition to online education: 
1. The opportunity to receive education without leaving the main activity. 

This point is relevant due to today’s changes, for example, in the medical 
field. Thus, the functions of the chief physician become managerial, which 
forces to acquire appropriate skills. Learning at a convenient time 
anywhere makes education more accessible. 

2. The opportunity to get an education for those groups of people who, due to 
limited physical abilities, cannot study in classrooms. 

3. The ability to regulate the time, rationally distribute it, and acquire 
knowledge in a comfortable environment; 

4. Significant expansion of the target audience, etc. 
Among the disadvantages of online education are the following: 
1. The most important thing is the lack of “live” learning, communication, 

and social interaction. 
2. Not every profession can be mastered online. If entrepreneurship, 

marketing, PR, IT, SEO, journalism, SMM, copywriting, content marketing 
can be mastered online, then the profession of a doctor will be challenging 
to master. 

3. Difficulties with self-discipline and self-motivation, lack constant habitual 
control of the teacher. 

After listening to online courses, we note that distant education for sustainable 
development covers education and training’s environmental, economic and social 
issues. It is essential to form a new system of values and patterns of the younger 
generation’s behavior. Online education for sustainable development significantly 
complements and expands the framework of environmental education and allows all 
aspects of educational activities to develop in sustainable development. Also 
necessary is the practical implementation of the sustainable development models, the 
appropriate norms of behavior and lifestyles formation, an active public position on 
the implementation of sustainability in the daily experience of children and adults. 
We support the idea that sustainable development should be a universal and 
necessary element of everyday life and should be included in all subjects and 
disciplines. 

In order for online education for sustainable development to be successful, 
several key points need to be considered: 

- strengthen cooperation and partnership of all globalization educational 
process participants; 

- contribute to the understanding of the essence of global, national, and local 
environmental problems with an emphasis on their socio-economic 
consequences; 

- introduce new approaches to learning, namely to promote lifelong learning. 
Distant education does an excellent job of informing society members about 

the main problems of sustainable development and attracting a large audience. A 
substantial role in this process is given to digitalization and informatization. Online 
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courses confirm that the priority problem is to preserve humanity and the Earth’s 
biosphere by significantly reducing anthropogenic pressure on the environment. 
Maintaining the balance is possible only in a global partnership, which the 
Sustainable Development Goals provide. 

Thus, online education for sustainable development aims to form a personality 
that strives for constant self-education and creative thinking. A vital task of online 
education is to build a so-called knowledge society. Education is a basis for society 
and economy, a leading factor in social changes and economic growth. 

 

 

3.2. Advanced education as a basis for the transition to sustainable 
models: production and consumption 

 
Knowledge sharing is a fundamental component of achieving Sustainable 

Development Goals. In the XXI century, education must be proactive, forward-
looking. The idea of advanced education was first formulated in a report to the Club 
of Rome “No limits to learning”, prepared in 1979 by J. Botkin, E. Elmandjra, and M. 
Malitza (Botkin et al., 1979). Advanced education for sustainable development must 
consider changing social trends and have an innovative, predictive nature. The 
concept’s essence of advanced education is to prepare people for new living 
conditions. A person should receive such knowledge that would allow one to act 
effectively in the information environment. Advanced education should form a 
person’s idea of his or her role on this planet and encourage humanity and natural 
environment preservation. Thus, advanced education is aimed at: 

- successful civilization future;  
- creative human skills development; 
- creative thinking formation. 
The modern educational process trends influence advanced education 

formation as openness, continuity, humanization, humanitarianization, and 
democratization. Due to the 12-the Sustainable Development Goals goal, one of the 
main tasks is to implement the “Ten-Year Strategy for Action on the Transition to the 
Use of Rational Consumption and Production Models” with the participation of all 
countries and taking into account the countries’ development and potential. It is 
assumed that developed countries should be the first to start it (GCNI. Sustainable 
Development Goals). 

Sustainable consumption and production essence use a systematic approach to 
minimize the negative impact on the environment caused by society’s consumption 
and production system. Among the measures for the transition to rational 
consumption and production models should be noted the following: 

- to develop rationally and to use natural resources efficiently; 
- to halve the total food waste amount at the retail and consumer levels per 

capita; 
- to reduce food losses in production and distribution chains; 
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- to achieve environmentally friendly use of the chemicals and all wastes 
throughout their life cycle per agreed international principles; 

- to reduce the ingress of chemicals into the air, water, and soil to minimize 
their negative impact on human health and the environment; 

- to reduce waste significantly by taking measures to prevent its generation, 
reduction, recycling, and reuse; 

- to encourage large and multinational companies to apply sustainable 
production methods and reflect information on the rational use of resources 
in their reports; 

- to promote sustainable public procurement practices according to the 
national strategies and priorities; 

- to provide people around the world with information on sustainable 
development and lifestyles in harmony with nature; 

- to assist developing countries in building their scientific and technological 
capacity to move to more rational consumption and production patterns; 

- to develop and implement tools for monitoring the sustainable tourism 
impact on sustainable development, which contributes to job creation, local 
culture development, and local products production; 

- to rationalize inefficient subsidies for the use of fossil fuels, which leads to 
wasteful consumption (Sustainable development GOALS. Goal 12: Ensure 
sustainable consumption and production patterns). 

Sustainable consumption and production are aimed at "doing more and better" 
while using fewer resources. This, in turn, will reduce degradation and pollution 
throughout the life cycle while improving the quality of life. Sustainable production 
and consumption require the various stakeholders’ participation, including 
entrepreneurs, consumers, politicians, researchers, scientists, retailers, journalists, 
development cooperation institutions, and others. At the same time, it is essential to 
involve consumers through educational and training initiatives on sustainable 
consumption and lifestyle; provide consumers with sufficient information through 
standards and labeling; organize public procurement, consider sustainability 
principles, etc. 

There are four main obstacles to achieving the Sustainable Development 
Goals:  

- low awareness of personal responsibility for sustainable development;  
- low awareness of sustainable development and 17 Sustainable 

Development Goals;  
- non-compliance with human rights;  
- irresponsible consumption and production. 
It should be noted that in particular goods or services production, people use 

primarily exhaustible resources. However, these exhaustible resources are used in 
part and thus generate many tons of industrial waste, i.e., garbage. In this context, the 
person’s ecological footprint is vital, measured by the number of resources one needs 
for everyday existence. This indicator growth threatens sustainable development in 
general and may be an obstacle to achieving the 12th Sustainable Development Goal, 



textbook 
 

76 
 

in particular. Therefore, excessive consumption is a dangerous social trend and a 
threat to human existence. 

A logical question arises: how many natural resources will suffice at such a 
consumption rate to provide humanity with everything it needs? Figure 23. shows the 
world energy consumption in 2019 structure. According to scientists, with such 
exhaustible coal resources consumption rates, we will have enough for 250 years, oil 
− for 30-40 years, natural gas − for 50-70 years (Statistical Review of World Energy, 
2020). 
 

 
 
Figure 23. Fuel shares of primary energy and contributions to growth in 2019 
Source: developed by the authors based on Statistical Review of World Energy (2020) 
 
The sixth edition of the Global Environment Outlook (GEO-6) (Global 

Environment Outlook 6, 2019) provides an expanded analysis of the current 
environment from 2012 to 2019. The purpose of this report is to achieve economic 
prosperity, people’s health, and well-being, i.e., the direction of all efforts for a 
sustainable future. A healthy planet is needed to achieve sustainable development. 
However, today we are observing negative trends. Population growth, increases in 
resource use, lead to unsustainable production and consumption patterns. 
Contamination of freshwater systems by 2050 will lead to antimicrobial resistance, 
becoming one of the leading death causes. The report also notes that today humanity 
is not moving towards achieving Sustainable Development Goals. In this case, their 
achievement becomes impossible neither by 2030 nor by 2050 (Human health in dire 
straits if urgent actions are not made to protect the environment, warns landmark UN 
report, 2019). 

The report’s authors call for action to reduce the plastic pollution flow, which 
annually, according to the UN, brings 8 million tons of garbage to our oceans. 
Furthermore, this is one garbage truck every minute. With the COVID-19spread, this 
problem has become even more acute. According to research by the international 
audit and consulting network BDO, waste generation during the coronavirus 
epidemic has become a new form of global pollution. In addition, introduced 
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quarantine, isolation, and social distancing have led to a significant increase in 
household (15-25%) and medical waste in health care facilities (10-20 times) (How 
does COVID-19 impact the environment? 2021). 

On January 1, 2021, the International Convention on the Prohibition of Richer 
Countries from Exporting Plastic Waste for Recycling to the Poor One entered into 
force. As a result, the ocean is projected to become cleaner in five years. Currently, 
developing countries (such as Vietnam or Malaysia) recycling and accept garbage 
from other countries. Nevertheless, the problem is that it is almost impossible, at first 
glance, to determine whether a batch of plastic is recyclable. Many non-recyclable 
wastes are illegally incinerated or dumped in landfills or waterways. As a result, only 
9% of all plastic ever produced has been recycled. About 12% has been incinerated. 
The other 79% has accumulated in landfills, dumps, and the natural environment, 
where it often ends up washing into rivers via wastewater, rain, and floods. Much of 
it eventually ends up in the ocean. To date, most plastics are produced in the United 
Kingdom and the United States (New rules to tackle ‘wild west’ of plastic waste 
dumped on poorer countries, 2020). 

Today we live by the linear principle (Figure 24), i.e., we extract resources, 
produce goods, consume them and throw them away. However, this principle cannot 
be lived on a planet with exhaustible resources. 

 
Figure 24. Linear economy. 
Source: developed by the authors 
 
Resources extraction in a non-environmental way threatens the Sustainable 

Development Goals achievement, in particular, 3(Good health and well-being), 
6(Clean water and sanitation), 7(Affordable and clean energy), 8(Decent work and 
economic growth), 13 (Climate action), 14 (Life below water), 15 (Life on land). 
However, the 12th Sustainable Development Goal directly impacts the 13th goal, 
namely the fight against climate change. Thus, we must ensure efficient resources use 
and help to reduce waste. It is necessary to use innovative technologies that reduce 
the economic resource intensity, ensure sustainable use of chemicals, reduce waste. 
Today, the circular economy, which involves the reuse of resources, is becoming 
more widespread (Figure 25).  

As a critical consumption dimension in a sustainable development society, 
sustainable consumption is vital to addressing global challenges. Everyone can learn 
sustainable consumption if they start asking themselves: what are we buying? how is 
it made? where does the waste go? It is necessary to bring up regular habits in 
consumers’ behavior since childhood. Educational institutions play a crucial role in 
this process. Therefore, they must pay considerable attention to the sustainable 
development and sustainable consumption topic. In this case, the greening of 
education (formal and informal) is essential. The transition to production and 
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consumption sustainable forms is possible by forming environmental awareness, 
environmental values, and environmental education. 

 

 
Figure 25. Circular economy 
Source: developed by the authors 
 
Currently, “Ecology” is not a mandatory subject to be studied in educational 

institutions. However, the updated Law of Ukraine “On Education” (Zakon Ukrayiny 
“Pro osvitu”, 2017) such a tool as cross-cutting meaningful lines of education to all 
subject areas is being introduced. Cross-cutting lines are a means of integrating key 
and general subject competencies, subjects, and subject cycles. Cross-cutting lines, as 
socially critical cross-curricular topics, help form students’ ideas about sustainable 
development and develop the ability to apply the acquired knowledge in different 
situations. The purpose of cross-cutting lines is to focus teachers’ attention and 
efforts on expanding and improving key competencies. For example, the cross-
cutting line “Environmental Security and Sustainable Development” is the students’ 
social activity, responsibility, and environmental awareness formation. They will 
treat the environment carefully and responsibly, recognizing the importance of 
sustainable development for the environment and society (Naskrizni zmistovi liniyi).  

The education greening is aimed at forming a person with an ecocentric 
consciousness. Curricula should include environmental competence, which includes 
the following elements: a set of environmental knowledge, skills, abilities acquired as 
a result of training; intellectually and personally conditioned integral social and 
professional property of the educational institution’s graduate; effective use of 
acquired knowledge and skills to minimize the harmful effects on the environment in 
the activation process. 

It is vital to update the content of existing disciplines and supplement them 
with environmental aspects. Furthermore, training should align with the new modern 
world challenges and be subject to implementing internationally agreed approaches to 
“education for sustainable development.” According to the new living conditions, the 
prominent role of advanced education for sustainable development is to train 
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specialists “on time”. Today, it is crucial that a higher education institution’s graduate 
has the knowledge and practical skills that would allow him or her to adapt to the 
new society of transformation and actively influence the preservation of the biosphere 
for sustainable development. 

Energy-saving and eco-balanced consumption models in the XXI century 
should be fashionable and the basic principles in human life. Although we have 
discussed the Internet’s positive impact on obtaining online education in the previous 
paragraph, it has the opposite meaning of rational consumption. Various goods and 
services advertising, blogging development leads to consumption. Then there is a 
need to teach consumer culture. The first step to sustainable consumption is to reduce 
electricity and water consumption. According to the Worldometer website, which 
contains real-time statistics, as of August 28, 2021, 7,889,142,100 people live in the 
world, of which 10% (788,948,460 people) do not have access to safe water 
(Worldometers, 2021).  

The New York Times has published an interactive map illustrating the leading 
climate change risks for every country in the world. It notes that in Ukraine in 2040, 
the main danger may be water shortages (Every country has its own climate risks. 
What`s yours? 2021). Therefore, we need to consume water wisely. For example, 
pour into a kettle as much water as needed for morning coffee. This, in turn, saves 
both water and electricity. In addition, we need to buy appliances with low energy 
consumption, which are marked "A" or "A +". For instance, a refrigerator of this 
class will consume 30-50% less electricity than a device of the same volume of brand 
"B". It is also needed to use energy-efficient light bulbs, such as LED (energy-saving) 
light bulbs, which do not contain harmful substances. In some cases, energy-saving 
appliances’ prices may be higher, but it should be understood that the purchase of 
energy-efficient goods makes a person a conscious consumer, regulates the market 
and forms sustainable ways of consumption. 

On March 22, World Water Day is celebrated, on June 5 11 – World 
Environment Day (International days). Therefore, it is essential to hold educational 
institutions events to inform students about ways to save energy and alternative 
energy sources and tell why it is crucial to saving energy on such days. The students’ 
project activity allows them to combine theoretical knowledge and practical skills to 
ensure the rational resources’ use and sustainable development, which is also of great 
importance for the ecological worldview formation. Energy efficiency largely 
depends on the involvement of citizens in the energy-saving process and is the most 
affordable, quick way to solve the problem of civilization’s dependence on non-
renewable resources.  

Advanced education’s role in energy efficiency is manifested in several crucial 
sustainable development elements: 

1) it contributes to the human skills of responsible consumption formation. 
2) it provides training in scientifically sound methods of energy efficiency. 

Theoretical knowledge is not enough to be energy efficient; practice is also 
needed. 

3) it transits to sustainable consumption patterns process is the justification and 
training to limit the use of energy and resources consciously. 



textbook 
 

80 
 

The role of education as a basis for the transition to sustainable production and 
consumption models is as follows: 

- knowledge about ecological problems of the region, country, and the world 
formation; 

- holistic picture of human-environment interaction formation; 
- ability to properly assess the situation related to the global problems and 

make rational decisions to overcome the challenges facing humanity 
formation; 

- students’ participation in the energy-saving process promotion; 
- environmental culture, involvement in the environmental movement, 

development of environmental organizations at the level of school and out-
of-school educational institutions arises. 

Teachers, professors, and other participants in the educational process face 
severe challenges in the better future pursuit. The advanced education concept 
implies that the teacher must perform the functions of interlocutor, expert, facilitator, 
researcher, tutor. The teacher must become a kind of mediator for students and 
convey the basic sustainable development principles. In this case, the teacher must 
know his subject well and know the unique and essential sustainable development 
aspects. Many teaching methods for sustainable development are available today: 

- conducting seminars related to sustainable development by state or 
environmental organizations specialists; 

- discussion a relevant and interesting article that would relate to sustainable 
production and consumption at the seminar; 

- holding training, conferences, discussions on the caring for our planet 
topic; 

- conducting role and simulation games, quests. 
Since 2018, the National Educational Platform, where the digital educational 

ecosystem is developing, has been operating in Ukraine. It includes electronic 
textbooks with virtual 3D materials that teachers can compose at their discretion, 
textbooks for download, interactive laboratories, virtual museums, forums for teacher 
communication, education management systems. The national electronic education 
platform should become a driver of significant changes in the educational process and 
launch a market for the electronic educational products and services production, 
contributing to participants’ formation in the educational process in Ukraine’s digital 
competence (Institute of Education Content Modernization). 

Ukraine has also created an exceptional educational and methodological 
resource for teachers to implement the cross-cutting content line “Environmental 
safety and sustainable development” (EcoMON) (Navchano-metodychnyy resurs 
dlya pedahohichnykh pratsivnykiv z realizatsiyi naskriznoyi zmistovoyi liniyi 
“Ekolohichna bezpeka ta stalyy rozvytok”, 2020). The website contains information 
for teachers (including the UN Sustainable Development Goals), lesson materials, 
presentations, films, animations, and ready-made practical tasks examples. 
Information cases for teachers are also available, covering all life situations related to 
consuming or using various goods, services, energy, water, and other resources. The 
project team hopes to achieve tangible results in behavior change and motivate the 
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younger generation to reduce their environmental footprint and lighten their 
environmental backpack. 

During the last 30 independent years, Ukraine has opened to the world many 
innovative inventions that have practical applications in various life spheres. For 
example, in the transition to sustainable production and consumption conditions, the 
invention of Doctor of Technical Sciences Oleksiy Onipko, on which he worked for 
10 years, is - a high-efficiency windmill Onipko Rotor, which has a spiral shape. This 
is the invention’s main advantage because traditional windmills with blades require a 
speed of at least 3 meters per second (Unikalni ta perspektyvni: innovatsiyni 
rozrobky ukrayintsiv, shcho nevdovzi pidkoryat ves svit, 2021). 

Another Ukrainian startupper’s invention, important for rational consumption, 
is making paper from fallen leaves RE-leaf PAPER. This invention makes it possible 
to replace exhaustive resources for paper production − forests with a constantly 
renewable resource − leaves. Moreover, much ecological paper production can 
reduce plastic bags, which considerably pollute biosphere use (Unikalni ta 
perspektyvni: innovatsiyni rozrobky ukrayintsiv, shcho nevdovzi pidkoryat ves svit, 
2021). 

As mentioned above, the environmental education processes are directly 
related to the practical educational institution functioning component. Energy-saving, 
efficient water consumption, separate collection of solid waste, and proper 
management of hazardous waste will reduce the burden on the environment. Based 
on this, an environmental standard was developed for educational institutions, “Green 
Class”, which covers the significant environmental educational institutions impacts. 
The main “Green Class” element integrates the environmental component into 
education and upbringing, aimed at comprehensive younger generation and citizens 
training. This principle provides for the educational institutions’ certification 
according to ISO 14024: 2002 (from January 1, 2022 - ISO 14024: 2018), which will 
determine whether the educational or educational institution meets the requirements 
of environmental criteria (Zelenyy klas). 

Thus, the new challenges the world and Ukraine face today require changes in 
established governance systems and public and economic relations models. The 
impact of consumption on the environment can be mitigated by shifting demand from 
higher-impact to lower-impact consumption categories, i.e., by changing traditional 
approaches to consumption to sustainable approaches. An essential element in 
achieving the Sustainable Development Goals is quality, advanced education, 
considering future trends, forming environmental awareness, and expanding and 
improving critical competencies. The priority is to update educational standards and 
the entire educational process, including inclusive and digital elements. Therefore, 
the educational sphere is the substantial element to make the synergies to accelerate 
the Sustainable Development Goals formation achievement possible. 
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3.3. The main state policy directions to implementing the education system 
for sustainable development 

 
Exploring almost any issue, one can come across the concept of development. 

This term is primarily used in a positive context, such as developing the economy, 
culture, technology, education, etc. Moreover, the concept of “sustainable 
development” immediately suggests stable growth. However, the term is the official 
paradigm of the United Nations, first defined in 1987 as the development that meets 
the needs of the present without compromising the ability of future generations to 
meet their own needs (UN Documents. Gathering a body of global agreements. Our 
Common Future, Chapter 2: Towards Sustainable Development). Thus, any decision 
that benefits now but harms future generations does not fit into this concept and must 
be rejected. 

It should be noted that the idea of sustainable development is very progressive; 
its strategic goals are somewhere in the far future. This concept has, to some extent, 
become a response to the modern, high-speed world, which never sleeps and is 
constantly rushing somewhere. It allows us to think about what will happen after us. 

Sustainable development has three critical sub-components of its provision: 
economic, social, and environmental (Fig. 27). 

 
Figure 27. Sustainable development sub-components 
Source: developed by the authors due to the sustainable development concept 
 
Sustainability is a paradigm for thinking about the future in which 

environmental, societal, and economic considerations are balanced in the pursuit of 
improved quality of life (Sustainable Development). 

It is clear that such a development is a very serious task for the whole world, 
and requires the efforts not only of one country or economy (even a powerful one), 
but of a general consolidation of states. In order to clearly understand the guidelines 
for sustainable development, in September 2015, the United Nations Summit adopted 
17 Sustainable Development Goals. The approved goals have 169 tasks to achieve. 
They are designed for 2015-2030 and have replaced the previous Millennium 
Development Goals. 
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The Sustainable Development Goals are a call for all countries – poor, rich, 
and middle-income – to promote prosperity while protecting the planet. They 
recognize that ending poverty must go hand-in-hand with strategies that build 
economic growth and address various social needs, including education, health, social 
protection, and job opportunities, while tackling climate change and environmental 
protection (17 Goals to Transform Our World). Sustainable development goals are 
also called global goals - they are interconnected - the key to success in one of them 
is to address issues that are generally related to others (What are the Sustainable 
Development Goals?). In figure 28. the list of purposes and their official illustrations 
of the UN is given. These icons have already become recognizable. 

 
Figure 28. UN Sustainable Development Goals 
Source: What are the Sustainable Development Goals? 
 
Ukraine has also joined the initiative to achieve the goals mentioned above. At 

the legislative level, the period up to 2020 was regulated by the Decree of the 
President of Ukraine “On the Sustainable Development Strategy of Ukraine – 2020”, 
adopted on January 12, 2015 (Ukaz Prezydenta Ukrayiny “Pro Stratehiyu staloho 
rozvytku “Ukrayina – 2020”, (2015). 

This document defined the purpose, vectors of the road map, priorities, and 
indicators of appropriate defense, socio-economic, organizational, political, and legal 
conditions of Ukrainian development for 2015-2020. During this period, 4 key 
vectors were identified (Fig. 29.  

For each of the vectors, a list of reforms and changes in the ordinary life of 
every Ukrainian was planned. For example, according to the security vector, 
education reform was also included in the plan. 

 

https://www.un.org/sustainabledevelopment/sustainable-development-goals/
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Figure 29. Key vectors of Ukraine’s movement towards sustainable 

development 
Source: built by the authors based on Ukaz Prezydenta Ukrayiny “Pro Stratehiyu staloho 

rozvytku “Ukrayina – 2020” (2015) 
 
An exciting program of Ukraine’s popularization in the world and national 

interest’s advancement in the global information space was also established. The 
program’s main goal was to build trust in Ukraine, position it in the world in favor of 
its political and economic interests, strengthen its national security and restore 
territorial integrity. 

The program focused on providing: 
- strengthening the institutional capacity for international strategic 

communications; 
- synergies government, business, and civil society efforts to promote 

Ukraine in the world; 
- increasing and optimizing Ukraine’s presence at international events and 

venues; presence in the international academic, cultural and public 
environment; 

- communication on the reforms and transformations in Ukraine success; 
- formation and promotion of the brand messages about Ukraine: a country 

of freedom and dignity; a reforming country despite challenges; a hub for 
investment; a country of high technologies and innovations; a country 
attractive for tourism; a country with outstanding cultural and historical 
traditions; 

- regular open dialogue with the world opinion leader’s community, experts, 
and media that cover or comment on Ukrainian issues; 

- formation of sustainable, effective communications with the Ukrainian 
diaspora and use of its potential. 

In 2019, the President of Ukraine issued a Decree “On the Sustainable 
Development Goals of Ukraine until 2030” in which was stated that to ensure the 
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national interests of Ukraine for sustainable economic development, civil society, and 
the state to achieve growth, quality of life, constitutional rights and freedoms to 
ensure compliance with the Sustainable Development Goals of Ukraine until 2030 
(Ukaz Prezydenta Ukrayiny “Pro Tsili staloho rozvytku Ukrayiny na period do 2030 
roku”, (2019): 

1) poverty overcoming; 
2) hunger overcoming, achieving food security, improving nutrition, and 

promoting sustainable agricultural development; 
3) ensuring a healthy lifestyle and promoting well-being for all at any age; 
4) ensuring comprehensive and equitable quality education and encouraging 

lifelong learning opportunities for all; 
5) ensuring gender equality, empowerment of all women and girls; 
6) ensuring the availability and sustainable management of water resources and 

sanitation; 
7) ensuring access to inexpensive, reliable, sustainable, and modern energy 

sources for all; 
8) promoting progressive, inclusive, and sustainable economic growth, full and 

productive employment, decent work for all; 
9) creating sustainable infrastructure, promoting inclusive, sustainable 

industrialization and innovation; 
10) inequality reduction; 
11) ensuring cities and other settlements openness, security, vitality, and 

environmental sustainability; 
12) ensuring the transition to rational models of consumption and production; 
13) taking urgent measures to combat climate change and its consequences; 
14) conservation and rational use of oceans, seas, and marine resources in the 

sustainable development interests; 
15) protection and restoration of terrestrial ecosystems and promotion of their 

rational use, rational forest use, combating desertification, land degradation 
stopping and reversing, and the process of biodiversity loss stopping; 

16) promoting a peaceful, open society in the interests of sustainable 
development, ensuring access to justice for all and creating practical, 
accountable, and participatory institutions at all levels; 

17) strengthening the means of implementation and intensifying work in the 
global partnership framework for sustainable development. 

The goals of sustainable development of Ukraine for the period up to 2030 are 
guidelines for developing draft forecast and program documents; and state 
regulations to ensure a balanced economic, social and environmental dimension of 
sustainable development of Ukraine. In particular, Ukrainian experts, with the 
support of the United Nations Development Program in Ukraine and the Global 
Environment Facility, prepared a Strategy for sustainable development of Ukraine 
until 2030 draft within the framework of the project “Integration of the Rio 
Conventions into Ukraine’s National Policy” (Proekt Stratehiyi staloho rozvytku 
Ukrayiny do 2030 roku). 
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Ukraine’s strategic vision for sustainable development is based on ensuring 
national interests and fulfilling Ukraine’s international commitments on the transition 
to sustainable development. This development involves: 

- imbalances in the economic, social, and environmental spheres 
overcoming; 

- economic activity transformation, transition to the principles of “green 
economy”; 

- building a peaceful, secure, socially cohesive society with good governance 
and inclusive institutions; 

- ensuring partnership between public authorities, local governments, 
business, science, education, and civil society organizations; 

- full employment; 
- high level of science, education, and health care; 
- maintaining the environment in a proper state that will ensure the quality of 

life and well-being of present and future generations; 
- decentralization and implementation of regional policy, which provides for 

a harmonious combination of national and regional interests; 
- national cultural values and traditions preservation (Proekt Stratehiyi 

staloho rozvytku Ukrayiny do 2030 roku). 
Sustainable development is focused primarily on people and improving the 

quality of their lives in a favorable socio-economic environment and environmentally 
friendly, healthy, diverse natural environment. Furthermore, a high intellectual level 
of human potential should ensure the country’s competitiveness in the future. 

Quality education is the 4th goal of sustainable development. According to the 
UN, significant progress has been made over the past two decades. The overall school 
enrollment rate in developing regions reached 91% in 2015, and the number of out-
of-school children worldwide has almost halved. Literacy has also risen sharply, and 
more girls are attending school than ever before. Achieving comprehensive quality 
education once again confirms that education is one of the most powerful and proven 
means of sustainable development. This goal guarantees free primary and secondary 
education for all girls and boys by 2030. It also aims to ensure equal access to low-
cost vocational training, eliminate gender and material disparities and ensure 
universal access to quality higher education (Goal 4: quality education). 

According to the draft “Strategy for Sustainable Development of Ukraine until 
2030”, strategic goal 4 is to protect the public health, well-being, and quality 
education in safe and sustainable settlements. This goal includes operational goal 4.2, 
providing inclusive and equitable quality education and promoting lifelong learning 
opportunities for all. 

Tasks until 2030: 
1. Provide equal opportunities for quality primary, basic and complete 

secondary education for every child, regardless of their health, place of residence, and 
family wealth. 

2. Ensure equal and equitable access to quality development, care, and 
preschool education systems for all children, regardless of health, place of residence, 
and family wealth. 



textbook 
 

87 
 

3. Provide equal access to quality vocational and higher education for the 
whole population throughout life, significantly increase the number of young and 
adults who have socially necessary skills, including vocational skills for employment, 
decent work, and entrepreneurship. 

4. Eliminate gender inequality in education and ensure equal access to 
education and vocational training at all levels for vulnerable groups. 

5. Ensure that all students acquire knowledge and skills on the principles of 
sustainable development, in particular, healthy lifestyles, human rights, 
environmental protection, gender equality, peace and non-violence culture promotion, 
national and patriotic education, and cultural diversity value awareness in the 
transition to sustainable development (Proekt Stratehiyi staloho rozvytku Ukrayiny 
do 2030 roku). 

The Sustainable Development Goal 4 covers two main areas - providing 
comprehensive and quality education and promoting lifelong learning opportunities 
for all. The tasks performance degree to achieve quality education is determined by 
14 indicators (Table 10) (Tsili staloho rozvytku Ukrayina. Dobrovilnyy natsionalnyy 
ohlyad (2020).  

Initiated in 2016-2019, reforms in the field of education were aimed at: 
- creating a modern, safe and inclusive educational environment, ensuring 

equal access to quality general secondary education (introduction of the 
New Ukrainian School), which meets the principles of child-centeredness, 
partnership pedagogy (teachers are motivated and qualified), end-to-end 
education process, based on competency-based learning, provides genuine 
autonomy of educational institutions and fair funding; 

- ensuring the availability and realization of the right to receive vocational 
education, retraining, and advanced training for Ukrainians, including 
persons with special educational needs, as well as foreigners and stateless 
persons staying in Ukraine legally, respectively to their interests and 
abilities; 

- implementing the significant changes in the management and financing of 
vocational education; 

- reforming the principles of educational institutions funding - the advantage 
in financing is given to educational institutions for the training of students 
of technical, natural, and agricultural specialties (because the sustainable 
technological development of the country depends on them); higher 
funding will be given to those higher education institutions that have better 
results of their activities (higher employment of graduates, more orders 
from business and international grants, as well as included in international 
rankings); regional coefficient introduced, which provides additional 
funding for universities outside Kyiv (Tsili staloho rozvytku Ukrayina. 
Dobrovilnyy natsionalnyy ohlyad (2020). 

Let us study the goal of sustainable development №4 tasks and achievement 
statistics. 
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Table 10 
Achieving quality education tasks and indicators of their implementation 

Code Tasks Code Indicators 
4.1. Ensure access to quality school education 

for all children and adolescents  
4.1.2. Number of full-time secondary school pupils per 

teacher at the beginning of the school year 
4.2. Ensure the availability of quality 

preschool development for all children  
4.2.1. Children up to 5 years old coverage by 

preschool education 
4.3. Ensure access to 

vocational education  
4.3.1. Entrants to vocational education institutions 

number ratio to the total number of places in 
education institutions (vocational and technical) 
education, financed from state and local budgets 

4.4. Improve the higher education quality and 
ensure its close connection with science, 
promote the formation of cities of 
education and science in the country 

4.4.1. Number of Ukrainian cities members of the 
UNESCO Global Network of Learning Cities 

4.5. Increase the knowledge prevalence of 
among the population and skills required 
to get a decent job and business activities 

4.5.1. The level of population participation in formal 
and non-formal learning and training  

4.5.2. The population that has been using Internet 
services for the last 12 months share 

4.6. Eliminate gender inequality among 
school teachers  

4.6.1. The share of men among teachers  

4.7. Create modern schools learning 
conditions, including inclusive, based on 
the innovative approaches 

4.7.1. General secondary education institutions in rural 
areas with access to the Internet share 

4.7.2. General secondary schools in rural areas where 
computers are used in the educational process 
share 

4.7.3. Full-time general secondary education 
institutions with inclusive education share 

Source: Tsili staloho rozvytku Ukrayina. Dobrovilnyy natsionalnyy ohlyad (2020) 
 
According to indicator 4.1.2 “Number of full-time secondary school pupils per 

teacher at the beginning of the school year” statistical achievement data are shown in 
Figure 30. Figure 30. indicates the planned 2020 target achievement at 9.5 secondary 
school students per teacher (Tsili staloho rozvytku Ukrayina. Dobrovilnyy 
natsionalnyy ohlyad (2020). This indicator has grown steadily over the last six years 
(since adopting the Sustainable Development Goals in 2015). 

 
Figure 30. Number of full-time secondary school pupils per teacher at the 

beginning of the school year 
Source: built by the authors based on Tsil 4. Yakisna osvita (2021) 
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It should be noted that the achievement for this indicator became possible due 

to school network optimization and the benchmark secondary education institutions 
establishment. However, sustainable development requires the effective operation of 
schools with the institutional, organizational and professional capacity to provide 
quality educational services. Let us further consider the statistical data on indicator 
4.2.1 “Children up to 5 years old coverage by preschool education” (Figure 31). 

 
Figure 31. Children up to 5 years old coverage by preschool education  

Source: built by the authors based on Tsil 4. Yakisna osvita (2021) 
 

Figure 31. shows the advantage of urban settlements in providing preschool 
children with kindergarten. Due to a much smaller indicator of rural settlements, we 
get an all-Ukrainian indicator at the maximum level of 70.5%. In 2020, there is a 
decrease in this indicator both in the country as a whole and in terms of urban and 
rural areas. Undoubtedly, the primary reason for this is the pandemic year and the 
quarantine restrictions introduced distance learning. Just as many parents worked 
remotely, were on a forced vacation, or lost their jobs altogether - they had the 
opportunity to stay home with their children. Fear of possible coronavirus infection 
also prevented them from visiting crowded places and protecting children more 
carefully. Table 11. shows the benchmarks developed for the value of indicator 4.2.1 
for the period from 2020 to 2030 

Table 11 
4.2.1 “Children up to 5 years old coverage by preschool education” indicator 

benchmark for 2020, 2025, and 2030, % 
Indicator benchmark 2020 2025 2030 
Indicators of the indicator 4.2.1 “Children up to 5 years old coverage by 
preschool education” for 2020, 2025, and 2030, % 

80,0 90,0 95,0 

Source: built by the authors based on Tsili staloho rozvytku Ukrayina. Dobrovilnyy 
natsionalnyy ohlyad (2020) 
 

As shown in table 12 and figure 31, the benchmark was not reached; moreover, 
in 2020, we observe the maximum deviation of actual values from the benchmark. 

Let us try to find the reason for such a deviation from the benchmark in 
changing the demographic situation in Ukraine. Table 12 shows the data on the 
number of children aged 2-4 years (age of kindergarten) 
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Table 12 
Number of children of kindergarten age in 2015-2020, people 

Age 2015 2016 2017 2018 2019 2020 
2 years 487489 471450 462265 408532 394186 408388 
3 years 470674 487356 471307 462137 408454 394117 
4 years 465766 470530 487231 471199 462009 361612 

Source: built by the authors based on Vikova struktura naselennya (2021) 
 
One could assume that the provision of kindergartens for Ukrainian children is 

caused by demographic growth; however, Table 4 indicates a decrease in t children 
aged 2.3 and 4 years. Moreover, the situation looks threatening and needs more 
detailed analysis. 

Figures 32-34 show the increase in the number of children of kindergarten age 
in the form of a histogram. 

 
Figure 32. Change 2-years-aged children quantity, people 
Source: built by the authors based on Vikova struktura naselennya (2021) 

 

Considering the 2-year-old children quantity, we see a significant demographic 
decline in this age group of Ukrainians in 2018 and a slight increase in 2020. As these 
statistics apply to children born in 2016, we associate this situation with the seizure of 
the Ukrainian territorial part in 2015 and the start of hostilities. This has led to 
general concerns about the future, a peaceful area, and has helped postpone plans to 
expand the family. 

 
Figure 32. Change 3-years-aged children quantity, people 
Source: built by the authors based on Vikova struktura naselennya (2021) 

 



textbook 
 

91 
 

 
Figure 33. Change 4-years-aged children quantity, people 
Source: built by the authors based on Vikova struktura naselennya (2021) 
 
If we compare Figures 3.14 and 3.15, a shift in growth by one year can be seen 

in Figure 33. This is quite logical and reflects the population growth until 2015. In 
contrast to Figure 6, we do not observe growth in the number of children aged 3 and 
4. Nevertheless, the fact that there is the first growth after the age of 2 indicates that 
providing kindergartens is becoming urgent and may deepen. Let us further 
investigate the indicator 4.3.1 “Entrants to vocational education institutions number 
ratio to the total number of places in education institutions (vocational and technical) 
education, financed from state and local budgets” implementation (Figure 34). 

As Figure 34 shows, the benchmark for this indicator was fully reached in 
2020. This has happened due, in particular, to the measures to optimize management 
and funding in the field of vocational education implementation; positive dynamics of 
indicators performance (state and regional order) for the training of workers in 
establishments of professional (vocational and technical) education restoration (Tsili 
staloho rozvytku Ukrayina. Dobrovilnyy natsionalnyy ohlyad (2020). 

 

 
Figure 34. Entrants to vocational education institutions number ratio to the 

total number of places in education institutions (vocational and technical) education, 
financed from state and local budgets 

Source: built by the authors based on Tsili staloho rozvytku Ukrayina. Dobrovilnyy 
natsionalnyy ohlyad (2020) and Tsil 4. Yakisna osvita (2021) 
 

In 2016, the first Ukrainian city joined the UNESCO Global Network of 
Learning Cities, and in 2017 Ukraine was represented by 4 cities - Melitopol, 
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principle of inclusion, learning cities advance policies and practices that foster 
sustainable development, notably through lifelong learning programs that promote 
equity, cohesion, and peace. When local governments empower communities and 
social actors to implement lifelong learning strategies and programs, they sponsor the 
achievement of the Sustainable Development Goals. 

More specifically, a learning city is one that:  
- effectively mobilizes resources in every sector to promote inclusive 

learning, 
from basic to higher education; 

- revitalizes learning in families and communities; 
- facilitates learning for and in the workplace; 
- extends the use of modern learning technologies; 
- enhances quality and excellence in learning; 
- fosters a culture of learning throughout life. 
In doing so, a learning city supports individual empowerment and social 

inclusion, economic development and cultural prosperity, and sustainable 
development (Learning cities: Drivers of inclusion and sustainability). Unfortunately, 
in 2020 Pavlohrad has stopped participating in this initiative (Members of the 
UNESCO Global Network of Learning Cities), but three more Ukrainian cities: 
Sumy, Lviv, and Poltava, instead expressed a desire to join (Sektor osvity pidtrymav 
doluchennya Cum, Lvova i Poltavy do hlobalnoyi merezhi yunesko mist, shcho 
navchayutsya (2020). The network supports its member cities by: 

- promoting policy dialogue and peer learning; 
- documenting effective strategies and best practices; 
- fostering partnerships; 
- providing capacity development; 
- developing tools and instruments to design, implement and monitor learning 

cities’ strategies (Learning cities: Drivers of inclusion and sustainability). 
Thus, we hope that more Ukrainian cities will be able to use the benefits and 

opportunities of UNESCO effectively; and improve their education and sustainable 
development level. The following indicator 4.5.1 reflects population participation in 
formal and non-formal education and training (Table 13). 

Table 13 
The level of population participation in formal and informal types of learning 

and training in 2015-2019, % 
Indicator 2015 2016 2017 2018 2019 

The level of population participation in formal and non-formal learning 
and training 9,2 9,0 8,7 8,6 8,0 
by age groups      

15-24 years 55,9 56,5 57,6 59,4 55,5 
25-64 years 0,8 0,9 0,8 0,8 0,7 

by gender      
women 8,8 8,4 8,1 8,0 7,5 
men 9,8 9,6 9,3 9,4 8,7 

Source: Tsil 4. Yakisna osvita (2021) 
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The benchmark for 2020 was set at 10% level. Unfortunately, the State 

Statistics Service has not yet published data for 2020 on this indicator. However, 
from Table 5 we can see a decrease in such activity in age and gender categories. 
This indicates the need to intensify work to increase the Ukrainian’s interest and 
indifference to participate in such activities. Next, let us consider the indicator 4.5.2. 
“The population that has been using Internet services for the last 12 months share” 
(Table 14). 

Table 14 
The population that has been using Internet services for the last 12 months 

share, % 
Indicator 2015 2016 2017 2018 2019 

The population that has been using Internet services for the last 
12 months share, % 48,9 53,0 58,9 62,6 70,1 
including those, who lives           

in urban areas 58,4 62,7 67,7 70,1 77,4 
inrural areas 30,3 34,1 41,7 47,8 55,9 

including by age           
up to 15 years 36,6 43,8 50,2 53,2 64,8 
15 - 17 years 86,7 86,0 91,1 89,2 97,7 
18 - 24 years 81,9 84,7 89,6 93,5 95,8 
25 - 35 years 75,9 80,4 87,6 89,3 94,4 
36 - 59 years 52,2 57,1 65,1 70,7 79,7 
60 - 74 years 18,7 22,3 26,5 33,0 39,5 
75 years and older 4,2 5,1 6,1 7,7 12,9 

Source: Tsil 4. Yakisna osvita (2021) 
 
The benchmark for 2020 was the indicator’s value at 59%, and for 2025 - 70%. 

Thus, as shown in Table 6, the average share of the population that reported using the 
Internet for the last 12 months in 2019 has reached the benchmark of 2025. However, 
the share of Internet users among the rural population and the retirement age remains 
low, which indicates the intensification of the efforts to improve the situation with 
access to the World Wide Web. The next indicator of achieving goal 4 “Quality 
education” is 4.6.1. “The share of men among teachers” (Figure 35). 

In Ukraine, for years, the teaching profession was considered more “feminine”, 
and low-paid teachers were not of interest among men who “should maintain the 
families and earn more”. Teacher work, in contrast to, for example, work in the 
factory, is unregulated. It seems like more free time, but the teacher works almost 
constantly. In addition, women have many other responsibilities for cooking, raising 
children, cleaning, or gardening. It may sound funny or unfair, but it is true for many 
Ukrainian families. At the same time, attracting men to work in secondary education 
is mainly a task of changing attitudes towards gender equality and eliminating 
stereotypes. Figure 35 shows that the benchmark was not reached in 2020, but at least 
the declining dynamics of the share of men in school has changed with growth in the 
last year. 
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Figure 35. The share of men among teachers, % 
Source: built by the authors based on Tsili staloho rozvytku Ukrayina. Dobrovilnyy 

natsionalnyy ohlyad (2020) and Tsil 4. Yakisna osvita (2021) 
 
Information on the indicator 4.7.1. “General secondary education institutions in 

rural areas with access to the Internet share” is shown in Figure 36. 
 

 
Figure 36. General secondary education institutions in rural areas that have 

access to the Internet share, % 
Source: built by the authors based on Tsili staloho rozvytku Ukrayina. Dobrovilnyy 

natsionalnyy ohlyad (2020) and Tsil 4. Yakisna osvita (2021) 
 
Considering that in 2020 we managed to exceed the 2030 benchmark, we now 

have a reason to predict full coverage of secondary education institutions with access 
to the world wide web in the coming years. Data on the indicator 4.7.2. “General 
secondary schools in rural areas where computers are used in the educational process 
share” is shown in Figure 37. 

The situation with this indicator is similar to the previous one. As of 2020, 
almost all schools have used computers in the educational process, reflecting full 
compliance with the benchmark. However, it should be noted that this indicator in 
current conditions no longer reflects the needs of informatization and is more 
commonplace. 
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The last indicator that allows us to assess implementing the task to create 
modern learning conditions in schools (including inclusive), based on innovative 
approaches - is 4.7.3 “Full-time general secondary education institutions with 
inclusive education share”. 

 

 
Figure 37. General secondary schools in rural areas where computers are used 

in the educational process share, % 
Source: built by the authors based on Tsili staloho rozvytku Ukrayina. Dobrovilnyy 

natsionalnyy ohlyad (2020) and Tsil 4. Yakisna osvita (2021) 
 
The share of full-time general secondary education institutions in which 

inclusive education is organized is shown in Table 15. 
Table 15 

Full-time general secondary education institutions with inclusive education 
share, % 

Indicator 2015 2016 2017 2018 2019 2020 
Full-time general secondary education institutions with 
inclusive education share, %  - 9,26 16,66 25,11 36,07 44,11 
school location type              

urban  -  -  -  - 49,50 57,40 
rural  -  -  -  - 29,80 36,90 

Source: Tsil 4. Yakisna osvita (2021) 
 
Inclusive education is a relatively new phenomenon in the domestic secondary 

education system; however, it is necessary to consider the pupils’ needs equally to be 
in trend with the civilized world. Furthermore, if a child needs other, special learning 
conditions, they must be created to meet the general learning need. Thus, based on 
the statistical data analysis, the study of the Voluntary national review of Sustainable 
Development Goals and other sources, we have distributed the goals according to the 
probability of achievement (Table 16). 

It should be noted that in comparison with the previous year, we observe a 
change in the category of indicator 4.6.1. “The share of men among teachers” from 
adverse to positive dynamics. Instead, on the contrary, the indicator 4.4.1. “Number 
of Ukrainian cities members of the UNESCO Global Network of Learning Cities” 
has shown a negative trend. However, according to this indicator, we forecast 
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improvement (three Ukrainian cities have expressed a desire to join the initiative), so 
we have classified this indicator as a medium probability of achieving the goal. 

Table 16 
Achieving the tasks of the goal of sustainable development - quality education 

Assess the probability of 
achieving the goal 

Progress towards the goal Indicators 

The goal is difficult to achieve Negative dynamics 4.2.1., 4.5.1 
Low probability of achieving 
the goal 

Weak positive dynamics that require a 
significant acceleration 

4.4.1 

Average probability of 
achieving the goal 

Positive dynamics that need some 
acceleration 

4.6.1 

High probability of achieving 
the goal 

Achieved or has a high achievement 
probability 

4.1.2., 4.3.1., 4.5.2., 4.7.1., 
4.7.2., 4.7.3 

Source: supplemented by the authors based on Tsili staloho rozvytku Ukrayina. 
Dobrovilnyy natsionalnyy ohlyad (2020) and Tsil 4. Yakisna osvita (2021) 

 
To ensure the achievement of the Sustainable Development Goal №4 “Quality 

Education” it is necessary to (Tsili staloho rozvytku Ukrayina. Dobrovilnyy 
natsionalnyy ohlyad (2020): 

- complete the implementation of the New Ukrainian School at the primary 
school level and ensure a quality transition to the implementation of the 
reform at the basic secondary education level; 

- implement the provisions of the adopted Law of Ukraine “On Complete 
General Secondary Education”, which will increase the social status and 
wages of teachers, ensure appropriate conditions for their professional 
growth, increase the overall prestige of the teaching profession; 

- complete the reform of the system of vocational education, take measures 
to promote it; 

- develop a strategic vision of the role of vocational education in the 
development of the region with local authorities and local governments, to 
organize systematic work on vocational guidance of young people; 

- promote the expansion of opportunities for quality and modern preschool 
education, raising the level of coverage of preschool children and the 
salaries of educators; 

- adopt the National Strategy for the Development of Inclusive Education to 
2030 and an action plan to it, which will consolidate the efforts of central 
and local authorities, educational institutions, communities, international 
and Ukrainian NGOs to develop inclusive education, create conditions for 
further deinstitutionalization of institutions education based on the child’s 
interests; 

- ensure the overcoming of existing stereotypes and to develop civic 
competencies among students, in particular, those related to human rights, 
non-discrimination, democracy, the formation of high legal culture, and 
respect for the rule of law; 

- accelerate the implementation of the education digitalization reform, 
particularly to provide schools with access to high-speed Internet, 
electronic textbooks, distance learning courses, curricula, manuals and 
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other educational resources. Such a resource will promote: distance 
education technologies development, which, in particular, are especially 
necessary during adverse situations of epidemiological nature, armed 
aggression, etc.; technological support of the New Ukrainian School; 
modern conditions for effective development of education creation; a single 
information network of resources and databases of the educational process 
creation; creating an interactive environment of educational institutions for 
teachers, students, parents, heads of institutions creation; data of the 
educational process accumulation and systematization; favorable 
environment for the development of electronic educational resources 
national production creation; e-learning development and formation of 
information and communication competence of participants of the 
educational process in Ukraine; 

- provide funding for science in universities on a transparent basis to 
improve the overall quality of higher education, both in terms of teaching 
and scientific components; 

- take measures to combat abuse in the education system; to form in the 
participants of the educational process a culture of academic and social 
integrity, intolerance of corruption in all its manifestations; 

- research and innovation infrastructure development, the state of which 
ensures the conduct of basic and applied research at a high level and the 
creation and implementation (commercialization) by scientists the results 
of their research; 

- introduce a mechanism for co-financing the creation of high-tech industries 
with the higher education institutions and research institutions 
participation; 

- develop the digital services for the scientific, technical, and innovative 
activities implementation; 

- ensure the provision of direct state support for innovation; 
- determine the critical priority of educating conscious, responsible, and 

economically active young people who have a high level of vitality, 
independence and capacity, integrated into the country’s public life and 
adapted to the challenges of the modern world. 

In the context of the Covid-19 pandemic in Ukraine deployment, it is crucial to 
develop distance technologies used in full-time and other forms of education. 
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Today, the issue of sustainable development is one of the key in 
international cooperation among the world community. After all, it ensures the 
establishment of a balance between meeting the needs of society while conserving 
the Earth's resources and protecting the interests of future generations. The Covid-
19 pandemic has affected all three components of Ukraine's sustainable 
development (Figure 1). By 2030, without well-established tactics to counter the 
pandemic at all levels, 17 sustainable development goals will not be achieved. In 
particular, the results of the literature sources’ analysis show that the zone of 
greatest risk of inaccessibility includes eight goals: 

- good health; 
- quality education; 
- gender equality; 
- decent work and economic growth; 
- reduction of inequality; 
- innovations and infrastructure; 
- sustainable development of cities and communities. 
To improve the situation can education for sustainable development (ESD) - 

a type of education aimed at acquiring knowledge and skills that contribute to: 
- formation of a new ecologically conscious society; 
- formation of a new worldview, positions, values; 
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- development that is socially desirable, economically viable and 
environmentally balanced. 

The world's leading countries, which have paid sufficient attention to this 
area of work, have managed to achieve high rates of sustainable development. That 
is why the issue of detailed study of cross-border experience in the implementation 
of the education system for sustainable development is extremely important. 

 
 

 

 

 

 

 

 

 

 

Fig. 38. The impact of Covid-19 on sustainable development 
Source: developed by the authors 

The education content components for sustainable development in the 
European Union’ leading countries are: quality of life, social justice and equality; 
preservation of diversity: cultural, social and biological; relationship: in society, 
economy and environment; awareness of responsibility to future generations; civil 
position, rights and responsibilities of citizens; needs and rights of future 
generations to a quality life. 

It should be noted that education for sustainable development is a key 
direction in the strategies of EU countries. After all, it is the key factor that 
contributes to the achievement of all sustainable development goals, and achieves 
its goal through the transformation of society. Figure 38 schematically shows the 
importance of education for sustainable development. 

Education for sustainable development is based on the fundamental 
assumption that humanity must radically change the current course of economic, 
environmental and social development to ensure a healthy and quality life for present 
and future generations. In particular, in Sweden's “National Sustainable Development 
Strategy”, the priority is to implement an action plan for education in the field of 
sustainable development, to support research and development projects in the fields 
of innovation, employment, social research, the environment, agriculture and spatial 
development planning [2]. 
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Fig. 38. The importance of education for sustainable development 
 Source: developed by the authors 

 
In the strategy of the "State Action Program for Sustainable Development of 

the Netherlands" one of the priority areas is knowledge, which aims to develop a 
knowledge-based economy, stimulate innovation, integrate sustainable development 
into education, develop research on the relationship between knowledge, innovatio 
and sustainable development. In Germany's “Sustainable Development Strategy”, 
adopted in 2012, education is an important sustainable development indicator that 
needs to be expanded and stabilized at a high level by improving education systems 
and training. [1]. The German and Austrian federal governments have chosen an 
integrated approach to implementing the  Agenda 2030 in order to integrate the 
sustainable development growth (SDG) into all policy and administration activities in 
an efficient, goal-oriented and responsible manner. Cooperation at all levels is crucial 
for sustainable development. Governments and civil societies, the private sector, the 
education sector and individuals must work together to make progress in reshaping 
the world. 

Other EU Member States are also making every effort in this direction to 
ensure that the necessary conditions are in place for policies to be developed, 
evaluated and implemented on the basis of the best available knowledge and to be 
economically, socially and environmentally effective. The main impetus for the 
formation of a qualitatively new education system based on sustainable development 
is the reorientation of existing educational programs to a comprehensive study of 
social, environmental, economic issues, taking into account local, national and 
regional conditions, as well as the global context. 

Developed countries (primarily EU countries) have committed themselves 
together with all UN member states to implement the "2030 Agenda for Sustainable 
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Development" ("Agenda for Sustainable Development until 2030") or - Agenda 2030 
under called "Transforming our world" ("Transformation of our world"). According 
to the 17 Sustainable Development Goals (SDGs), the world community has specific 
areas to work to realize its ambitious vision of a peaceful, just, socially inclusive 
world that uses natural and human resources sustainably. The comprehensive changes 
in the economic, integrated and social world must ensure universal respect for human 
rights and opportunities, equality and self-determination. 

The Organization for Economic Co-operation and Development (OECD) 
develops and monitors sustainability targets at the global level of experience. The 
complex program "The Future of Education and Skills Education 2030 - OECD" and 
"OECD Learning Framework 2030" has been created. The OECD Learning 
Framework 2030 offers the forms, visions and principles that underpin the future of 
the global education and science system. The learning framework was created for the 
OECD Learning Framework 2030 as a project of government representatives and a 
growing community of partners, including ideological leaders, experts, educational 
networks, heads of educational institutions, teachers, scientists, researchers, students, 
youth groups, parents and universities (and other forms of free economic zones, 
organizations and social partners) [2]. 

It is worth noting the importance of UNESCO's work in implementing 
education for sustainable development. This organization is responsible for the 
overall management, coordination and implementation of education for sustainable 
development. UNESCO's work on the ESD focuses on five priority areas (Table 17). 

Table 17 
UNESCO's work on the ESD 

Action areas Description 
Advanced policy Policy support is equally important for the formal, non-formal and 

informal sectors, as well as for the creation of synergies between the 
sectors. Moreover, advancing policies that support ESD does not only 
concern the education sector, but all sectors involved in sustainable 
development. 

Transforming learning 
environments 

To encourage learners to become change agents who have the 
knowledge, means, willingness and courage to take transformative 
action for sustainable development, learning institutions need, 
themselves, to be transformed.  
This whole-institution approach to ESD calls for learning environments 
where learners learn what they live and live what they learn. 

Building capacities for educators In order to guide and empower learners, educators themselves need to 
be empowered and equipped with the knowledge, skills, values and 
behaviours that are required for this transition. This includes 
understanding key aspects of each of the 17 SDGs and their 
interlinkages, as well as understanding how transformative actions occur 
and which gender transformative pedagogical approaches can best bring 
them about. 

Empowering and mobilizing 
youth 

Empowering and mobilizing young people of all genders, therefore, is a 
central part of ESD implementation. 

Source: Developed and systematized by the authors based on the source [3] 
 

Leading Education 2030 is also an updated holistic and transformative 
educational program on the UNESCO agenda, which aims to contribute to the 
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achievement of all its goals of sustainable development. UNESCO understands 
education as comprehensive and necessary for the development of democracy and 
human rights, as well as the strengthening of global citizenship and sustainable 
development. It should be noted that UNESCO monitors and evaluates progress on 
the Sustainable Development Goal Indicator, in particular the extent to which civic 
and sustainable education are taken into account in: national educational policy; 
training programs; pedagogical education; assessment of students [4]. 
 In 2007,  the UN Steering Committee firstly performed national 
implementation reporting cycle - a unique exercise to collect indepth information 
about the successes and challenges of educating for sustainable development. The 
UNECE Expert Group of Indicators developed a reporting mechanism, which aims at 
to enable countries of the region to learn from each other and advance in the area of 
ESD. Such a report is published once every 2 years to provide a mirror which can 
help countries and regions in moving forward. Table 18 illustrates the comparison of 
Germany as the reference country of the education system for sustainable 
development and Ukraine according to the main indicators. Germany was chosen for 
comparison as the leading EU country. 

Table 18 
The main ESD indicators (2018) of Ukraine and Germany 

Indicator Name  Germany Ukraine 

1.1 Prerequisite measures are taken to support the promotion of 
ESD 

Completed Developing 

1.2 Policy, regulatory and operational frameworks support the 
promotion of ESD 

Developing Inprogress 

1.3 National policies support synergies between processes 
related to SD and ESD 

Developing Inprogress 

2.1 SD key themes are addressed informal education Developing Inprogress 

2.2 Strategies to implement ESD are clearly identified Completed Inprogress 

2.3 Awhole-institution approach to ESD/SD is promoted Developing Developing 

2.4 ESD is addressed by quality assessment/enhancement 
systems 

Developing Developing 

2.5 ESDmethodsandinstrumentsfornon-formaland informal 
learning are in place to assess changes in 
knowledge,attitude and practice 

Developing Inprogress 

2.6 ESD implementation is amulti-stakeholder process Inprogress Inprogress 

3.1 ESD is included in the training of educators Completed Inprogress 

3.2 Opportunities exist for educators to cooperate on ESD Developing Inprogress 

4.1 Teachingtoolsand materials for ESD are produced Developing Inprogress 

4.2 Quality control mechanisms for teaching tools and materials 
for ESD exist 

Inprogress Inprogress 

4.3 Teaching too lsand materials for ESD are accessible Developing Inprogress 

5.1 Researchon ESD is promoted Developing Developing 

5.2 Development of ESD is promoted Developing Inprogress 

5.3 Dissemination of research results on ESD is promoted Developing Developing 

6.1 International cooperation on ESD is strengthened within 
the ECE region andbeyond 

Completed Developing 

Source: Developed and systematized by the authors based on the source [5] 
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In Germany indicators “measures are taken to support the promotion of 
ESD”, “strategies to implement ESD are clearly identified”, “ESD is included in the 
training of educators”, “international cooperation on ESD is strengthened within the 
ESD region and beyond” are completed, while in Ukraine they are only developing 
or in progress.  In general, Germany is actively developing in the field of education 
for sustainable development. Ukraine is also moving in this direction, but by most 
indicators it is a novice country. 

The consistent transition of Ukraine to sustainable development, as well as 
the entire world community, is taking place in accordance with the 
recommendations and principles set out in the documents of the United Nations 
Conference on the Environment (UNCED). In March 2005, Ukraine joined the 55 
countries that signed the UN Strategy for Education for Sustainable Development. 
During the 190th session, the UNESCO Executive Board noted that the priority is to 
determine a further work program for the period after 2014 (completion of the 
Decade of Education for Sustainable Development), in which Ukrainian scientists, 
environmentalists, educators, statesmen and the public were actively involved. 

A significant step towards the sustainable development of education was the 
adoption of the National Strategy for Education in Ukraine until 2021, which defines 
the greening of education, and among the promising tasks - updating the goals and 
content of education based on a competent approach and principles of sustainable 
development. Also, in 2011 the Law of Ukraine “On Basic Principles (Strategy) of 
the State Environmental Policy of Ukraine until 2020” was adopted and the 
“National Action Plan for Environmental Protection for 2011-2015” was approved, 
which, in particular, provides for the development and implementation of the 
Strategy of Environmental Education for Sustainable Development of Ukrainian 
Society and Economy of Ukraine [6].  

In the draft Law "On the Strategy for Sustainable Development of Ukraine 
until 2030", ensuring inclusive and equitable quality education and promoting 
lifelong learning opportunities for all is one of the main strategic goals of sustainable 
development [7].  Given the extreme importance of environmental education and 
sustainable development, the need to achieve strategic goals and objectives defined 
by the Law of Ukraine "On Basic Principles (Strategy) of State Environmental Policy 
of Ukraine until 2020" and the UNECE Strategy for Education sustainable 
development. The main activities of the process "Education in the interests of 
sustainable development in Ukraine" include: 

• development of a national legislative and methodological framework for the 
introduction of the education for sustainable development basics through the 
preparation of the education for sustainable development concept, the national action 
plan for implementing the education strategy for sustainable development, the 
establishment and operation of the Intersectoral Working Group on Environmental 
Education sustainable development; 

• expanding opportunities for capacity building of teachers and students at the 
local level by pilot implementation of education elements in the interests of 
sustainable development; 
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• creation of a partner network, including public organizations working to 
implement education in the interests of sustainable development in Ukraine; 

• coverage and dissemination of Ukraine experience results and exchange at 
the international level, participation in the preparation of proposals for the work 
program for the period after 2021 (after the Decade of Education for Sustainable 
Development, defined by UNESCO) [6].  

In order to confidently stand next to the world's leading nations and take a 
worthy place in the world community, Ukraine must use its education system not only 
to train qualified professionals, but also to form socially mature, responsible, cultural 
and spiritually mature citizens. How to restructure the post-Soviet education system 
into a national Ukrainian one, how to train specialists, what model of education to use 
in the learning process - these and other issues are extremely relevant for philosophers, 
teachers and statesmen. To fundamentally address this issue, it is necessary to pay 
sufficient attention to the development of emotional intelligence. First of all - the 
leaders in the field of public administration and administration. After all, it depends on 
them the effectiveness of solving tasks, which, in turn, depend on the right team and 
the ability to build interaction to achieve the goal. This is especially true now, in the 
21st century, when Generation Z is gradually replacing Generation X, and the level of 
EQ is becoming equivalent in importance to IQ. Beside this with emotional 
intelligence all people have the capacity to focus on what’s most important. Emotions 
can contribute to challenges, but with EQ, they become resources to empower change, 
fuel collaboration and spark the innovation needed to make the aim true. In this case, if 
the level of IQ depends on human genetics, then EQ is learned throughout life and 
depends on the influence of a number of factors. According to the latest research by 
scientists, EQ in modern society is much more important than IQ.  

Given the importance of the level of emotional intelligence to achieve the goals 
of sustainable development, features for the implementation of education  State of the 
Heart research with metod Six Seconds Emotional Intelligence Assessment –SEI  (the 
world’s largest study of emotional intelligence. It has been implemented since 
2011year and studies people in 150 countries) and identifies three competencies that 
are most closely linked to achieving positive results today: 
PNG = Pursue Noble Goals (putting purpose into action) 
EO = Exercise Optimism (creating possibilities) 
EIM = Engage Intrinsic Motivation (fueling ourselves from the inside) 

It should be noted, that uses a randomized sample balanced by geography, 
gender, and age. SEI is best-in-class because of the blend of robust psychometrics, 
real-world practicality for a wide range of needs, and global relevance. 

The main tools for implementing education for sustainable development 
should be: 

- dialogue: establishing mutual understanding and constant dialogue between 
teachers and students; 

- training: development of new knowledge, skills and abilities to encourage 
the practice of sustainability in various spheres of human life; 

http://6sec.org/soh
http://6sec.org/soh


textbook 
 

109 
 

- information: access to information on sustainable development and the 
environment; 

- marketing: changes in everyone's behavior in favor of sustainability. 
Areas of educational activity:  

- introduction of integrative courses and lessons that promote the development of 
systems thinking;  
- introduction of courses on the development of critical thinking and argumentative 
discourse, appropriate information culture;  
- courses on the development of environmental culture, taking into account modern 
socio-cultural needs (formation of appropriate consumer culture, health skills); 
- humanocentric courses (development of moral culture of the individual with the 
involvement of the idea of a responsible attitude to life);  
- socio-strategic courses (disclosure of major trends and threats to social 
development);  
- courses aimed at developing the integration culture of the individual - ethics of 
tolerance, gender equality, multiculturalism;  
- courses aimed at developing the civic and legal culture of the individual. 

It should be noted that the government has a great influence on the 
implementation of education for sustainable development. Characterizing the 
changes in developed countries over the last twenty years, in particular, in Germany, 
it is clear that they are associated with a dynamic increase in the impact of local and 
regional processes on development in general. In modern Ukraine, this influence is 
transformed into a process of decentralization of power by increasing the role of 
local authorities at different territorial levels. For more effective implementation of 
education on sustainable development and other areas of global goals, there is a 
constant search for new models of public administration, which include both 
horizontal coordination of central executive bodies (sectoral policies) and vertical - 
between central and local authorities (multilevel governance).  

According to the practice of OECD countries, the most effective way to 
resolve conflicting cross-sectoral problems, including the introduction of education 
for sustainable development, is to entrust coordination powers to the government. 
The key task of the ministry responsible for sustainable development should remain 
the prior coordination of positions between central bodies, as well as close 
coordination in the implementation of public policy at the regional and local levels. 
In some EU countries, the activities of special institutions are directed directly by 
the heads of ministries. That is why such a model should be chosen for Ukraine. In 
addition, special attention should be paid to improving the emotional intelligence of 
civil servants, because their effective work is one of the main components of a 
successful public policy. This is especially important in a Covid-19 pandemic. 

As recovery efforts have intensified recently, there is a unique opportunity to 
rethink some of the business models used by educational institutions and possibly 
review some activities to make educational institutions more sustainable. 

 Educational institutions are recommended to: 
1. Prepare and implement organizational strategies based on existing 

knowledge on how to fight the virus within the concept of sustainable development. 
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The priority is to prevent the spread of the virus. These methods will be to reduce 
consumption, reduce environmental impact and reduce costs. 

2. Use information about the many socio-economic consequences of 
COVID-19 for their training courses, explain it, justify it, discuss it with students. 

3. Investigate the possibilities of expanding the range of interdisciplinary 
research on the relationship between COVID-19 and sustainable development. The 
transformative power of research can help both to bridge significant knowledge gaps 
and to obtain external funding for interdisciplinary projects, which, among other 
things, can ease the pressure on university budgets, many of which are no longer 
able to provide large-scale funding for internal projects. 

4. Consider ways to reduce carbon emissions in higher education 
institutions, using environmentally friendly means, to avoid problems in educational 
activities and international cooperation. 

To mitigate the effects of the pandemic, as well as to create a more resilient 
system that can withstand future crises, the following measures for Ukraine and 
other countries are recommended: 

1. Implementation of programs to restore the educational process. 
Governments must ensure that students who are lagging behind receive the 
necessary support to achieve their expected learning goals. Accelerated learning or 
tutoring programs can help address gaps. 

2. Protection of educational budgets. To help the most vulnerable learners, 
governments need to prioritize and direct most of their funding and resources to 
support  for educational institutions. In the event of a budget cut, wealthy families 
will be able to continue to pay for educational services, such as tutoring. For 
example, the United Kingdom has announced the creation of a £ 1 billion student 
learning fund, and a National Tutoring Program with a budget of £ 76 million. 

3. Preparation for future upheavals, by restoring the education system on the 
principle of "better than it was". We must not only rebuild the system after a 
pandemic, but also use this experience to be better prepared for future crises. 
Educational institutions should be better prepared for a smooth transition from full-
time to distance learning if it will be necessary. In addition, teachers need to be 
better prepared to manage a wide range of IT devices in the event of school closures 
in the future. 

At the same time, it is important to build a future education system that can 
better use blended learning models and provide more individualized approaches to 
teaching [8]. 
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Ecological monitoring is an assessment of the impact of various factors on the 

environment using modern space navigation systems using geoteching and 
geocaching. Ecological observational geotagging in environmental monitoring is a 
modern technology of cognition of the natural environment, aimed at studying the 
state of ecological and geographical heritage. The task of this specific type of 
monitoring helps to solve a satellite GPS-navigator that receives radio signals from 
artificial satellites of the Earth. According to these signals, the user is given the 
coordinates of the point where he is, speed, distance to a given object, altitude, path 
angle, trajectory (azimuth), distance traveled, astronomical data and much more. 

Geocaching involves finding unique natural exclusives or solving natural 
anomalies related to geographical coordinates. Ecological-observational geocaching 
is introduced in regular reconnaissance1 expeditions and can be used to teach modern 
cartographic and geodetic technologies. 

An important factor in the effectiveness of environmental monitoring is the 
introduction of satellite navigation and mapping technologies. But the problem is that 
the declarative introduction of a cartographic GPS method for observational 
reconnaissance sometimes leads to a formalization, which is to reject the capabilities 
of smart systems in the environment. Therefore, an innovative methodology of 
observational environmental monitoring - satellite geotagging - is appropriate. 

Ecological-observational geotagging, as the latest methodology, is aimed at the 
formation and improvement (optimization) of the observational monitoring system: 
geoinformation systems, including the use of GPS-navigator and smart gadgets; 
technological interaction in the process of creating a general program of 
environmental monitoring, work with the latest information and communication 
technologies of geoinformatics, geography, local lore, recreation. In the course of 
ecological monitoring of this technology, the territorial and functional components of 
the environment are outlined and determined. 

Development is currently underway innovation tools2 of digital reality of the 
environment. The concept of innovation tools of digital reality of the environment is 

 
1 Reconnaissance is geospatial reconnaissance to identify new natural and man-made objects that 
cannot be found or identified on maps or aerospace images. 
2Innovation tools – a set of devices and software that have no analogues.  
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based on already tested theoretical aspects of ecological and landscape transformation 
of natural-territorial complex of scale range 1:50 000 - 1:100 000. The corresponding 
measure of monitoring territorial «environmental safety» is confirmed by aerospace 
survey and remote sensing of the Earth. And not only by them. It is known that 
geosystem landscape mapping in determining the geophysical sources of disturbers of 
laterality (stability) of the landscape is carried out on a priority scale of 1:64 000. The 
corresponding lack of safety in organizing travel, especially non-group, amateurs 
cause potential natural and man-made hazards of territories, biological and sanitary-
epidemiological hazards. But the factor of geotransmission of hazardous substances 
in seaports, airports, postal and transport transportation accompanying tourist transfer 
is not taken into account. 

Consider the approbation algorithm of innovation tools of digital reality of the 
environment with the help of crowdsourcing programs of spatial visualization. The 
information-analytical core of the functioning of geointelligent systems of ecological 
decision-making is the technology of forming databases of the geoinformation 
system, which accumulates data of specialized observational reconnaissance on the 
components of the infrastructure of ecological-geographical observations. 

There are two options for instrumentation of the relevant geodetic surveys. The 
first option - on the basis of certain logistics: graphics station-geoserver for 
centralized geoprocessing data F2D64AV HPz640 + HP Z27n (K7C09A4); 
workstation of the administrator of the geoinformation system of the cadastre PZF 
F5G73AV Z440 + z24n K7B99A4; set for aerial photogeodesic works; Inspire 2 
quadcopter, ZENMUSE X4S camcorder, battery for Inspire 2 Part 17TB50 Intelligent 
Flight Battery quadcopter, Lenovo tablet. The second option is Android applications 
for smartphones with open access to satellite signals (Geodezist, Fields Area 
Measure, Compass). You must adjust and compare the gadget before you can use it. 

Astronomical and geodetic programs have the technological ability to determine 
the magnetic declination, accuracy up to six decimal places, true azimuth, and so on. 
Appropriate programs make it possible to determine the location of navigation stars 
in the celestial sphere, which provides convenience when navigating the terrain 
offline in force majeure. For the needs of ecological tourism, the Android application 
«Compass» transmits data of the Sun and the Moon in spatial mode, which provides 
perceptual ideas about their location in dense clouds and other dangerous 
meteorological phenomena. 

Chamber-appropriate field work, but with less accuracy, can be performed using 
coordinate systems of geoportals. The most used for these purposes is Google Earth, 
where it is possible to take the coordinates and indicate the monitoring point on the 
map with the additional ability to select a symbol from the proposed or specify the 
author's symbol. According to the appropriate set of polygonal points, it is possible to 
build a terrain profile, remove any metrics, apply thematic maps or graphic images of 
the terrain of different time characteristics on the base layer. The set of collected and 
generated geospatial data is the basis for the compilation of environmental 
monitoring maps, atlases and plans, primarily interactive. 
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Static maps of the digital terrain model are placed in the geographic information 
system Golden SoftWare Surfer 11. The spatial representation of the geographical 
distribution of statistical data can be demonstrated in the cartographic editor of 
geographic information modeling QuickMap (Qmap). In addition, it is advisable to 
use the vector graphics program Paint.EXE to create a contour map-basis for further 
transformation in the Digital QuickMap environment into a full-fledged base map. 
Important in designing an ecological map is the design and sketching of the layout of 
the cartographic model. Convenient and proven programs for relevant work are: 
Adobe Illustrator or the simplest Windows Paint, whose graphics capabilities do not 
reduce the quality of cartographic and geographic information products and models. 
Appropriate work of graphic editors is the basis for designing simulation 
interpretation GIF-models. They can be done in any relevant online service on the 
Internet, which will provide an idea of simulation and simulation of the realism of the 
environment over time in the process of forecasting or retrospective analysis. 

The most modern trend of cartographic production of geoinformation models of 
ecological, nature protection and resource-saving thematic content is the design of 
interactive crowdsourcing maps in the environment of public geoportals GoogleMap, 
OpenStreetMap and GoogleEarth. To create an interactive GoogleMap, you need to 
import the data of the Geodezist program, select the suggested or selected library of 
symbols for them and form the subject in the map legend. The map model can be 
operated open or for business use and the corresponding *kmz file can be 
downloaded for archiving and storage. When the geotagging function is activated on 
the smartphone, it is possible to automatically photograph the object of the terrain on 
an observational model of the environment. As a result of creation of the 
corresponding atlas scenarios on them it is necessary to carry out cartographic works 
and geoinformation manipulation of data, both geographical content, and materials of 
remote sensing of the Earth. This makes it possible to create models for the needs of 
environmental monitoring and organization of ecological and tourist trips. 

Environmental quality management is implemented by conducting permanent 
environmental monitoring to identify sources of anthropogenic impact on the 
environment. Territorially relevant monitoring to assess the risks of man-made load is 
carried out at the locations of industrial enterprises, large urban areas affected by 
vehicle pollution along highways, and in areas of natural and man-made emergencies. 
Aerospace technologies and geographic information systems are used to obtain up-to-
date information on the state of environmental transformation under the influence of 
anthropogenic factors, to identify sources that form risk factors and to formulate 
recommendations for their prevention and overcoming. Processing and modeling is 
implemented in the created simulation models in the environment of expert 
geointelligent systems of ecological decision-making, such as geointelligent system 
Golden Software Surfer and QMap. 

The core of geointelligent environmental decision-making systems are satellite 
systems for remote sensing of the Earth. The main tasks of geointelligent systems of 
precise management of ecological monitoring for operative definition of risks of 
anthropogenic influence are input, processing, storage and output of geoinformation 
according to inquiries and requirements of management system of ecological 
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monitoring, various cartographic data on a state of environment, geodata on dynamic 
mobile, industrial and industrial objects that affect the general state of the 
environment and the medical and geographical situation on the territory of local 
united territorial communities. The methodology of construction, construction and 
design of models, methods and means of formation of dynamic scenarios for 
ecological geographic information systems of real time is developed. Moving objects 
of space, air and ground basis are used to increase the reliability of perception and 
presentation of geodata about the environment. 

A necessary step in the management of environmental quality monitoring is 
engineering and technical reconnaissance at the relevant points of environmental 
observation by landmarks3, including field research with visits to problem sites and 
areas. The relevant segment of research is provided by geodetic instruments: digital 
total stations, laser scanners, satellite observation kits to record dynamic (transient) 
phenomena and processes, such as ammonia spillage or deformation of engineering 
structures and structures destroyed by natural disasters or natural disasters. Even 
those caused by factors such as fires, arson, and terrorism at industrial sites. 

The emergence of a local emergency is a consequence of the urgent coordination 
of sources of industrial and anthropogenic pollution. This requires the use of gadget 
GPS software, namely Android applications: GPS Status & ToolBox Professional and 
GeoDesist. This allows iterative prediction of geospatial aspects of the distribution of, 
for example, potent toxic substances. By means of command communication means 
to inform the population about carrying out operative emergency measures on 
evacuation of the territorial community in the corresponding places of defeat. 

With the introduction of environmental quality monitoring in the management 
system and operational identification of risks of man-made impact with the help of 
unmanned aerial vehicles as part of aerospace systems, the degree of operational 
awareness of state and municipal institutions and relevant specialized emergency 
rescue teams increases. Technological functionality of transmission of the 
corresponding streaming operative geoinformation and its transformation into digital 
object and area symbols on cartographic services of the Internet - geoportals, 
electronic orthophotos creates preconditions for qualitative prevention (control) of an 
emergency situation. This potentially reduces human and financial losses. The 
geointelligent core of such an environmental monitoring management system for the 
rapid identification of anthropogenic impacts is specialized geointelligent systems 
that allow you to display operational geoinformation about the current environmental 
situation on a digital environmental map without delay. 

The technology of environmental monitoring management to determine the risks 
of anthropogenic impact is implemented in combination with geointelligent systems 
and GPS. This allows for enhanced control over operations to prevent and eliminate 
their consequences, to monitor changes in the situation over time in each problem 
area or water area. 

 
3 A landmark is an anthropogenic or natural geospatially coordinated object or complex that 
dominates a natural or man-made landscape. 
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Aerospace technologies and systems are used to obtain up-to-date information 
on the state of environmental transformation under the influence of anthropogenic 
factors, to identify sources that form risk factors and to formulate recommendations 
for their prevention and overcoming (if any). Processing and modeling is performed 
on the example of simulation models in the environment of geographic information 
systems, such as Software Surfer. A necessary step in the management of 
environmental quality monitoring is direct engineering and technical reconnaissance 
(field research with a visit to the problem sites and areas). The relevant segment is 
provided with specialized tools: geodetic instruments - total stations, laser scanners, 
satellite monitoring kits to record dynamic (transient) phenomena and processes, such 
as ammonia spillage or deformation of engineering structures and structures that are 
destroyed under the influence of natural conditions. At the operational (emergency) 
local level of emergency, when there is an urgent need to coordinate the sources of 
industrial and anthropogenic pollution, it is possible to use gadget software GPS, 
namely Android applications: GPS Status & ToolBox Professional and GeoDesist. 
Their use will allow iterative prediction of the geospatial aspects of the spread of, for 
example, highly toxic substances and, with the help of command means to prevent 
and inform the population, to carry out operational emergency measures to evacuate 
the population in the relevant areas. 

With the introduction of unmanned aerial vehicles in the environmental quality 
management system, as part of aerospace systems, the level of operational awareness 
of relevant state and municipal institutions, relevant specialized rescue teams, which 
allow online monitoring of the situation and real decision-making. The technological 
functionality of the transfer of relevant streaming operational geoinformation and its 
transformation into digital object and area symbols on electronic orthophotos, creates 
the preconditions for quality management (taking control) of any emergency that will 
potentially reduce human and financial losses. 

At some stages of observational reconnaissance, which do not require high 
positioning accuracy, navigation systems of a branched operating network of cellular 
LBS-navigation are used. In some cases, gravimetric, astronomical and geodetic and 
hydrographic methods are used to study the transformation of geodata update systems 
for geoinformation modeling of the environment. 

It is now necessary to introduce multi-faceted digital imaging, such as digital 
robotic terrain tacheometry, integrated with satellite location methods. The presence 
of integrative modules of geointelligent systems with satellite receivers ensures 
optimal operation of the organization, environmental safety and labor protection. A 
typical electronic observational monitoring geographic information map of the 
environment has the following layers: road network, hydrography, vegetation, 
hazardous enterprises, places of extraction and occurrence of minerals, bridges, 
tunnels and transport bifurcation. The relevant cartographic product contains the 
following additional operational and tactical elements of the thematic workload: 
railway platforms and stations, terminals and civil defense points in order to develop 
and implement schemes for evacuation of the population and maps of measures to 
eliminate disasters and their consequences. For example, modern ecological and 
hydrographic maps of nature use, along with information about the dangerous 
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features of water transport connections, also reflect the peculiarities of economic 
activity in the water areas or determine the places of release of dangerous toxic 
substances. Such information is more and more socially significant, especially during 
the substantiation of the territorial organization of the management system of 
ecological observational monitoring of the environment, implementation of measures 
of rational nature use and protection of the natural environment. 

One of the modern directions is the use of SMART & MindMap-technology in 
the methodology of observational monitoring. SMART-technologies in modern 
technological innovations in conducting observational environmental monitoring are 
extremely diverse. Cybernetic techniques in the form of SMART & MindMap 
technology are a specialized direction of the SMART-method in observational 
reconnaissance of the area. They are called - the method of mental (mental) map of 
the area. SMART & MindMap technology, namely its structure, is exclusive and 
unique, which is compared with the technique of neural programming, which 
reproduces the mechanisms of imaginary (mental or virtual) mapping. From the point 
of view of neural cybernetics, the corresponding paths of mental (mental) maps are 
formed by nerve cells in the representation of geospatial information in scientists of 
the expedition group. The set of corresponding paths forms in the researcher's 
imagination a mental map of observational geoinformation. This enhances the 
effectiveness of collective thinking and perception of ecological and geographical 
information, ie the formation of geoengineering (system-logical) thinking and 
analytical processing of the current situation in the environment-space. This is 
especially important in dealing with the consequences of environmental disasters. 
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Today, the effects of industrialization include climate change, dangerous levels 

of air pollution, depletion of fish stocks, toxins in rivers and soils, excessive debris on 
land and in the ocean, reduced biodiversity and deforestation. As the Fourth 
Industrial Revolution (Industrial Revolution 4.0) is gaining momentum, the 
interconnectedness of technology is growing - the digital, physical and biological 
worlds are merging, and innovation is spreading faster. 

That is, in the XXI century, the concept of agricultural development has also 
become the Industrial Revolution 4.0, the essence of which is that all physical objects 
will be in some way permanently connected to a single global network to exchange 
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information without the involvement of this person. It is based on the following nine 
developments of scientific and technological progress: 

1. Large databases and their analysis. Thanks to information and communication 
tools and technologies, the amount of structured and unstructured data in business, 
coming from a large number of different sources, only grows and there is a problem 
of quickly obtaining the necessary valuable analytical information to make informed 
and effective management decisions. The process of finding a large amount of 
information and its further processing is called «Big Data». In addition, the data 
mining procedure remains relevant. 

2. Autonomous works are works that are able to perform tasks independently 
without human intervention. 

3. Modeling is currently used to a large extent only at the stages of designing 
production business processes, individual new production equipment or new 
products. 

4. Horizontal and vertical system integration. At present, modern information 
and communication tools and technologies allow to unite all its divisions, within one 
logistics supply chain of all its participants, etc. into a single information space within 
one enterprise. 

5. The Industrial Internet of Things will connect all components of production 
into a single network of real-time information exchange. 

6. Cybersecurity involves measures related to the protection of data storage and 
processing, networks of their transmission. 

7. Clouds (cloud technologies), the productivity of which will increase, 
providing almost instant access and data processing. 

8. Additive (additional) production, the basis of which is 3-D printing, with 
which prototypes of future finished products are already created and simple parts and 
finished products are produced. 

9. Augmented (or virtual) reality will be used by employees of enterprises for 
training, decision-making, etc. 

Thus, the basis of the Industrial Revolution 4.0 is information tools and 
technologies, which are based primarily on scientific, managerial and information 
innovations, which, in turn, requires a revision of approaches to agricultural 
production. These principles should include those that, above all, determine the 
adaptability of agricultural technologies to natural conditions, safety and quality of 
products, conservation of biodiversity and agricultural landscapes. 

The latest technology of the industrial revolution 4.0. is artificial intelligence. 
Artificial intelligence is a term used to describe computer systems that are able to feel 
their environment, think, learn, and act on their feelings and programmed tasks. It is 
expected that among all the technologies of the Industrial Revolution 4.0, it is 
artificial intelligence that will have the strongest impact due to its spread in all 
technological spheres and the growth of its role in everyday life. As the number of 
intelligent devices, applications, and interconnected systems grows, and with the 
combination of other new technologies, artificial intelligence becomes the driving 
force behind the Industrial Revolution 4.0. In addition to gaining productivity, 
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artificial intelligence also opens up unattainable opportunities for humanity to gather 
information, creating the conditions for new discoveries. 

Artificial intelligence is already transforming traditional industries and everyday 
life. New revolutionary advances based on artificial intelligence are often effective 
only in combination with other technologies of the Fourth Industrial Revolution. 
While entrepreneurs, companies, investors and governments are looking for ways to 
implement and scale these technologies to create strategic benefits, there are also 
important opportunities to address emerging and pressing challenges for the entire 
Earth, as well as to create opportunities for today. and the future. The list of types of 
artificial intelligence currently includes: 

1. Automatic intelligent systems that provide automatic execution of repetitive 
time-consuming tasks that require the use of intelligence. An example is a robot that 
can learn to sort recyclable household materials. 

2. Semi-automatic intelligent systems that test and detect patterns in historical 
data, such as unstructured social media publications, and help people perform tasks 
faster and better with selected information. For example, techniques such as in-depth 
training, natural speech processing, and anomaly detection allow the detection of 
advanced indicators of hurricanes and other large-scale weather events. 

3. Intelligence enhancement systems that use artificial intelligence to help 
people understand and predict the uncertain future. For example, artificial 
intelligence-driven control simulators will be useful in exploring scenarios related to 
climate policy and greenhouse gas emissions. 

4. Autonomous intelligent systems that automate the decision-making process, 
eliminating the need for human intervention. An example is systems that can detect 
algorithms in the operation of home heating systems that lead to excessive 
consumption and financial costs, and automatically adapt the mode of operation to 
save money for the homeowner. 

Artificial intelligence has the potential to transform the methods of monitoring 
and preserving habitats. For example, artificial intelligence can be a fundamental 
element of technology, which in combination with satellite imagery can automatically 
detect changes in land use, analyze the condition of vegetation, forests and greenery, 
as well as monitor floods. For example, PlanetWatchers analytical materials, obtained 
through careful landscape monitoring, provide a source of information for forest 
habitat management and address climate change issues such as pests, destruction, 
droughts and fires. 

Machine learning and computer analysis of video information are used to 
monitor and control invasive plant species. These methods allow to determine the 
presence of invasive species and plant diseases, to monitor and destroy them. For 
example, Blue River Technology uses computer analysis of video information and 
artificial intelligence capabilities to detect and identify changes in biodiversity, 
including the detection of invasive plants. Protection of flora and fauna from illegal 
trade is realized by combining the capabilities of artificial intelligence with shooting 
from a drone. 

Currently, artificial intelligence is becoming increasingly important in plant 
breeding. Today in the United States, KWS is developing and testing a field robot, 
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studying its ability to independently and accurately determine plant characteristics, to 
obtain higher yields and increase crop resilience. 

If you look at the TerraSentia robot from the edge of the field, you can see how 
a thin bar with a black tube oscillates from side to side among the wheat ears. 
Equipped with an electric drive and GPS-navigator, the knee-high robot moves across 
a well-marked experimental field in Champaign County, near Chicago, Illinois. 
Thanks to its gears, the robot easily moves through lumps and furrows, deftly 
following its route across the field. In the pipe fixed on a bar two cameras without a 
stop take detailed pictures of a wheat field depending on movement of the robot. In 
addition, the robot keeps the exact coordinates of the shooting location. Thanks to 
this, breeders know which of the stages of development (for example, ear yield) was 
achieved by sowing in a particular area. To date, such a survey of crops was 
conducted by people who went out into the field in any weather. 

The basis of this system is not a four-wheeled robot, but a program based on 
artificial intelligence, which is installed on computers KWS and EarthSense. The 
concept of «artificial intelligence» is used when the machine gives results that in 
other circumstances are attributed only to human activity. Artificial intelligence 
analyzes the images taken by the robot and identifies the phases of interest to 
breeders. 

To perform such work, the program must first be taught, as by itself it cannot 
identify plants. Wheat breeders Jan Murche and Mark Christopher analyze the images 
taken by the robot. Important parameters shown in the pictures include ear yield, 
plant height and spinning. Another aspect of interest to breeders is the noticeable 
symptoms of leaf and ear diseases. 

After that, data specialists upload to the program the information received from 
breeders. For example, if the pictures show spikelets that have appeared in full and 
spikelets that have appeared in part, the program learns to detect them on the plot 
within a specified time. 

The program generates its knowledge base based on the experience of repeating 
actions. Thus, its neural network creates a new mathematical model, a certain 
algorithm. This is what people call «learning» Having received enough information 
from a person, artificial intelligence immediately uses them to compare new images 
and make decisions. As for this robot, it evaluates images of plants without requiring 
human intervention. But if you analyze another crop, such as sugar beets, and not 
wheat, then again a person will have to teach the machine to see the key differences. 
With each new task, the neural network must be retrained, and the algorithm must be 
adapted. 

The results of using the first version of the program from 2018 show that the 
algorithm is already working accurately. Artificial intelligence detects the appearance 
of spikelets with an accuracy of 96% and determines whether the spikelets, with an 
accuracy of 92%. Now the system is constantly improving. TerraSentia's task is to 
inspect the field daily, and, if necessary, twice or even three times a day. 

Artificial intelligence and robots can help breeders gather more information on 
which to base their decisions. However, only breeders can teach the system exactly 
how to get the information they need. The combination of human and machine 
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intellectual capabilities makes the selection process faster and more accurate. Thus, 
working with artificial intelligence and autonomous work is an important part of 
KWS's research strategy. 

The more robots used in the field, the more data breeders receive. With the help 
of robots, breeders can create plants that are more resistant to disease, better adapted 
to weather changes and provide farmers with stable and high yields. 

TerraSentia can be easily moved in different types of fields and is relatively easy 
to manufacture. The previous model was created on a 3D printer. Navigation systems 
and digital cameras are widely used and standard today. This means that the number 
of robots can be increased quickly. If necessary, the program for learning and 
managing the neural network can be downloaded from the cloud with a single 
keystroke at any time. However, many researchers around the world are working to 
expand the capabilities of artificial intelligence, for example, trying to reduce the 
number of images needed for its training. 
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Agricultural technologies do not stand still. Growing plants in high rows without 

the sun has become one of the popular trends in recent years. Currently, vertical 
farms are actively developing in many countries. 

Vertical farming involves the intensive use of available territories and resources. 
The multilevel arrangement of plants allows to increase productivity hundreds of 
times and to save 70-95% of water, in comparison with traditional cultivation of 
various cultures. 

The first vertical farm is considered to be Singapore's SkyGreens, designed in 
2009. Since 2012, vegetables and fruits grown in the garden tower have been 
available in 200 Singaporean stores. Every day this vertical garden produces 
800 kilograms of environmentally friendly products. At this plant, plants are grown in 
two ways: soil and hydroponic. 

The main «motor» of production capacity was rainwater and the force of 
gravity, which ensures the movement of 38 beds-containers. Nano-beds revolve 
around a nine-meter tower and thus receive the required amount of light and 
moisture. Note that on the territory of SkyGreens there are thousands of such towers. 
The Singaporeans have achieved incredible results: they are forcing the 1,700-
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kilogram tower to rotate with just half a liter of water and 40 watts of energy. The 
same water is later used for watering plants. 

Every year, new vertical farms appear on the planet, which amaze with their 
architecture, area and automation. However, common to all vertical farms are: the 
desire for energy independence through the use of alternative energy sources; 
flexibility of a design that allows to add modules and compartments; availability of 
water collection and treatment system, as well as waste processing. 

GlobalMarketInsights analysts have concluded that by 2024, vertical farms will 
account for $ 13 billion. 70% of this share will belong to AeroFarms and Plenty. 
AeroFarms is the largest vertical farm in the world. It is located in the United States, 
in the state of New Jersey. 250 different crops are grown on an area of 6,500 square 
meters. For example, in just one year the company produces 900 tons of lettuce. On 
this farm, the plants are in trays, which are placed in special blocks, 10 meters high. 
Crops receive the necessary light from LED lamps. Due to the constant rotation, 
vegetables and fruits receive the necessary moisture and nutrition. All vital indicators 
of plants on this farm are read online by special sensors. 

Farms of another American company Plenty were able to increase productivity 
by 350 times compared to conventional fields, using only 1% of water. This 
corporation, located in San Francisco, grows a variety of leafy vegetables. Plenty 
specialists have been able to achieve high productivity through the development of 
technology: machine learning, the Internet and digital systems for calculating 
utilities. Soon the company plans to switch completely to solar energy. In addition, 
their products are environmentally friendly. Due to the isolation of plants are almost 
not damaged by parasites. 

There are the following methods of growing plants without the use of soil: 
hydroponics, aeroponics and aquaponics. The method of hydroponics involves the 
use instead of soil of mineralized and saturated with nutrients water, the method of 
aeroponics - the delivery of nutrients to the roots through the air, in the form of an 
aerosol. Aquaponics is a system that uses the relationship between plants and fish. 
Consider in more detail each of these methods. 

Hydroponics is a fairly old type of plant growing. Its essence is that the roots of 
plants receive the necessary nutrients not from the earth but from water. Hence the 
name of the method from the word «hydro», which means «water». For example, in 
ancient times hydroponics was used in a very original way. In places where there was 
catastrophically little soil suitable for growing vegetables, people lowered rafts 
covered with silt, into which they planted vegetable crops. The roots of the sprouts 
made their way through the logs and fed on nutrients dissolved in water. It is clear 
that today hydroponics is largely modernized. 

 Different countries of the world are actively involved in the development of 
hydroponics technology. Countries such as Australia and New Zealand, South Africa, 
Italy and Spain, Israel and the Nordic countries are showing interest in this system. In 
Europe, many vegetables and berries are grown by hydroponics. The use of state-of-
the-art nutrient solutions makes it possible to significantly increase crop yields, as 
well as reduce the area under their crops. 
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Hydroponics allows you to grow almost all crops (lettuce, dill, onions, mint, 
etc.), even fruit and exotic plants. This method is well suited for planting strawberries 
and wild strawberries. With the help of hydroponics you can grow legumes, 
tomatoes, cucumbers, onions, physalis, vines and more. 

 In comparison with classical cultivation of plants the hydroponic technology 
allows to accelerate sharply growth of the last, to increase their productivity, to 
provide ecological purity and high quality of agricultural products. The possibility of 
using soil substitutes is explained by the fact that the soil supplies plants with only 
5% of minerals, the other 95% of the plant itself synthesizes from carbon dioxide and 
water in the light. 

 However, this method of growing plants has one drawback: it is impossible to 
grow tuberous plants (potatoes, beets, carrots, radishes). The fact is that the very 
principle of the method involves finding the roots in water. And if ordinary roots 
receive nutrients from water and absorb them for plant growth, the tubers can not 
tolerate such moisture that leads to rot. For other plants, hydroponics is an excellent 
method that can significantly accelerate plant growth, save usable space, money and 
labor costs. 

 Advantages of the hydroponic method of growing plants: 
1. When using this method significantly increases the yield of fruit plants. This 

method helps to provide the plant with all the necessary nutrients. It grows much 
faster than in the soil. 

2. The plant does not accumulate harmful elements contained in the soil, which 
have a detrimental effect on the human body. Typically, these are toxic organic 
compounds, excess nitrates, radionuclides, heavy metals and more. 

3. Plants do not need daily watering. And water consumption in hydroponics is 
much easier to control. Depending on the growing system and the volume of the tank, 
it is necessary to systematically add water (one plant once every three days, the other 
- once a month). In addition, when growing soil, plants often suffer from drying out 
and lack of oxygen in case of waterlogging. With the use of the method of 
hydroponics, this is completely excluded. 

4. The procedure for transplanting perennials using hydroponics technology is 
significantly facilitated. After all, when transplanting them into the soil, the roots are 
in any case injured to one degree or another. Thanks to hydroponics, it is possible to 
prevent problems such as pests and various types of fungi and diseases that occur in 
plants grown in the soil. 

 The disadvantage of using hydroponics technology is that the initial cost of 
such a solution will be significantly higher than the purchase of conventional soil. 
However, the initial cost of time and money will pay off quickly, as the plant will 
grow several times faster and take care of it will be much easier. 

Aquaponics is a combined method of growing fish and plants together in a 
recycling ecosystem using natural bacterial cycles to convert fish waste into plant 
nutrients. This is an environmentally friendly method that uses the best attributes of 
aquaculture and hydroponics without the need to add chemical fertilizers, discard 
water or filtrate. 
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Aquaponics is a system where plants and fish are grown together in symbiosis. 
The products of fish life provide food for the plant, and the plants, in turn, filter the 
water that returns to the fish. Aquaponics can be called a combination of two other 
methods of cultivation: hydroponics and aquaculture. Aquaculture must be provided 
with constant waste disposal, preventing the achievement of toxic levels for fish. 
Hydroponics requires constant replenishment and manual balancing of chemicals. 
Aquaponics makes it possible to significantly reduce, and in some cases reduce to 
zero, wastewater discharge. 

Aquaponic systems are usually grouped into several components or subsystems 
that are responsible for efficient waste disposal, adding a base to neutralize acids or to 
enrich water with oxygen. Typical components of such a system include: 

• breeding tank: tanks for breeding and feeding fish; 
• settling tank: a unit for catching feed residues, separated biofilms and for 

separating small particles; 
• biofilter: a place where bacteria can grow and convert ammonia into nitrates 

needed by plants; 
• hydroponic subsystems: part of the system where plants are grown by 

absorbing excess nutrients from water; 
• tray: the lowest point in the system where water enters and from which it rises 

back into the tanks. 
Aeroponics is considered a new technological direction of hydroponics, which 

allows efficient use of water and nutrients. Through this system, the nutrient solution 
is fed to the roots of plants in the form of an aerosol. The principle of this system is 
that the roots of the plants receive food and water from the dry mist created by the 
fine sprayers. The roots of the plants are placed in a closed container or system, 
where they have free access to air, sprayers regularly provide food every few 
minutes. The timer controls the nutrient supply pump in the same way as in other 
types of hydroponic systems. Aeroponics differs in the frequency of the pump: you 
need a short cycle timer that starts the pump for a few seconds every few minutes. 

Sometimes use aeroponics, which is sprayed constantly, without a timer. The 
main advantage of aeroponics is the ability to grow flowers and greenery in 
hydroponic towers, using the vertical space of the greenhouse. Some experts claim 
that the future will come very soon, when multi-level greenhouse complexes will be 
located directly in the cities, which will work according to the aeroponics system. 

Disadvantages of aeroponics: 
1. Too active root growth. 
2. Because the roots are exposed to air, when spraying stops, the roots dry 

quickly. 
3. The system is contaminated with anaerobic bacteria from rotting plant roots, 

which can only be handled by experienced gardeners and agronomists. 
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However, aeroponics is not easy to use and using it you need to be prepared for 

the risks of plant diseases during cultivation. 
By the way, the FarmedHere farm in Chicago, which occupies the territory of 

the former warehouse, became the first vertical farm certified by the USDA. The 
plants on this farm are grown using the method of aeroponics and aquaponics as 
follows: tilapia fish are launched into a container of water, the products of which 
contain nitrogen, which is a fertilizer for plants. In turn, plants absorb excess nitrogen 
from the water and emit oxygen. Both plants and fish benefit. The productivity of this 
farm is 20 times higher than similar indicators of a similar farm, where traditional 
methods of cultivation are used. 
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There are several basic approaches to forecasting crop yields. The first is the 

traditional method of harvest forecasting. In particular, it is possible to determine the 
biological yield of corn grain by the elements of the crop structure, in particular: 

1. Pre-harvest density of plants, thousand pieces / hectare. 
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2. Elements of the structure of the cob – the number of grains in the cob (the 
number of rows of grains and the number of grains in a row). 

3. Weighing 1000 seeds. 
To calculate the biological yield, you need to multiply the pre-harvest density of 

standing by the weight of grain from the cob. 
The second is empirical, which is based on the use of remote field data – a set of 

vegetation and biophysical indices derived from satellites, drones or ground sensors. 
The approach is one of the most widely used, as it does not require «expensive data» 
and is the most accessible. At certain stages of the growing season, farmers can use 
the NDVI index to determine yields on their own, and this will be much more 
effective than the traditional method. 

The third approach involves the use of biophysical simulation models – 
mathematical models that predict yields by simulating the growth and development of 
plants. To implement this approach, it is necessary to have access to an extremely 
wide range of data on plant variety, soil, climate and other important factors that 
directly affect the yield. 

Farmers of various European scientific communities take into account the 
capacity of the soil for moisture to a certain depth, the productive reserve of soil 
moisture, crops, variety specifics, critical temperatures, key phases of the growing 
season and more. Of course, models with data from these parameters are more 
accurate because they depend on the parameters of the field, but they require 
possession of information that is difficult to collect, and which at the same time 
requires money. However, farmers can use AgroOnline as a tool in combination with 
traditional forecasting. The clients of the service are provided with the service of 
satellite monitoring of crops in a separate module «production». There you can track 
the current picture in the fields, as well as the historical dynamics of changes in 
indices, analyze the heterogeneity of plant development and set auditors the task of 
conducting ground surveys of «suspicious areas». 

P. Hrytsiuk proposed new methods for forecasting time series of grain yields. 
1. Harmonic model. One of the main features of the deterministic behavior of 

the system is cyclicity. Linear conservative systems are characterized by a clearly 
periodic cycle. Most natural and economic systems belong to the classes of nonlinear 
dissipative systems and nonlinear self-oscillating systems. Such objects are 
characterized by oscillations with variable values of period and amplitude. Studies 
have shown that the time series of winter wheat yields are characterized by short 
cycles lasting 4 years and medium cycles lasting 16-20 years. The short cycle is most 
likely caused by cyclical weather and climatic factors, the middle can be explained in 
the framework of the model «yield – fertility», which is a model of the type «predator 
– victim». An effective way to model time series with the effect of cyclicity is a 
polyharmonic yield model, which is based on the hypothesis that the yield function is 
the sum of several harmonics and a random factor (noise). 

2. Method of analysis of difference series. An effective mechanism for 
predicting the time series is the study and modeling of a number of first differences. 
The advantage of this approach is the correct reproduction of the sequence of 
increments and declines, which is especially important for modeling the dynamics of 
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the time series. If the time series is next to independent increments, the probabilities 
of increments and declines are the same. The effect of persistence rejects this 
possibility. Therefore, the corresponding probabilities must be estimated for each 
specific time series. 

3. The method of nearest neighbors. It is based on the idea of the proximity of 
phase vectors. The basic idea is that close phase vectors evolve in the same way over 
a short period of time. 

4. The method of neural networks. In recent years, one of the most promising 
approaches to building prediction systems is the use of multilayer neural networks. 
Between the input and output data of such networks are several hidden layers of 
neurons, which add more nonlinear connections to the model. 

Data analysis is a complex, multi-step procedure, at each step of which a special 
mapping is built and mathematical methods of data processing are applied. The 
formation of the analysis process is associated with the need to reconcile these 
methods on the sets of arguments and values of the respective operators. Such an 
agreement can be performed only if each step of the process is submitted by the 
operator, and the agreement is established on the basis of the correspondence of the 
results of one step and the arguments of another. This will allow you to describe 
different analysis processes based on general considerations. 

Analysis of large amounts of data requires processing methods that go beyond 
traditional statistical methods. There are the following techniques and methods of 
analysis that are applied to large data, taking into account the functional relationships 
and formal model of this information technology: Data Mining methods, Techt 
Mining technologies, data visualization, other technologies and analysis techniques. 

Methods of data mining (Data Mining). The application of Data Mining methods 
and technologies allows to solve the following tasks: classification, clustering, 
association, sequence or sequential association, forecasting, determination of 
deviations, analysis of deviations or emissions, evaluation, analysis of relationships, 
visualization, summarizing. Data Mining methods are divided into two groups: 
statistical and cybernetic methods. Consider some of them. 

Classification. A set of methods that allow predicting consumer behavior in a 
particular market segment (purchasing decisions, consumption, etc.). The decision 
tree method is one of the most popular methods for solving classification and 
forecasting problems. In its simplest form, the decision tree is a way of presenting 
rules in a hierarchical, consistent structure. 

Cluster analysis. Statistical method of classifying objects by groups as a result of 
identifying previously unknown common features. An example is market 
segmentation. Associative rules. A set of techniques for identifying relationships, ie 
associative rules, between variables in large data sets. To analyze the market basket, 
the analysis of hidden patterns is used. Regression. A set of statistical methods for 
identifying patterns between changes in a dependent variable and one or more 
independent ones. 

Time series analysis. A set of methods for analyzing repetitive data sequences 
over time, borrowed from statistics and digital signal processing. Neural networks. 
This is a class of models that are based on analogies with the workings of the human 
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brain and are designed to solve various problems of data analysis after passing the 
stage of learning on data. With the help of neural networks, you can, for example, 
predict sales, recognize signals, develop self-learning systems. 

Data visualization. Methods of graphical presentation of the results of big data 
analysis in the form of diagrams or animations to simplify interpretation, facilitate 
understanding of the results. Text Mining Technologies. The basis of Text Mining 
technology is statistical and linguistic analysis, methods of artificial intelligence. This 
technology is used for analysis, navigation and search in unstructured texts. The use 
of Text Mining class information systems allows users to acquire new knowledge. An 
example of the effective application of Text Mining technologies is content analysis. 

Spatial analysis. Spatial analysis – the use of topological, geometric and 
geographical information in data. A set of data analysis techniques partially borrowed 
from statistics. The source of big data in this case is geographic information systems. 

Statistical methods are often used to make judgments about the relationship 
between events. Modeling. Modeling the behavior of complex systems is often used 
to predict, predict, and process different scenarios during planning. 

Crowdsourcing. Methods of collecting data from a large number of sources. 
Crowdsourcing – categorization and enrichment of data by a wide, indefinite circle of 
people, in order to use their creative abilities, knowledge and experience with the use 
of information and communication technologies. 

Data merging and integration. A set of techniques that allow you to integrate 
disparate data from different sources of information for in-depth analysis. 
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At the present stage, essential modernization of the economy and society takes 
place in Ukraine. It is associated, first, with the transition of the Ukraine’s economy 
to economic growth on a sustainable development basis that found its expression in 
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implementing the Sustainable Development Goals of Ukraine until 2030 [1]; second, 
with the reformation of the whole system of public power by decentralization [2] that 
provides the transfer of significant functions onto lower administration levels and the 
essential growth in expertise and efficiency of self-government throughout the 
vertical of exercising the powers of authority. Solution of economic and social 
problems as well as tasks of modernization assumes mobilization of all resources of 
the society, first of all, social resources. 

The current Law of Ukraine “On the Priority of Social Development of the 
Village and Agro-Industrial Complex in the National Economy” [3] (hereinafter the 
Law) establishes the measures for social development of the village providing a list 
of priority organizational-economic and legal measures to be implemented in rural 
territories. A minimal amount of state capital investments aimed at strengthening a 
material-technical base of the social sphere of the village and agrarian sector must be 
at least 1 % of GDP [4] (at least 50% of state capital investments provided by this 
item are applied for the construction of non-production purpose facilities in the rural 
area). However, the Law is disregarded, especially, in terms of providing an 
advantage to the village as compared to the city (per capita), in erecting housing, 
institutions of education, culture and sports, healthcare, consumer services, trade, 
communal facilities, power and water supply etc., and in providing quality medical, 
cultural, sports, communal-consumer, transport and trade servicing of the village. 

The state of the social sphere of the village and, thereafter, the other aspects of 
life activities of rural territories, as a whole, can be considered by us through the 
following indicative base:  

1. Demographic situation in the rural area (including rural population number 
decrease/increase). 

2. Unemployment level. 
3. Labor payment level through an average monthly pay and revenues from the 

business on household plots (self-sufficiency being a primary source of monetary 
funds of peasants). 

4. Rural population migration indicators through an outflow to cities and 
abroad. 

5. Medical support level through the presence/absence of medical institutions 
and medical services sufficiency. 

6. Sufficiency in a rural education institution network (including the presence 
of aesthetic education schools). 

7. Living conditions of the rural population (including water supply, sewage, 
central and/or individual heating, availability of bath and shower rooms, floor electric 
ranges). 

8. Level of sufficiency in road transport infrastructure (including connection by 
public transport between villages and nearest cities). 

9. Sufficiency in culture purpose facilities (including staff sufficiency for 
culture institutions). 

We will consider, in detail, the fifth indicator “Medical Support Level Through 
the Presence/Absence of Medical Institutions and Sufficiency in Medical Services” 
by the example of the Communal Non-Commercial Enterprise “Center of Medical 
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and Sanitary Care of the Vyshhorod Town Council (CNE “CPMSC” of the VTC), 
having made, for a start, the description of its activity through the components such 
as the mission, work principles, values and strategic vision of operation in the market 
of the provision of medical services in the Vyshhorod Raion. 

The CNE “CPMSC” of the VTC operates to care for keeping the health of 
raion residents and, if needed, provide affordable and quality medical aid by forming 
friendly relations based on mutual trust and respect, comfortable conditions and 
expertise of our workers. Good health and wellbeing of raion residents is the main 
goal of the operation of the healthcare institution. Keeping the health of the 
population through preventing illnesses and promoting a healthy lifestyle on the basis 
of partnership, respect and trust between the medical community and population, 
professionalism of the workers of the institution and its whole branching network in 
the raion. 

The main principles of the activity of the healthcare institution are: 
1. Professionalism – in its activity, the institution and its whole branching 

network in the raion meets the state medical service provision standards, uses 
performance (evidence-based medicine principles) treatment and health recovery 
techniques based on innovative domestic and world’s practices. The conditions are 
created for professional improvement and skill upgrading of employees of the 
institution and its whole branching network in the raion. 

2. Complex approach – the CNE “CPMSC” of the VTC provides a wide range 
of medical services, uses screening systems for early pathology detection, efficient 
drug therapy, psychological correction, social adaptation is prescribed, constant 
preventive work is carried out both at general education institutions and pre-school 
education institutions and at enterprises operating in the raion. The application of 
consulting by specialist physicians of secondary and tertiary levels using 
telemedicine capabilities is being actively implemented. 

3. Comfortable conditions – a convenient location of the Center and constant 
visiting consultation meetings with the patients in the raion’s villages. 

4. Partnership and psychological comfort – a patient for the institution is, first 
of all, a person who is respected and honest partnership relations are built with them. 
Each patient is supported (assistance in overcoming fear in detecting health 
problems). The informal slogan of the CNE “CPMSCЕ” of the VTC is “We don’t 
treat an illness, we keep and return a human’s health”. 

Values of the institution: teamness is a contribution of each employee to 
achieving the set tasks, keeping medical ethics and deontology, improving the quality 
of medical services; trust is a mutual understanding between a patient and a family 
physician in determining a diagnosis, in prescribing drugs by a physician, a decline in 
self-treatment cases. Assistance to patients in their wish to be informed participants in 
making a decision concerning their health and welfare; professionalism is continuous 
self-education of each specialist of the institution (primary care physicians and 
nurses), orienting knowledge, experience and capacity on solving patients’ health 
problems on a permanent basis; discipline is exactingness towards themselves and 
their patients. 
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Institution’s vision: being a leader in the Kyiv Oblast, in general, and in the 
Vyshhorod Raion, in particular, in innovations, quality of medical services and 
comfort for the clients. The raion’s population unreservedly recognizes our institution 
as the most desired place for servicing and a medical community – as an innovative 
development benchmark for the provision of medical services. Leadership positions 
of the CNE “CPMSC” of the VTC are reflected in the best indicators of the health of 
the community of the Vyshhorod Raion as compared with other communities of the 
oblast. We serve our clients on a high quality basis regardless of their place of 
residence thanks to the active use of remote technologies. We are trusted by the 
clients thanks to a motivated team, friendly attitude, quality provision of services and 
comfortable conditions. 85 % of the raion’s population choose exactly the CNE 
“CPMSC” of the VTC to care for their health and 95 %, according to the 2020 survey 
data, are satisfied with the services provided. The CNE “CPMSC” of the VTC carries 
out the constant active work on reviving and rooting the family medicine values in 
the Kyiv Oblast for their patients. 

 
Conventional symbol’s:     – OCGPFM;     – FS;     – HS;     – Twenty-four-hour primary medical care rooms 

Figure 39. Geolocation Placement of the Network of CNE “CPMSC” of the 
VTC  

Source: Visualized by authors according to [5–6]. 
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In Fig.39, a locational deployment of outpatient clinics, feldsher’s stations, 
health stations and twenty-four-hour primary medical care rooms subordinated to the 
CNE “CPMSC” of the VTC is visualized.  

1. The total number of subordinated outpatient clinics of general practice of 
family medicine (OCGPFMs) – 18 units; 2. Feldsher’s stations (FSs) – 20 units; 3. 
Health stations (HSs) – 2 units; 4. Twenty-four-hour primary medical care rooms – 
3 units. 

It is seen from Fig. 1, that the CNE “CPMSC” of the VTC has a quite 
branching own network of various kind of institutions to provide medical assistance 
to the population of the Vyshhorod Raion. But it is necessary to note its inequality 
and, thus, state the risks of obtaining quality medical service incompletely and 
untimely by patients. Since, for example, twenty-four-hour primary medical care 
rooms are concentrated in the “south-central” triangle of the Vyshhorod Raion only. 
That is why, a problem of patients’ logistics before obtaining quality medical services 
and emergency medical care at any time of the day is raised. 

Further, we will look into the organizational-functional characteristic of the 
CNE “CPMSC” of the VTC. We note that the management of the CNE “CPMSC” of 
the VTC pays constant and considerable attention to the liberalization of the 
treatment process, matters of ethics, aesthetics, comfortability of patients’ stay at all 
subordinated institutions because the patients not only want to obtain quality medical 
services but also expect, having visited the institution, to obtain, first of all, urgency 
and priority of the solution of exactly their problem (in Fig. 40, the ranking is made, 
of patients’ main expectations according to the results of their secret survey 
conducted in 2020), creation of the best labor conditions for the medical personnel.  

 
Figure 40. Patients’ Main Expectations at CNE “CPMSC” of the VTC 

Institutions 

Source: Drawn up by authors. 
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Primary medical-sanitary care is provided to the population of the raion by 44 
physicians and 134 medium-level medical workers, the supporting personnel makes 
up 67 workers. Premises of structural subdivisions of the Center are capitally repaired 
at 94%, provided with the new medical equipment and office furniture. Physicians’ 
workplaces are equipped with the means of electronic communication (notebooks and 
multifunction devices) and the reception area in 6 outpatient clinics serving over 5 
thousand people are equipped with computers that enables to manage electronic 
services for patients’ convenience. All structural subdivisions are connected to the 
Internet system. Outpatient clinics are fully provided with motor vehicles. 

Laboratory examinations, consultations of specialist physicians etc. are carried 
out on a contractual basis with the secondary link, provide the patients with the 
quality laboratory and instrument examination, consultations of specialist physicians, 
inpatient treatment in specialized wards, the provision of emergence care on non-
working days and holidays. Medical services are provided to the population in 
accordance with Order of the MOH of Ukraine No 504 of 19.03.2018 “On Approval 
of the Procedure of Provision of Primary Medical Care”. As an example, in Fig. 41, a 
patient’s clinic route is visualized (as an example, a path is given for a patient ill with 
laryngitis).  

 
Figure 41. Clinical Route of the Laryngitis Patient of CNE “CPMSC” of the 

VTC 
Source: Visualized by authors. 
Which was developed by specialist physicians of the CNE “CPMSC” of the 

VTC in pursuance of Oder of the Ministry of Health of Ukraine of 28.09.2012, No 
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751 “On Creation and Introduction of Medical-Technological Documents for Medical 
Care Standardization in the System of the Ministry of Health of Ukraine”, in the 
wording of Orders of the MOH of Ukraine of 29.12.2016, No 1422 “On Introduction 
of Amendments to Order of the Ministry of Health of Ukraine of 28 September 2012, 
No 751” and of 26.09.2018, No 1752 “On Introduction of Amendments to Annex 4 to 
the Methods for Development and Introduction of Medical Standards of Medical 
Care on the Evidential Medicine Basis”, Order of the MOH of Ukraine of 
19.03.2018, No 504 “On Approval of the Procedure for the Provision of Primary 
Medical Care”, to improve the quality of the provision of primary medical care to the 
patients of the Vyshhorod Raion. 

The organizational structure of the management apparatus of the CNE 
“CPMSC” of the VTC presents a line and staff management system and is presented 
in Fig. 42. A head of the institution is the chief physician appointed to a position by 
the Health Department of the Vyshhorod Town Council. The procedure for the 
operation of the chief physician and making decisions by them is established by the 
Charter and internal documents of the association. Direct subordinates of the chief 
physician are: four deputies for public health service, for temporary disability 
examination, for childhood and maternity protection and for organizational-medical 
work as well as chief accountant, chief nurse, pharmacist, senior staff inspector and 
jurist. 
 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 42. Organizational Management Structure of the CNE “CPMSC” of the 
VTC 

Source: Visualized by authors according to [5]. 
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But is necessary to note that, as of today, the healthcare system of the 
Vyshhorod Raion, as in Ukraine in general, is characterized by:  

− Low human life expectancy;  
− Negative natural population growth;  
− Low resident health level;  
− Growth and incidence of infectious morbidity;  
− Insufficient family medicine institution development;  
− Secondary medical care development priority;  
− Lack of interaction between the primary and secondary medical care links as 

well as between urgent and emergency medical care.  
To solve this range of problems and, thus, elaborate the respective strategy for 

development of the CNE “CPMSC” of the VTC, it is required to understand the 
external environment of its existence and how exogenous factors impact (adjust) its 
activity. Analysis of the exogenous (external) environment of the activity of the CNE 
“CPMSC” of the VTC, which does not directly depend on the organization but has a 
direct impact on its work, includes the economic, political, social and technological 
components for its characteristics. To systemize and visualize the results of 
characteristics of the external environment of the activity of the CNE “CPMSC” of 
the VTC, we used widely known PEST Analysis technology [7–8] presented in Fig. 
43, and, thereafter, its text assessment is given and a managerial aspect is considered. 
We can cluster the organizational structure of the healthcare system of Ukraine onto 
three basic levels [9–12]:  

1. A national level of the healthcare system is represented by the Ministry of 
Health of Ukraine (management entity) and state-owned healthcare institutions 
subordinated directly to the Ministry of Health of Ukraine as well as scientific 
research institutes and higher education institutions subordinated to the Academy of 
Medical Sciences of Ukraine and the Ministry of Health of Ukraine (management 
object). 

2. A regional level of the healthcare system is represented by the departments 
of healthcare under the oblast state administrations (management entity) and state 
healthcare institutions transferred into management to them by the respective 
decisions of the higher bodies of state power as well as by healthcare institutions 
being in common ownership of territorial communities. For example, oblast hospitals, 
diagnostics centers etc. (management objects). 

3. A sub-regional (local) level of the healthcare system is represented by raion 
state administrations, raion, city, city’s raion, settlement, village bodies of local self-
government (management entity) and healthcare institutions subordinated to these 
bodies on the rights of communal ownership (management object). It should also 
include various types of medical enterprises, which are not directly subordinated to 
the branch and regional bodies of power and are in private or collective forms of 
ownership: medical centers, hospitals, sanatoriums, clinics etc. However, their 
activity is licensed by the Ministry of Health of Ukraine and carried out in 
accordance with all laws and regulatory acts in effect in the country. 
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Figure 43. PEST Analysis of the Healthcare System as an Environment for 

Existence (Activity) of the CNE “CPMSC” of the VTC 
Source: Drawn up by authors. 
 

Orders of the Ministry of Health of Ukraine in health care matters issued 
within its competence are binding upon central and local bodies of executive power, 
bodies of local self-government as well as enterprises, institutions and organizations 
[11]. State functions in healthcare are carried out also by other authorities having 
healthcare institutions in their subordination. These authorities include, for example, 
the Ministry of Defense of Ukraine, the Ministry of Internal Affairs of Ukraine, the 
Security Service of Ukraine, the Ministry of Infrastructure of Ukraine. These 
authorities determine a structure of management of departmental healthcare 
institutions by themselves. 

Healthcare institutions are established also by enterprises, institutions and 
organizations with various forms of ownership as well as by private persons, upon the 
availability of the required material-technical base and skilled specialists. A 
procedure and the conditions for the establishment of healthcare institutions, state 
registration and accreditation of these institutions as well as a licensing procedure for 
medical and pharmaceutical practice is set by the acts of legislation of Ukraine. A 
healthcare institution carries out its activity based on the charter approved by an 



textbook 
 

138 
 

owner or their authorized body. Regardless of the legal status of the healthcare 
institution, it may be managed only by a person meeting uniform qualification 
requirements set by the state. Independence must be provided for a manager of the 
healthcare institution in solving all healthcare-related matters. The Cabinet of 
Ministers of Ukraine and its authorized bodies as well as the bodies of local self-
government, within their powers, have the right to resolve a matter of termination of 
the activity of any healthcare institution, if it violates the healthcare legislation, fails 
to meet the state requirements for the medical care quality and other activity in 
healthcare or commission of actions contrary to its charter [9; 12]. 

Ukraine has preserved the system of medical care that existed in Soviet times. 
It is still not optimized according to the population and its demand for medical 
services. Direct public healthcare is provided by sanitary-and-preventive, treatment-
and-preventive, health-and-fitness, sanatorium –resort, scientific-medical and other 
healthcare institutions. Over the years of independence, quantitative indicators 
characterizing the provision of the population with hospital beds and medical 
enterprises and institutions have worsened more than twofold (Tbl.19). 

Table 19 
Qualitative-Quantitative Characteristics of the Healthcare System of Ukraine 

Researched 
years 

Number of medical 
institutions Number of hospital beds 

thous. growth rates, % total per 10,000 persons 
thous. growth rates, % thous. growth rates, % 

1993 3,9 100 700 100 135,2 99,8 
1994 3,9 100 689 98,4 132,6 98,1 
1995 3,9 100 679 98,5 130,9 98,7 
1996 3,9 100 665 97,9 129,3 98,8 
1997 3,9 100 639 96,1 125,1 96,8 
1998 3,7 94,9 580 90,8 114,6 91,6 
1999 3,4 91,9 503 86,7 100,2 87,4 
2000 3,3 97,1 483 96,0 97 96,8 
2001 3,3 100 477 98,8 96,5 99,5 
2002 3,3 100 466 97,7 95 98,4 
2003 3,2 97 466 100 96,6 101,7 
2004 3,1 96,9 465 99,8 97,3 100,7 
2005 3,0 96,8 458 98,5 96,6 99,3 
2006 2,9 96,7 451 98,5 95,7 99,1 
2007 2,9 100 445 98,7 95,2 99,5 
2008 2,9 100 444 99,8 95,6 100,4 
2009 2,8 96,6 440 99,1 95,2 99,6 
2010 2,9 103,6 437 99,3 95,1 99,9 
2011 2,8 96,6 431 98,6 94,2 99,1 
2012 2,8 100 429 99,5 94 99,8 
2013 2,5 89,3 412 96,0 90,6 96,4 
2014 2,4 96 404 98,1 89,1 98,3 
2015 2,2 91,7 398 98,5 88 98,8 
2016 1,8 81,8 336 84,4 78,5 89,2 
2017 1,76 98,6 332 98,8 78,1 99,5 
2018 1,74 98,2 315 94,9 74,3 95,1 
2019 1,71 98,3 309 98,1 73,1 98,4 
Source: Drawn up and calculated by authors according to [9; 11; 13–14]. 
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As seen, except 2003, 2005 and 2009, a constant reduction has taken place, in 
providing the population with hospital beds. The highest reduction rates were 
observed in 1999 (by 12.6 %) and 2017 (by 10.8 %). Over the analyzed period, the 
number of medical institutions decreased 2.28 times and the total number of hospital 
beds – 2.27 times. Such reduction could be reasonable in the event of comparable 
reduction in morbidity and public health improvement. However, statistics says that 
such reduction was not considerable (by 17%) and, in terms of the number of life-
threatening diseases, to the contrary, a gain was observed: by neoplasms +18 %; by 
diseases of the circulatory system +59 %; by congenital abnormalities +17 % [14]. In 
additions, the staffing of the healthcare system has also considerably worsened (Tbl. 
20). 

Table 20 
Staffing of the Healthcare System of Ukraine 

Researched 
years 

Number of physicians of all specialties Number of medium medical personnel 
total per 10,000 persons total per 10,000 persons 

thous. 
pers. 

growth 
rates, % 

thous. 
pers. 

growth 
rates, % 

thous. 
pers. 

growth 
rates, % 

thous. 
pers. 

growth 
rates, % 

1997 230 – 45,1 – 595 – 116,5 – 
2002 226 98,3 46,2 102,4 541 90,9 110,3 94,7 
2007 224 99,1 47,9 103,7 496 91,7 106,2 96,3 
2012 225 100,4 49,3 102,9 467 94,2 102,4 96,4 
2013 224 99,6 49,3 100 459 98,3 101 98,6 
2014 217 96,9 47,9 97,2 441 96,1 97,2 96,2 
2015 217 100 48 100,2 441 100 97,4 100,2 
2016 186 85,7 43,5 90,6 379 85,9 88,6 91 
2017 186,23 100,1 43,7 100,5 372 98,2 87,3 98,5 
2018 186,78 100,3 44 100,7 367 98,7 86,5 99,1 
2019 186,18 99,7 44,1 100,2 360 98,1 85,4 98,7 

Source: Drawn up and calculated by the author according to [11; 13–14]. 

As seen, over 22 years (1997–2019), a reduction in the number of physicians of 
all specialties took place: in absolute terms by 19.1%, per 10,000 persons – by 2.2 %. 
The number of the medium medical personnel reduced even faster: in absolute terms 
by 39.5 %, per 10,000 persons – by 26.7 %. All this tells about weakening the 
healthcare system and decreasing in its protective function that probably promoted 
growth in the population’s mortality and reduction in its total number. A weak link in 
labor resource management, in terms of the managerial staff of healthcare 
institutions, remains staff services, which were not able to establish an effectively 
operating system of early selection, personal and professional development, multi-
faceted managerial staff pool training, giving them the priority in nominating to a 
managerial position. 

A lack of attention to the managerial staff problem had the acutest impact on 
the economic independence of managers, work in the conditions of using market 
mechanisms. The present situation characterized by decreasing in the population’s 
satisfaction with the organization and quality of medical care, low satisfaction with 
the work of medical workers, sharp deficiency in medical personnel is caused to a 
large extent, by social consequences of the staff policy conducted in the branch. 
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In the period of intensive changes taking place in the healthcare system in 
recent decades, a need of the branch to increase the management quality at all levels 
becomes increasingly obvious that is determined, to a large extent, by the managerial 
staff, its professionalism, skill to respond to the challenges of time, compliance of its 
professional-business and personal qualities with the management requirements and 
vision. At the present stage, the tasks are set before the state to improve the 
socioeconomic policy in healthcare. Considerable differentiation of regions of the 
state by socioeconomic and demographic parameters determines the need to consider 
the features of various types of healthcare branch resources including staff resources 
in developing a strategy for sustainable development of the branch. 

According to the set tasks, the CNE “CPMSC” of the VTC ensures [5]: 
provision of the population with primary medical care; maintenance of activities for 
mass and individual prevention of infectious diseases; early detection and prevention 
of noninfectious diseases, identification of higher risk groups; early detection and 
prevention of infectious diseases incl. socially dangerous diseases; performance of 
sanitary-educational work, population training on the healthy way of life, basics of 
the provision of self-care and mutual care; carrying out of screening of diseases, early 
detection of which leads to reducing in population disablement and mortality; 
carrying out of the examination on temporary loss of labor capacity; preparation of 
the medical documentation for sending the persons with signs of permanent loss of 
labor capacity for the medical-social examination and for the medical-social 
rehabilitation; writing out of prescriptions for the preferential provision of specific 
population groups and by certain disease categories with drugs, according to the 
current legislation; transitions and consistency of medical examination, treatment and 
rehabilitation of patients in interaction with other healthcare institutions, according to 
the medical route of the patient, sending patients for obtaining other types of medical 
care.  

Creation of the OSGPFM-based conditions to carry out visiting appointments 
by specialist physicians of healthcare institutions of the secondary level; 
implementation of the human right for a free choice of a physician rendering primary 
medical care incl. a general practice physician – a family physician carrying out the 
business activity of medical practice as an individual entrepreneur being in civil law 
relations with the CNE “CPMSC” of the VTC, a district general physician, a district 
pediatric physician of the CPMSC etc. However, for the quality task performance, the 
CNE “CPMSC” of the VTC requires adequate financing from the local budget.  

The CNE “CPMSC” of the VTC is able to ensure improvement of health of all 
segments of the population that will lead to decreasing in the level of morbidity, 
disability, mortality, continuing active longevity and life expectancy as well as 
endeavors to promote: development of medical-sanitary care of the population, 
provision of its high quality and efficacy, priority of development of primary 
medical-sanitary care on a family medicine basis; improvement of the material-
technical base of healthcare according to European standards, implementation of 
legal, economic, managerial mechanisms, ensuring the constitutional rights of the 
citizens to healthcare; involvement of mass media, education institutions and social 
organizations in broader informing the population on prevention, early detection and 
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effective treatment of diseases; introduction of the efficient multi-channel financing 
system, growth in budgetary appropriations for healthcare; improvement of medical 
care for vulnerable groups of the population of the Vyshhorod Raion; provision of the 
population with efficient, safe and quality drugs and medical purpose products under 
the “Affordable Drugs” state program; enhancement of the efficiency of using 
financial and material resources of healthcare; creation of the modern information 
support system in healthcare; improvement of the innovative policy in healthcare; 
introduction of the system of the personalized electronic register of citizens and 
modern information and tele-medical technologies in the primary medical-sanitary 
care activities. 

Financing of the CNE “CPMSC” of the VTC is provided within the 
expenditures approved in the local budget, by decisions of the town council on 
allocation and application of funds for them, even subject to the current financing of 
the implementation of measures from the State Budget (state medical guarantee 
programs) as well as from other financing sources not prohibited by the current 
legislation. The amount of the specified expenditures is established by decisions of 
the Vyshhorod Town Council on the budget or on the introduction of amendments to 
local budget targets for the respective year. We will conduct the monitoring and 
analysis of financial support of the activity of the CNE “CPMSC” of the VTC in 
Tbl.21. 

Table 21 
Analysis of Financial Support of Activity of the CNE “CPMSC” of the VTC 

Indicators 
2018 2019 2020 

Local 
budget 

Other 
sources 

Local 
budget 

Other 
sources 

Local 
budget 

Other 
sources 

1 2 3 4 5 6 7 
Procurement of medications, dressing materials, medical-purpose products 

Expenditures       
Amount of financing (K hrn) 99.6 - 112.6 - 127.2 - 
Product       
Fitting of OCGPFM, FSs and HSs with 
equipment, medical-purpose products, reagents 
and disinfecting agents, provision with 
emergency care drugs, vaccines 

43 - 43 - 43 - 

Efficiency        
Average unit price 193.0 - 218.22 - 246.5 - 
Quality       
Percentage of provision of primary healthcare to 
population, % 100.0 - 100.0 - 100.0 - 

Pay financing and accruals 
Expenditures       
Amount of financing (K hrn) 3,381.6 - 3,821.2 - 4,318.0 - 
Product       
Involvement of physicians in working at 
structural subdivisions of the CNE “CPMSC” of 
the VTC by filing applications with the 
Department of Health and, jointly with the 
village chairpersons, stimulating payments to 
medical workers of the rural area, setting of 
differentiated incentive additional payments to 
physicians and junior medical specialists for 

345 - 345 - 345 - 
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work complexity and pressure in the amount of 
50 % of the position salary 
Efficiency       
Average pay (hrn) 4,762.0 - 5,381.0 - 6,081.0 - 
Quality       
Percentage of worker labor payment provision, % 100.0 - 100.0 - 100.0 - 

Payment for utility services 
Expenditures       
Amount of financing (K hrn) 336.6 - 380.4 - 429.8 - 
Product       
Provision of uninterrupted heat, water, light, gas 
supply 100 - 100 - 100 - 

Efficiency       
Average service cost 652.3 - 737.2 - 832.9 - 
Якість       
Percentage of provision of payment for utility 
services, % 100.0 - 100.0 - 100.0 - 

Current maintenance of structural subdivisions 
Expenditures       
Amount of financing (K hrn) 658.2 - 743.8 - 840.5 - 
Product       
Payment for telecommunication services, garbage 
removal, acquisition of office supplies,  fuel and 
lubrication materials, provision with computer 
equipment and network establishment, provision of 
access to the Internet, introduction of electronic 
registers and tele-medical consulting 

43 - 43 - 43 - 

Efficiency       
Average current subdivision maintenance cost 1,275.6 - 1,441.4 - 1,628.8 - 
Quality       
Percentage of provision of current maintenance of 
structural subdivisions, % 100.0 - 100.0 - 100.0 - 

Road vehicle procurement 
Expenditures       
Amount of financing (K hrn) 3,800.0 - 3,300.0 - - - 
Product       
Creation of conditions for efficient operation of the 
OCGPFMs, FSs and HSs, growth in percentage of 
the number of treatment institutions equipped with 
road vehicles 

5 - 4 - - - 

Efficiency       
Average road vehicle unit price (K hrn) 760.0 - 825.0 - - - 
Quality       
Percentage of provision with road vehicles, % 100.0 - 100.0 - - - 

Source: Drawn up and calculated by authors according to the internal documentation of the med. 
institution. 

The CNE “CPMSC” of the VTC elaborated the Strategic Priorities for 
Development for 2021–2023 (fragment is presented in Tbl. 22), with its respective 
financial support (Tbl. 23). In Fig. 44, grouping of strategic goals and priorities of 
development of the medical institution is visualized. 
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Table 22 
Fragment of Measures of Strategic Priorities of Development of the CNE 

“CPMSC” of the VTC for 2021–2023 
Strategic priorities Implementation periods Expected results  Strategic 

coordination 2021 2022 2023 
І. Improvement of quality of services provided  

1.1. Equipping reception areas 
in 6 OCGPFMs   2 4 - growth in level of 

satisfaction of recipients of 
medical services according to 

the survey data by 15 %; 
- reduction in the number of 

patients’ complaints (by 
20 %); 

- improvement of quality of 
provision of tele-medical 

services; 
- renewal of medical furniture 

and equipment by 75 %; 
- number of 

schools/institutions/visitors of 
schools of health 

(30/490/5,900, respectively) 

Chief 
Physician,  

 
Chief 

Accountant,  
 

Deputy Chief 
Physicians 

1.2. Establishment of the 
system of monitoring of 
satisfaction with institution 
services: conduct of patient 
questionnaire on quality of 
provision of medical services at 
structural subdivisions 

   

1.3. Carrying out of repair 
works (Dymer OCGPFM, FSs 
of the Liubymivka V. and 
Tolokun V.) 

1 1 1 

1.4. Renewal of the material-
technical base of subdivisions 
by procurement of new medical 
equipment and office furniture 

17 14 11 

1.5. Development of tele-
medical services at 18 
OCGPFMs 

 18  
  

1.6. Establishment of schools of 
health 

5/ 
40/ 
400 

10/ 
150/ 
1,500 

15/ 
300/ 
4,000 

ІІ. Work with personnel 
2.1. Work with departments of 
family medicine of education 
institution of Kyiv C. 

2nd 
half-
year 

2nd 
half-
year 

2nd 
half-
year 

- provision of staffing level on 
100 %, relief of family 

physicians of part of work and 
establishment of staff pool; 

 
- provision with service 

housing 

Chief 
Physician,  

 
Chief 

Accountant,  
 

Deputy Chief 
Physicians 

2.2. Work with heads of bodies 
of local self-government in 
procurement (lease out on 
preferential conditions) of 
service housing for family 
physicians 

   

ІІІ. Improvement of financial efficiency 
3.1. Internal audit and 
optimization of organizational 
structure of institution 

   - increase in the % of the 
population of the raion in the 

“green list” until  
2023 by 80 %; 

- increase in expenses per 
patient per annum  (600.00 

hrn); 
- +15 % to budget (NHSU) 

receipts from grants 

Chief 
Physician,  

 
Chief 

Accountant 

3.2. Attraction of grants for 
financing of innovative needs  
of institution 

 
+5 % +15 % 

3.3. Active information 
campaign for signature of 
declarations 

+70 % +75 % +80 % 

IV. Reduction in level of morbidity of raion population with infectious diseases (incl. COVID-19) 
4.1. Reduction in morbidity 
with infectious diseases (incl. 
COVID-19) in raion by 15 % 

   

- vaccination against common 
infectious diseases incl. 

COVID-19 

Chief 
Physician, 

 
OCGPFM 
Manager 

4.2. Fulfilment of plans of 
vaccinations against  COVID-
19 

2nd 
half-
year 

  

4.3. Cover of adult raion 
population by fluorography 
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examination 
4.4. Broad explanatory work on 
infection with COVID-19 and 
necessity to conduct 
vaccination 

   

Source: Grouped by authors according to the internal documentation of the CNE “CPMSC” of the 
VTC. 

Compliance with and performance of this strategy will enable to: increase the 
efficiency and quality of the provision of medical care in the primary link in order to 
overcome unfavorable demographic trends; increase a share of medical care 
provided: by general practice physicians – family physicians, on a family medicine 
basis at the level of outpatient-polyclinic care; form a system of the provision of the 
population with high-quality care on a family medicine basis; ensure the current 
maintenance, in the proper condition, of all structural subdivisions of the CNE 
“CPMSC” of the VTC, according to recommended lists of equipment and standards. 

Table 23 
Financial-Resource Support for Implementation of Strategic Measures of the  

CNE “CPMSC” of the VTC for 2021–2023 
Amount of funds proposed to be applied for 

implementation  
Performance years Total costs  

(K hrn) 2021 2022 2023 
Amount of resources, total  

(K hrn) incl.: 8,276.0 8,358.0 5,715.5 2,2349.5 

Local budget 8,276.0 8,358.0 5,715.5 2,2349.5 
Other sources (K hrn) - - - - 

Source: Grouped by the author according to the internal documentation of the CNE “CPMSC” of the 
VTC.  

 
Further, to fully detail the tools for the management of the activity of the CNE 

“CPMSC” of the VTC, we will conduct the SWOT analysis. It includes a holistic 
picture of the present situation with all positive and negative aspects. A conceptual 
approach is formulated so as to further optimize and effectively use strengths and 
remove, or, at least, reduce available weaknesses to a minimum [15]. 

A SWOT analysis enables to conduct a detailed study of the external and 
internal environment of the CNE “CPMSC” of the VTC that helps more effectively 
make strategic decisions. The purpose of using a SWOT analysis is to divide the 
factors and phenomena impacting the development of the hospital into four classic 
categories: strengths, weaknesses, opportunities and threats. Strengths show a 
competitive advantage of the CNE “CPMSC” of the VTC as compared to other 
medical institutions. Weaknesses are a set of internal factors braking its development. 
Opportunities include trends or events in the exogenous environment, responding to 
which the CNE “CPMSC” of the VTC can move to set goals faster. By threats is 
meant a set of factors, which might have a negative impact on the CNE “CPMSC” of 
the VTC, unless there is a respective response.  
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Figure 44. Aggregate Scheme of Strategic Priorities of Development of the 
CNE “CPMSC” of the VTC 

Source: Grouped by authors according to the internal documentation of the CNE “CPMSC” of the 
VTC. 

Certainly, studying endogenous (certainly, in relation to operation in the 
external environment) instruments in managing the activity of the CNE “CPMSC” of 
the VTC, as a whole, is impossible without assessing its competitive positions and, 
respectively, analyzing competitive forces according to M. Porter that impact, to one 
degree or another, the internal strategy for managing activity of the institution of 
healthcare. We presented these techniques using table parameters giving each 
parameter the respective rank reflecting a low, medium or high degree of a threat to 
the CNE “CPMSC” of the VTC. To assess an impact of each competitive force, it is 
enough to choose one of three assertions in the table and put the respective rank from 
“1” to “3”. The respective ranking is summarized and the respective value is given. 
Intermediate results and some calculations are presented in Tbl. 24–28, the respective 
digital values are given in the tables. 

Respective grouping of strengths and weaknesses, opportunities and threats for 
the CNE “CPMSC” of the VTC is presented in Fig. 45. 
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Strengths  Weaknesses  

+ territorial availability of OCGPFMs 
and FSs; 
+ compact and efficient structure of the 
primary medical care network; 
+ availability of skilled specialists; 
+ optimized staff of employees; 
+ availability of developed local modern 
protocols of provision of medical care; 
+ provision with computer and copy 
machines; 
+ availability of road vehicles; 
+ use of remote technologies to provide 
medical care from the distance; 
+ capability to provide medical services 
to population of adjacent communities; 
+ wish to advance and use modern 
management technologies; 
+ established successful 
communications with the power; 
+ use of mentoring and other forms of 
extension of best experience 

– 20 % of family physicians are of retirement age 
– insufficient areas for receiving patients by physicians at some 
OCGPFMs and FSs; 
– insufficient quality of services through the poor material-
technical base; 
– imperfect patients’ appointment system; 
– absence of diagnostic departments at 75 % of OCGPFMs and 
FSs; 
– absence of service personnel for medical equipment 
inspections (metrology, calibrations); 
– excessive energy costs due to the absence of the energy audit 
and energy management system; 
– not energy-efficient premises of FSs; 
– obsolete electric power networks and other utility lines; 
– absence of fire alarms, incompliance of the technical base of 
the firefighting system with the requirements of the legislation at 
60 % of OCGPFMs and FSs; 
– room furniture and equipment partly require modernization 
– absence of efficient information interaction between the 
subdivisions of the Center and different level hospitals; 
– not all specialists know modern diagnostic and treatment 
methodologies 

Opportunities  Threats 
⇒ active position and interest of the 

local power in medicine development; 
⇒ financial capacity of communities of 

the Vyshhorod Raion; 
⇒ satisfactory road condition; 
⇒ territorial proximity to the capital of 

Ukraine; 
⇒ involvement of youth (physicians 

after graduation of the internship and 
student apprentices) after graduation of 
the higher education institution; 
⇒ developed social infrastructure for 

young families (availability of 
kindergartens, schools, out-of-school 
education institutions, houses of culture); 
⇒ opportunity to participate in 

international grants; 
⇒ incentive to participation of medical 

workers in conferences, trainings and 
other events of skill improvement upon 
the availability of sufficient financing; 
⇒ available opportunity to study 

advanced experience (European countries 
and other cities of Ukraine) 

# low level of culture of a healthy way of life; 
# COVID-19 pandemic; 
# Growth in the general level of population morbidity; 
# Ageing of population, worsening of social-demographic 

indicators; 
# High cost of lease of housing for young specialists; 
# Competition of family physicians with physicians of the 

secondary link (territorial proximity to private healthcare 
institutions of the capital); 

# Insufficient number of additional services, first of all, 
diagnostic services; 

# Insufficient level of infectious protection in the subordinated 
network of institutions 

Figure 45. SWOT Analysis of the CNE “CPMSC” of the VTC 

Source: Analyzed and grouped by authors according to the internal documentation of the CNE 
“CPMSC” of the VTC. 
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Table 24 

Identification of Degree and Rank of a Threat from Substitute Goods (Substitute 
Services) 

Assessment parameter 
for threat degree and 
rank identification 

Parameter assessment 

3 2 1 

Substitute service Exists and occupies a 
considerable market share 

Exists, but their 
market share is small Does not exist 

Outcome 1 
1 LOW THREAT OCCURRENCE LEVEL 
2 Medium threat occurrence level 
3 High threat occurrence level 

Source: Calculated by authors according to [16]. 
Table 25 

Identification of Degree and Rank of a Threat from Intra-Branch Competition 
Assessment parameter 
for threat degree and 
rank identification 

Parameter assessment 

3 2 1 

Number of market 
players 

High player 
concentration 

Medium player 
concentration 

Low player 
concentration 

Market growth rates Absent or negative Low  High 

Price barriers 

Though price 
competition in the 

market, there are no 
opportunities to raise 

prices 

There is an 
opportunity to raise 
prices only to cover 

production cost growth 

There is always an 
opportunity to raise 

prices 

Outcome 5 
3 Low threat occurrence level 

4–6 MEDIUM THREAT OCCURRENCE LEVEL 
7–9 High threat occurrence level 

Source: Calculated by authors according to [16]. 
Table 26 

Identification of Degree and Rank of a Threat from Medical Services Providers 
(Suppliers) 

Assessment parameter 
for threat degree and 
rank identification 

Parameter assessment 

2 1 

Number of providers of 
similar services Small number or monopoly Wide choice of providers of similar 

services in the raion 
Resource limitation  Unlimitedness in volumes   Limitedness in volumes  
Competition-related 

expenses Low losses High losses 

Application priority for  
service providers High Low 

Outcome 7 
4 Low threat occurrence level 

5–6 Medium threat occurrence level 

7–9 HIGH THREAT OCCURRENCE LEVEL 
 

Source: Calculated by authors according to [16]. 
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Table 27 
Identification of Degree and Rank of a Threat of Entry into Market by New 

Players (Competitors) 
Assessment parameter for 

threat degree and rank 
identification 

Parameter assessment 

3 2 1 

“Strong” brands with a high 
awareness and loyalty level Absent 2–3 More than 3 

Differentiation of product 
(service) Low  Medium High 

Access to distribution 
channels  Open Requires moderate 

investments Limited 

State interference level Absent High Low 
Branch growth rates High Medium Stagnation (fall) 

Outcome 10 
6 Low threat occurrence level 

7–12 MEDIUM THREAT OCCURRENCE LEVEL 
13–18 High threat occurrence level 

Source: Calculated by authors according to [16]. 
Table 28 

Identification of Degree and Rank of a Threat from Medical Services Recipients 
(Consumers) 

Assessment parameter 
for threat degree and 
rank identification 

Parameter assessment 

3 2 1 

Share of recipients of a 
wide range of med. 

services  

Over 80 % of services 
provided fall on few 

patients 

50 % of services 
rendered fall on few 

patients 

Scope of med. services 
is evenly distributed 

between patients 
Share of recipients of a 

mon-range of med. 
services 

Services are unique, 
there are certain 

analogues 

Services are partly 
unique, there are certain 

analogues 

Services are not unique, 
there are certain 

analogues 

Services sensitive to 
quality and price 

Patient will always 
move to a service with a 

lower price 

Patient will move to 
another service, in case 

of considerable 
difference in price and 

quality 

Patient is not sensitive 
to service price and 

quality 

Consumers not satisfied 
with services existing in 

the market 

Dissatisfaction of 
patients with key quality 

characteristics of a 
service 

Dissatisfaction of 
patients with 

secondary 
characteristics of a 

service  

Full satisfaction 

Outcome 8 
4 Low threat occurrence level 

5–8 MEDIUM THREAT OCCURRENCE LEVEL 
9–12 High threat occurrence level 

Source: Calculated by authors according to [16]. 

In Fig. 46, the levels are presented, for the impact of the M. Porter’s forces 
concerning the CNE “CPMSC” of the VTC. They are named in the classic 
interpretation [16]. As seen from this figure, the greatest impact on the exogenous 
factors of management of the marketing activity of the CNE “CPMSC” of the VTC is 
exerted by the following exogenous factors:  
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– consumers, that is, medical services recipients – patients; 
– potential competitors (for example, private hospitals, private physician’s 

offices, healthcare institutions of neighboring raions, etc); 
– suppliers, that is, medical services providers – physicians. 

So, for the CNE “CPMSC” of the VTC, an important managerial decision is to 
concentrate endogenous efforts on holding specialist physicians, providing them with 
decent working conditions, using advanced world’s experience, whereon the 
instruments can be directed, of both external marketing, as consumer-oriented, and  
internal marketing, as oriented on the whole hospital personnel – from highly-skilled 
physicians (primary and secondary link physicians) to the service personnel (nurses, 
technical-service personnel). 

 
Figure 46. Porter’s Pentagon for the CNE “CPMSC” of the VTC 

Source: Visualized by authors according to tbl. 6–10. 

Accordingly, the least impact on endogenous factors for managing marketing 
activity of the CNE “CPMSC” of the VTC is exerted by a risk of the occurrence of a 
substitute good, that is, a substitute service, since is naturally impossible – the 
provision medical services is and remains a dogma phenomenon. 

In view of the conducted analysis of the activity of the CNE “CPMSC” of the  
VTC by various aspects, the following key problems are identified, on the solution of 
which the management will need to focus strategic and tactical benchmarks, in order 
to provide institutional capacity of social institutions for cluster rural development: 1) 
an increase in the quality of the provision of medical services inside the agrarian-
industrial cluster; 2) COVID test infrastructure and equipment; 3) the enhancement of 
staff capacity, the provision of its development and efficient use subject to the need 
of the cluster formation etc. But the main challenge, for today, and not for the 
medical system only, but also for the whole world is a COVID-19 pandemic and 
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timeliness and readiness to conduct full-scale antivirus vaccination housed by 
specially equipped rooms at the institutions of the agro-industrial cluster. 

Reforming social institutions of support for development of agro-industrial 
clusters is a quite complicated process, since hospitals remain a quite conservative 
element of the healthcare system, despite the new challenges and changes in the 
systems themselves. Functional activity of state healthcare institutions in the medical 
services market in the modern conditions has to regard to the endogenous and 
exogenous challenges associated with conducting a medical reform, rural economy 
decentralization and clustering processes, which should include: using new models of 
social-agrarian management; new methods of payment for medical services, 
strengthening control over their provision from the agrarian-industrial cluster’s 
stakeholders; improving forms of planning and organization of activities of medical 
institutions, subject to the needs of the agrarian-industrial cluster; professionalizing 
staffing of medical institutions and medical workers of the agrarian-industrial cluster; 
innovating information-analytical support in terms of forming an electronic 
healthcare system; differentiating the sources of financial support for the provision of 
medical services, involving the stakeholders of the agrarian-industrial cluster in the 
formation of the financial resource; complying with the international standards for the 
quality of the provision of medical services, conducting the audit of the medical care 
quality and constant monitoring of the competitiveness of medical services. 

Main advantages of the immediate improvement of the quality of the provision 
of medical services at the CNE “CPMSC” of the VTC, compliance with the strategic 
priorities of improving its work, subject to the needs of the agrarian-industrial cluster,  
are: formation of the team of specialists able to head the processes of continuous  
improvement of the quality at all social institutions (including medical institutions) of 
support for development of the agrarian-industrial cluster; formation of the 
endogenous environment, friendly to the patients, oriented on the constant monitoring 
of patients’ satisfaction with the medical service quality; creation of respective 
conditions for timely introduction of new medical-technological documents based on 
the evidential medicine; ensuring implementation of the system of monitoring of 
medical care quality indicators set in medical-technological documents of the 
stakeholders of the agrarian-industrial cluster; compliance of the medical institution 
with the accreditation and certification criteria approved by the MOH of Ukraine and 
the internal regulation of the agrarian-industrial cluster; formation of the 
organizational culture and sustainable “face” of the institution open to continuous 
implementation of positive  vectors of changes in improving the provision of medical 
care to the stakeholders of the agrarian-industrial cluster. 
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Transport system is an essential infrastructure for the economic well-being and 

growth of a country. A healthy transportation sector provides crucial support for 
economic growth in both rural and urban areas, national defense and sustained access 
to safe, efficient travel for the country’s inhabitants. 

It is clear that innovation (including "blue" and "green" digital transformation) 
in the transport sector is becoming extremely important. 

 
5.1. Innovation development in transport infrastructure 
 

Today, one of the key tasks of socio-economic development of Ukraine's 
economy and its equal and competitive partnership in the system of international 
trade and economic relations is to ensure the quality transformation of the country's 
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existing transport infrastructure, which serves domestic transport and is an important 
participant of global logistics chains. The foundation of the expanded reproduction of 
the transport complex potential and its infrastructural component in the conditions of 
formation of the post-industrial economy is the timely introduction of advanced 
innovative technologies on the basis of efficiency and systematic approach. 

Currently, infrastructure is an integral component of any economic system. As 
a result, infrastructure is a priority along with other processes. The emergence of 
infrastructure is preconditioned by the objective processes in the differentiation of 
labor and specialization of production and economic activities of economic entities 
and is the result of structural changes in the economy, which necessitated the creation 
of a certain system that reconciles the results of the differentiation of labor and 
structuring and compensates for the costs of production separation. 

The emergence of the term “infrastructure” in the economic literature, 
according to a number of Western economists (A. Youngson, P. Samuelson, etc.), 
refers to the period of the 40's of the twentieth century and is associated with the 
names of such scientists as H. Singer, who used the term “overheadcapital” – 
“infrastructure”, and P. Rosenstein-Rodan, who introduced the term “infrastructure”, 
derived from the two Latin terms “infra” (“below”, “under”) and “structura” 
(“structure”, “location”) to denote “a set of general conditions that ensure favorable 
business development in key sectors of the economy and meet the needs of the 
population” [1]. Later, from the early 1960's, foreign and, from the late 1960's 
domestic economists, studied not only the economic nature of infrastructure, but also 
the necessary proportions in the development of industrial and service branches. With 
the development of a market economy infrastructures began to be considered as a 
means of regulating the economy. 

The different types of infrastructure were distinguished gradually, by 
separating the individual functions of the main industries. Thus, in the 70's 
production and non-production (social) infrastructures were distinguished [1; 2]. 
Later, such a classification persisted [3], and some authors considered the 
institutional infrastructure in this context [4]. In turn, the production infrastructure is 
also subject to classification on the following grounds: spatial and production bases, 
sectoral principles of production construction, performance of functions. The 
production infrastructure is understood as a set of industries that provide conditions 
for the implementation of production processes. One of the components of this 
complex is transport. 

When assigning an object to the infrastructure, it is necessary to determine the 
main criteria by which you can include the industry or the object in this set. The main 
criteria for classifying transport as production infrastructure are as follows: 

1. Transport does not produce new products, but it is a continuation of the 
production process within the circulation process; it only moves products already 
created by other sectors of the national economy, thereby increasing their value by 
the amount of transport costs. 

2. Transport products – transportation of goods and passengers – are 
inseparable from the process of transport production. It cannot be accumulated; its 
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stocks cannot be created. Therefore, the problem of reserves on transport consists in 
creating not the stocks of products, but the reserves of throughput and carrying 
capacity. 

3. Transport products do not contain raw materials. Unlike industries, 
transport does not consume raw materials, but uses large amounts of fuel, electricity, 
lubricants and other materials. 

4. The scheme of the capital turnover in transport differs from the turnover in 
industry and agriculture: the increase in capital is not in the form of goods, but only 
in monetary form. 

5. In the transport market not the product in the form of a new thing is sold, 
but the production process of the transport complex. Thus, the requirements for the 
efficiency and quality of the transport system relate not only to its market products, 
the final results of transport activities, but also directly to the transport production 
process. 

6. Problems of substantiating the essence and content of the concept of 
“transport infrastructure” are extremely relevant for the countries with turbulent 
economies, including Ukraine. The term “transport infrastructure” has only lately 
been used in the Ukrainian economy. This is not surprising, since the need for 
market-type infrastructure not only cannot develop, but cannot exist outside the 
market economy at all. At the same time, the unresolved problem of transport 
infrastructure in the economy science of Ukraine creates a lot of difficulties for 
economic practice, because it still lacks the system of reasonable recommendations 
for creating adequate infrastructure for Ukraine, taking into account both world 
experience and economic situation [4; 5]. 

Today transport, as the infrastructure of the national economy of Ukraine, is a 
specific sector of the economy, which participates in a single production and 
technological process of various industries, which fact affects the level of transport 
costs in the country and overall production efficiency. Since the transport sector is 
always associated with the general development of production forces, it is considered 
one of the most important components of the infrastructure of the economy as a 
whole. It is worth noting that the transport infrastructure occupies a special place and 
creates a kind of framework for the entire economic system of transport. The main 
purpose of the transport infrastructure is the implementation of the relationship 
between all functional elements in order to ensure the rational operation of these 
elements and the possibility of their spatial development. 

The transport infrastructure facilities include railways, tramways and inland 
waterways, contact lines, highways, tunnels, overpasses, bridges, railway stations, 
bus stations, subways, airfields and airports, communication systems, navigation and 
traffic control systems, as well as those that ensure the functioning of the transport 
complex – buildings, structures, devices and equipment. 

In conditions of economic growth and strengthening of integration processes, 
the role of transport infrastructure grows, as well as the role of its complex 
development and interaction of all subsectors, interrelation with other components of 
economy and social sphere of regions. Therefore, the solution to the problems of 
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creation, functioning and development of transport infrastructure should be paid more 
attention as it is one of the components of increasing efficiency of production 
activities of economic entities, social development, improving quality of life, and, 
accordingly, the socio-economic development [6]. 

The concept of “transport infrastructure” has long been established in 
economic theory and practice. To date, this concept has been reflected in legislation. 
Thus, the Law of Ukraine “About Transport” devotes a section to the country's 
transport system. “The transport system is a transport and road complex consisting of: 
branches of transport, urban electric transport, departmental transport, pipeline 
transport, industrial railway transport, individual transport, public transport routes” 
[7]. In addition to this definition, it is clarified that the transport and road complex 
may include infrastructure to provide a set of services related to the transportation, 
among them the non-core ones. 

Transport infrastructure provides regional connectivity, freedom of movement 
for citizens, promotes socio-economic development of both a particular territory and 
the state as a whole. 

Transport infrastructure is important in solving socio-economic problems, 
participating in the creation of goods produced by enterprises, and forming their final 
value, making the territorial accessibility of social facilities, ensuring transport 
mobility of the population and thus making a direct contribution to gross domestic 
product through implementation of the functions assigned to this type of 
infrastructure (Fig. 47).  

  
Fig. 47. The place and role of transport infrastructure in economic development 
Source: Formed by the author according to sources [8; 9] 

 
Since the transport complex covers the operation of a number of facilities that 

are not directly involved in the process of providing transport services, but indirectly 
affect the formation of effective conditions for its conduct, the composition of 
transport infrastructure should be represented by the following elements (Fig. 48) 
[10]: 

1) transport services: transport routes of all types of transport, bridges, 
tunnels, ferries, vehicles, facilities, traffic control devices, stations, control points and 
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other means, buildings and complexes that are directly involved in the transport 
process; 

transport services

transport routes of all types of transport, bridges, tunnels, 
ferries, vehicles, facilities, traffic control devices, stations, 
control points and other means, buildings and complexes 

that are directly involved in the transport process

terminal and warehousing services

warehouses, terminals, logistics centers, forwarding and 
logistics companies (operators), lifting and transport and 

loading and unloading equipment

management of transport 
infrastructure

public authorities in the field of 
transport, international 

intergovernmental organizations 
in the field of transport

commercial services

insurance, marketing and consulting companies, banking institutions, travel 
agencies, trade intermediaries for ticket sales, customs authorities and 

intermediaries, sanitary-epidemiological and veterinary services, investment 
companies, funds, etc.
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Fig. 48. Components of transport infrastructure 
Source: Author's development 

 
2) terminal and warehousing services: warehouses, terminals, logistics 

centers, forwarding and logistics companies (operators), lifting and transport and 
loading and unloading equipment; 

3) virtual information service: monitoring systems and devices, software 
packages for the organization of transport services in a single window, systems and 
software for routing, information exchange tools; 

4) research and production support: repair and production bases, service 
stations, depots, research and production, innovation centers, hubs; 

5) management of transport infrastructure: public authorities in the field of 
transport, international intergovernmental organizations in the field of transport; 

6) commercial services: insurance, marketing and consulting companies, 
banking institutions, travel agencies, trade intermediaries for ticket sales, customs 
authorities and intermediaries, sanitary-epidemiological and veterinary services, 
investment companies, funds, etc.  
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Today transport infrastructure is one of the most dynamically developing 
activities. In particular, the factors of global influence that determine the trends of 
innovative development of transport infrastructure include the following [11]: 

- technological: Industry 4.0; smart infrastructure; robotic complexes; digital 
transportation management technologies; digital services; digital transport corridors, 
including high-speed traffic infrastructure; additive repair technologies; resource and 
energy saving technologies; creation of branch localized productions, etc.;  

- innovative: European Research Area for Innovation and Social Issues 
(“Open Innovation”, “Open Science”), European cloud initiatives; industry 
infrastructure for innovation; intellectual and communication platforms of innovation 
cooperation; global database of innovations, etc.;  

- investment: international investment institutions; global / international 
investment aid programs; development of project financing, including growth of the 
share of public investments within the PPP; specialized investment zones, etc.;  

- personnel: intellectualization of labor; digital workplace; virtual / electronic 
learning systems; unification of professional standards; international research and 
production migration; knowledge culture and social responsibility;  

- institutional: deepening of international trade and economic cooperation; 
European Digital Agenda; global projects of infrastructure and technological 
cooperation; unification of norms and standards; liberalization of the market of 
transport infrastructure services, etc. 

Among the factors that have a local impact on the processes of innovative 
development of transport infrastructure of Ukraine, we should highlight the 
following: 

- technological: digital modernization of transport infrastructure facilities, 
including the rolling stock; construction of robotic terminals and warehouses; 
comprehensive renovation and modernization of repair bases; creation of an 
integrated system of interaction of transport infrastructure objects; 

- innovative: development of sectoral innovation infrastructure, including 
State Fund for the Creation and Transfer of Transport Technologies; formation of an 
integrated environment for innovation management; creation of electronic services 
and industry base of innovations; formation of a digital platform for innovation 
cooperation and elaboration of a program for the development of strategic innovation 
cooperation, etc.; 

- investment: competitive tariff and price policy; unified, transparent system 
of planning, attraction and use of investments in infrastructure projects; state 
guarantees and protection of investors' interests; investment program for the 
implementation of transport infrastructure development projects; simplification of 
project financing mechanisms, including public-private partnership during the 
implementation of transport infrastructure development projects; 

- personnel: modern system of professional competence, personnel training 
and retraining programs; progressive system of remuneration; international internship 
programs; educational grants; branch program of social development of personnel; 
development of sectoral social infrastructure, etc.; 
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- institutional: implementation of European norms, standards and regulations 
in domestic transport legislation; completion of reforms and formation of a 
competitive market for transport infrastructure services; strategy of digital 
modernization of transport infrastructure; service platform for regulating the 
processes of innovative development of transport infrastructure; anti-corruption 
program; program of state stimulation of innovative development of transport 
infrastructure; transparent mechanism of coordination and monitoring of the state 
management of transport infrastructure, etc.  

The processes of globalization and digitalization have led to innovative 
transformations in the global transport infrastructure, which are manifested not only 
in the introduction of robotic and intelligent technologies in the transport and 
logistics complex, but also in the formation of integrated information platforms 
within the global supply chains. The following patterns testify to innovative changes 
in the global transport and logistics space most explicitly. 

First, the key regularity of the current stage of transport infrastructure 
development is the intensification of infrastructural strategic cooperation of countries 
and creation of infrastructure zones for economic cooperation, which have 
contributed to the formation of new transport corridors and comprehensive 
modernization of transport and logistics infrastructure. This is evidenced by the large-
scale projects implemented in a number of countries in the line of expanding the 
transport links and deepening the trade and economic cooperation. After all, it was 
the deepening of economic cooperation between China and the EU and, accordingly, 
the intensification of trade flows in this direction that stimulated the expansion of the 
transport infrastructure capacity. 

Secondly, the scale of the initiated projects for the development of global 
transport infrastructure has led to the transformation of traditional mechanisms for 
their financing. First of all, the structure of sources of investment funds has changed 
in the direction of increasing public expenditures on financing infrastructure projects, 
in particular through the simplification and unification of public-private partnership 
mechanisms. 

 
Fig. 49. The structure of investments in the development of railway infrastructure, % 
Source: Formed by the author according to sources [12] 
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Considering the geography of countries’ investments in the implementation of 
transport infrastructure development projects (Fig. 49), it should be noted that most 
investments (44.3%) in transport development are made by European countries, 
whose total investments in infrastructure projects amount to more than $ 200 billion. 
The countries of Asia and the Pacific region occupy the second place in terms of 
investment in the development of transport infrastructure; they account for 20.3% of 
world investment, while China alone has invested almost 79.1 billion dollars [12]. 

At the same time, the share of international financial institutions in financing 
transport infrastructure development projects has significantly increased. In 
particular, $ 34 billion of infrastructure investments has been allocated by 
international financial institutions to ensure the innovative development of the 
infrastructure of the Central Asian Regional Economic Cooperation (CAREC) 
countries, of which 75% ($ 25.5 billion) were invested in transport infrastructure. The 
largest donor in CAREC infrastructure development projects was the Asian 
Development Bank, which allocated a total investment of $ 12.5 billion. A significant 
part of infrastructure projects were financed by the World Bank, which invested $ 7.4 
billion, the Islamic Development Bank, which allocated $ 1.7 billion and the 
European Bank for Reconstruction and Development, whose investment amounted to 
1.6 billion dollars [13]. 

Third, against the background of the creation of global supply chains and 
deepening economic integration of the countries, the formation of multifunctional 
transport-industrial zones (platforms) took place, where coordinated interaction of all 
participants in value creation is ensured. The China-Belarus industrial center “Big 
Stone” operates on this principle, where not only transport infrastructure facilities are 
concentrated, but also a powerful innovation center which specializes in the 
development of innovations in the field of mechanical engineering, chemistry, 
biotechnology and other high-tech industries [14]. Such transport and industrial sites 
are the basis of the German economy, which is the most powerful among the 
economies of European countries in terms of innovation development [15]. 

Fourth, under the influence of globalization processes, which in transport are 
accompanied by the creation of global transport and logistics chains and 
strengthening interaction of different modes of transport, the requirements for the 
technical and technological level of the transport process qualitatively increased. First 
of all, this applies to the requirements for the duration of transportation and the 
possibility of their “door to door” implementation. This was the impetus for the 
development of intermodal transportation, specialized high-speed roads (highways, 
high-speed railways) and produced a continuous improvement of the world's 
container fleet. For example, only in recent years the high-speed railways have been 
constructed at an unprecedented pace throughout the world, their length in 2018 was 
more than 20 thousand km, in particular in China the length was more than 10 
thousand km [16]. Japan is one of the three leaders in the introduction of high-speed 
rail traffic, where in 2016 a new record was set at a speed of 603 km/h [17]. European 
countries such as Germany, France, Great Britain, Italy, Poland, Portugal, etc. are 
also actively implementing high-speed traffic development projects. It is worth noting 
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that such heavy activity of a number of countries in the development of high-speed 
railway infrastructure has become possible due to large-scale capital investments, 
which are carried out by the latter in the framework of national strategies for the 
development of transport systems. In particular, according to the German banking 
group DVB, the total investment in the development of infrastructure for various 
modes of transport reaches more than 413 billion dollars a year, of which 113 billion 
dollars are investments in the construction of automotive infrastructure. At the same 
time, the total cost of implemented infrastructure projects, such as construction and 
modernization of railways, reaches $ 45 billion, and the renewal of rolling stock 
accounts for $ 25 billion. By the end of 2020, about $ 45 billion had been invested in 
railway infrastructure projects, most of which was involved in the development of 
railway infrastructure in Europe [12].  

However, the most global trend in the development of transport infrastructure 
is the implementation of technological transformations, accompanied by the mass 
introduction of digital technologies in the field of transport. Blockchain, robotics, 
artificial intelligence, 3D printing and modeling, the Internet of Things are already 
quite actively implemented in various areas of transport infrastructure, which is the 
seventh trend in the development of transport infrastructure. The introduction of 
digital technologies in railway transport happens primarily through the development 
of high-speed intelligent railways, within which a communication and navigation 
platform for the organization of the transportation process in real time is formed. The 
initiative to create digital railways was first announced in 2017 by the Swiss Federal 
Railways as the part of the national industry program Smart Rail 4.0. The latter 
envisages the creation of an interoperable integrated architecture of a complex of 
advanced traffic control technologies, within which it will be possible to quickly plan 
the train schedule, identify their location and monitor the technical condition, as well 
as automatically train and robotize station work [18]. 

However, the introduction of digital technologies in railway transport is not 
limited by the formation of the technological base for the functioning of digital 
railways. Thanks to blockchain technology, users of railway services can pay for 
services virtually, monitor and identify the location of goods, as well as support 
online communication and document management with the service provider. 

The digitalization of the automotive industry is also accompanied by the 
introduction of “intelligent” unmanned vehicles, electric vehicles, traffic management 
systems, and electronic driver safety technologies (electronic log devices (ELD)) 
[19]. As for the intelligent unmanned vehicles, despite further work on improving this 
targeted solution, Tesla company has now designed the first electric traction, 
equipped with the function of “autopilot”. This type of digital vehicle will greatly 
facilitate the process of driving and allow transport companies to significantly 
increase efficiency by eliminating the “driver” factor. Concerning TMS 
transportation control systems, the functionality of the built-in information systems 
creates a possibility to increase the transparency of communications and the 
efficiency of supply routing processes [20]. In addition, thanks to artificial 
intelligence, 3D printing and modeling technologies, the process of vehicle 
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maintenance has been significantly optimized. Thus, the inclusion of CAD 
technologies and 3D printing in the production process of cars has significantly 
reduced its duration, eliminating from the process those technological operations that 
are associated with the development of the model, and significantly cutting 
production losses. In particular, such technology is currently actively used both by 
giant automobile companies like “BMV”, “Ford”, “Volkswagen” and small 
automobile manufacturing companies, such as “Tucci Hot Rods”. It is estimated that 
the latest introduction of digital technology in the production of cars, namely the 
Ultimaker technology has tripled the speed of parts manufacturing and saved 90% of 
the cost of outsourcing [21]. 

Digital technologies are most actively introduced in the field of air transport, 
due to the high growth of passenger traffic and, accordingly, the increase in the 
amount of data processed during the passenger service. Airport operators implement 
digital transformation programs, investing in the projects aiming at the development 
of biometric technologies, blockchain technologies, VR, AR and cloud services, 
technologies for processing and analysis of big data, as well as the projects for 
creation of smart digital centers. Despite the fact that today less than half of the 
world’s airports have implemented leading digital solutions aimed at improving the 
safety and quality of passenger service, in general, the level of digitalization of the 
aviation industry is already more than 30%. According to experts, capital investments 
in digital infrastructure transformation projects at airports will increase due to the 
growing passenger traffic, by 2023 they will amount 4.6 billion dollars a year [22].  

One of the key trends in the digitalization of the aviation industry is the 
transformation of traditional airports into so-called ecosystems – economic centers 
with a personalized technological environment for passenger service. Studying the 
processes of digital transformation of air transport infrastructure, it is necessary to 
dwell on the analysis of those key trends that are already actively occurring in the 
activities of airports. Due to the intensification of flows in the airspace, one of the key 
areas of digital transformation of air transportation is the modernization of ship traffic 
control systems and radio communications. In this regard, most of the world’s 
airports are currently actively implementing air traffic control technology ADS-B 
(Automatic Dependent Surveillance – Broadcast), which allows tracking the location 
of airplanes, monitoring their movement both within the airport and in the remote 
areas where radar activity is limited. 

One of the most common digital technologies at airports is blockchain 
technology, which is used for biometric identification of passengers and cargo, as 
well as their interactive navigation within the airport. Robotic technologies are also 
widely used. In particular, in large international airports, robots already perform the 
functions of service personnel, accepting luggage from passengers at the entrances 
and conducting their registration and passport control. The most modern robotic 
terminal was opened in 2018 in Singapore; it is equipped with robotic face 
recognition technologies and innovative luggage scanners, which significantly 
accelerate the service process at the airport [23; 24]. 
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Digital technologies are actively implemented in maritime transport. In 
particular, the Internet of Things and blockchain technologies are the most involved 
digital technologies. Thanks to the first, the remote control of the departure of ships 
from the port, automatic transition and docking became possible today, as well as the 
support of communications between participants in the supply chain. Blockchain 
technology in the maritime industry has made it possible to provide automated 
processing of cargo data, online monitoring of ships and visibility of the entire supply 
chain. 

 
Integration / consolidation

During 2013-2017, 
the number of global 

mergers and 
acquisitions in the 

field of transport and 
logistics business 

increased from 202 
to 283

During 2014-2017, the total value of mergers and 
acquisitions under the One Belt One Road project is 

137.8 billion dollars

Interoperability / 
convergence

The total cost of contracts for 
the construction of 

infrastructure facilities under 
the One Belt One Road project 

is 284.5 billion dollars.

The projected total amount of 
investment in the One Belt One 
Road infrastructure project by 

2020 is 800 billion dollars.

Introduction of integrated 
transport systems

Development of 
multimodal piggyback 

transportation

The infrastructure of 18 ports of 
9 EU countries was modernized 

and increased.

Development of 
multimodal transport 

networks (TEN-T project, 
One Belt One Road).

Multifunctional transport and logistics centers, complexes, 
hubs were built.

Containerization

New container routes: 
6363 container trains run 
in the direction of China - 

EU.

Construction of 
container terminals 

(forecast of 
container flow 
growth to 500 

thousand TEU in 
2020)

Greening / 
standardization

Electrification of railways 
(25% of the world railway 

network are electrified)

Electric mobility (by 2040 the 
number of electric vehicles will 

be 330 million units)

Development of power 
infrastructure

High environmental 
standards, standards of 

corporate social 
responsibility

Global / regional systems 
of infrastructural and 

technological cooperation 
are being formed 

(industrial and logistical 
hubs, platforms, Horizon 
programs, localization of 

productions)

Digitalization / 
intellectualization

(annual investment in 
aviation digitization 

projects - $ 4.6 billion) 

Digital 
railways

Unmanned 
rolling stock

Electronic 
services

ADS-B air traffic control 
technology

Electronic safety 
technologies for drivers

Biometric 
identification of 

passengers / cargo
Robotic 

terminals Airports-ecosystems

Institutionalization

Global and cross-border infrastructure 
cooperation programs (One Belt One Road 

project, TEN-T project, INTERREG, 
PHARE / TACI, URBAN programs)

National strategies / concepts / 
programs are implemented for the 

development of transport 
infrastructure, its digitization (the 

program “Digital Railways of 
Germany” (Digitale Schiene 

Deutschland), the State program 
for the development and 
integration of transport 

infrastructure of the Republic of 
Kazakhstan, etc.).

The specialized bodies 
are acting to promote the 

development of 
infrastructure of certain 

modes of transport.

The innovative institutes for the 
development of transport 

infrastructure are functioning 
(in the Netherlands – TKI 

Dinalog, in Kazakhstan – The 
Center for Engineering and 

Technology Transfer)

A single policy and standards for transport services 
are developed (EU Regulations and Directives in 

the field of transport), and unified transport 
legislation is in force.

 The state support and project financing 
of innovative development of transport 
infrastructure are developed (for 2008-

2017 more than 6000 PPP projects 
were implemented with the total 

amount of financing 107.5 billion 
euros, of which 25.5 billion euros are 
investments of international financial 

institutions. )

 
Fig. 50. Trends in innovative development of world transport infrastructure 

Source: Author's development 
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The trends of transport infrastructure development described above have 
become possible due to the increased attention of states to the processes of transport 
complex transformation. In most economically developed countries, not only 
strategies and concepts for the development of transport infrastructure act at the state 
level, but also large-scale programs for their financing are implemented. In addition, 
the elaborated global policy for the development of transport systems and harmonized 
international standards of transport services testifies to the strengthening of the 
processes of state regulation of the market of transport infrastructure services. 

Thus, summarizing in general, the following should be highlighted among the 
key trends in the innovative development of world transport infrastructure (Fig.50): 

- integration and consolidation, which is manifested in the intensification of 
mergers and acquisitions in the transport and logistics business and the formation of 
global / regional systems of infrastructure and technological cooperation. Illustrative 
examples of the latest trend are those infrastructure initiatives related to the 
development of industrial and logistics hubs, platforms, as well as interstate 
innovation partnership programs, such as Horizon, and those that involve the creation 
of localized industries for infrastructure projects; 

- interoperability / convergence which is manifested by the implementation 
of global transport infrastructure development projects aimed at maintaining 
interoperability, expanding capacity and accelerating and improving the quality of 
service in supply chains; 

- containerization as a key direction of accelerating the delivery of goods; 
- digitalization and intellectualization, which are expressed in the creation of 

digital transport systems and the formation of an intelligent environment for their 
interaction; 

- greening and standardization are realized by the increase of ecological 
standards and standards of quality of transport service for consumers; 

- institutionalization is expressed in increasing the attention of international 
institutions and public authorities to the projects of innovative development of 
transport infrastructure through the formation of innovative infrastructure to support 
their implementation and increase public funding of these projects. 

 
 
5.2 Innovative transformation of the transport system: vector of 

environmental friendliness 
 
Transport is integral with the globalization of the economy. Transportation is 

the basis for the formation of domestic and international markets, the development of 
the country’s economy. The modern transport complex is subject to the conflicting 
trends: on the one hand, being an infrastructure industry, transport is dependent on 
the production of goods, on the other hand,it has a significant impact on the regional 
distribution of production capacity, it participates in the process of reproduction and 
is an important part of the system of economic relations. 
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The directions of development of integration processes in transport show in its 
integration with transport engineering and science – the level of scientific and 
technical progress directly determines the competitiveness of transport systems. At 
the same time, the following main areas are distinguished, where a decisive 
breakthrough should be expected: total informatization of transport, creation of 
economic and ecological “green” vehicles, creation of logistic transport and 
distribution systems. 

The current state of development of social relations with the ever-increasing 
anthropogenic impact on the environment requires a change in the people’s attitude to 
the processes of production and consumption of goods. 

Thoughbeforethe very economic priorities were the basis of any human 
actions, today the ecology goals come to the fore. In other words, at the current stage 
ofthe transport systemdevelopment, every decision on innovative changes must be 
assessed from the standpoint of reducing the negative impact on the environment. 

This approach is called greening of transport systems. 
The processes of eco-destructive impact in transport are grouped in the 

following areas: 
1. Automobile transport:  
- emissions during the operation of car engines; 
- noise ofautomobile transport; 
- vibrations ofautomobile transport; 
- electromagnetic radiation of cars; 
- pollution by wear products of vehicles. 
2. Automobile roads: 
- extraction of local natural resources; 
- change of terrain; 
- hydroengineering works; 
- technological pollution.  
3. Railway transport:  
- consumption of non-renewable natural resources during the operation of 

railway transport (petroleum products, water, air, etc.); 
- low fuel efficiency; 
- pollution of atmospheric air, water basins and soil by emissions and 

discharges due to the operation of mobile and stationary vehicles; 
- pollution of the natural environment by various bulk cargoes during their 

loading, unloading and transportation, by garbage and waste of railway transport 
enterprises; 

- environmental pollution due to the accidents during the transportation of 
environmentally hazardous goods. 

4. Air transport: 
- formation of the greenhouse effect and destruction of the ozone layer; 
- emissions of harmful substances from the exhaust gases of aircraft engines; 
- noise pollution from air transport. 
5. Water transport: 
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- ballast water of tankers, transport and passenger vessels; 
- spills of oil and oil products due to the accidents of transport vessels; 
- oil-contaminated water from engine rooms, from washing of bunker and 

settling tanks, leakage during bunkering, especially in stormy weather; 
- wastewater, household and industrial waste, chemicals, etc. 
6. Pipeline: physical aging of the pipeline equipment; the need to replace 

hundreds of kilometers of main pipelines each year anddozens of gas pumping 
stations. 

When burning 1 kg of gasoline each car uses 15 kg of air, in particular, 5.5 kg 
of oxygen. When 1 ton of fuel is burned, 200 kg of carbon monoxide is released into 
the atmosphere. Motor vehicles account for about 55% of total harmful emissions, 
including more than 200 different compounds, among them: carbon oxides, lead, 
nitrogen, formaldehyde, including aromatic carbohydrates, benzopyrene, carcinogens, 
including surfactants, with many mutagensinthem. Motor vehicles also have a 
negative impact on acoustic (noise) pollution on central highways. The results of 
acoustic measurements and sociological research show that the main source of 
acoustic pollution in the city is automobile transport. 

About every second inhabitant of the city suffers from the noise created by it. 
At the same time, the source of significant noise is open areas of the subway and city 
trams. Vibration along subway lines causes harmful effects not only on the 
population, but on buildings as well. The situation around the construction of major 
highways is also complicated. During active construction, a large number of trees are 
cut down. Due to long-term construction and intensive anthropogenic impact on the 
ecosystem near the designed road, energy connections between living components 
within the system are lost. 

The leading place in the transport complex is occupied by railway transport. Its 
share in the total volume of traffic is 24%. The length of railways is 22.8 thousand 
km. Their density is 38 km per 1,000 km2. The densest network of railways is formed 
in Donbass, Dnieper, Western regions of Ukraine. All this significantly increases 
emissions into the environment during the transportation of passengers and goods. In 
addition, it is a source of noise pollution. Having an extensive river network, Ukraine 
is subject to significant anthropogenic impacts from water transport. River navigation 
covers almost all regions of the country and has prospects for future growth, so the 
operation of this transport should take into account the environmental component and 
minimize water pollution with oil and petroleum products, food waste, garbage and 
more. 

Today, aviation in Ukraine is developing quite rapidly. The main problems in 
the development of air transport in Ukraine are the outdated fleet of aircraft, the 
actual lack of domestic traffic, the non-compliance of technical and environmental 
capabilities of airports in Ukraine with modern international requirements. Therefore, 
air transport is a source of violation of the acoustic regime in a large area, the state of 
air and groundwater.  

Solving environmental problems in the transport sector of the country allows 
not only to significantly reduce the module of man-made load on the environment, 
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promote the preservation of unique natural, historical and cultural landscapes, but 
also to significantly diminish the morbidity rate of the population. 

In order to prevent and reduce air pollution by transport and other mobile 
vehicles and mechanisms and the impact of the related physical factors the following 
measures should be taken: 

1. Conversion of transport and other mobile vehicles and mechanisms to less 
toxic fuels. The solution to this problem is possible through the production and 
introduction of new (alternative) types of environmentally friendly fuels, such as 
hydrogen. 

Alternative fuels are all fuels that either do not contain petroleum derivatives at 
all or only partially contain refined products. Today, all alternative fuels are 
conventionally divided into four groups: extractive and associated gaseous fuels; 
synthesized and hydrolysis fuel; fuel from renewable resources; petroleum fuel with 
impurities; 

2. Rational planning and construction of settlements with observance of 
normatively defined distance to transport ways;  

3. Improvement of the condition of roads and pavement;  
4. Withdrawal of transport enterprises, freight transit road transport from 

densely populated residential areas outside the city;  
5. Restriction of entry for motor transport and other vehicles and mechanisms 

in settlements, resort, medical and health-improving, recreational and nature-reserve 
zones, places of mass recreation and tourism;  

6. Improvement of fuel transportation and storage technologies, ensuring 
constant control over the fuel quality at oil refineries and gas stations;  

7. Introduction and improvement of activity of control-regulating and 
diagnostic points and complex systems of checking the norms of ecological safety 
fortransport and other mobile vehicles and mechanisms. 

Supporting the implementation of environmental standards today, road 
transport is moving to the use of electric vehicles, which in turn has led to the 
development of appropriate infrastructure for their maintenance and power supply. 

According to the International Energy Agency, by the end of 2040 the number 
of electric vehicles that will be in operation on the world’s roads will reach 330 
million units, which will be more than 15% of the world’s car fleet [25].  

Even today, such countries as China, Japan, the Netherlands, and Denmark are 
actively switching to the use of electric cars. The largest number of electric cars (40% 
of the available fleet of vehicles) is currently operated in Norway, where the program 
of transition to environmentally friendly modes of transport is being implemented at 
the state level. 

Electric cars also account for a significant share of the car market in Sweden, 
where their proportion reaches 6.3% [26]. The dynamics of the number of electric 
vehicles operating in the world during the period from 2007 to 2017 is presented in 
Fig. 51. 
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Fig. 51. Dynamics of the number of electric cars in operation in the world during the 

period from 2007 to 2017  
Source: Developed by the authors based on [26]. 

 
All this indicates not only the implementation of projects for technological 

development of transport infrastructure, but also their focus on compliance with 
environmental standards. In this regard, the key regularity of the current stage of 
development of transport infrastructure is its sustainable greening. After all, against 
the background of the growing threat of the global environmental crisis, most 
countries focus on the introduction of common environmental standards of transport 
services through the transition of economical technologies and environmentally 
friendly modes of transport. 

In rail transport, this trend is manifested in the increasing length of electrified 
railway lines: today more than 25% of the world’s railway network is electrified, its 
length reaches almost 1 million km [27]. In road transport, the introduction of 
environmental standards is accompanied, as noted earlier, primarily by the 
introduction of electric rolling stock, as well as hybrid cars and cars on alternative 
fuels. Thus, in 2019, the Law “On the Basic Principles (Strategy) of the State 
Environmental Policy of Ukraine for the period up to 2030” was approved in Ukraine 
[28]. The aim of the state environmental policy is to achieve good environmental 
status by introducing an ecosystem approach to all areas of socio-economic 
development of Ukraine in order to ensure the constitutional right of every citizen of 
Ukraine for a clean and safe environment, to introduce sustainable use, preservation 
and restoration of natural ecosystems. The main principles of state environmental 
policy are: 

- maintaining the state of the climate system, which will make it impossible 
to increase the risks to human health and well-being and the environment; 

- reaching by Ukraine the Sustainable Development Goals (SDGs), which 
were approved at the 2015 United Nations Summit on Sustainable Development; 
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- promoting balanced (sustainable) development by achieving balanced 
components of development (economic, environmental, social), focusing on the 
priorities of balanced (sustainable) development; 

- integration of environmental requirements during the development and 
approval of documents of state planning, sectoral, regional and local development 
and in the decision-making process on the planned activities of facilities that may 
have a significant impact on the environment; 

- intersectoral partnership and stakeholder involvement; 
- prevention of emergencies of natural and man-made nature, which involves 

analysis and forecasting of environmental risks based on the results of strategic 
environmental assessment, environmental impact assessment, as well as 
comprehensive monitoring of the environment; 

- ensuring environmental safety and maintaining ecological balance on the 
territory of Ukraine, increasing the level of environmental safety in the exclusion 
zone; 

- ensuring certainpunishment for violations of environmental legislation; 
- application of the principles of caution, prevention, priority of eliminating 

the sources of environmental damage, “polluter pays” principle; 
- responsibility of executive authorities and local governments for the 

availability, timeliness and reliability of environmental information; 
- stimulation at the state level of domestic economic entities that reduce 

greenhouse gas emissions, lessen energy and resource intensity, modernize 
production aiming at minimizing the negative impact on the environment, including 
improvement of the green tax system for environmental pollution and fees for the use 
of natural resources; 

- introduction of the up-to-date means and forms of communications and 
effective information policy in the field of environmental protection. 

According to this strategy, the greening of transport provides [28]: 
- development of environmentally friendly modes of transport; 
- implementation of innovative projects aimed at reducing the level of noise 

pollution; 
- optimization of traffic on the territory of large cities, further development 

of public electric transport; 
- support for the use of vehicles that meet European standards; 
- severization of the requirements for environmental safety and reliability of 

pipeline transport; 
- harmonization of plans for development of the transport structure with the 

requirements, principles and priorities of the development of the ecological network, 
inexhaustible use, reproduction and conservation of bio- and landscape diversity; 

- stimulation of the use of alternative fuels. 
The main measures for greening of road transport are: 
- increasing the efficiency of car engines 
- introducing alternative drive mechanisms; 
- enhancing the design of cars; 
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- improving fuel quality and reducing the toxicity of exhaust gases; 
- assigning traffic flows and cutting the number of cars; 
- accelerating the traffic flow; 
- rational driving; 
- influencing the traffic light mode. 
The main measures to reduce the negative impact of roads on the environment 

are: 
- noise reduction around stationary storage sites for road construction 

machines and mechanisms. 
The following measures are used for greening on rail transport:  
- construction of new gas boilers and conversion of existing ones to gas fuel;  
- introduction of modern gas cleaning systems for boilers and production 

equipment;  
- introduction of modern dust collection systems from the main production 

equipment and boiler houses;  
- construction and reconstruction of ventilation systems of workshops and 

boiler-houses, introduction of filter-ventilation units; 
- introduction of equipment for trapping heavy metal oxides;  
- technical re-equipment of workshops, replacement of technological 

processes with more ecological ones; introduction of automated control and 
regulation systems for the concentration of harmful substances in the air;  

- change-over of passenger trains to electric heating; electrification of 
railways;  

- improvement of current and introduction of new more economical 
locomotives, replacement of traction power supply devices with environmentally 
friendly ones, etc. 

The following steps are appropriate for the greening of the aviation industry:  
- popularization of standards ISO 14000;  
- popularization of the basic principles of ecological audit of enterprises;  
- training of auditors;  
- development of the regulatory framework for environmental audit;  
- introduction of the national system of ecological certification. 
There are three main areas of reducing the negative impact of water transport, 

purification of polluted waters of seas and rivers, namely: 
- mechanical removal of debris and oil films from the water surface; 
- chemical effects on oil films; 
- biological decomposition of pollution, biological cleaning by means of 

plants, using the living beings capable to catch and process water pollutants, 
microbiological method. 

Reliability, environmental safety and reduction of breakdown rate of oil 
pipelines are provided at the expense of the following:  

- timely diagnostics and overhaul of the linear part, tanks and equipment;  
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- technical re-equipment and reconstruction of technological equipment, 
automation systems of pumping stations, tank farms and remote control engineering 
of the linear part of the main oil pipelines;  

- modernization of existing and introduction of new systems of automated 
control of operating condition and fire extinguishing. 

Transportation is one aspect we cannot do without in this day and age. 
However, the current transportation systems come along with a wide range of 
problems including global warming, environmental degradation, health implications 
(physical, emotional, mental, spiritual), and emission of greenhouse gases. In fact, the 
transport sector attributes to 23% of the globe’s greenhouse gas emission resulting 
from burning of fossil fuels. Out of the total greenhouse gas emissions, road transport 
takes up a lion share, 75% to be precise and this trend is projected to increase in the 
future if it continues unabated. All this puts lot of pressure on the national 
governments to devise policies to reduce greenhouse gas emissions as well as oil 
demands. Statistics learn that over 90% of all road transportation relies on oil. This 
figure almost goes hand-in-hand with the total global oil consumption, which stands 
at 60%. All these scenarios have caught the eyes of most governments and policies 
are being formulated to reverse this worrying trend of air pollution. 

 
Fig. 52.Modes of green transportation 

Source: [29] 
 
In this campaign, transportation is the sector being targeted since it is the major 

contributor to greenhouse gas emission. The immediate and obvious solution to this 
wanton environmental pollution is greening of the transport sector, which suggests 
any sort of transportation vehicle or transportation habit that is environmentally 
friendly and doesn’t emit toxic gasses that could impact the environment and human 
health. This leads to Green Transportation (Fig. 52), which means any kind of 
transportation practice or vehicle that is eco-friendly and does not have any negative 
impact on the immediate environment [29]. Green transportation revolves around 
efficient and effective use of resources, modification of the transport structure.  
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Electrification.The combined annual sales of battery electric vehicles and plug-
in hybrid electric vehicles tipped over the two-million-vehicle mark for the first time 
in 2019 and staked a 2.5% share of all new car sales. Despite the impact of the global 
pandemic, the EV market is expected to rebound with continued growth.  

Deloitte’s global EV forecast (Fig. 53) is a compound annual growth rate 
(CAGR) of 29% achieved over the next ten years: total EV sales growing from 2.5 
million in 2020 to 11.2 million in 2025, then reaching 31.1 million by 2030 [30]. 

Fast Charging.Electric Vehicles or EVs have become increasingly popular 
across the world and they are continuing to develop. Many of the available 
manufacturers today are looking to the future and are producing or planning to 
produce high-powered electric cars that can be easily comparable to some of the best 
fuel-powered vehicles. However, one of the standout features of electric vehicles or 
even hybrid vehicles is the ability to be powered by an in-built battery. These 
batteries are recharged through outlets either at home or anywhere there are charging 
outlets. All available EVs come with a regular AC charger that can normally take the 
battery from 0 to 100 percent in about 4-6 hours.  

 

 
Fig. 53. Deloitte’s global EV forecast 

Source :[30] 
 

But with the inclusion of fast charging, things have become extremely fast. So 
fast that the DC charger is capable of taking the battery from 0 to 80 percent in a 
matter of 30 minutes. While charging stations are quite rare right now, the increasing 
popularity of EVs is sure to build that number up [31]. 

Self-driving electric buses.Automated city buses and shuttles will be in 
operation in the near future. Autonomous vehicles use cameras, radars and GPS 
systems to recognize and communicate with traffic lights and have impressive safety 
records (Fig. 54).  
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Fig. 54. Olli Bus Local Motors model 

Source: [32] 
 

These buses of the future will reduce the impact on the environment because 
Top 10 Latest Car Technology Innovations of The Past Decadethey are electric. Self-
driving buses are already in operation in China and Germany, and are being tested in 
the U.S. Autonomous buses have a back-up mode where a human can take control of 
the vehicle if needed [33]. 

Public transport tokens in exchange for plastic bottles.The plastic-for-credits 
scheme is a one year trial that exchanges plastic waste for credit towards metro and 
bus rides in Rome. The service will be available at all three major stations: Cipro on 
the A line, Piramide on the B line, and S. Giovanni on the C line. Commuters will 
receive €0.05 for each plastic bottle donated. Thirty bottles are needed to cover a 
single-ticket, which is €1.50. The Government hopes that the initiative will also 
reduce Rome’s rubbish congestion in addition to preventing people from travelling 
without a ticket. While the program is amongst the first in Europe, a similar scheme 
was spotted in Surabaya, Indonesia last year − with ten plastic cups or five plastic 
bottles equating to a free two-hour bus ticket [34]. 

Special ticket-vending machines have been installed over the last years in the 
subway stations of Beijing (Fig. 55). As a way to raise awareness regarding plastic 
recycling, the machines accept used bottles as payment. Once entered in the recycling 
machine, the bottles are first scanned so that their value is calculated depending on 
the plastics’ quality and number (the estimated value of each plastic bottle is between 
5 and 15 cents). In return, the machine issues a public transportation credit or extra 
mobile phone minutes. Most of them are placed in high-traffic or touristy areas, such 
as the Temple of Heaven, which sees as many as 60,000 people pass by daily. 

Based on the same concept, similar vending machines have also been launched 
in Australia to help reduce the drink containers discarded each year (more than 160 
million of them in NSW alone, making up almost half the volume of litter). 
Envirobank reverse vending machines (RVM’s) work the opposite way to a 
traditional vending machine, as by depositing an eligible container (plastic bottle or 
aluminium can), you receive a 10-cent refund credit. Their special feature is that they 
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can hold up to 3,000 items as they immediately crush them. As a reward, users can 
select between food truck vouchers, tickets to the city’s famous New Year’s Eve 
party, and bus passes. The NSW's largest litter reduction scheme, named ‘Return and 
Earn’, started on 1 December 2017, and more than 500 collection points have been 
created to support this cause [35]. 

 

  
Fig. 55. Ticket-vending machines in Beijing's subway 

Source: [35] 
 

Smart roads.The road is often overlooked when discussing the future 
development and digital transformation of the modern transport infrastructure. 
Afterall, we have all heard of connected cars, self-driving cars, GPS navigation, route 
optimization apps and ride-hailing services. You would be forgiven for thinking how 
the common road fits into this digital revolution, as it turns out, the road itself can be 
a platform for an amazing array of innovations. Roads can be upgraded with 
communication, lighting and power transmission technologies that can support 
sustainability, improve safety and efficiency which in turn will help transform the 
driving experience.  

Smart roads use Internet of Things (IoT) devices to make driving safer, more 
efficient, and in line with government objectives, greener. Smart roads combine 
physical infrastructures such as sensors and solar panels with software infrastructure 
like AI and big data. Smart road technologies are embedded in roads and can improve 
visibility, generate energy, communicate with autonomous and connected vehicles, 
monitor road conditions, and more [36]. 

Here are a few examples (Tbl. 29). Many governments and transport 
authorities understand the value of smart road technologies. However, developing 
smart city infrastructure at scale can be costly and complex. Leaders can break down 
smart road projects into phases, starting with low-investment, narrow-scale initiatives 
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that can provide initial value, setting the stage for high-investment and large-scale 
efforts [36]. 

Table 29  
Smart road technologies 

Solar 
powered 
roadways 

Photovoltaic cells are embedded within hexagonal panels made of tempered glass, which 
are used to pave roads. These panels contain LEDs, microprocessors, snow-melting heating 
devices and inductive charging capability for electric vehicles when driving. Glass is 
renewable and can be engineered to be stronger than steel, and to allow cars to stop safely 
even when traveling at high speeds. While this idea has gained widespread support, 
scalability is a challenge as it remains expensive. 

Smart 
roads 

Specially engineered roadways fitted with smart features, including sensors that monitor 
and report changing road conditions, and WiFi transmitters that provide broadband services 
to vehicles, homes and businesses. The smart road can also charge electric cars as they 
drive. 

Glow in the 
dark roads 

Glowing markers painted onto existing roadway surfaces use a photo-luminescent powder 
that absorbs and stores daylight. The 500m long strips glow for 8 hours after dark. This 
technology is still in the testing phase, and the glow is not yet consistent, but it could be 
more cost-effective than traditional road lighting technologies. 

Interactive 
lights 

Road lights activated by motion sensors to illuminate a particular section of the road as cars 
approach. The lights dim once the car passes. Suited for roads with less traffic, interactive 
lights provide night visibility as needed and reduce energy wastage when there are no cars. 
One design, developed in Holland, uses the wind generated by passing vehicles to power 
lights. 

Electric 
priority 
lane for 
charging 
electric 
vehicles 

Embedded cables generate magnetic fields that charge electric vehicles while driving. A 
receiver coil in the vehicle picks up electromagnetic oscillations from a transmitter coil 
embedded in the road and converts them to AC, which can then power the car. Inductive 
charging technology already exists for static cars, but future wireless technology could 
charge batteries while in motion, providing distance range solutions for electric vehicles 
which travel longer journeys. 

Weather 
detection 

Networks of AI-integrated sensors detect weather conditions that impact road safety. Road 
Weather Information Systems (RWIS) in use today are limited because they only collect 
data from a small set of weather stations. A larger future network could use automated 
weather stations to collect atmospheric and weather data and instantly upload it to the 
cloud. Dynamic temperature-sensitive paint could be used to highlight invisible roadway 
conditions like black ice. 

Traffic 
detection 

Data that helps travelers plan their routes. Sensors lining highways monitor traffic flow and 
weight load, warn drivers of traffic jams, and automatically alert the authorities about 
accidents. Fiber-optic cables embedded in the road detect wear and tear, and 
communication between vehicles and roads can improve traffic management. For example, 
rapid flow technologies use artificial intelligence (AI) to manage traffic lights, which 
respond to each other and to cars. Traditional systems were pre-programmed to optimize 
flow around peak journey times, new technologies are able to process and optimize flows 
in real time. 

Source: [36] 
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5.3. Innovative transformation of the transport system: vector of safety 
 
Traditionally, the safety of the transport system includes such elements 

(Fig. 56). Through the years there have been an enormous number of innovations in 
the automotive industry, including: the Ford Model T (1908), radios (1933), keys 
(1949), air conditioning (1953), seat belts (1958), electric windows (1960s), anti-lock 
brakes (1971), digital dashboard displays (1974), air bags (1974), on board 
diagnostics (1994), hybrid vehicles (1997), GPS satellite navigation (2000), advanced 
driver assistance systems (ADAS; 2010s), and autonomous driving (now and 
improving). 

Today’s evolving automotive market is being driven by several key areas of the 
safety innovations in the automotive industry (Fig. 57). Let's take a look at some of 
the latest developments from automakers to improve road safety. 

 

 
 

Fig. 56. Elements of the transport system safety 
Source: [37] 
Lane Keeping Assist.This is one of the newest technologies incorporated into 

cars and the lane-keeping assistance feature is definitely one of the best ones yet. If 
you are used to long drives or driving through the night, the lane-keep assist helps 
you stay safe on the road at all times. The software in the car’s system allows it to 
stay centered in the lane while driving forward. 

This technology uses the steering along with the brakes to keep the vehicle 
within the lines of the driving lane and stops it from crossing them. As soon as the 
wheels begin to cross the lines, the lane-keep assistance technology kicks in and 
corrects it so that the vehicle stays centered and safe [31] (Fig. 58). 
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Fig. 57. Key areas of the safetyinnovations in the automotive industry 
Source: [30] 
 
EyeDrive.Device turns car windshield into display for Phones and 

Apps.France-based EyeLights created a portable device that converts car windshields 
into a hologram that displays phone functions and apps, like navigators. The 
hologram is projected on an eight-inch display that does not impair the driver’s view 
of the road. The device, which is compatible with any vehicle, responds to hand 
gestures and voice controls. It was successfully crowdfunded on indiegogo.com in 
February and is available via the company’s website.  

 

   
1. Stay Aware 

You may receive an alert − 
via a sound, flashing light  
or vibration − if you drift  
out of your lane. 

2. Respond 

Return to your lane. If you 
don't take action, this feature 
may gently steer you back to 
the center of the lane. 

3. Engage 

Slightly pulling the wheel will 
disable the lane keeping 
assist on most cars. 
 

Fig. 58. Lane KeepingAssist 
Source: [38] 
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EyeDrive improves safety by allowing drivers to use their smartphones without 
taking their hands off the wheel. According to the company, EyeDrive saves the user 
4.3 seconds of reaction time, because the display is at eye level [34]. 

Automatic Emergency Braking. By reading the environment around the car, 
this automatic emergency braking technology can alert you when something is about 
to come in contact with the vehicle or block the driving path of the car. The sensors 
along with the on-board computer kick into action immediately and initiate the brakes 
which slow down or completely stop the car before it collides with the car, 
pedestrian, animal, or obstacle in the way (Fig. 59). 

 

 
Fig. 59. Automatic Emergency Braking 

Source: [31] 
 
Automatic Parking. The automatic parking feature allows the driver to almost 

completely park their car automatically – except for the occasional brake when the 
driver is requested to do so.  

Today, more and more car manufacturers have been including the automatic 
parking technology into their vehicles and the interested buyers have been going 
berserk for it (Fig. 60). 

Automatic High-Beam control. A framework that naturally lights up and dims 
the high-beam headlights in connection to the moving traffic. A camera installed on 
the rearview mirror recognizes when the car is surrounding approaching traffic, and 
additionally vehicles ahead going a similar way, and withdraws the high beams [39]. 

Biometric Seat Technology.This innovation enables drivers to manage ordinary 
disturbances while driving, making the entire adventure more secure and 
comfortable. Biometric seat tech uses data from the driver’s face, and palm, joining it 
with real-time data gathered from the auto’s steering wheel, accelerator, clutch, and 
throttle to identify the driver’s anxiety and instructs him/her to take a break when 
required [39].  
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Fig. 60. Automatic Parking 
Source: [31] 
 
Fig. 61 represents standard functions of the Biometric Seat Technology, fig. 

6.15represents the extended functions of the Biometric Seat Technology. But the 
perfection of car systems still can not fully prevent road accidents: no less important 
is the perfection of road infrastructure and driver training. 

Ground level pedestrian lights.There has been a rise in the number of accidents 
involving foot traffic since the use of smartphones has increased. An innovation in 
transportation technology is a system that can be installed at pedestrian traffic lights 
that would light up the pavement in red or green to signal when it is safe or not safe 
for pedestrians to cross the street safely [33]. 

 
 

Fig. 61.Standard functions of the Biometric Seat Technology 
Source: [40] 

 



TEXTBOOK 
 

180 
 

 
Fig. 62. Extended functions of the Biometric Seat Technology 

Source: [41] 
 
Virtual reality training program helps improve road safety.UK and Hungary-

based Francis Kodak Design Lab created a virtual reality (VR) immersion safety 
course for drivers. The product, Another Set of Eyes (ANET360), combines 
traditional driver training methods with VR to teach better safety skills. It is the latest 
example of using total immersion technology to improve learning retention. 
ANET360 puts students in real-life situations and hypothetical scenarios. Once 
hooked into the headset, the student is immersed in a 360-degree experience. The 
training course is based on situations every driver faces. It can also be tailored to 
client demands. The program has improved driver reaction time by 20 per cent and 
reduced training costs by 50 per cent. The program also uses machine learning, which 
allows it to record user reactions across an unlimited number of scenarios [34]. 

Despite the constant improvement of practical training of drivers, the number 
of adherents of the аutonomous driving is increasing. Аutonomous Driving. There are 
five levels in the evolution of autonomous driving (Fig. 63).  

Over the past few years, we’ve seen increased adoption of level 1 ADAS, 
including improved lidar distance sensing, lane departure controls, blind side 
detection, adaptive cruise control, and improved camera sensors. Automotive 
manufacturers currently produce vehicles at level 2 and many manufacturers are 
demonstrating (some) functionality of level 3.  
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Fig. 63. Levels of the autonomous driving 
Source:[30] 

 
The ultimate level 5 will not require a driver at all, a vision that many are 

excited to embrace, once all the complex, inter- and intra-dependent technologies and 
infrastructure are established, tested and well proven. 

 
 
 
 
5.4. Innovative transformation of the transport system: vector of logistics 
 
At all times, important issues of logistics have been the speed of transportation 

and the rational use of transport infrastructure. 
When we talk about the speed of transportation, we immediately mention air 

transport. However, the issue of increasing the speed of air transportation is not 
raised, as it leads to a decrease in economic efficiency. In the field of air transport, 
much attention is paid to satellite-based air traffic control systems. 

Satellite-based air traffic control systems.Air traffic control systems in 
operation today are ground-based, using technology that that dates back to the 
1960’s. Satellite-based control systems allow air traffic controllers to be more 
efficient. The U.S. is currently working on NextGen, a satellite-based air traffic 
control system that is being implemented in stages through 2025. GPS technology 
will be used to increase accuracy and shorten routes.  

NextGen is expected to save time and fuel, reduce air traffic delays, increase 
flight capacity and permit air traffic controllers to monitor aircraft with improved 
safety margins. Once NextGen is rolled out across America’s airports, airplanes will 
be able to fly closer together, making it easier to take direct routes and avoid delays 
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caused by “stacking” planes waiting for take-off. NextGen will reduce aircraft 
gridlock, both in the sky and in airports [33]. Instead, a great potential to increase the 
speed of transportation is seen in rail transport. 

Maglev trains.Maglev (short for “magnetic levitation”) trains hover about 
4 inches above their tracks and are propelled by electrically-charged magnets 
(Fig. 64). Riders claim the trains are exceptionally comfortable and stable. Maglev 
trains have been recorded to travel at a rate of 375 miles per hour (mph).  

Maglev trains are already in operation in China and Germany and are expected 
to become a common mode of transportation throughout the world by 2030 [33]. 

Hyperloop transportation systems.This transportation concept, conceived by 
Elon Musk, founder of Tesla Motors and SpaceX, is currently being designed and 
developed. Hyperloops are essentially transportation tubes that run pods of 
passengers or freight through a pressurized track at high speeds (Fig. 65). Hyperloops 
run at an average of 600 mph; their top speed is 760 mph. There are several 
companies currently working to advance the technology [33].  

Hyperloop Transportation Technologies (HyperloopTT) has released details of 
their plan to create the world’s first commercial Hyperloop system in Abu Dhabi. 
Situated on the border between Abu Dhabi and Dubai, in close proximity to both the 
Al Maktoum International Airport and World Expo 2020 site, the HyperloopTT will 
begin with the construction of six miles (ten kilometers) of infrastructure, with future 
development potentially creating a commercial Hyperloop network across the United 
Arab Emirates and beyond [42].  

 

 
 

Fig. 64. Maglev’s model 
Source: [43] 
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Fig. 65. Hyperloop’s model 
Source: [44] 

 
Not only Maglev and Hyperloop hover above the ground, but also buses. 
Elevated buses.China is working on a bus system that will reduce traffic 

congestion. The elevated bus is a vehicle that “straddles” traffic. It runs on a special 
track that allows regular vehicles to drive underneath (Fig. 66). The Transit Elevated 
Bus (TEB) system is currently being designed in China and is expected to reduce 
traffic congestion by 30 percent [33]. 

 

 
Fig. 66. Elevated bus model 

Source: [45] 
The efficiency of transport infrastructure management is promoted by the 

suppliers of special software products and services. 
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App-based access to all forms of transportation. A Finnish-based startup 
created an app that coordinates all forms of city transportation into a single platform, 
potentially providing a single solution for all transportation needs.  

The Whim app eliminates the need for different passes and tickets. Instead of 
juggling each service’s payment service, users opt for different subscriptions.The 
goal is to simplify travel [34]. 

Cars-as-a-Service. Cars-as-a-Service or CaaS alludes to a forthcoming car 
rental administration that enables city drivers to take part in a ride-sharing facility. 
Smart gadget owners can signal an auto with driverless innovation through an 
application, which lifts them up for their delivery or transportation needs. The 
considerable thing about the innovation is that no driver’s permit is required to get to 
one of these vehicles, working as a driverless Uber. This means of transport will be 
noticeably unique in numerous urban areas around the world, particularly where 
vehicular pollution and traffic are heating issues [39]. 

Bicycle share programs. Bicycle share programs allow riders to pay a small fee 
to ride a bike from one point to another, leaving the bike at the ride share station. This 
is a helpful program in urban areas where traffic can make it easier – and faster – to 
ride a bike than drive a car. Bicycles are good for the environment as they do not emit 
harmful emissions; bikes are an eco-friendly mode of transportation as well as giving 
riders the opportunity to get healthy exercise. Bicycle share programs are already in 
operation in several major metropolitan areas, and are expected to be become more 
common in the future [33]. 

App lets users rent out empty parking spaces. Kazakhstan startup TuraQshare, 
with support from Nazarbayev University, developed an app that allows users to 
register and rent out their empty parking spaces. The concept was created in July 
2018 for the Astana Innovations Challenge, a startup competition aimed at 
incentivizing young developers to solve urban technological problems in Nur-Sultan, 
the capital of Kazakhstan. TuraQshare’s founders, Nazarbayev University students 
AskhatSharipov and AnuarBaitulakov, came up with the idea to help manage traffic 
congestion. The aim of the app is to make it simple to promote parking spots across 
the city. In addition, TuraQshare provides a platform for people to earn money by 
renting their empty parking spots while they are away from home [34]. 

The future will bring dramatic technological improvements to the 
transportation sector, many of which are in unchartered terrain. The government may 
need to get involved and cooperate more closely with private investors, innovators 
and other stakeholders as an agent of public interest. Transportation has a rich history 
of both technical and policy innovation, a history that is likely to persist. 
Transportation is in an upheaval as it struggles to continue to support the prosperity 
and quality of life of our nation and others on the planet. 

Whatever the future of transportation holds, it is clear that it will continue to 
play an intrinsic role in human history, making the world a safer and more 
interconnected place. 
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Ensuring sustainable development of transport and logistics systems requires 

the introduction of organizational, managerial and environmental technologies 
adequate to transformational transformations, as well as innovative models to reduce 
the negative impact of transport on the environment. This is in line with the green 
growth concept proposed by the Organization for Economic Cooperation and 
Development. As international experience shows, improving the efficiency of the 
transport sector and organizing logistics activities can be achieved through the 
implementation of conceptually new management tools based on the principles of 
logistics, namely, systematic, process approaches, concepts of "lean" production, 
"just in time," sustainable development (Abazov 2021; Dalevska et al. 2019; Dyduch 
2019; Dzwigol 2019; 2020a; 2020b;  Dzwigol & Dźwigoł-Barosz 2018; 2020; 
Dzwigol et al. 2019a; 2019b; 2020a; 2020b; Kharazishvili et al. 2020; Lyulyov et al. 
2021). 

Today, leading scientists are conducting scientific discussions on the 
implementation of the concept of green growth in order to preserve the environment 
and improve the economic activities of enterprises. The desire of companies to create 
an ecological image with consumers has contributed to the development of a 
sustainable logistics concept (Boichuk & Kauf 2019) that includes green components 
and considers economic, social and environmental activities in the context of logistics 
management. 
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It is precisely the greening of logistics activities that is a key vector for 
business development, since most consumers consider priority those companies that 
carry out cargo transportation by "green" transport and use technologies that conserve 
natural resources. The use of "green" technologies in logistics has become as much a 
necessity as the implementation of a quality management system. As a consequence, 
according to “the Green Trends Survey” in the study “Towards Sustainable 
Logistics” (Christof & Ehrhart 2012), 59% of businesses found that green 
transportation of their products was recognized as a decisive factor in attracting 
consumers. Based on a survey by PE International (Great Britain) (McKinnon et al. 
2010), the key advantages in the implementation of the green logistics concept are 
identified, which include the reduction of air emissions (33% of heads and top 
managers of companies); attracting new customers or developing new products (26% 
of respondents). 

Thus, modern business conditions dictate new requirements for business 
development. The priority is green logistics as one of the most important components 
of the overall strategy of social responsibility of business in the context of the 
development of a circular economy. It should be noted that the role and importance of 
green logistics as a tool to support environmental safety is becoming more relevant 
every year, since it has become a socially useful and profitable symbiosis of ecology 
and economics as part of corporate environmental governance policies. 

The term "green economy" was first mentioned in 1989 in a report by a group 
of leading economists to the government of the United Kingdom of Great Britain and 
Northern Ireland (Pearce et al. 1989). This concept entered wide circulation during 
the global economic crisis of 2008–2009. Thus, in 2009, the UN Environment 
Program published the report "Global Green New Deal", which considered the goals, 
objectives, elements, incentives and directions of domestic policy aimed at 
developing a green economy. The green economy has mainly been defined as a 
practical approach to achieve sustainable development. 

Currently, the concept of a green economy is being actively discussed by 
scientists, experts, business and public organizations. UNEP experts (2011) formulate 
a green economy as an economy that leads to improved human well-being and social 
justice and at the same time significantly reduces environmental risks and ecological 
scarcity. According to this concept, the priorities of a green economy are, on the one 
hand, the maintenance and restoration of natural capital, the use of (Gureva 2019) 
renewable energy and low-carbon technologies for fossil fuels, an increase in the 
efficiency of resource and energy use, the formation of responsible behavior of urban 
residents, the transition to low-carbon mobility, and on the other – creating new jobs 
and increasing social justice. 

In the last decade, a new concept of economic development, called the 
"circular economy", has received special attention among leading scientists. 
Proponents of this concept believe that circular growth will help to overcome the 
climate crisis and will contribute to the development of an inclusive green economy. 
The very definition of this kind of economy was formulated in their 2019 study by 
experts from the University of Oxford (Haney et al. 2019), based on a series of 
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interviews conducted with participants in the Platform for Accelerating the Circular 
Economy (PACE). Most of the interviewed experts agreed that a circular economy is 
a regenerative type of economy in its design, aimed at preserving the greatest 
possible value of products, their components and materials, whose growth is not 
stimulated and does not depend on the exploitation of limited resources. At its core, 
this type of economy is viewed as a new trajectory for the development of society 
along the path of sustainability (Gureva 2019). 

The evolutionary development of the circular economy took place in three 
main stages (Reike et al. 2018): 

Stage I (1970-1990) – waste management – a number of environmental 
legislative measures were adopted in European countries and the United States. The 
concept of 3R (reduce, reuse and recycling) is becoming more and more interesting. 
A principle known as the polluter pays is emerging. The issue of waste management 
is central, but due to the underdeveloped environmental culture and thinking, an 
approach is gaining popularity in which the territory of less wealthy countries was 
used for waste disposal and/or recycling; 

Stage II (1990-2010) – strategies for environmental efficiency – the idea of 
environmental payments (payment for pollution). Environmental problems were 
perceived by society as a kind of economic opportunity. In the early 2000s. a number 
of environmental problems have been recognized as global (ozone depletion, global 
warming). The scientific community is actively developing possible ways of waste-
free production, but applicable only in industry; 

Stage III (approximately 2010 – present) – maximum preservation in the era of 
resource depletion – the concept of a circular economy, having absorbed the ideas of 
theoretical research to the greatest extent, acquired its final form. The central problem 
is the posed threat to the survival of mankind in connection with the reduction and 
gradual disappearance of necessary natural resources, the growth of the world's 
population and the amount of waste. Companies are encouraged to develop taking 
into account three key principles: green innovation, alternative sources, and a change 
in the industrial paradigm. At the moment, about 500 companies in the world are 
using the circular economy strategy. 

The transition from industrial to post-industrial society in the 60s. XX century, 
based on technological progress and an innovative development model, led to the 
appearance in the scientific literature of the concept of a circular economy. The 
concept of a circular economy was put forward in 1966 by the American economist 
Kenneth Ewart Boulding and had a pronounced ecological character: "... a person 
must find his place in a cyclical ecological system ...". Subsequently, the concept 
began to acquire a more economic character. (Boulding 1966; Boulding 1966a). 

There are various scientific views on the origin of the "circular economy". As a 
rule, scientists identify it with the concepts of “cyclical economy”, “recovery 
economy”, “circular economy”,  “green economy”, etc. A number of scholars believe 
that the circular economy is a new stage in the development of the concept of 
sustainable development and a green economy in particular. On the other hand, much 
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less often, it is viewed as an independent direction in economic theory, which 
originated in the 1970s. XX century (Gureva 2019а; Esipova et al. 2018). 

E. Mishenin and I. Koblyanskaya (2017) emphasize that the circular economy 
is not an analogue of the "green economy", but acts as a component of it, as a way to 
achieve sustainable development. M. Gureva (2019) proposes to group the 
approaches to the interpretation of the concept of "circular economy" over the period 
of its formation as follows: the global economic model (2004); activity (2007); new 
trend 4.0 (2013); economic model (2015); production system (2016); economic 
activity, tool (2017); philosophy, economics (2018). 

Based on the foregoing, the existing scientific approaches to the definition of 
the term "circular economy" can be conventionally systematized into groups:  closed 
loop economy, resource-based economy, alternative to traditional linear economics, 
use of production waste, economic activity, sustainable development strategy, green 
economy instrument, global economic model, recycling of secondary raw materials, 
closed-loop economic system based on R-principles, economic development concept, 
business philosophy. 

Thus, a circular economy should be understood as an innovative approach to 
the organization of logistics processes based on the closed movement of resources 
with their minimum losses in the form of waste and the maximum involvement of 
secondary resources in production in order to achieve sustainable development of 
transport and logistics systems. 

Analysis of the literature has shown that the overwhelming number of 
researchers (Su et al., 2013; Reike & Vermeulen, Witjes 2018; Kirchherr et al. 2018) 
use the particle "re", which characterizes the basic essence of the circular economy. 
The circular economy was originally based on three key principles called "3R": 
Reduce – Reuse – Recycle. But over time, they transformed into "9R": Rethink – 
Reduce – Reuse – Repair – Refurbish – Remanufacturing – Repurpose – Recycle – 
Recover. 

A significant number of studies have been devoted to identifying factors that 
impede the development of a circular economy (Kirchherr et al. 2017; Pheifer 2017; 
Ritzén & Sandströ 2017). According to scientists (Kirchherr et al., 2018), the 
implementation of the circular economy concept in practice can be hampered by the 
following barriers: 

cultural (ecological culture of companies, lack of interest and consumer 
awareness, work according to the principles of a linear economy, interest in the final 
value chain); 

regulatory (limited closed procurement, lack of global consensus, prohibition 
of laws and regulations); 

market-based (low quality materials, standardization, high investment value, 
limited funding for circular business models); 

technological (ability to supply high quality remanufactured products, lack of 
scale for design demonstrations, lack of required exposure data). 

N. Batova et al. (2019) have identified and systematized 5 groups of barriers to 
the development of a circular economy: socio-cultural, legal, information, 
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technological and economic. Socio-cultural barriers hinder the development of a 
circular economy due to the existing differences in value attitudes and the level of 
environmental responsibility of society. Legal barriers are manifested in the form of 
restrictions imposed by current legislation. Insufficient awareness of consumers and 
producers about the essence and principles, best practices and best practices in the 
implementation of a circular economy creates information barriers. Economic 
barriers stem from a variety of factors, including the cost of circular innovation; lack 
of a clear methodology for assessing the economic efficiency of enterprises using 
secondary resources, effective mechanisms for financial support and preferences 
from the banking system and the public sector. and the state is also holding back the 
introduction of circular processes. It also has economies of scale that make waste 
collection and recycling less cost-effective for those who generate less waste. 

Technological barriers to the introduction of a circular economy are 
characterized by the lack of a clear logistics infrastructure for the collection, 
extraction and processing of secondary resources; the lack of demonstration projects 
for working with new technologies, and as a result, concerns about the quality of 
products made from recycled materials and waste (Batova et al. 2019). 

As the analysis shows, a circular economic investment strategy from a 
macroeconomic point of view could lead by 2030 to a 10% decrease in the cost of 
raw materials and a 7% increase in GDP in the European Union compared to the 
usual business model (Ellen Mac Arthur Foundation 2017). However, such a leap in 
development undoubtedly requires a development strategy focused on the specific 
potential of the economy, as well as appropriate infrastructure and administrative 
capacities (Müller & Wilts 2019). 

In addition, it should be noted that the development of a circular economy 
contributes to obtaining a social effect through the creation of jobs. According to a 
study by the European Commission (2018), depending on how waste is handled, a 
different number of jobs can be created: for 10 thousand tons of used products, one 
job can be created during incineration, six jobs at disposal, 36 jobs – for recycling 
waste and up to 296 jobs for their recovery and reuse. 

Reducing direct and indirect environmental costs is an important long-term 
opportunity for a circular economy. Direct costs are associated with waste 
management. However, the indirect costs of the use of natural resources, which are 
passed on to the general public, are also relevant. Globally, an international group of 
resource experts under the United Nations Environment Program estimates that these 
costs amount to up to 2.4 trillion dollars USA  (Müller & Wilts 2019). 

Studies by the European Environment Agency (2019) showed that the amount 
of financial resources mobilized by the public sector in the period 2013-2017. 
reached a total volume of 2 billion euros in various areas of the circular economy. In 
the coming years, this volume should be significantly increased. For example, during 
the same period, investments in climate protection reached almost 20 billion euros. 

For example, Finland has experience in the effective implementation of 
circular economy solutions. The essence of the transition is to rethink value chains 
and build on new business models. Currently, there are several solutions developed 
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by specialists from the Finnish Innovation Fund Sitra that are helping to accelerate 
the transition to a circular economy (Herlevi 2020). These include: 

product-service systems and sharing models; 
ways of value attitudes towards nutrition; 
sustainable delivery models (efficient delivery models and logistics operations 

are critical for implementing circular economy solutions. RePack offers reusable 
packaging solutions that minimize the cost of air transport. Koepala offers foldable 
lunch boxes that are flat for storage and transport and that can be assembled into 
packaging products of various shapes, which turned the potential of the circular 
economy into real market results); 

roadmaps for carbon neutral industries (important for the development of 
Finland's industry in the future; for example, a 300 million euro investment in a 
battery cluster, as well as the first multifunctional textile recycling center in Northern 
Europe, will treat 10% of textile waste; due to resource efficiency and recycling 
Betolar creates value by converting construction waste into concrete-like building 
materials with a carbon footprint of up to 90% less than conventional concrete); 

circular economy education. 
The BEROC Center for Economic Research, within the framework of the 

project “Building capacity for strategic planning and management of regional 
structural transformations in Belarus in the context of a circular economy”, conducted 
a survey of 452 enterprises from the Brest and Mogilev regions. The purpose of the 
survey was to identify the readiness of the business for circular transformation 
(Batova 2020). 

As a result of the expert survey, it was found that the circular economy is 
important in terms of introducing innovations that will allow the production of new 
products and expand sales markets. At the same time, for a significant number of 
respondents, the concept of a circular economy is limited only to the processing of 
secondary raw materials and the use of production waste. That is, Belarusian 
enterprises do not understand that this concept is much broader. For example, they 
are not familiar with the green procurement tool, which involves taking 
environmental considerations into account when conducting tenders. 

About 30% of respondents fear that the introduction of the principles of a 
circular economy will lead to increased costs and higher prices for the final product. 
Often a business does not understand that it is not necessary to immediately spend 
money on the implementation of a new model, it is enough to implement process 
innovations within small chains. 

Among the main barriers to implementing a closed-loop business model, over 
80% of respondents indicated insufficient financial resources. In second place is the 
lack of technologies suitable for enterprises, as well as the lack of information and 
case studies on the implementation of circular economy approaches. At the same 
time, about 40% of respondents indicated that the lack of a unified electronic 
database on the availability of waste and secondary material resources impedes a 
large-scale transition to a circular economy. It is in the field of waste management 
that most of the respondents see the main potential for transferring the enterprise's 
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economy to a closed cycle. In general, 80% of enterprises, when developing long-
term development strategies, focus primarily on increasing profits. They consider the 
introduction of the principles of a circular economy from the point of view of 
increasing economic efficiency. 

The survey identified the prospects for the implementation of the principles of 
a circular economy in Belarus (Batova 2020). The first direction is ecodesign. This 
means that the product is initially designed to minimize environmental damage 
throughout its entire life cycle. The second is resource efficiency. It implies the 
organization of cleaner production and the maximum economy of materials, 
resources, raw materials. One of the results of the implementation is a reduction in 
financial costs and an increase in competitiveness. The third is the implementation of 
a circular business model, which consists of many elements, including green supply, 
the use of environmental innovation, and extension of the product life cycle. The 
sharing economy, which involves the sharing of assets and goods, is also a circular 
business model. This trend is the most developed in the world, it gives the maximum 
growth rates. And another circular business model is product as a service. This 
approach assumes that, for example, it is not a car that is bought, but the number of 
kilometers that need to be traveled, and the manufacturer deals with the service, 
technical support and disposal. 

The fourth priority is industrial symbiosis, which allows businesses to reduce 
costs through increased collaboration. For example, a by-product of one of them can 
be a raw material for another. This allows you to compete by reducing the cost of raw 
materials. 

According to H. Wiltz (2020), Head of the Circular Economy at the Wuppertal 
Institute for Climate, Environment and Energy, households in Belarus will save the 
most on transport (up to 80%), food (up to 40%) and construction from the 
introduction of circular economy principles (about 25%). 

The concept of green logistics began to take shape in the world since the mid 
80s of the 20th century. with the emergence of the concept of "social responsibility of 
business". It was revealed that the process of formation and development of the 
concept of green logistics was not easy. Thus, foreign scientists J.-P. Rodrigue, B. 
Slack, and C. Comtois (2001) define the content of the category "green logistics" 
broadly enough, without the subject and object of research. Within the framework of 
this concept, logistics activity is reduced only to a transport distribution system, 
which must be carried out on environmental principles. In addition, they argue that 
there are some inconsistencies between the concepts of “green” and “logistics”, as 
cost-saving strategies often conflict with environmental principles, which usually do 
not take into account environmental costs. 

Researchers (Baumgarten 2004; Kümmetsteiner 2011; Christof & Ehrhart 
2012) have shown that the origin, formation and further structuring of "green 
logistics" are closely intertwined with logistic principles. It has been established that 
a number of scientists have suggested calling the ecological direction of logistics 
"ecologically oriented logistics," "ecology" or "ecological logistics," which indicates 
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the ecological orientation of logistics activities, as well as the creation of an 
integrated ecological system. 

Analysis of literary sources indicates that over the past decades of the 
development of this scientific direction, scientists have not come to a common and 
unambiguous interpretation of the term "green logistics". Currently, there are many 
conceptual approaches to the consideration of the environmental component of 
logistics. This is due to a significant number of formed scientific schools, which have 
their own characteristics and approaches to the theoretical and applied aspects of the 
development of the concept of green logistics. However, all the proposed 
formulations of the terms "green logistics" and "environmental logistics" are usually 
generally accepted and have a broader meaning, without taking into account the 
specifics of the functioning of various spheres of economic activity, including 
transport and logistics. 

It was established that in 2009 the countries of the Organization for Economic 
Cooperation and Development (OECD) adopted the Strategy for Environmentally 
Oriented ("Green") Growth as a tool for overcoming the financial and economic crisis 
for the medium (until 2030) and long-term (until 2050) prospects. South Korea has 
emerged as the green economy leader, announcing green growth as its national 
strategy. Following South Korea, China has taken a green economy course. And then 
the countries of the European Union began the transition to green development. 

According to experts, the expected growth of the global market for green 
technologies is 6.9% (this is almost 2 times more than the growth rate of the world 
economy). According to forecasts, the total volume of this market by 2025 may 
increase to 5.9 trillion euros (BMU 2018). 

If we analyze the data on the structure of the green technologies market, it can 
be noted that its two main segments are environmentally friendly production, 
accumulation and distribution of energy (21% and 20% in 2016 and 2020) and the 
energy efficiency submarket (26% and 25% in 2016 and 2020). Sustainable mobility 
and efficient use are projected to grow by 2025 raw materials and materials (BMU 
2018). 

If we consider the national transport and logistics system of Ukraine in a green 
economy, then it should be noted that its transformation is not being carried out 
efficiently enough. So, according to the Ministry of Finance of Ukraine, the share of 
budget expenditures on environmental protection (EPP) is insignificant and in 2019 
amounted to only 0.7% of the total volume of state budget expenditures. This, in turn, 
is not in line with the Sustainable Development Goals 2016-2030. The share of total 
expenditures on environmental protection in the total GDP is insignificant and 
amounted to 4.2% in 2019 (State Statistics Service of Ukraine 2020; Environment of 
Ukraine 2019, pp. 195, 198). 

The share of total expenditures on environmental protection in the field of 
transport and warehousing decreased in 2012-2019 by 4.3 percentage points, or from 
6.2 to 1.9% of the total total expenditures on EP. During this period, there was a trend 
towards a reduction in the share of capital investments in the development of the 
transport and storage sector by 51 percentage points, or from 58.8 to 7.8% of the total 
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total expenditures on environmental protection in this area. The share of current 
expenditures on EP in the field of transport and warehousing, respectively, increased 
by 51 percentage points, or from 41.2 to 92.2% of the total total expenditures on 
environmental protection in this type of economic activity (State Statistics Service of 
Ukraine 2020; Environment of Ukraine 2019, pp. 191, 194, 198). 

The share of current costs for OOPS in the field of transport and warehousing 
decreased in 2012-2019 by 1.2 percentage points, or from 3.7 to 2.7% of the total 
current expenditure on environmental protection. The share of expenses for the 
protection of atmospheric air and climate in the field of transport and storage 
facilities decreased by 1.6 percentage points, or from 2.4 to 0.8% of the total volume 
of these expenses for all types of economic activity. At the same time, the share of 
expenses for the protection of atmospheric air and climate in the field of transport and 
warehousing decreased by 3.1% in the total current expenditures for environmental 
protection in this area, or from 6.1 to 3% (State Statistics Service of Ukraine 2020; 
Environment of Ukraine 2019, pp. 172, 192, 198). 

For 2012-2019 the share of capital investments in environmental protection in 
the field of transport and warehousing decreased by 10.9 percentage points, or from 
11.3 to 0.4% of the total volume of capital investments in environmental protection 
for all types of economic activity (State Statistics Service of Ukraine 2020; 
Environment of Ukraine 2019, pp. 189, 191). 

During the study period, the share of investments in equipment and 
installations related to environmentally friendly technologies in the field of transport 
and warehousing decreased by 18.2 percentage points, or 21.7 to 3.5% of the total 
volume of these investments. The share of investments in integrated technologies for 
the protection of atmospheric air and climate in the field of transport and storage 
facilities decreased by 22.8 percentage points, or 44.2 to 21.4% of the total volume of 
relevant investments. At the same time, the share of investments in integrated 
technologies for the protection of atmospheric air and climate in the field of transport 
and warehousing increased by 29.5 percentage points, or 60.9 to 90.4% of the total 
investment in equipment related to environmentally friendly technologies in this 
industry (State Statistics Service of Ukraine 2020; Activity of business entities 2019, 
p. 134). 

For the period 2010-2019 the volume of emissions of pollutants into the air 
from mobile sources of pollution decreased by 35.2%. And their share in the total 
volume of emissions of pollutants increased by 1.9 percentage points. As the analysis 
shows, the total volume of air emissions from road transport decreased in 2010-2019 
by 28.3%, or from 2313.8 to 1659.5 thousand tons. The volume of carbon dioxide 
emissions into the air from road transport increased by 13.4%, or from 1782.7 to 
2021.1 thousand tons (State Statistics Service of Ukraine 2020; Environment of 
Ukraine 2019, pp. 26, 28). 

Thus, the statistical analysis indicates the need to implement the principles and 
tools of green logistics as a modern paradigm for the sustainable development of the 
national transport and logistics system. 
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Based on the analysis of literary sources (Janbo & Songxian 2008; Brdulak & 
Michniewska 2009; Sbihi & Eglese 2009; Mesjasz-Lech 2011; Ubeda et al. 2011; Lai 
& Wong 2012; Dekker et al. 2012; Ćirović et al. 2014; Harris et al. 2014; Jedliński 
2014; Seroka-Stolka 2014; Zhang et al. 2015), scientific views on the interpretation 
of the essence and content of the concept of "green logistics" are generalized. As a 
rule, scientists understand this term: 

scientific direction and one of the factors of environmental preservation, based 
on resource-saving and environmentally friendly technologies; 

a new direction, providing for the use of advanced logistics technologies and 
modern equipment in order to minimize pollution and increase the efficiency of using 
logistics resources; 

from a theoretical and scientific-methodological point of view, the subordinate 
functionality of the "green" economy; 

logistics based on resource-saving and environmentally friendly technologies; 
a type of logistics in which scientific and practical activities take into account 

environmental aspects at all stages of movement of material and other flows 
corresponding to it in order to reduce destructive effects on the environment and 
optimize resource consumption; 

innovative method in logistics; 
within the framework of the concept of sustainable economic development, an 

effective approach to the management of resource and energy flows to reduce the 
environmental and economic damage to the environment and ensure effective 
innovative development of production; 

a system of measures providing for the use of energy and resource-saving 
logistics technologies and modern equipment in all links of the supply chain in order 
to minimize the negative impact on the environment and increase the total consumer 
value of products; 

an environmentally friendly and efficient transport distribution system; 
scientific and practical activities aimed at optimizing and effective 

management of direct and reverse material and accompanying flows (information, 
financial, waste flows, harmful emissions, various natural resources and energy) in 
order to minimize the negative impact on the environment; 

scientific and practical activity, which provides for the formation of an 
effective mechanism for integrating environmental and socio-economic aspects at all 
stages of planning, design and management of the supply chain of goods in order to 
minimize environmental and economic damage and increase the consumer value of 
products through the use of energy and resource-saving logistics technologies; 

activities related to the eco-efficient management of the movement of logistics 
flows of products that move from the enterprise to the consumer, as well as return 
flows of goods in the "supplier-consumer" system; 

a set of actions related to the assessment and minimization of the 
environmental consequences of logistics activities; 
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coordination of logistic activities of market entities with a focus on achieving 
economic and socio-ecological effect through the use of energy and resource saving 
technologies; 

increasing environmental responsibility in the transport and logistics sector. 
Based on the generalization of the terminological apparatus on the selected 

topic in accordance with various scientific concepts and as a result of the research 
(Zaloznova et al. 2018; Trushkina 2018; Koev et al. 2019; Koev et al. 2019a; Sandiuk 
et al. 2019; Kashchena et al. 2019; Trushkina 2019; Trushkina 2019a; Trushkina et 
al. 2020; Kwilinski et al. 2020; Trushkina 2020; Dźwigoł, Kwilinski, Trushkina, 
2021; Dzwigol, Trushkina, Kwilinski, 2021) the author's approach to the formulation 
of the term "green logistics" is proposed. It is understood as a modern paradigm of 
balanced sustainable development of transport and logistics system; a circular 
economy instrument; mechanism for implementing the green economy; component of 
corporate social responsibility of business in the transport sector and logistics 
activities; type of economic activity, including the processes of material and technical 
supply, warehousing, environmentally friendly storage, production, customer service, 
transportation, sale of finished products, recycling (recycling and waste disposal), 
which allows to reduce the negative impact on the ecosystem and the environment in 
a circular economy. 

For the effective implementation of the concept of green logistics, it is 
advisable to develop an organizational and economic mechanism, which is 
considered as a set of principles, tools, functions, methods and means aimed at 
reducing the level of greenhouse gas emissions and the costs of organizing logistics 
activities and various logistics services (transport, warehousing, marketing, etc.).  

The components of the organizational and economic mechanism include 
resources; factors of influence; goals, principles, functions, methods, control levers; 
tools; information Technology; performance criteria. The key principles of the 
formation of the organizational and economic mechanism are recognized as 
consistency, integration, reliability, dynamism, compliance with the goals of 
sustainable development, efficiency. 

In modern conditions of intensive development of the circular economy, the 
issues of environmental protection in the transport sector and in the organization of 
logistics activities are actualized. This should be done in the context of green growth 
and in line with the European TEN-T transport policy aimed at efficient use of 
resources and reducing greenhouse gas emissions. 

It has been proven that green logistics is an effective tool for transforming 
transport and logistics systens. Based on the analysis and generalization of existing 
scientific approaches to the definition of the term "green logistics", it was established 
that a scientific direction is considered under it; the factor of preserving the 
environment with the help of environmentally friendly technologies; component of 
the green economy; type of logistics; economic activity; scientific and practical 
activities; type of activity related to the eco-efficient management of the movement 
of logistics product flows; a tool for ensuring the ecological safety of the ecosystem; 
a set of logistic approaches to optimizing waste and resource flows; environmentally 
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friendly transport distribution system; coordination of logistics activities to achieve 
sustainable development. 

At the same time, most scientists identify the concepts of "green" and 
"ecological logistics", which is understood as a scientific direction that involves the 
use of modern innovative logistics technologies; a set of actions aimed at minimizing 
the environmental consequences of logistics activities; integrated management of 
logistic processes (production, storage, waste transportation); a subsystem for 
managing product flows from supplier to consumer with minimal impact on the 
environment. 

As a result of the study, it was proposed to consider the term "green logistics" 
from four scientific positions: as a concept of sustainable development of transport 
and logistics systens of different levels; circular economy tool; component of 
corporate social responsibility of business; type of walking activity. 

The main principles of green logistics should be the application of an 
integrated approach to managing logistics flows; rational use of resources 
(production, financial, energy, information); minimal use of raw materials and 
packaging that are not recyclable; economically sound and environmentally friendly 
transportation and storage of material resources; maximum use of production waste, 
containers and packaging as secondary raw materials or their environmentally 
friendly disposal; optimization of costs for organizing logistics activities; 
minimization of risks in the operation of transport and transport and logistics systens; 
increasing the level of environmental education and personnel responsibility; 
introduction of innovative technologies to reduce the environmental burden on the 
environment; application of information systems and digital technologies in the field 
of environmental protection. 

The implementation of the green logistics mechanism helps to minimize the 
costs of managing the movement of logistics flows while maintaining the required 
level of environmental safety, which is one of the important requirements for the 
implementation of the concept of corporate social responsibility of business in a 
circular and green economy. 
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about climate change and environmental damage associated with the growth 
prospects of their business. 

The World Economic Forum has established that greenhouse gas emissions 
from logistics account for 5.5% of global greenhouse gas emissions. According to 
UN estimates, the global transport sector generates 25% of total greenhouse gas 
emissions. Annually, the total loss from the negative effects of the transport industry 
is 7-10% of GDP. The damage to health caused by environmental pollution from 
mobile sources is 1 trillion dollars USA per year. According to official Eurostat data, 
air pollution from road transport causes more than 400 thousand premature deaths 
each year. 

Therefore, large-scale investment programs are being actively implemented in 
the world to modernize transport and infrastructure by "greening" them in order to 
minimize the negative impact on the environment and maintain a competitive 
position. Such programs are usually based on the technologies of the third and fourth 
industrial revolutions. Significant advantages of the third industrial revolution include 
the "greening" of transport systems through the transition to hydrogen and electric 
transport, which contributes to a dramatic improvement in the quality of the 
environment. For example, the EU Transport Strategy envisages a reduction in 
greenhouse gas emissions by approximately 20% from their level in 2008, and in 
general by 2050 – by 80-95% below the level of 1990. 

According to the National Transport Strategy of Ukraine for the period up to 
2030, it is necessary to take into account such a global trend of transport development 
as the use of "green" modes of transport, priority of environmental protection needs 
and preservation of valuable protected areas during transport infrastructure 
development. The strategy plans to reduce greenhouse gas emissions from mobile 
sources to 60% of 1990 levels. 

Given this, it is advisable to search for innovative tools and scientifically sound 
"green" solutions, non-traditional sources of funding, as well as the introduction of 
fundamentally new organizational and management approaches and "green" 
technologies to improve the efficiency of regional transport and logistics systems in 
Ukraine. In the scientific literature there are many approaches to the consideration of 
the environmental component of logistics (Z. Jianwei, Z. Minjie, Z. Liwei, 2011; 
S. Pulawska, W. Starowicz, 2014; L. Simão, M. Gonçalves, C. M. T. Rodriguez, 
2016; M. Moroz, Z. Polkowski, 2016; I. Urbanyi-Popiołeka, 2019; W. Liu et al., 
2020). The greening of logistics is recognized as a key driver of business 
development, as most consumers prioritize those companies that carry out freight 
transportation by "green" transport and use technologies that conserve natural 
resources. 

Based on the analysis conducted by the consulting company PwC, it is 
established that the emphasis on environmental sustainability and stringency of 
emission standards will force transport and logistics companies to move to 
environmentally friendly and safe decisions, ie to "green" logistics. Climate change is 
expected to continue to affect meteorological phenomena, leading to destabilization 
of supply chains. The reduction of stocks of natural resources will lead to higher 
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prices for them and will promote the processing and more efficient allocation of 
resources. As a result, sustainable and environmental development issues will be in 
high demand in the long run. 

A public opinion poll commissioned by the e-commerce delivery platform 
Sendcloud found that the majority of British consumers support the introduction of 
"green" technologies in manufacturing and logistics. According to 57% of 
respondents, the growth of online shopping through online shopping will lead to 
greater environmental pollution. At the same time, 38% of respondents are willing to 
pay extra for the delivery of goods on environmentally friendly transport. It should be 
emphasized that the COVID-19 pandemic has also forced consumers to reconsider 
their attitudes towards sustainable development and to consider the impact of 
purchases on the environment, society and business (Environmental, Social, and 
Corporate Governance, ESG). 

According to a survey conducted by the Internet provider Orange Business 
Services, which surveyed 320 managers of international companies, including in the 
field of transport and logistics, 85% of respondents are willing to invest in business 
sustainability. And 59% of respondents said they could not allow the use of unethical 
and non-environmental technologies, as this would affect the level of profitability of 
companies. An express survey of 8738 consumers from 22 countries conducted by 
PwC in 2021 as part of the Global Consumer Behavior Survey found that 55% of 
respondents buy products from companies with a clear environmental policy, and 
54% prefer goods in ecological packing. Despite a wide range of scientific 
developments on selected topics, methodological issues of "green" financing of 
infrastructure projects in the field of transport and logistics remain unresolved and 
require further research. And this problem acquires special significance in the current 
conditions of green transformation of regional transport and logistics systems in the 
context of the European Green Deal. Consider this on the example of the Black Sea 
region. 

As the analysis shows, the share of current expenditures on environmental 
protection in the field of transport and warehousing in the economic region in 2020 
was 6.7% of the total Ukrainian expenditures (in 2017 – 5.8%). At the same time, the 
share of current expenditures on environmental protection in the field of transport and 
warehousing in the Kherson region increased by 2.3 percentage points or from 0.7 to 
3% of total current expenditures in the area, and in Mykolayiv – by 1.1 p.p. or from 
3.2 to 4.3%. At the same time, there is a reduction in the share of these costs in the 
Odessa region by 3.4 percentage points (from 96.1 to 92.7%) (Table 30).  

In addition, the share of capital investment in environmental protection in the 
field of transport and warehousing in the economic region decreased annually and in 
2020 amounted to 11.1% of the total volume of capital investment in this area (in 
2017 – 24.2 %). Investment in environmental protection in the field of transport and 
warehousing took place in 2017 only in Odessa region (100% of the total regional 
capital investment by this type), in 2020 – in Mykolaiv (30.5%) and Odessa (69.5%) 
areas. In the Kherson region during this period there was no funding for transport and 
warehousing in the direction of environmental protection. 
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Table 30 
Current expenditures and capital investments for environmental protection  

in the field of transport and warehousing in the Black Sea region,  
thousand UAH (at actual prices) 

Indicators / Regions Years 
2017 2018 2019 2020 

Current Expenses 
Black Sea region 29882,5 41575,1 37901,1 48297,5 
including areas: 
Mykolayiv 

 
957,8 

 
2278,7 

 
603,8 

 
2067,1 

Odessa 28730,1 37250,3 35124,2 44763,7 
Kherson 194,6 2046,1 2173,1 1466,7 

Capital Investments 
Black Sea region 15811,5 13405,4 19787,7 10060,7 
including areas: 
Mykolayiv 

 
– 

 
9,6 

 
635,5 

 
3065,2 

Odessa 15811,5 13395,8 19152,2 6995,5 
Kherson – – – – 

Source: compiled on the basis of information materials of the Main Department of Statistics in 
Mykolayiv, Odesa and Kherson regions. 

 
In the Black Sea economic region, the situation with investment in measures 

aimed at protecting air and climate change is deteriorating. Thus, according to the 
State Statistics Service of Ukraine, the share of capital investment in air protection 
and climate change in the economic region in 2020 amounted to 29.7% of total 
capital investment in all types of environmental measures, decreasing compared to 
2010 by 19 percentage points. The share of capital investments in the district 
decreased in 2010-2020 by 1.3 percentage points. or from 3.8 to 2.5% of the total 
volume of capital investments in the relevant type of environmental measures. 

The largest share of capital investments in protection of atmospheric air and 
problems of climate change falls on the Nikolaev area (94,9% of total volume in the 
area); then comes the Odessa region (5.08%) and Kherson (0.02%). The share of 
capital investments in air protection and problems of climate change in the Nikolaev 
area decreased by 26,3 percentage points or from 66.1 to 39.8% of capital investment 
for all types of environmental measures in the region, in Odessa – by 35.2 percentage 
points or from 40.8 to 5.6%, in Kherson – by 10 percentage points or from 10.3 to 
0.3% (Table 31). 

Table 31 
Dynamics of capital investments in air protection and climate change problems  

in the Black Sea region, thousand UAH (in actual prices) 
Years Total volume Including by regions  

Mykolayiv Odessa Kherson 
2010 43561,5 20661,5 22610,9 289,1 
2011 30278,5 13040,9 16778,7 458,9 
2012 34553,1 30596,2 3739,1 217,8 
2013 20177,6 8505,8 11270,9 400,9 
2014 25508,0 17384,2 5472,1 2651,7 
2015 50376,0 36344,4 10717,5 3314,1 
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2016 39975,4 27972,3 11938,8 64,3 
2017 48629,3 35035,7 13208,4 385,2 
2018 34205,1 17430,1 16587,3 187,7 
2019 37775,1 12354,9 25371,3 48,9 
2020 138888,7 131842,0 7019,1 27,6 

Source: сompiled on the basis of information materials of the Main Department of Statistics in 
Mykolayiv, Odesa and Kherson regions; section "Environment" of the official website of the State Statistics 
Service of Ukraine. 

 
It should be noted that the situation with financing the development of the 

waste management system in the economic region is better. Thus, the share of capital 
investment in waste management in 2020 was 33.5% of total capital investment in all 
types of environmental measures, which is 30 percentage points higher than in 2010. 
The share of capital investment in the area increased in 2010-2020 at 4.7 percentage 
points. or from 0.7 to 5.4% of the total Ukrainian capital investment for the relevant 
type of environmental measures. Thus the share of capital investments in waste 
management in the Nikolaev area increased for this period by 45,4 percentage points. 
or from 46.1 to 91.5% of the total volume of these investments in the Black Sea 
economic region. But in the Odessa region the value of this indicator decreased by 
22.9 percentage points (from 28.9 to 6%), and in Kherson – by 22.5 percentage points 
(from 25 to 2.5% of the total amount of capital investment data in the region) 
(Table 32). 

Table 32 
Dynamics of capital investments in waste management 
in the Black Sea region, thousand UAH (at actual prices) 

Years Total volume Including by regions  
Mykolayiv Odessa Kherson 

2010 3141,7 1449,7 908,7 783,3 
2011 30253,7 20724,9 8949,9 578,9 
2012 18529,4 13877,5 4428,3 223,6 
2013 24753,1 20580,4 3998,0 174,7 
2014 29899,0 27618,4 2210,6 70,0 
2015 53242,4 51024,8 1995,3 222,3 
2016 71059,6 69412,5 1639,8 7,3 
2017 47585,2 44002,3 3419,3 163,6 
2018 65372,4 54970,4 9067,6 1334,4 
2019 58854,8 53655,2 4743,5 456,1 
2020 156611,8 143375,6 9341,3 3894,9 

Source: сompiled on the basis of information materials of the Main Department of Statistics in 
Mykolayiv, Odesa and Kherson regions; section "Environment" of the official website of the State Statistics 
Service of Ukraine. 

 
During 2010-2020, the share of current expenditures on air protection and 

climate change in the economic region increased by 1.4 percentage points. or from 
1.8 to 3.2% of total current expenditures for all types of environmental measures. 
During this period, the share of current expenditures in the Black Sea region 
decreased by 1.8 percentage points. or from 3.6 to 1.8% of the total Ukrainian current 
expenditures for the relevant type of environmental measures. Thus the greatest share 
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of current expenses for protection of atmospheric air and problems of climate change 
falls on the Nikolaev area (54,5% of total volume in the area); followed by Odessa 
region (41.6%) and Kherson region (3.9%). 

Table 33 
Dynamics of current expenditures for air protection and climate change problems  

in the Black Sea region, thousand UAH (in actual prices) 
Years Total volume Including by regions  

Mykolayiv Odessa Kherson 
2010 17092,3 9553,1 5325,8 2213,4 
2011 15414,9 5623,6 7693,5 2097,8 
2012 17089,2 7338,2 8091,9 1659,1 
2013 13049,6 6464,6 5060,1 1524,9 
2014 23667,6 11789,9 10671,3 1206,4 
2015 19491,5 7002,6 10256,3 2232,6 
2016 26789,1 10687,9 14544,4 1556,8 
2017 29610,2 12739,5 15158,5 1712,2 
2018 33064,7 11046,0 19917,3 2101,4 
2019 32116,8 16330,0 13544,3 2242,5 
2020 51350,6 27989,1 21374,4 1987,1 

Source: сompiled on the basis of information materials of the Main Department of Statistics in 
Mykolayiv, Odesa and Kherson regions; section "Environment" of the official website of the State Statistics 
Service of Ukraine. 

 
The share of current expenditures on air protection and climate change in the 

Kherson region decreased by 9 percentage points. or from 12.9 to 3.9% of the unit 
costs for all types of environmental measures in the region; in Mykolayiv – by  1.4 
percentage points or from 55.9 to 54.5%. And in the Odessa region, on the contrary, 
increased by 10.4 percentage points or from 31.2 to 41.6% (Table 33). 

Table 34 
Dynamics of current costs of waste management in the Black Sea region,  

thousand UAH (in actual prices) 
Years Total volume Including by regions  

Mykolayiv Odessa Kherson 
2010 156114,4 35061,2 114082,9 6970,3 
2011 478686,0 363616,9 92007,1 23062,0 
2012 163306,5 94080,9 54495,0 14730,6 
2013 228962,6 133883,4 86523,2 8556,0 
2014 650301,5 573128,2 68715,7 8457,6 
2015 1355207,2 1294337,9 49730,3 11139,0 
2016 1271326,5 1128842,0 131373,7 11110,8 
2017 1317335,0 1179222,9 121464,7 16647,4 
2018 612222,0 431369,0 166772,5 14080,5 
2019 768817,6 541463,1 214043,9 13310,6 
2020 443629,1 210178,2 216686,6 16764,3 

Source: сompiled on the basis of information materials of the Main Department of Statistics in 
Mykolayiv, Odesa and Kherson regions; section "Environment" of the official website of the State Statistics 
Service of Ukraine. 

 

Statistical analysis shows that the share of current expenditures on waste 
management in 2020 was 27.3% of current expenditures on environmental protection 
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for all types of environmental measures or 10.7 percentage points more than in 2010. 
The share of current expenditures in the Black Sea region decreased in 2010-2020 by 
2 percentage points or from 6 to 4% of the total Ukrainian current expenditures for 
the relevant type of environmental measures. The share of current expenses for waste 
management in the Nikolaev area increased for this period by 24,9 percentage points 
or from 22.5 to 47.4% of the total current expenditures in the region. However, in the 
Odessa region, the value of this indicator decreased by 24.3 percentage points (from 
73.1 to 48.8%), and in Kherson – by 0.7 percentage points or from 4.5 to 3.8% (Table 
34). 

The share of investments in the overhaul of fixed assets for environmental 
protection in the Black Sea economic region decreased in 2019 compared to 2010 by 
2 percentage points or from 4.1 to 2.1% of the total volume of such investments in 
Ukraine. Thus in the Nikolaev area, since 2018 investments in capital repairs of fixed 
assets of nature protection stopped. In 2010 the share of these investments in the 
Nikolaev area made 51,4% of total regional volume. The share of investments in the 
overhaul of fixed assets for environmental purposes in the Odessa region increased 
by 54.9 percentage points or from 40.8 to 95.7% of their volume in the region. But 
the value of this indicator in the Kherson region, on the contrary, decreased by 35 
percentage points or from 7.8 to 4.3% (Table 35). 

Table 35 
Investments in capital repairs of fixed assets for environmental protection  

in the Black Sea region, thousand UAH 
Years Total volume Including by regions  

Mykolayiv Odessa Kherson 
2010 20323,6 10436,7 8299,8 1587,1 
2011 30177,1 2088,6 26419,5 1669,0 
2012 15804,9 37,0 15146,4 621,5 
2013 7517,8 1083,5 3305,6 3128,7 
2014 13835,3 7283,8 1897,5 4654,0 
2015 13600,0 2900,0 4500,0 6200,0 
2017 78300,0 300,0 77200,0 800,0 
2018 10800,0 0,0 9700,0 1100,0 
2019 30300,0 - 29000,0 1300,0 

Source: compiled on the basis of information materials of the section "Environment" of the official 
website of the State Statistics Service of Ukraine; statistical collection "Environment of Ukraine 2019". 

 
The analysis of the approved Strategies of regional development for the period 

till 2027 shows that the priority directions include preservation of the natural 
environment, ecotransformation, increase of level of ecological safety of territories. 
These strategic documents are consistent with the main aspects of regional 
development, namely: the approximation of quality of life to European standards and 
the development of human potential; increasing the competitiveness of the region's 
economy; sustainable development of settlements and communities. 

Thus, the results of previous studies (Yu. Zaloznova, A. Kwilinski, 
N. Trushkina, 2018; S. Ivanov, V. Liashenko, N. Trushkina, 2019; S. Ivanov, 
V. Liashenko, N. Trushkina, 2020; M. Hryhorak, N. Trushkina, 2020; H. Dźwigoł, 
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A. Kwilinski, N. Trushkina, 2021; N. Trushkina, H. Dzwigol, A. Kwilinski, 2021; 
Yu. Drachuk, N. Trushkina, O. Serhieieva, Ye. Snitko, G. Belyaeva, 2021) and the 
conducted statistical analysis indicate an insufficiently successful transformation of 
the regional transport and logistics system in the Black Sea region in the context of 
the green economy. This is primarily due to limited funding for the modernization of 
transport and logistics infrastructure and insufficient implementation of green 
technologies. 

Given that, it is advisable to develop and implement a mechanism for "green" 
investment in infrastructure projects, which means financing investments that provide 
environmental benefits in the broad context of environmentally sustainable 
development of various areas of economic activity. According to expert estimates, 
only 1% of global bonds are marked as "green", while 1% of investments of 
institutional investors belong to the category of "green" infrastructure assets (G 20 
Green Finance Study Group, 2016). To date, among foreign and domestic researchers 
and practitioners there is no single approach to the classification of funding 
instruments for "green" projects, including the transport sector (Table 36). 

Table 36 
Approaches to the classification of funding instruments for "green" projects  

proposed by various scientific schools 
Scientific 
schools 

representatives 
Types of funding instruments 

S. Venugopal 
A. Srivastava 
C. Polycarp 

E. Taylor, 2012  

- mechanisms of public support; 
- public financing instruments: loans, share capital, investment instruments that 
exclude risks 

N. Lindenberg, 
2014 

- instruments through which direct financing is carried out: shares, credit lines, loans 
and grants; 
- instruments that do not provide direct funding, but can transfer knowledge or reduce 
risks: guarantees and technical assistance; 
- instruments used to attract additional private resources transferred to "green" projects 
through one of the above instruments: green bonds and structured funds  

M. Voica 
M. Panait 

I. Radulescu, 
2015 

- green shares; 
- green bonds 

V. Kazlauskiene 
A. Draksaite 

L. Melnyk, 2017 

- green bonds; 
- green shares; 
- green loans; 
- budget financing instruments 

Source: compiled by the authors. 
 
Thus, the key instruments for "green" financing the modernization of transport 

infrastructure, which are effectively used in different countries around the world, 
include: 

"green" bonds – bonds of any type, income from the placement of which are 
aimed exclusively at full or partial financing or refinancing of new and launched 
"green" projects that meet the established requirements (France, Brazil, China);  
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"green" loans – loans of any type, provided exclusively for full or partial 
financing or refinancing of new and launched "green" projects that meet the 
established requirements;  

green investment funds – a mutual investment fund or other investment 
mechanism that provides investments only in companies that are considered socially 
conscious in terms of their business activities or directly contribute to the 
development of social responsibility using standardized "green" assets (France, 
Switzerland, United Kingdom). 

Statistical analysis shows that the global volume of sustainable financing assets 
increased in 2016-2018 by 34.1%, including in Europe – by 17.5%, the United States 
- by 37.9%, Canada – by 54.5%, Australia and New Zealand – by 40%. The largest 
share of sustainable financing assets falls on Europe (45.9% of global assets) and the 
United States (39.1%) (Table 37). 

Table 37 
Global distribution of sustainable investment assets, trillion dollars USA 

Regions Year 
2016 2018 

Europe 12,0 14,1 
USA 8,7 12,0 
Japan  0,5 2,2 
Canada 1,1 1,7 
Australia and New Zealand 0,5 0,7 
Total 22,9 30,7 

Source: Global Sustainable Investment Review – Global Sustainable Investment Alliance, 2018. 
 
At the same time, as noted in the analytical report (K. Markevych, V. Sidenko, 

2019) in European countries, the most widely used investment approach is "negative 
screening"; in the USA, Canada, Australia and New Zealand – "integration of ESG-
factors"; in Japan - "corporate interaction and shareholder action". 

There is a growing trend of investment in some "green" investment approaches 
in the world. Thus, the volume of thematic sustainable investment increased 3.7 times 
in 2016-2018; positive screening – 2.3 times; targeted investment – 2 times; 
integration of ESG-factors – 1.7 times; negative screening – 1.3 times; corporate 
management and actions of shareholders – 1.2 times (Table 38). 

Table 38 
Volumes of investment in some "green"  

investment approaches in the world, billion dollars USA 
Approaches Year 

2016 2018 
Targeted investment 224,5 444,3 
Thematic sustainable investment 276,2 1017,7 
Positive screening 818,0 1841,9 
Screening within normal limits  6195,4 4679,4 
Corporate management and actions of shareholders 8385,2 9834,6 
Integration of ESG-factors 10353,2 17543,8 
Negative screening 15063,6 19771,0 

Source: Global Sustainable Investment Review – Global Sustainable Investment Alliance, 2018. 



TEXTBOOK 
 

214 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 67. – Structural and logical scheme of transformation of the regional  
transport and logistics system on the basis of green economy (author's development) 

 
As a result of research (O. Krylova, 2017; O. Serhieieva, 2017a; O. Serhieieva, 

2017b; O. Krylova, 2018; O. Krylova, 2019; N. Trushkina, 2019; N. Trushkina, 
2020; H. Dzwigol, N. Trushkina, A. Kwilinski, 2021) it is established that for the 
effective functioning of the regional transport and logistics system (TLS) of the Black 
Sea region in the context of "green" growth, it is advisable to apply a comprehensive 
approach (Fig.67). Its essence is to integrate the main components of the 
organizational and economic mechanism (principles, functions, methods, tools, 
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management tools, information systems and technologies) and green financing tools 
for the implementation of priority areas of green transformation of TLS. 

In the current conditions of rapid development of the green economy, the 
issues of environmental protection in the transport sector and in the organization of 
logistics activities in the Black Sea region are relevant. Therefore, today regional and 
local governments and participants in supply chains should pay special attention to 
environmental factors in the process of formation and operation of the transport and 
logistics system. This will be in line with the main provisions of the Green Pact for 
Europe. At the same time, the study revealed numerous manifestations of non-
compliance of the regional transport and logistics system of the Black Sea Economic 
Region with international environmental standards and requirements, including the 
level of greening of logistics activities in the world. 

Thus, based on the above, we can conclude that it is appropriate to apply in 
modern Ukrainian realities of international practice of implementing the mechanism 
of "green" investment in infrastructure projects. For this purpose it is necessary to 
make corresponding changes and additions to the National transport strategy of 
Ukraine for the period till 2030 and Strategy of regional development of the 
Nikolaev, Odessa and Kherson areas for the period 2021-2027. This will successfully 
transform the transport and logistics system of the Black Sea region on the basis of a 
green economy and achieve a balanced sustainable development of transport 
infrastructure through the introduction of investment-attractive "green" solutions. 
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6.1. The economics of climate change 
 

An overwhelming body of scientific evidence now clearly indicates that 
climate change is a serious and urgent issue. Climate change is one of three main 
issues, together with demographic changes (increasing proportion of the elderly 
population) and rapid technological progress, which have a significant impact on the 
economy [1]. At the beginning of the XXI century, the scale of climate change 
reached such a level that it became a powerful factor influencing not only certain 
sectors of the economy, but also global economic processes and socio-economic 
development of society, food and energy security. 

Climate change describes the current trend toward higher average global 
temperatures and accompanying environmental shifts such as rising maximum and 
minimum temperatures, rising sea levels, higher ocean temperatures, an increase in 
heavy precipitation (heavy rain and hail), shrinking glaciers, thawing permafrost. In 
coming decades, climate change – and efforts to limit that change and adapt to it – 
will have more and more serious consequences both for the economies of individual 
countries and for the world economy as a whole (Figure 68). 

As well as its serious impact on the environment and people, climate change is 
one of the biggest threats to economic stability. Heatwaves make us less able to work 
and reduce productivity. Hurricanes, cyclones and typhoons devastate millions of 
people, leaving them in absolute poverty after ruthlessly sweeping away their 
communities. Droughts shrink harvests, further complicating the arduous task of 
feeding the world population, which is expected to reach 10 billion by 2050 [2]. The 
World Bank is warning: if we don't do something immediately, climate change could 
push 100 million more people into poverty by 2030. 
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Figure 68. The social and economic impact of climate change 
Source: How is climate change affecting the economy and society? Iberdrola, SA. 2021. 

https://www.iberdrola.com/environment/impacts-of-climate-change 
 

Climate Change and Security Risks. Besides, climate change is also at the heart 
of the peace and security agenda of the 21st century. There is an emerging global 
consensus that climate change will stress the economic, social, and political systems 
that underpin each nation state. 
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Figure 69. Security concerns aggravated by climate change 
Source: Climate Chance & Security. Strengthening Resilience to Climate-Fragility Risks. UN Environment 

Assembly and Governing Council,  2021. https://www.unep.org/explore-topics/disasters-conflicts 
 

Risks of climate variability affecting security [3]: 
− Local resource competition; 
− Livelihood insecurity and migration; 
− Extreme weather events and disasters; 

https://www.iberdrola.com/environment/impacts-of-climate-change
https://www.unep.org/explore-topics/disasters-conflicts
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− Volatile food prices and provision; 
− Transboundary water management; 
− Sea-level rise and coastal degradation; 
− Unintended effects of climate policies. 
The ultimate ‘threat multiplier’, climate change worsens existing social, 

economic and environmental risks that can fuel unrest and potentially result in violent 
conflict (Figure 69). 

Where institutions and governments are unable to manage the stress or absorb 
the shocks of a changing climate, the risks to the stability of states and societies will 
increase. The global economy could lose 10% of its total economic value by 2050 
due to climate change, according to research [4]. However, this figure could rise 
significantly to 18% of gross domestic product (GDP) by mid-century if no action is 
taken and temperatures rise by 3.2°C. Climate change impacts displayed by Swiss Re 
Institute's Climate Economics Index. The Swiss Re Institute’s Climate Economics 
Index stress tests how global warming will affect 48 countries – representing 90% of 
the world economy – and ranks their climate resilience (Table 39). 

Table 39 
Impact of global temperature rise on GDP in all regions by mid-century 

 Temperature rise scenario, by mid-century 

Well-below 2°C 
increase 

2.0°C increase 2.6°C increase 3.2°C increase 

Paris target The likely range of global 
temperature gains Severe case 

Simulating for economic loss impacts from rising temperatures in % GDP, 
relative to a world without climate change (0°C) 

World - 4,2 - 11,0 - 13,9 - 18,1 
OECD - 3,1 - 7,6 - 8,1 - 10,6 
North America - 3,1 - 6,9 - 7,4 - 9,5 
South America - 4,1 - 10,8 - 13,0 - 17,0 
Europe - 2,8 - 7,7 - 8,0 - 10,5 
Middle East & 
Africa 

- 4,7 - 14,0 - 21,5 - 27,6 

Asia - 5,5 - 14,9 - 20,4 - 26,5 
- Advanced Asia - 3,3 - 9,5 - 11,7 - 15,4 
- ASEAN - 4,2 - 17,0 - 29,0 - 37,4 
Oceania - 4,3 - 11,2 - 12,3 - 16,3 
 
Note: Temperature increases are from pre-industrial times to mid-century, and relate to increasing emissions and/or 
increasing climate sensitivity (reaction of temperatures to emissions) from left to right. 
Source: Swiss Re Institute. The economics of climate change: no action not an option April 2021. 
https://www.swissre.com/dam/jcr:e73ee7c3-7f83-4c17-a2b8-8ef23a8d3312/swiss-re-institute-expertise-publication-
economics-of-climate-change.pdf 
 

Generally, expected global GDP impact by 2050 under different scenarios 
compared to a world without climate change: 18% if no mitigating actions are taken 
(3.2°C increase); 14% if some mitigating actions are taken (2.6°C increase); 11% if 
further mitigating actions are taken (2°C increase); 4% if Paris Agreement targets are 

https://www.swissre.com/dam/jcr:e73ee7c3-7f83-4c17-a2b8-8ef23a8d3312/swiss-re-institute-expertise-publication-economics-of-climate-change.pdf
https://www.swissre.com/dam/jcr:e73ee7c3-7f83-4c17-a2b8-8ef23a8d3312/swiss-re-institute-expertise-publication-economics-of-climate-change.pdf
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met (below 2°C increase). The Climate Economics Index stress-tests impact all 
countries, but some are more vulnerable than others (Figure 69). 
 

Most impactedMost resilient

 
 

Figure 69. Heat map of countries ranked by the Total Climate Economics 
Index 

Note: Total Index includes GDP impact, sea level rise, crop yield, heat stress, health, tourism. 
Source: The economics of climate change. Swiss Re Institute. Swiss Re Institute. 

https://www.swissre.com/institute/research/topics-and-risk-dialogues/climate-and-natural-catastrophe-risk/expertise-
publication-economics-of-climate-change.html 

 

As global warming makes the impact of weather-related natural disasters more 
severe, it can lead to substantial income and productivity losses over time. For 
example, rising sea levels result in loss of land that could have otherwise been used 
productively and heat stress can lead to crop failures. 

Some of the many negative predicted effects are [5]: 
− Loss of land area, including beaches and wetlands, because of sea-level 

rise; 
− Loss of species and forest area; 
− Disruption of water supplies to cities and agriculture; 
− Increased air conditioning costs; 
− Health damage and deaths from heat waves and spread of tropical 

diseases; 
− Loss of agricultural output due to drought. 
Emerging economies in equatorial regions would be most affected by rising 

temperatures. Economies in South and South-east Asia were the most susceptible to 
the physical risks associated with global warming. The impact of climate change has 
been forecasted to be the hardest hit for Asian economies, with a 5.5% hit to GDP in 

https://www.swissre.com/institute/research/topics-and-risk-dialogues/climate-and-natural-catastrophe-risk/expertise-publication-economics-of-climate-change.html
https://www.swissre.com/institute/research/topics-and-risk-dialogues/climate-and-natural-catastrophe-risk/expertise-publication-economics-of-climate-change.html
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the best-case scenario, and 26.5% hit in a severe scenario. However, there were 
significant regional variations in the data. Advanced Asian economies are predicted 
to see GDP losses of 3.3% in case of a below-2°C rise and 15.4% in a severe 
scenario, while ASEAN countries are forecast to see drops of 4.2% and 37.4% 
respectively. Countries most negatively impacted – including Malaysia, Thailand, 
India, the Philippines and Indonesia – were often the ones with the least resources to 
mitigate and adapt to the effects of global warming. China is at risk of losing nearly 
24% of its GDP in a severe scenario compared to forecast losses of 10% for the US, 
Canada and the UK and 11% for Europe. The Middle East & Africa, meanwhile, 
would see a drop of 4.7% if temperature rises stay below 2°C and 27.6°C in the 
severe case scenario. 

Table 40 
Possible Effects of Climate Change 

Temp 
rise (°C) 1°C 2°C 3°C 4°C 5°C More than 

5°C 
Water Small glaciers 

in the Andes 
disappear 
completely, 
threatening 
water supplies 
for 50 million 
people 

Potentially 20-
30% decrease 
in water 
availability in 
some 
vulnerable 
regions, e.g. 
Southern 
Africa and 
Mediterranean 

In Southern Europe, 
serious droughts 
occur once every 10 
years 1-4 billion 
more people suffer 
water shortages, 
while 1-5 billion 
gain water, which 
may increase flood 
risk 

Potentially 
30-50% 
decrease in 
water 
availability 
in Southern 
Africa and 
Mediterrane
an 

Possible 
disappearance 
of large glaciers 
in Himalayas, 
affecting one-
quarter of 
China`s 
population and 
hundreds of 
millions in India 
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Food Modest 
increases in 
cereal yields 
intemperate 
regions 

Sharp declines 
in crop yield 
in tropical 
regions (5-
10% in Africa) 

150-550 additional 
millions at risk of 
hunger (if carbon 
fertilization weak) 
Agricultural yields 
in higher latitudes 
likely to peak 

Agricultural 
yields 
decline by 
15-35% in 
Africa, and 
entire 
regions out 
of 
production 
(e.g. parts of 
Australia) 

Continued 
increase in 
ocean acidity 
seriously 
disrupting 
marine 
ecosystems and 
possibly fish 
stocks 

Health At least 300,000 
people each year 
die from climate 
related diseases 
(predominantly 
diarrhea, 
malaria, and 
malnutrition) 
Reduction in 
winter mortality 
in higher 
latitudes 
(Northern 
Europe, USA) 

40–60 million 
more people 
exposed to 
malaria in 
Africa 

1–3 million more 
people die from 
malnutrition (if 
carbon fertilization 
weak) 

Up to 80 
million more 
people 
exposed to 
malaria in 
Africa 

 

Land Permafrost 
thawing 
damages 
buildings and 
roads in parts of 
Canada and 

Up to 10 
million more 
people 
affected by 
coastal 
flooding each 

1–170 million more 
people affected by 
coastal flooding 
each year 

7–300 
million more 
people 
affected by 
coastal 
flooding 

Sea level rise 
threatens small 
islands, low-
lying coastal 
areas (Florida) 
and major world 
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Russia year each year cities such as 
New York, 
London, and 
Tokyo 

Environm
ent 

At least 10% of 
land species 
facing 
extinction 
(according to 
one estimate) 
80% bleaching 
of coral reefs, 
including Great 
Barrier Reef 

15–40% of 
species facing 
extinction 
(according to 
one estimate) 
High risk of 
extinction of 
Arctic species, 
including 
polar bear and 
caribou 

20–50% of species 
facing extinction 
(according to one 
estimate), including 
25–60% mammals, 
30–40% birds and 
15–70% butterflies 
in South Africa 
Collapse of 
Amazon rainforest 
(according to some 
models) 

Loss of 
around half 
Arctic 
tundra 
Around half 
of all the 
world’s 
nature 
reserves 
cannot fulfill 
objectives 

 

Abrupt 
and 
Large-
Scale 
Impacts 

Atlantic 
Thermohaline 
Circulation 
starts to 
weaken 

Potential for Greenland ice sheet to begin melting irreversibly, 
accelerating sea level rise and committing world to an eventual 7 m sea 
level rise 
Rising risk of abrupt changes to atmospheric circulations, e.g. the 
monsoon 
Rising risk of collapse of West Antarctic Ice Sheet 
Rising risk of collapse of Atlantic Thermohaline Circulation 

 
Source: Stern, N. (2006). "Stern Review on The Economics of Climate Change (pre-publication edition). Part II 
Impacts of Climate Change on Growth and Development". HM Treasury, London. Archived from the original on 31 
January 2010. Retrieved 31 January 2010. 
https://webarchive.nationalarchives.gov.uk/ukgwa/20100407173011mp_/http://www.hm-treasury.gov.uk/ 
d/Part_II_Introduction_group.pdf 
 

However, such nations also have the most to gain from global efforts to reduce 
temperature rises. Some beneficial outcomes might include [6]: 

− Increased agricultural production in cold climates; 
− Lower heating costs; 
− Fewer deaths from exposure to cold. 
The potentially beneficial outcomes would be experienced primarily in 

northern parts of the Northern hemisphere, such as Iceland, Siberia and Canada. Most 
of the rest of the world, especially tropical and semi-tropical areas, are likely to 
experience strongly negative effects from additional warming. According to IPCC 
projections, with increasing emissions and higher temperatures, negative effects will 
intensify and positive effects diminish (Table 40). 

Other less-predictable but possibly more damaging and permanent effects 
include [6]: 

− Disruption of weather patterns, with increased frequency of hurricanes, 
droughts, and other extreme weather events. 

− A possible rapid collapse of the Greenland and West Antarctic Ice Sheets, 
which would raise sea levels by 12 meters or more, drowning major coastal cities. 

− Sudden major climate changes, such as a shift in the Atlantic Gulf Stream, 
which could change the climate of Europe to that of Alaska. 

− Positive feedback effects, such as an increased release of CO2 from 
warming arctic tundra, which would speed up global warming. 

https://webarchive.nationalarchives.gov.uk/ukgwa/20100407173011mp_/http:/www.hm-treasury.gov.uk/%20d/Part_II_Introduction_group.pdf
https://webarchive.nationalarchives.gov.uk/ukgwa/20100407173011mp_/http:/www.hm-treasury.gov.uk/%20d/Part_II_Introduction_group.pdf
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The effect of climate change on growth and inflation. Despite there being 
winners and losers, increasing temperatures will be negative for global activity 
overall. 

The overall aggregate effect of climate change on economic growth will most 
likely be negative in the long run. Although there will be winners and losers from 
climate change at varying levels of warming, the impact of rising temperatures will 
be widespread, in part due to the financial, political and economic integration of the 
world’s economies. Global warming will primarily influence economic growth 
through damage to property and infrastructure, lost productivity, mass migration and 
security threats [7]. The balance between winners and losers turns increasingly 
negative as temperatures rise. 

Global warming is expected to increase the frequency and severity of extreme 
weather events, bringing with it property and infrastructure loss. The likes of 
Hurricane Sandy, which flooded much of New York in 2012, are prime examples of 
the economic damage such extreme weather events can cause. Rising sea levels will 
also likely harm economic output as businesses become impaired and people suffer 
damage to their homes. 

While the initial economic response to recover this damage may be positive for 
GDP (when it is possible to do so), once it is recognized that such events are a 
permanent feature of the environment, the world economy faces an extreme 
challenge. Many will find that it is not worth replacing capital stock unless measures 
can be taken to prevent future damage, or there is an opportunity to move the 
business to safer ground. At best, this could involve a short period of disruption as 
businesses relocate; at worst, a permanent loss of capital stock and output. As the 
temperatures continue to climb, the damage will become increasingly permanent [7]. 
 

Output

Labour

Y1

Y2

L

Y=f (L,K1)

Y=f (L,K2)

 
Figure 70. Global production function 
Source: Keith Wade, Marcus Jennings. The impact of climate change on the global economy. Schroder 

Investment Management North America Inc. https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-
impact-of-climate-change.pdf 
 

Using a production function (Figure 70), we can demonstrate the likely effect 
climate change will have on output. If we assume less capital stock is available due to 
the damage inflicted from climate change, we would see a fall in the productive 

https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-impact-of-climate-change.pdf
https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-impact-of-climate-change.pdf
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capacity of the world economy. This would translate into a downward shift in the 
world production function as each unit of labor produces less output. Lower labor 
productivity may not just occur due to a lower level of capital stock, however. Higher 
global temperatures may affect food security, promote the spread of infectious 
diseases and impair those working outdoors. Such factors are likely to cause greater 
incapacity and social unrest and as a result will reduce both the effectiveness 
(productivity) and the amount of labor available to produce output. 

This effect can also be expressed as a supply shock through a supply and 
demand framework (Figure 71). Global warming is likely to contract supply at any 
given price and result in a backward shift of the supply curve (from S1 to S2). As the 
diagram demonstrates, this will result in a lower level of output (Y2) and, as we 
discuss in the next section, a higher price (P2). 
 

Price

Output

P2

P1

Y2 Y1

S2

S2

D

 
Figure 71: Supply and demand effects 
Source: Keith Wade, Marcus Jennings. The impact of climate change on the global economy. Schroder 

Investment Management North America Inc. https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-
impact-of-climate-change.pdf 
 

There is also an opportunity cost to be considered. The above analysis is based 
on “all else equal” argument whereby the world’s population is seen not to respond to 
climate change. It is probable that over time, preventative measures such as flood 
defenses are put in place in order to avoid the costs of climate change. While this may 
reduce the long-term economic consequences, there is likely to be a short-term 
economic cost to this action as resources are directed away from more productive 
uses. The biggest threat climate change poses to economic growth is from immediate, 
aggressive and inefficient mitigation policies [8]. The process of adaptation and 
mitigation will require a temporary economic transition from consumption to 
investment, with the argument being that the transitional costs are small relative to 
the cost of inaction. Mitigation costs could reach 1% of global GDP per year by 2050 
[9]. However, we would argue that as the costs of mitigation rise, budget constraints 
are likely to become increasingly important. Governments may be unable to raise the 
capital necessary to build adequate defenses, for example. 

https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-impact-of-climate-change.pdf
https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-impact-of-climate-change.pdf
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The above supply and demand diagram not only shows a reduction in output, 
but an increase in the general price level as a result of global warming. This leads us 
onto the possible inflationary effects of global warming on the world economy. 

Agricultural yields are sensitive to weather conditions and as our climate 
becomes ever more extreme, more frequent droughts may reduce crop yields in areas 
where food production is vital. Higher global food prices will likely thus squeeze 
consumers’ income in the process. We must acknowledge that these effects will be 
partially offset as other regions becoming more suitable for crop production and new 
drought resistant crops are developed. However, in aggregate, and as the level of 
warming becomes even greater, food price inflation should rise [7]. 

 Rising inflation may also materialize through reduced land availability. The 
surge in global temperatures may eventually cause some areas of the world to become 
uninhabitable and with this will come mass migration. Alongside the political and 
socioeconomic implications of these moves will be higher demand for an ever 
decreasing amount of land. In essence, the world’s population will be forced to live in 
an increasingly concentrated space. In similar fashion to food inflation however, this 
effect will also be moderated by some areas of land becoming more habitable. 

Higher energy costs are also likely to boost inflation. As our climate becomes 
more extreme we are likely to demand greater energy to both cool our working and 
living environments during the summer, and heat them when we experience harsher 
winters. Not only will energy demand change, but supply may shrink as the 
efficiency of existing power stations is compromised due to higher temperatures. 
Policy actions by governments to encourage a transition to green energy may further 
contribute to energy inflation in the short- to medium-term whereby taxes are placed 
on fossil fuel-derived electricity. Given that energy forms the basis of most of the 
world’s production, the secondary effects of higher energy prices on inflation will be 
felt throughout the global economy. Conversely, depending on the pace of change, 
the greater prominence of renewable energy could limit the cost of energy increases 
going forward. 

The insurance industry recognizes that it is likely to bear much of the risk of 
global warming. Companies have already felt the force of extreme weather events on 
profits; from unseasonal floods in the UK to Hurricane Katrina in the US, extreme 
weather-related damage to properties has seen insurance companies pay out to cover 
these costs. It is believed that 2011 was the most expensive year on record for natural 
disasters, with insured losses costing the industry more than $126 billion [7]. Climate 
change is one of the top risks faced by the insurance industry. 

The industry has been at the forefront of assessing climate risk, and as a 
consequence, the costs of global warming could be felt earlier than expected in the 
form of higher premiums. We are already seeing a curtailment of available cover in 
areas such as Florida and many Gulf coast states for example. The cost of flood 
insurance has risen significantly in the UK. Rising insurance costs add to inflation 
and will deter firms and households from locating in areas at risk. From this 
perspective, the costs of climate change are already being incorporated into business 
decisions and in this way are already affecting global activity. Insurance companies 
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may go as far as to refuse to provide insurance cover, posing a challenge for 
governments who may either have to underwrite, and/or mitigate the risk of damage. 

Climate damage functions: quantifying the impact on activity. Early estimates 
of the cost of global warming on world GDP emerged in the early 1990s and since 
then there have been a number of studies that have both agreed with and contradicted 
the initial assessments. Howard Covington and Raj Thamotheram [10] base their 
analysis on so called “climate damage functions” that quantify the risk the economy 
faces as a result of climate change. Economic climate damage is defined as the 
fractional loss in annual economic output at a given level of warming compared to 
output in the same economy with no warming. Climate damage functions plot the 
level of output lost over a range of warming estimates, with all functions predicting a 
greater loss in annual economic output as the level of warming rises. However, 
among the estimated climate damage functions there is a lack of consensus as to how 
damages evolve as warming gradually increases. The following figure and table 
summarize a number of estimated economic damage functions, named after their 
respective originators. We briefly discuss each climate damage function below, 
focusing on the 4°C mark given that the World Bank estimates there is a 40% chance 
of exceeding this level by 2100, assuming emissions follow a “medium business-as 
usual pathway” [7]. 
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Figure 72. Climate damage functions 

Note: Climate damage forecasts at a given level of warming based on estimates by Dietz and 
Stern (2014), Weitzman (2012) and Nordhaus (2013). 

Source: Keith Wade, Marcus Jennings. The impact of climate change on the global economy. Schroder 
Investment Management North America Inc. https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-
impact-of-climate-change.pdf 

 
Climate damage functions: quantifying the impact on activity. Early estimates 

of the cost of global warming on world GDP emerged in the early 1990s and since 
then there have been a number of studies that have both agreed with and contradicted 
the initial assessments. Covington H. and Thamotheram R. [10] base their analysis on 
so called “climate damage functions” that quantify the risk the economy faces as a 
result of climate change. Economic climate damage is defined as the fractional loss in 
annual economic output at a given level of warming compared to output in the same 

https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-impact-of-climate-change.pdf
https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-impact-of-climate-change.pdf
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economy with no warming. Climate damage functions plot the level of output lost 
over a range of warming estimates, with all functions predicting a greater loss in 
annual economic output as the level of warming rises. However, among the estimated 
climate damage functions there is a lack of consensus as to how damages evolve as 
warming gradually increases. The estimated functions of economic damage are given 
below (Figure 72, Table 41). Consider each of the climate damage functions, 
focusing on the 4°C mark given that the World Bank estimates there is a 40% chance 
of exceeding this level by 2100, assuming emissions follow a “medium business-as 
usual pathway”. 

Table 41 
Climate change functions 

Warming Climate damage 
DS-damages W-damages N-damages 

1 ̊ 0 % 0 % 0 % 
2 ̊ 2 % 1 % 1 % 
3 ̊ 14 % 3 % 2 % 
4 ̊ 50 % 9 % 4 % 
5 ̊ 81 % 25 % 7 % 

Note: Estimates of climate damage at varying degrees of warming. Climate damage is defined as the fractional loss in 
annual economic output at a given level of warming compared to output in the same economy with no warming. 
Source: Keith Wade, Marcus Jennings. The impact of climate change on the global economy. Schroder Investment 
Management North America Inc. https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-impact-of-climate-
change.pdf 

 
Estimates of climate change damage vary according to whether there is a 

tipping point at which damage accelerates. 
The “N-damages” climate damage function, named after its originator William 

Nordhaus [11], is widely used by economists and is the least concerning of the three 
climate damage functions. Climate damage under this function would be progressive 
whereby no tipping point is reached and the world’s population has the greatest 
amount of time to offset any negative effects of global warming. It can be seen that 
by the year in which the world is 4°C warmer, annual economic output will be just 
4% lower than a base case with no warming. The baseline case in Nordhaus’s study is 
for warming of around 3.8% by 2100. Nordhaus W. believes the economic impact of 
climate change is likely to be small over the next couple of decades and that 
agriculture is the most exposed sector to global warming. Although the cumulative 
effects are reasonable at the point at which 4°C is reached, the loss in terms of 
average annual growth would be extremely small and difficult to distinguish given 
that it will take many decades to reach 4°C of warming based on current estimates 
[7]. 

The “W-damages” function was produced by Martin Weitzman [12] and 
estimates that by the time 4°C of warming is reached, 9% of annual economic output 
will be lost relative to the base with no warming effect. Under this scenario, those 
industries that are largely predisposed to climate change risk globally are likely to be 
affected, for example insurance, agriculture and forestry. However, Davig W. Pearce 
et al [13] believe that only a fraction of the market economy is vulnerable to global 

https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-impact-of-climate-change.pdf
https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-impact-of-climate-change.pdf
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warming, namely agriculture, coastal resources, energy, forestry, tourism, and water. 
These sectors contribute just 5% of global GDP to which their share is expected to 
shrink overtime [8]. 

This can be seen when we translate the damage function into the effect on 
economic growth. If we assume a base case of 3% annual economic growth and that 
4°C warming is reached by 2080, we find that annual growth will be pared back to 
2.85%. This is based on an economy that is 9% smaller due to climate damage in 
2080 relative to an economy with no warming. An effective loss of 0.15% per annum 
could be seen to warrant some attention from policymakers and the government alike, 
but is unlikely to be sufficiently powerful to prompt a significant response to climate 
change [7]. 

Table 42 
Estimates of economic losses from climate change 

Study Warming Impact (% on GDP) Comment 

Mendelsohn, 
Schlesinger, 
Morrison and 
Andronova 

(2000) 

2.0° by 2060 
A cumulative effect 
of a loss of 0.3% of 

GDP in 2060 

Assuming 2°C of warming is reached by 
2060, most damages will come from 
agriculture. OECD economies will gain 
from warming while the rest of the world 
will lose. Damages to individual countries 
do not always follow continental averages. 
The Ricardian model predicts much smaller 
losses and gains than the reduced-form 
model, predicting a 0.04% net gain to 2060 
GDP levels from 2.0°C warming. 

Mendelsohn, 
Schlesinger and 
Williams (2000) 

2.5°C by 2100 

Cumulative market 
impact costs do not 

exceed 0.1% of GDP 
in 2100 

The market impact costs will vary from 
country to country across the globe. High-
latitude countries are expected to gain and 
low latitude countries are forecast to be 
harmed by warming. However, temperature 
effects beyond 2°C are expected to reduce 
benefits and increase damages. 

Stern (2005) 

Baseline 
scenario of 

between 2.4°C 
and 5.8° by 

2100 

An average loss of 
5% of global GDP 
per annum over the 
next two centuries 

Estimates are based on no action. Costs 
increase to 20% of GDP or more if a wider 
range of risks and impacts are considered. 
Based on simple extrapolations, costs of 
extreme weather alone could reach 0.5-1% 
of world GDP per annum by the middle of 
the century. 

Intergovernmen
tal Panel on 

Climate 
Change, Fifth 
Assessment 

(2014) 

Approximately 
2.0°C 

A loss of 0.2%-2.0% 
of GDP per annum 

There are large differences between 
countries when damage estimates accelerate 
beyond 3°C of warming. Delaying 
mitigation efforts beyond those currently in 
place to 2030 is estimates to substantially 
increase the difficulty of transitioning to 
low long-term emission levels. 

Source: Keith Wade, Marcus Jennings. The impact of climate change on the global economy. Schroder Investment 
Management North America Inc. https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-impact-of-climate-
change.pdf 
 

https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-impact-of-climate-change.pdf
https://www.schroders.com/de/SysGlobalAssets/digital/us/pdfs/the-impact-of-climate-change.pdf
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The final climate damage function, “DS-damages”, named after Simon Dietz 
and Nicholas Stern [14] is the most extreme scenario in which the global economy 
would suffer considerable loss as a result of climate change. Under this scenario, as 
and when warming extends to 4°C, annual economic output will be 50% lower 
compared to a scenario where no warming occurs. To put this into perspective, Dietz 
and Stern estimate warming of approximately 3.5°C by 2100. If we take a stricter 
approach however, using the same assumptions as the W-damages function above but 
assuming 4°C is reached in 2080, the base case 3% annual economic growth rate falls 
to just 1.9% a year. At this rate, climate change is set to have a noticeable impact on 
future growth and living standards. Reaching a tipping point at 2-3°C, as Dietz S. and 
Stern N. [14] predict, could therefore be seen as a crucial stage of warming for the 
global economy whereby the costs of insufficient action significantly weigh on 
growth. 

Some additional comparative studies in the literature aimed at examining the 
economic impacts of climate change are summarized in Table 4. Similar to the 
damage functions described above and aside from the Stern review and upper 
estimates from the Intergovernmental Panel on Climate Change (IPCC), the 
consensus is that the economic costs of marginal warming will be small up to 2°C but 
begin to gather pace if we move toward 4°C. 

This analysis indicates that output losses accelerate once warming exceeds 
2°C, but that these effects are not likely to be felt for another 30 years. It is this 
threshold which is apparent in investment studies such as that recently published by 
Mercer which finds negative returns to diversified portfolios once warming breaches 
2°C. However, let us not forget that warming unfolds over time and that actions today 
have implications for the future. Since the process is largely irreversible over the 
medium term, the global economy can be seen to have committed to a certain degree 
of future warming already. A 2014 World Bank study titled “Turn Down the Heat. 
Confronting the New Climate Normal” estimates that warming of close to 1.5°C 
above pre-industrial times is locked into the earth’s atmospheric system and is thus 
unavoidable [7]. According to the same study, without reasonable action to reduce 
emissions, the earth is on track for 2°C warming by mid-century and 4°C or more by 
the end of the century. Stern N. [9] also estimates that without action to reduce 
emissions, the concentration of greenhouse gases could double their pre-industrial 
levels as early as 2035, almost committing the world to temperature increases of over 
2°C. 

For investors assessing the value of a stream of income, these projections are 
critical and we would suggest using a range of climate damage functions given the 
uncertainty over each. Expressing future economic losses in today’s prices requires 
discounting the loss in output back to the present day. By its nature, small changes in 
the discount rate cause large changes in loss estimates given the very long time 
horizon in which climate change is expected to occur. When attempting to quantify 
the impact climate change will have on a diversified portfolio, Covington H. and 
Thamotheram R. [10] use a discount rate of 6.5%. In contrast the Stern N. review [9] 
uses 1.4% (0.1% above expected consumption growth), so it is unsurprising that 
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Stern’s estimates forecast greater costs of climate change than many other studies. 
Given the decline in long-term interest rates since the Global Financial Crisis, it 
seems using a rate toward the lower end of recent studies would be reasonable. 

Despite the initial reticence of the business community, an increasing number 
of studies and activities show that measures aimed at dealing with global climate 
change are a golden opportunity for ensuring sustainable development and driving 
economic growth. As explained by the World Commission on the Economy and 
Climate in a report at the end of 2018 [15], adopting ambitious climate action 
measures may generate profits of USD$26 billion by 2030, creating 65 million new 
jobs with low carbon emissions. 

According to this report, to build a more resilient, beneficial growth model for 
people we must accelerate structural transformation in five key economic sectors 
[16]: 

1. Clean energy systems. Decarbonisation of the energy system coupled with 
decentralised, digitised electrification technologies could give a billion more people 
access to modern energy services. 

2. Smarter urban developments. More compact, connected and coordinated 
cities would save US$ 17 billion by 2050 and stimulate economic growth by 
improving access to work and housing. 

3. Sustainable land use. A switch to more sustainable farming methods 
combined with strict forestry protection could generate economic benefits of around 2 
billion dollars per year. 

4. Smart water management. In areas with a water shortage, GNP could fall by 
up to 6% in 2050. This could be prevented by making more efficient use of water 
through technological improvements and investment in public infrastructure. 

5. Circular industrial economy. Today, 95% of the value of the material from 
plastic packaging - up to 120 billion dollars a year - is lost after the first use. Policies 
that encourage more circular and efficient use of materials could improve global 
economic activity and reduce waste and pollution. 

At the same time, the Global Commission on the Economy and Climate is 
urging public and private sector leaders to take these urgent measures in the next two 
or three years: put a price on carbon and force companies to disclose climate-related 
financial risks, speed up investment in sustainable infrastructure, harness the power 
of the private sector, boosting innovation and increasing the transparency of the value 
chain, and adopt a people-centric focus to ensure equitable growth and a fair 
transition. 
 

6.2. The role of digital technologies in addressing climate neutrality 
 

Today we observe a convergence of two seemingly different trends that have 
consequences for economic theory and practice [17]. The first trend relates to the 
heightened attention to the climate emergency [18; 19; 20; 21]. Earth’s distressing 
situation has been brought to the fore by diverse stakeholders. In particular, in 2019, 
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Ripple and colleagues (2020) warned of a climate emergency. They presented graphs 
of planetary vital signs indicating very troubling trends and little progress by 
humanity to address climate change. Based on these data and scientists’ moral 
obligation to “clearly warn humanity of any catastrophic threat,” they called for 
transformative change. The European parliament recently followed the UK and 
Canadian governments in declaring a climate emergency. In business, companies are 
voluntarily or under the pressure of investors, governments, and other stakeholders, 
committing to ambitious environmental goals because this is the sustainability 
imperative [22; 23; 24]. In popular media, Netflix and David Attenborough’s “Our 
Planet” and a wave of activists are raising awareness among the general public. 

The second trend involves the rapid digitalization of the economy. Artificial 
intelligence and machine learning (AI/ML) are advancing exponentially, and both 
businesses and governments are competing in a race to harness its potential. While 
PwC [25] estimates AI will add some 14% – or USD 15.7 trillion – to the global 
economy by 2030, observers raise concerns ranging from adverse employment 
impacts to the ethical implications of AI-based decision making [26]. As AI/ML 
begins rapidly altering resource allocations within and across economies, the Internet 
of Things (IoT) promises to connect billions of devices in webs of autonomous 
communication. The resulting “smart” houses, transportation systems, electricity 
grids, and cities will increase economic flows by lowering transaction costs [27] in 
ways that make lives easier and increase welfare. And simultaneously, distributed 
ledgers or blockchains are resurfacing from their initial hype with a promise to 
reorganize transactions in fairer, more decentralized, open access, efficient, and 
reliable ways [28]. Some insiders consider blockchain so transformative it will 
instigate the next “infrastructure inversion” – the previous three being driven by 
steam, electricity, and the Internet – that will fundamentally alter the global economic 
and institutional infrastructure and our very social fabric [29]. These technologies 
usually have been identified as key drivers of digitalization [30]. 

The convergence of sustainability (climate emergency) and digital imperatives 
is beginning to gain traction. Digital technology is playing an increasingly important 
role in measures to mitigate climate change. It has the potential to deliver almost half 
(46%) of the emissions savings required by 2030 [31]. A study produced by GSMA 
and the Carbon Trust has found that mobile technology has enabled a global 
reduction in greenhouse gas emissions of over 2 billion tonnes of CO2 in 2018, a 
saving ten times higher than the global carbon footprint of the mobile industry itself 
[32]. Digitalization is based on electricity. This means its overall impact on 
greenhouse gases and on CO2 emissions, in particular, depends on the mix of energy 
sources used, which varies considerably depending on location and circumstances. 

The different greenhouse gases have different global warming potentials. Since 
CO2 makes up the bulk of these gases, the concept of CO2 equivalent (CO2e) is used 
as a proxy to express the impact of all greenhouse gases that are emitted on climate 
change. These emissions include the extraction of the required raw materials, 
manufacturing processes and the transport and distribution of products. We can 
distinguish between direct and indirect emissions in companies’ value chains. The 
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latter can be divided into upstream direct emissions, such as goods and services 
sourced from external suppliers, their transport to the company, the use of assets like 
offices and data centres, and business trips and employee travel, and downstream 
indirect emissions, which include the transport, distribution, use and end-of-life 
processing of products, in addition to investments and leased assets. The direct 
effects associated with the life cycle and use of ICT devices are known as their 
environmental footprint, a concept that encompasses their carbon footprint. The 
Greenhouse Gas Protocol classifies these emissions as scope one (direct), scope two 
(indirect related to energy consumption) and scope three (other indirect). 

However, while reliable statistics are available on energy production, it is 
much harder to find accurate data on consumption by key sectors and harder still to 
find figures on the energy consumption associated with the production of specific 
goods. In the case of digitalisation, the energy incorporated into products is part of 
the environmental price we pay for everything we own and use, and plays a part in 
reducing emissions derived from the associated production of electricity and 
manufacture of peripherals. The lack of metrics to monitor the evolution of 
greenhouse gas emissions that take into account both changes in the electricity mix 
and the role of the carbon incorporated into the equipment associated with devices in 
the various sectors of ICT (data centres, networks and user devices) is a major issue. 

The carbon footprint of the ICT sector in 2018 was 730 million tonnes of CO2, 
almost equivalent to the 800 million tonnes of CO2 produced by the fuel burnt by the 
aviation industry (80% of which is associated with travel). However, there is a huge 
difference in the number of users: approximately 70% of the world’s population use 
ICT, while just 10% use aviation services. The emissions from the fuel used by one 
person on a transatlantic return flight are estimated to be equivalent to 50 years of use 
of a smartphone (including the use of networks and data centres). Holding 
international meetings online clearly has significant potential to reduce emissions. 

Will renewable energies decarbonise ICT? As we shall see further on, the ICT 
sector is striving to increase its use of renewable energy, which has helped reduce its 
emissions. This change is necessary, together with increased renewable energy 
capacity, since all sectors will need to replace fossil fuels with renewable sources. 
However, renewable energy itself has a significant carbon footprint embedded in its 
infrastructure and supply chains, albeit much less than fossil fuels. According to the 
recent commitment by the European Commission, achieving the ambitions of carbon 
neutrality for data centres by 2030 will require an absolute cap on absolute energy 
consumption, in addition to a higher proportion of renewable energy.  

We must distinguish between the direct and indirect effects of digitalisation 
when it comes to greenhouse gases. Direct effects encompass the manufacture of 
products, the corresponding facilities and their use. All these aspects have their own 
electricity consumption, although new developments in technology, which have run 
in parallel to the rise of digitalisation, are helping reduce this consumption. 

The current results are promising for the three main components: 
(a) Data centres can accommodate the rise in Internet traffic without increasing 

the energy demand. 
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(b) Networks as a whole have maintained low levels of greenhouse gas 
emissions. 

(c) The various user devices. 
In terms of the absolute figures for these emissions, the German institute 

Bitkom has published a study with data for 2018: 
− Data centres use 160 ± 25 million tonnes of CO2e; 
− Mobile networks use 54 ± 13 million tonnes of CO2e; 
− Optical networks use 83 ± 20 million tonnes of CO2e; 
− Devices use 460 ± 110 million tonnes of CO2e. 
The estimates published by Bitkom, which are backed by other studies cited in 

the report, show that user devices as a whole have a higher carbon footprint than data 
centres and networks, with the particular feature that the impact of the manufacture of 
these devices is higher than their use. Apple estimates the carbon footprint of each 
new iPhone to be 70-85 kg of CO2e. 

The main conclusion that can be drawn from all of this is that, despite our 
fears, current trends show there is significant potential for the infrastructure that is 
currently installed – or that may be installed in the future – to meet the rising demand 
for data traffic without increasing the carbon footprint of ICT. The effects of 
efficiency improvements must be able to outpace or at least cancel outgrowth. 
Indirect effects come from the environmental impact of the production and 
consumption of digital devices and may be harmful, depending on how they are 
manufactured. In this respect, the growing programmed obsolescence of many of 
these devices undermines their sustainability, meaning lifespans and recycling must 
be increased. 

Digitalisation alone will not have a sufficient impact on consumption patterns 
to address climate change. The fact is that changes in these patterns are often 
produced solely in response to price. In the case of ICT, this cost is relatively low. 
One example of an indirect reduction in greenhouse gas emissions is the use 
mentioned above of videoconferencing systems to replace in-person meetings, with 
Forbes estimating that the pandemic could permanently reduce business travel by 
10%. Another example is teleworking, which was already growing but experienced a 
boom during the pandemic. In principle, as many studies have confirmed, avoiding 
travel saves greenhouse gas emissions, although other studies have also disputed this 
claim. 

One of the indirect impacts of digital technology – a positive for climate 
change mitigation– is its potential to reduce the emissions of other activities (e.g., 
transport, manufacturing, agriculture, buildings, construction and energy), with the 
European Commission estimating savings of up to 12.1%. 

New data from Bitkom, in partnership with the consultancy firm Accenture, 
shows that for the four groups examined so far (industrialization, mobility, building 
and teleworking), accelerating digitalization could deliver almost half (46%) of the 
CO2e savings required by 2030. Moreover, this figure could increase to over 50% 
with the incorporation of the energy, agriculture and public services sectors, whose 
digitalization also has the potential to reduce the corresponding carbon footprint. The 
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report notes that not only will acceleration in digitalization help protect the 
environment and the climate, but it will also make the German economy –and, by 
extension, the EU as a whole– more competitive. Digitalization has the potential to 
square the circle of economic growth and environmental and climate protection. The 
study found that digitalization could save one in five tonnes of CO2. 

As noted, the carbon footprint of digitalization can be significantly reduced by 
increasing the use of renewable energy for ICT equipment. Various studies 
corroborate the contribution digital technology can make to sustainability in areas 
such as electricity and heating (efficient buildings controlled by AI and using smart 
meters to change consumption), industrial production, agriculture and media and 
publishing. 

It should be stressed that these digital technologies play a crucial role in the 
ecological transition. In line with the Paris Agreement, the European Commission 
envisages using these technologies for these purposes. The Digital Spain 2025 agenda 
states that digitalization ‘will also be a driver of the other major transition that must 
be addressed by our society: the ecological transition to a new economic and social 
model based on sustainability. One of the goals is to accelerate the digitalization of 
the productive model through projects to bring about sectoral transformations with 
structural effects (aiming for a 10% reduction in CO2 emissions as a result of 
digitalization). According to the World Economic Forum, digital services have the 
potential to reduce energy and materials throughout the economy and could directly 
facilitate a significant reduction (15%) in emissions by 2030. 

For example, last year, Google began using AI to make wind energy more 
predictable – and thus more valuable– in a number of its renewable energy projects. 
The initial results have shown that AI has increased the value of its wind energy by 
20%. The company has also used machine learning to help people decide whether to 
fit solar panels on their roofs after mapping over 107 million roofs in over 21,000 
cities. Companies like Google are also studying dynamically distributing their 
computational capacity across data processing centres where the supply of energy 
comes from a higher percentage of renewable sources. 

The remainder of this section will focus on three digital technologies with the 
potential to contribute to carbonization or decarbonization if designed and used 
correctly: (a) big data, data science and AI; (b) the Internet of Things (highly 
dependent on 5G networks); and (c) blockchain. While developments in the transport 
sector (which makes up 21% of global emissions, 73% of which come from short 
journeys) has shown how technology can have positive effects in different areas 
(virtual, shared and smart mobility), this is slightly different to the concept of 
digitalization being discussed here. Another example is streaming services, such as 
video and music, which have a significant environmental impact. 

Big data is made possible by the gathering and storing of data from multiple 
sources and the powerful computational resources of the cloud (which, despite the 
name’s celestial connotations is based on the data processing centres of an all too 
earthly world). There is significant interest in interpreting these large and complex 
datasets through data science and AI, which play a central role in the vision of a 
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‘smart future’ with less carbon and smart networks, cities, logistics, agriculture and 
homes. Sometimes referred to as the ‘new oil’, big data has already had a commercial 
impact. However, the carbon footprint of the growing energy consumption of storage 
and data centres makes big data prohibitive if its electricity does not come from clean 
sources. This has led many companies to opt for renewable forms of energy and the 
European Commission to include it as an aspect of its data strategies.  

It has been shown that AI and its computationally complex algorithms 
operating on big data (especially with the machine and deep learning) can emit 284 
tonnes of CO2 to train just one machine learning algorithm for natural language 
processing, an impact five times higher than the lifetime emissions of running a car. 
Neural networks significantly increase the carbon footprint of AI: without them, it 
has a carbon footprint of just 650kg, compared with 285 tonnes with them. As 
Fernando Mateo notes, neural networks improve AI performance but at the high 
environmental cost of operating the supercomputers needed for the calculations. This 
order of magnitude means that unless all energy comes from clean sources, this 
growth (an exponential doubling every four months) will not be compatible with 
addressing the climate crisis.  

This increase in computation underlines the need for ‘green’ AI, focusing on 
increasing the energy efficiency of calculations, in contrast to the current ‘brown’ AI. 
Unfortunately, sustainability is one of the most under-represented issues in AI ethics 
guidelines. For example, it was absent from the OECD guidelines and the G20’s 2019 
guidelines. Nonetheless, as we have noted, companies, governments and 
organisations like the EU are insisting more and more on this dimension, even if – in 
the case of the latter two – only in a general manner and without specific proposals.  

The Internet of Things (IoT) refers to everyday and other objects that are 
connected to the Internet via mobile terminals that control domestic appliances, 
vehicles (autonomous or otherwise) and industries and is one of the fastest 
developing areas. Its applications are classed as ‘smart technology’, especially when 
combined with data science and AI to optimise the use of energy. For example, IoT 
services based on the location and analysis of data from smart cities can reduce 
pollution from transport through more efficient routes and improve logistics by 
reducing energy requirements. There are expected to be over 75 billion devices 
connected to the Internet by 2025, compared to 15 billion in 2015.  

The impact of IoT is closely linked to the development of 5G networks, which 
offer lower latency and faster speeds. There are many examples of potential synergies 
between the two technologies to reduce greenhouse gas emissions, provided IoT 
applications replace and do not supplement more traditional carbon-intensive 
activities. However, the growing dependency on 5G networks is set to increase total 
energy consumption by between 150% and 170% by 2026, a figure that represents 
between 5% and 13% of annual electricity consumption. These emissions are already 
covered by the EU Emissions Trading System (EU ETS). According to a report 
produced by the French Senate, this market-based mechanism theoretically 
guarantees that the 5G rollout will fit the negotiated quotas. However, it does not 
guarantee compliance, a significant source of concern in the country.  
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Blockchain technology is based on decentralised databases designed to prevent 
centralised authority or a central point that can fail or be tampered with using a range 
of cryptographic techniques. Blockchain algorithms are dependent on high levels of 
replication and redundancy, which means their energy consumption is extremely 
high.  

Cryptocurrencies like Bitcoin, which are based on this technology, consume 
large amounts of electricity. For example, according to Digiconomist, which has 
created a Bitcoin Energy Consumption Index, one Bitcoin transaction is equivalent to 
735,121 Visa transactions or 55,280 hours spent watching YouTube. This makes the 
type of energy consumed key. Assuming that other cryptocurrencies have the same 
carbon intensity as Bitcoin, the carbon footprint of all these currencies would be 69 
MtCO2, the equivalent of 0.1% of global emissions. The vast majority of Bitcoin 
miners are located in China. For example, it has been calculated that blockchain 
mining operations could consume as much energy and produce the same amount of 
carbon emissions as in certain European countries like the Czech Republic. At the 
same time, a British study found Bitcoin consumes more energy than Argentina.  

If unchecked, these trends could drive growth that is unlikely to be offset by 
reductions in greenhouse gas emissions enabled by ICT in other sectors, including 
blockchain itself, which is finding an increasing number of applications, including the 
traceability of “green” hydrogen. There is also the future development of official 
digital currencies, such as the euro, the yuan, the yen and the dollar, which will use 
part of these technologies but whose effects on the climate have not been widely 
discussed.  

Climate neutrality refers to the idea of achieving net zero greenhouse gas 
emissions by balancing those emissions, so they are equal (or less than) the emissions 
that get removed through the planet’s natural absorption. Most national and 
international climate goals are aiming for net zero by either 2030 or 2050. To reach it, 
we need to reduce emissions by as much as we can as fast as possible. Digital is a 
proven accelerator of change in every facet of society. The technologies already exist 
and can be deployed immediately. 

Digital technology is uniquely positioned to provide and enable tools that can 
be used to mitigate GHG emissions and adapt and build resilience to the impacts of 
climate change. This section explores the role of digitalization in driving energy 
efficiency gains across the buildings, manufacturing, transportation and others. 

Smarter Energy Use in Buildings. Residential and commercial buildings 
account for one-third of global energy demand and 55 % of electricity consumption. 
These numbers are even higher in the United States, where buildings are the largest 
energy-consuming sector, consuming 71 % of the nation’s electricity. In U.S. homes 
and apartments, cooling, heating, and water heating together account for nearly two-
thirds of total final energy demand, with lighting, appliances and electronics, 
refrigeration, and clothes drying rounding out the remainder. Commercial-building 
energy use is more evenly split between cooling, ventilation, lighting, refrigeration, 
and office equipment, with each accounting for about 20 % of the whole [33]. 
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Digitalization of building energy systems and consumer devices can greatly 
improve the energy efficiency of buildings by ensuring energy is consumed when and 
where it is needed, and improving the responsiveness of energy services (e.g., 
lighting, air conditioning). Sensors enable homeowners and commercial building 
managers to predict, measure, and monitor the real-time energy performance of 
buildings, allowing consumers to identify where energy savings can be achieved. 
Active controls can optimize energy use within a building while also enabling better 
integration with the power grid. Benefits include lower energy costs for homeowners 
and building managers, greater consumer choice, improved reliability and resilience, 
improved integration of distributed energy resources such as rooftop solar, avoided 
electricity capacity buildouts, and reduced environmental impacts. 

Sensors and controllers are platform technologies that can be integrated into all 
building energy systems to enable greater connectivity and systems-level 
optimizations. One study found that integrating smart sensors and controls throughout 
the commercial building stock has the potential to save as much as 29 % of building 
energy consumption through high-performance sequencing of operations, optimizing 
settings based on occupancy patterns, and detecting and diagnosing inadequate 
equipment operation and installation problems. Smart sensors and controls can enable 
buildings to reduce their peak electricity load by 10 to 20 %, e.g., by shifting some 
energy services to times of day when energy demand is low. The U.S. Department of 
Energy (DOE) estimated that sensor and control technologies alone could reduce 
building energy consumption in the United States by 1.7 quads in 2030, generating 
$18 billion in annual energy savings [34]. 

Table 43 
U.S. commercial building subsector energy savings from smart  

building technologies 
Building 

type 
Floor area 

 (sq. ft.) Smart building technology 
Avg energy 

consumption 
(kWh/year) 

Percent 
savings 

Avg savings 
(kWh/year) 

Education 100,000 Occupancy sensors Web-
based lighting control 
management systems 

190,000 11 20,900 

Office 50,000 Lighting controls Remote 
HVAC control systems 

850,000 23 200,000 

Hotel 200,000 Guest room occupancy 
controls 

4,200,000 6 260,000 

Laboratory 70,000 Air-quality sensors. Occu-
pancy sensors. Real-time 
ventilation controllers 

980,000 40 390,000 

Hospital 120,000 Lighting controls + LED 
upgrades. Data analytics 
software packages 

7,900,000 18 1,400,000 

Source: Colin Cunliff (2020) Beyond the Energy Techlash: The Real Climate Impacts of Information Technology 
https://itif.org/publications/2020/07/06/beyond-energy-techlash-real-climate-impacts-information-technology 

 
Heating, ventilation, and cooling (HVAC) is the largest energy demand in a 

building, typically consuming 40 % of a commercial building’s energy. Smart HVAC 
systems can use sensors and active controls to optimize airflow and conditioning 

https://itif.org/publications/2020/07/06/beyond-energy-techlash-real-climate-impacts-information-technology
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based on data such as occupancy, temperature, humidity, and air pressure. Variable-
frequency drives attached to rooftop air conditioning units optimize the supply of 
airflow, which can thereby reduce electricity consumption by up to 50 %. Smart 
thermostats that help households and building managers monitor and regulate heating 
and cooling can reduce electricity demand by 15 to 50 %, depending on the building 
and control technology. 

These findings concord well with a 2017 report from ACEEE that found U.S. 
commercial buildings could reduce their annual energy use by 6 to 40 %, depending 
on the building type (Table 43). The report identifies a suite of smart technologies, 
the energy savings for each technology, and the associated capital costs and payback 
periods. The technologies ranged from smart thermostats and variable drive HVAC 
systems to smart plugs that turn off devices when they are no longer in use to 
advanced and web-based lighting controls. In many cases, the payback time for 
installing these technologies was on the order of 1 to 3 years. 

 
Figure 73. Cumulative (2017–2040) energy savings in buildings from 

widespread digitalization, by energy use 
Source: ITIF adaptation of IEA, Cumulative energy savings in buildings from widespread digitalisation in selected 

countries, 2017–2040, IEA, Paris, https://www.iea.org/data-and-statistics/charts/cumulative-energy-savings-in-buildings-from-
widespread-digitalisation-in-selected-countries-2017-2040. 

 
IEA’s 2017 report “Digitalization and Energy” identifies the global potential 

energy savings from smarter energy use in buildings. IEA projected electricity use in 
buildings will nearly double from 11 petawatt hours (PWh) in 2014 to around 20 
PWh in 2040. But integration of ICT can moderate that growth, reducing annual 
electricity use by up to 4.65 PWh, or nearly 25 %. The active controls needed to 
make building systems smarter would consume only 275 TWh annually, far less than 
the energy saved by those controls. Cumulative global electricity savings between 
now and 2040 is roughly 65 PWh, with the United States saving 14 PWh. The largest 
potential savings come from heating, cooling, and lighting, which make up more than 
60 % of total final energy demand in buildings (Figure 73). 

https://www.iea.org/data-and-statistics/charts/cumulative-energy-savings-in-buildings-from-widespread-digitalisation-in-selected-countries-2017-2040
https://www.iea.org/data-and-statistics/charts/cumulative-energy-savings-in-buildings-from-widespread-digitalisation-in-selected-countries-2017-2040
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In 2019, DOE launched a new research initiative to develop grid-interactive 
buildings that can provide greater systems-level efficiencies and demand-
management services. The initiative is based on the principle that building end uses 
can be dynamically managed to help meet grid needs and minimize electricity system 
costs, while meeting occupants’ comfort and productivity requirements. The initiative 
is also aimed at co-optimizing distributed energy resources such as rooftop solar, 
battery and thermal energy storage, and combined heat and power with building 
energy systems. DOE identified four demand-side management services networked 
and connected building energy systems can provide to the grid. 

Efficiency – the ongoing reduction in energy use: 
− Load Shed – the ability to reduce electricity use for a short period of time, 

typically during peak demand periods or emergencies; 
− Load Shift – the ability to change the timing of electricity use, for reasons 

such as minimizing demand during peak periods, taking advantage of low electricity 
prices, or reducing the need for renewable curtailment; 

− Modulate – the ability to balance power supply/demand autonomously on a 
second to sub-second scale to maintain power quality (e.g., frequency). 

A key benefit grid-integrated buildings can provide is demand response. In 
comparison with efficiency strategies that are insensitive to timing, and primarily aim 
to reduce cumulative building energy consumption, demand response focuses on 
shedding or shifting electricity demand during peak hours (top right and bottom left 
in, when electricity is usually most expensive. For the customer, load shifting has the 
benefit of reducing electricity costs. For utilities, demand response avoids the 
buildout of “peaker plants” – typically natural gas combustion turbines – which run 
for only a few hours during the year. Demand response can also enable greater 
integration of variable renewable energy from wind and solar by shifting energy 
loads to periods of renewable availability, thereby avoiding the need to curtail, or 
waste, renewable energy. 

Demand response is already a sizable resource in the United States, with nearly 
10 million customers enrolled in demand response programs, and 11.8 GW 
successfully deployed in 2016 to reduce the annual system peak. Global demand 
response capacity is around 40 GW, but IEA estimated that greater digitalization 
could increase demand response capacity to 450 GW by 2040. One study estimates 
demand response could save $270 billion of avoided investment in new electricity 
generation capacity and transmission and distribution. In the European Union, 
digitally enabled demand response could reduce curtailment of solar by 45 TWh by 
2040, both boosting its share of power generation and reducing CO2 emissions. 

Smart Manufacturing. Industrial facilities accounted for 38 % of global final 
energy consumption and 32 % of U.S. energy consumption in 2014, with U.S. 
manufacturers having spent about $200 billion annually on energy. More-efficient 
energy use can reduce costs for manufacturers, while also reducing the energy and 
environmental footprint of manufacturing. 

“Smart manufacturing” (i.e., “digital manufacturing”) refers to the integration 
of ICT in the manufacturing environment for real-time management of energy, 
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productivity, and costs across factories and companies. ITIF has published numerous 
studies on digital manufacturing and the steps companies and policymakers can take 
to accelerate the adoption of smart manufacturing technologies. The benefits to 
companies and workers are wide ranging, including improved productivity, reduced 
factory equipment maintenance costs, reduced equipment downtime, extended 
machine life, less material and energy waste, more-reliable product quality, reduced 
worker injuries, and improved energy efficiency and environmental performance. 
This report highlights the potential energy and environmental benefits of smart 
manufacturing. 

The value of digital manufacturing comes from equipping machines with 
sensors that collect and communicate data so those machines can be used more 
efficiently and productively – and so businesses will be equipped with needed 
information to facilitate better decision-making. A 2015 McKinsey Global Institute 
report, “The Internet of Things: Mapping the Value Beyond the Hype,” finds that the 
application of Internet-connected devices in a factory setting could result in energy 
savings of 10 to 20 %. The Smart Manufacturing Leadership Coalition estimated that 
integrating ICT into manufacturing could achieve a 25 % improvement in energy 
efficiency, 25 % reduction in consumer packaging, and 40 % reduction in water 
usage. ACEEE similarly found that smart tools and solutions could lead U.S. 
manufacturers to realize savings of $15 billion in annual electricity costs, and a 20 % 
reduction in average company energy demand, by 2035. 

These projected savings are beginning to materialize. In the United States, 
improved process controls produced estimated energy savings of over $330 million in 
small and medium-sized manufacturers over the period of 1987 to 2015. DOE‘s 
Superior Energy Performance (SEP) program, which is a measurement and 
verification protocol for evaluating energy efficiency improvements, has 
demonstrated an average energy performance improvement of 12 % across 11 
manufacturing plants. 

Smart manufacturing is especially important for hard-to-abate industrial sectors 
such as cement, steel, and chemicals manufacturing, as it represents one of the few 
near-term opportunities to reduce the energy and environmental footprint of heavy 
industry. 

Some success is already being made in the cement sector. Petuum, a tech 
company specializing in developing artificial intelligence/machine learning solutions 
for industry, developed an AI model for cement manufacturing that it claims can 
reduce energy inputs by 2 to 5 % and increase yields by 2 %, while also resulting in 
average CO2 emissions reductions of about 28,000 metric tons (kt) of CO2 per year 
per plant. Cement manufacturer Argos is partnering with the University of Louisville 
and the Clean Energy Smart Manufacturing Innovation Institute to integrate 
predictive models, data analytics, sensors, and machine learning into a system 
platform to reduce the energy intensity of clinker production, a key step in the cement 
manufacturing process. In 2019, Lafarge Holcim launched an initiative to combine 
“digital twins” with AI, automation, and robotics to improve operational efficiency 
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by 15 to 20 %, enabling the company’s 270 cement plants to reduce the carbon 
intensity of the cement they manufacture. 

Similar opportunities for digital efficiency exist for steel and chemicals 
production, two other hard-to-abate sectors. Steel manufacturer ArcelorMittal 
installed variable frequency drives in its water pumps in a steel plant in Indiana to 
provide just the amount of water required for cooling the steel, saving the company 
an estimated $360K/yr in electricity costs at just the one plant. Other researchers are 
combining machine learning with generative design to develop buildings and 
infrastructure that use less cement and steel in the first place. In the chemicals 
industry, digitalization has the potential to reduce CO2 emissions by 60 to 100 million 
metric tons by 2025 through improved efficiencies and fewer fuel inputs, according 
to analysis by the World Economic Forum. The Dow Chemical Company is 
partnering with the University of Delaware and DOE to develop an open-source 
software and data hub to accelerate modular chemical process intensification and 
improve energy efficiency of chemicals production. 

Agriculture is a climate-dependent industry. Since many regional ecosystem 
characteristics are determined by climate, changes in agro-climatic elements, such as 
temperature, precipitation and sunlight, have an impact on agricultural ecosystems 
and arable and livestock production. Responsible for the bulk of food production in 
developing countries, smallholder farmers are particularly vulnerable to climate 
change. However, mobile-enabled tools are revolutionising the agricultural sector in 
LMICs, often combining services that can help farmers respond to climate-induced 
changes. The emergence of low-cost digital technologies has created an 
unprecedented opportunity for mass collection, aggregation and dissemination of 
information and data at the farm level. Although not originally designed for this 
purpose, “virtual sensing” allows weather data to be collected from smartphones, 
connected cars and commercial microwave links (CMLs) used in mobile networks to 
transmit signals. 

Digital advisory tools delivered via mobile phones by mobile operators, NGOs, 
governments and tech companies, play an important role in the dissemination of skills 
and techniques for more efficient and sustainable production techniques, in 
promoting agri- conservation practices and supporting adaptation to climate change 
through lower water use. For example, reducing the unnecessary use of fertilisers can 
be accomplished by raising awareness and motivating farmers to use alternatives. 
Examples of digital advisory services include those delivered by mobile operators, 
such as Dialog’s Govi Mithuru in Sri Lanka, Econet’s EcoFarmer in Zimbabwe and 
Telenor Pakistan’s Khusaal Zamindar. Climate adaptation can also be supported 
through better advisory services that can lead farmers to adopt climate-smart 
technologies and practices.Examplesinclude Ignitia’s Iska product in West Africa, a 
48-hour, highly localised weather forecast service delivered daily via SMS. 

The growing availability of data and new technologies to make sense of data, 
such as AI, machine learning and big data analytics, are making it possible to provide 
farmers with customised information based on field-level conditions. For example, 
climate indicators that are linked to on-farm activities. To strengthen adaptation and 
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food security across a broad base, digital advisory needs to be accurate, tailored to 
users and accessible. One such solution is Precision Agriculture for Development 
(PAD), which analyses satellite imagery together with soil data and a weather 
prediction model to provide customized advisory to farmers. Peer-to-peer and 
participatory advisory services are another way to tailor advice to farmers’ needs. We 
farm, currently operating in Kenya, Tanzania and Uganda has built a farmer-to-
farmer digital network powered by big data, AI and machine learning to enable peer-
to-peer, crowdsourced knowledge. 

Smart farming refers to the use of sensors, drones, satellites and other farm 
assets to generate and transmit data about a specific crop, animal or practice to 
support agricultural activities. Smart farming solutions often rely on connectivity 
between IoT-enabled devices to optimize production processes and growth 
conditions, while minimizing costs and saving resources. In addition to enabling 
better field monitoring and management, smart farming tools generate critical 
agricultural data to support farmers’ decision making. Examples of smart farming 
solutions include remote equipment and operation monitoring, such as irrigation 
systems and smart greenhouses (e.g., Illuminum Greenhouses in Kenya), livestock 
and aquaculture management (e.g., Jala and eFishery’s smart feeding solutions in 
Indonesia) and shared assets that enable farmers to access agricultural equipment on 
demand via mobile apps. 

In the agricultural sector, there are promising opportunities for digital solutions 
in logistics and supply chain integration, such as agricultural e-commerce platforms. 
These solutions provide a more direct way for farmers to access urban markets and 
sell their produce, and helps to reduce food waste, a major contributor of GHG 
emissions. Reducing food waste in LMICs will depend greatly on better 
infrastructure, including roads and cold storage, as well as more integrated and 
reliable value chains. For example, Inspira Farms offers energy- efficient, small-scale 
cold storage and packhouses, asset financing and technical services to address the 
challenges of post-harvest losses and limited market access for small and growing 
agribusinesses. In a study funded by UK Aid, Inspira farms estimated that early cold-
chain solutions have the potential to reduce post-harvest losses by 25 to 50 %. 

Intelligent Transportation Systems. Transportation accounted for 69 % of 
petroleum use and 33 % of U.S. CO2 emissions in 2018. The average U.S. household 
spends 16 % of its total family expenditures on transportation, making it the most 
expensive spending category after housing. ICT can make transportation systems 
smarter and more connected, enabling greater energy efficiencies while also saving 
consumers time on the road and fuel costs. ICT has multiple applications, including 
optimized route planning based on real-time traffic data; automated vehicle operation 
within transit agencies and freight logistics companies; and smart charging for 
electric vehicles (EVs). 

Real-time traffic data and improved traffic management are already 
transforming cities and freeways, allowing drivers to respond to congestions and road 
conditions immediately. As of 2014, 63 % of freeway miles have been equipped with 
real-time traffic sensors, which feed into route planning and traffic apps such as 



TEXTBOOK 
 

245 
 

Google Maps and Waze, allowing drivers to choose optimal routes to reduce their 
time on the road. Time savings for drivers also translates into less city congestion, 
reduced fuel consumption, improved air quality, and less GHG emissions. Similarly, 
adaptive traffic signals can sense traffic levels at intersections and use signal timing 
to reduce city congestion, saving  drivers time while also reducing idling, fuel 
consumption, and emissions. One study found that adaptive traffic signals in 
Hamburg, Germany, reduced CO2 emissions by 8.5 % compared with “dumb” traffic 
signals that operate on fixed time intervals. More and more transit authorities are 
seeing the value of smart traffic signals. The number of U.S. transit agencies 
deploying smart signals doubled between 2010 and 2013. 

Improving transportation efficiencies is especially important for harder-to-
abate transportation modes such as shipping, trucking, and air travel. Integrating ICT 
with these sectors could provide near-term efficiency opportunities as low-carbon 
alternatives are being developed. For example, connected ships and ports could 
optimize port arrival timing, thereby reducing port congestion and improving air 
quality while also saving fuel. 

Freight transport is another area wherein ICT applications can enable 
significant energy savings and emissions reductions. The 2018 “Mission Possible” 
report found that ICT-enabled route optimization based on real-time traffic data can 
save fuel by shifting operations to less-congested times and routes. Similarly, 
improved supply chain logistics and data sharing between companies could enable 
them to deliver more goods while reducing the number of trucks and amount of fuel 
used. Together, these two measures could yield energy savings of up to 15 %. 

 
Figure 74. Digitalization’s impact on energy use and emissions reductions in 

freight trucking  
Source: Colin Cunliff (2020) Beyond the Energy Techlash: The Real Climate Impacts of Information Technology 

https://itif.org/publications/2020/07/06/beyond-energy-techlash-real-climate-impacts-information-technology 
 

Platooning trucks (i.e., shortening the gap between them in order to reduce 
aerodynamic drag) is an emerging option for decreasing fuel consumption, as are 
connected trucks using radar sensors and vehicle-to-vehicle communication to safely 

https://itif.org/publications/2020/07/06/beyond-energy-techlash-real-climate-impacts-information-technology
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follow each other. Studies from DOE and ACEEE have shown fuel savings from 
platooning in the range of 10 to 17 %. 

IEA’s 2017 report “Future of Trucks” explores a broad range of 
decarbonization opportunities in the truck sector, including system measures (e.g., 
platooning and route optimization), improved vehicle efficiency (e.g., automatic tire 
pressure adjustment systems), and fuel switching to low-carbon fuels (including 
electricity). The study finds that digital technologies can make significant 
contributions to all three categories, with the largest potential emissions and energy 
savings coming from systemic measures (Figure 74). Among all three categories, 
digital technologies have the potential to reduce trucking energy demand by 23 %, 
and GHG emissions by 24 %, by 2050. 

Similar digital approaches could help the aviation industry reduce its energy 
and carbon footprints. Real-time data from aircraft sensors can help pilots make in-
flight decisions to reduce fuel use, while optimized route planning can increase 
system efficiencies. Airbus is exploring the use of “wake-energy retrieval” to reduce 
emissions from air travel. Similar to platooning for trucks, wake-energy retrieval 
enables a plane to fly in the wake of another in order to take advantage of the free lift 
and thereby reduce its fuel consumption. Wake-energy retrieval is the same tool a 
flock of geese flying in a “V” shape use to conserve energy. In a study of flights 
conducted in 2016, Airbus found that fuel savings of 5 to 10 % could be achieved 
when 2 aircraft fly 3 kilometers (about 2 miles) apart. However, air traffic 
management technology does not yet have the resolution to enable aircraft to fly so 
close together – and improvements in real-time flight tracking are needed for this 
approach to become viable. 

Smart charging of EVs is a growing area of focus that can enable better 
vehicle-to-grid integration. With 8.5 million of them on the road in 2020, EVs 
account for less than 1 percent of the global vehicle fleet. But as costs come down, 
EVs are projected to capture a growing share of new sales. Bloomberg New Energy 
Finance projects the number of EVs will grow to 500 million by 2040, requiring new 
vehicle charging infrastructure and greater electricity generation capacity. If left 
unmanaged, people plugging their EVs into the grid to recharge at the end of each 
day could drive up peak electricity demand, resulting in greater buildout of electricity 
generation capacity and transmission infrastructure. Smart charging stations can shift 
charging times to later in the night when electricity demand is lower, while still 
meeting EV owners’ needs to have their vehicles fully charged. Smart charging 
technologies can also enable EVs to provide grid services such as energy storage, 
demand response, and frequency support, potentially supplying EV owners with new 
streams of revenue as they support grid operations. 

The value proposition for smart charging is large. IEA found that 500 million 
EVs on the road in 2040 would require up to 300 GW of new electricity-generating 
capacity, but smart charging could reduce that to 190 GW, thereby saving $280 
billion of investment in new electricity generation capacity and transmission 
infrastructure. Even if EVs grow to only 150 million – about 10 % of the global fleet 
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– the flexibility provided by smart charging could still avoid 65 GW of electricity 
capacity, saving $100 billion in investment. 

Summarizing the above, digital technology can reduce emissions at scale and 
ideas on what can we do to stop climate change. Here are several ways: 

1) Visibility: digital tools help us see and measure what we can’t capture with a 
naked eye.  

Climate change is the energy problem: 80% of all carbon emissions are linked 
to energy. However, a quarter of all emissions are created by the energy that is lost or 
wasted. Reducing (or eradicating) energy loss and waste can be done today and 
achieves significant reductions in emissions without requiring wholesale changes to 
our lifestyles.  

Digital technologies enable us to monitor our homes, offices, and industries’ 
performance and energy efficiency appliance by appliance and room by room. 

2) Efficiency: what can be measured, can be improved and optimized. 
Once our homes, workplaces, cities and industries undergo a digital retrofit – 

which can be done up to 10 times faster and more efficiently than physical insulation  
– the identified energy waste and CO2 emissions can be eliminated. Overall, a 
whopping two-thirds of efficiency potential is untapped regarding energy savings: 
82% in buildings, 58% in industry and 79% in infrastructure. 

Digital provides the tools to automatically switch devices, lights, heating on 
and off as needed. Identify equipment that might be burning more energy than 
expected and investigate why. And optimize and automate our increasingly complex 
environments. In short, it gives us the data and tools to tackle the efficiency 
challenge. 

Not only that, but using digital software solutions, energy efficiency can be 
prioritized and programmed in at the planning stage of a project. Even such energy-
intensive processes as oil and gas production can achieve significant reductions in 
emissions with better planning and the deployment of digital solutions. A recent 
study we have undertaken with McDermott and io Consulting has found a staggering 
76% reduction in operational emissions of oil and gas facilities could be achieved 
with a minimal total expenditure increase of 2%. This could be delivered through a 
mix of digital, renewable grid power, SF6-free switchgear, and certain modifications 
that would allow the facilities to eliminate the so-called fugitive emissions while 
encouraging remote operations and promoting staff safety. 

3) Interoperability: designed to benefit people and the planet. 
If we look at building processes and operations across homes, buildings and 

industry today – we’ll see that they are fragmented and disconnected due to regional 
standards and proprietary systems. Open-standard yet cyber-secure software systems 
and tech partnerships enable us to surpass today’s disconnected analogue-based 
workflows to claim full sustainability benefits. 

Interoperable solutions will help reduce error and create a system of complete 
visibility from design to operations level, especially where on or offsite collaboration 
is a given across a number of critical segments, including the building stock, the grid, 
transportation and key infrastructure projects. Connecting all elements within 
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buildings, which account for 40% of carbon emissions, would help solve one of the 
great challenges of our time – building efficiency. 

4) Enablement: deploying and managing the transition to renewables. 
The move to renewable energy and an increasingly electric world requires a 

more sophisticated and complex bi-directional smart power grid. Existing power 
grids have been built to support energy distribution from a relatively small number of 
energy producers to our workplaces, homes, public spaces, transport networks and 
infrastructure. And our energy consumption patterns have been highly predictable, 
down to energy surges during ad breaks on TV. As renewables replace fossil fuels, 
the production of energy starts to change hands. In addition to the large energy 
producers, businesses and individuals generate their own energy and sell it back to 
the grid. Our usage patterns are changing with the move to electric vehicles, electric 
heat pumps and streaming services. And we are consuming more electricity than 
ever. 

Digital technologies are essential to create the next generation smart grid and 
support the integration and management of solar panels, EV charging and heating 
into our homes and workplaces. 

5) Innovation: increased sustainable investment delivers impact at scale. 
Not so long ago, large scale sustainability projects attracted specialist investors. 

Today, ESG investing is going mainstream. Money invested in ESG funds more than 
doubled in a year, as funds captured $51.1 billion of net new money in 2020. Whilst 
projects seeking to create new biofuels, battery technology, or mass-produce green 
hydrogen are costly, high-risk. They will take years to show returns, and digital 
environmental solutions are easier to understand, evaluate and monetize. They offer 
shorter investment cycles, faster ROI and provide more opportunities for investors to 
scale quickly. Of course, sustainable investing is not immune to “social” risk, but 
digital solutions offer versatility. Modern smart offices technologies help ensure 
appropriate capacity, occupancy and social distancing – all while effectively 
managing the building’s energy needs and air quality in the process. When 
sustainability tech innovations become capable of addressing public health, investors 
take notice, and innovation cycles have the funds to accelerate.  

With the rapidly advancing digital technologies, we can accelerate progress to 
meeting global climate change commitments with tools at our disposal today. 
Moreover, there is no time to waste. Governments, businesses and societies have 
shown great agility to prioritize public health. Now we need to apply the same 
urgency when it comes to the health of our planet. Digital provides a step-change in 
how we approach, deliver and scale our sustainability efforts. A net-zero carbon 
future is undoubtedly green, but it must also be digital and electric. 
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Previously, tourists could be easily recognized by maps and guidebooks in 
hand. Today, travelers are given the habit of constantly using a smartphone or laptop 
- a modern traveler obtains all the necessary information on the Web. The Internet 
makes it possible not only to find out which places are worth visiting in a certain city, 
but also to find an accommodation for yourself, buy plane tickets and much more. 
Today, special online services for tourists have a lot of useful functions - tourism has 
adopted digital and makes money on it. 

Digital travel services such as Booking, Airbnb or Aviasales have been around 
since the early 2000s. These services are online booking and ticket purchasing 
systems. Today it is no longer possible to imagine traveling without the use of such 
platforms. According to Google statistics, today's tourists, when planning their trip, 
make about 400 searches. This sequence is used by travel companies usually in order 
to influence the decision of the tourist and persuade him in favor of a certain 
company, route or hotel. 

Ecotourism includes travel related to the satisfaction of amateur, professional 
and scientific interests, training and education. It can include such types of tourism as 
religious, ethnic and health-improving. Consequently, the objects of ecological 
tourism can be both natural and historical and cultural monuments, specially 
protected territories and places of compact residence of peculiar ethnic groups of the 
population that have preserved their customs and traditions, which may be of interest 
to recreators from other regions and countries [8]. 

In the works of V.I. Prelovsky, the structure of the concept of "ecological 
tourism" is determined. The author, based on the analysis of domestic publications, 
identifies about 20 characteristics of ecotourism [Fig. 75], called alternative, 
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adventure, responsible, environmental, green, sustainable, supportive, sparing, mild, 
rural, agrarian, rural (farming), forest, biosphere, scientific, etc. [8]. As you can see, 
the range of epithets in relation to ecological tourism is extremely diverse. 

All these forms of tourism and the terms used to designate them in one way or 
another owe their origin and development to the powerful impact on modern society 
of the ecological imperative, as well as to the concepts of sustainable or, more 
precisely, supporting the development and conservation of biological diversity [2-10]. 

 
  

Figure. 75. The structure of the concept of "ecological tourism" 
Source: Systematized by the authors 
 
The World Trade Organization gives the following definition of ecotourism: 

“ecological tourism is tourism to untouched corners of nature”. But, according to N. 
N. Mamaeva, this definition is very broad and includes a number of other areas of 
tourism. More perfect is the definition of the US ecotourism society, the International 
Union for Conservation of Nature: “ecotourism is any type of tourism and recreation 
in nature that does not damage natural complexes, contribute to the protection of 
nature and improve the welfare of the local population” [9]. 

As for environmental professionals, they prefer to use the following definition: 
“ecotourism is a type of nature tourism, the main purpose of which is environmental 
education of tourists, provided that the impact on natural complexes is minimal”. 
Therefore, it is necessary to define ecological tourism as an activity based on the 
following principles: 
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⇒ A trip to nature, and the main content of such trips is acquaintance with 
wildlife, as well as with local customs and culture. 

⇒ Minimizing negative environmental and socio-cultural consequences, 
maintaining environmental sustainability. 

⇒ Promotion of nature conservation and local socio-cultural environment. 
⇒ Environmental education and awareness. 
⇒ Participation of local residents and their receipt of income from tourism 

activities, which creates economic incentives for them to protect nature. 
⇒ Economic efficiency and contribution to sustainable development of the 

visited regions [6, 5]. 
A common flaw in all of the above definitions is the loss of the most important 

component of ecotourism activities - environmental education and the formation of 
environmental awareness. N. N. Mamaeva offers the following definition of 
ecological tourism: “ecological tourism is a kind of nature tourism, which, as a rule, 
is carried out in relatively untouched corners of nature for the purpose of 
environmental education, acquaintance with the traditional way of life, crafts, 
folklore traditions and the historical past. The main conditions for ecological tourism 
are the sustainable use of natural resources, ensuring the preservation of the natural 
and cultural complex and supporting the local, mainly traditional economy”[3]. 

The concept of ecotourism can be presented in the form of the following basic 
principles: 

1. Principle of minimizing negative impact: natural and socio-cultural 
compatibility as a fundamental condition; supervision and participation by local 
communities; equitable access to natural resources; compliance with the maximum 
permissible recreational loads. 

2. Principle of strengthening and wide coverage: creating financial, economic 
and socio-cultural benefits for protected areas and local populations. 

3. The principle of enhancing environmental, ecological and cultural 
awareness, including environmental education, respect for customs and traditional 
way of life of local communities, exchange of experience [1]. 

According to A.V. Drozdov, the following functions of ecotourism can be 
distinguished: 

⇒ enrichment of tourists with vital general cultural and natural-scientific 
environmental knowledge, including in the field of personal and public 
environmental safety; 

⇒ emotional recovery, getting rid of "city" stress; 
⇒ socialization of the world outlook of tourists through the formation of 

their ecological culture, including new value orientations and behavior that are 
important for the sustainable development of society, and are adequate to the 
ecological imperative; 

⇒ the formation of a tolerant attitude towards previously unknown cultures 
and ethnic groups, towards their way of life and traditions, adapted to the natural 
environment; 
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⇒ creation of new jobs for the local population; 
⇒ stimulation of traditional forms of nature management, production of 

ecologically clean food products; 
⇒ increasing investments both in infrastructure and services, and in nature 

protection; 
⇒ the growth of the welfare of the local population and the development of 

special education aimed at acquiring tourism and nature conservation professions; 
⇒ development of crafts; 
⇒ development of local self-government [2]. 
The above definitions, principles and main features of ecotourism show that it 

is advisable to distinguish between two interpretations of ecotourism - narrow 
(classical) and broad. It is interesting to note that a narrow interpretation of 
ecotourism prevails in countries with vast territories such as Canada, the USA, and 
Australia. This interpretation is supported and developed, first of all, by 
representatives of the "green" movement. The broad interpretation is held by tourism 
experts and its researchers from Western European countries with very limited 
resources of “wild nature”. 

The greening of public consciousness and behavior and, in particular, 
ecological tourism have recently had a significant impact on the harsh forms of 
tourism. Now, many tourists during their holidays willingly combine two and three-
week "beach" programs with short purely ecological excursions. Although they prefer 
a very comfortable vacation, but in environmentally friendly conditions, they 
encourage hotel owners and resort authorities to take care of environmental 
protection and introduce eco-friendly technologies into the tourism industry. 

Therefore, along with the actual ecological tourism, one can also single out 
eco-technology tourism, which has already been repeatedly noted in his works by 
A.V. Drozdov. This direction in the development of the tourism industry must 
certainly be in our field of vision. Moreover, ecological technologies are equally 
necessary for purely ecological tours and for tourism in general. 

All the variety of types of ecotourism should be divided into two main types: 
1) ecotourism within the boundaries of specially protected natural areas (water 

areas) - the development and implementation of such tours is a classic direction in 
ecotourism, and the corresponding tours refer to ecotours in the narrow sense of this 
term, they can be attributed to the "Australian" model of ecotourism; 

2) ecotourism outside the boundaries of specially protected natural areas (water 
areas) - a very wide range of types of ecologically oriented tourism can be attributed 
to this type of tours, from agritourism to a cruise on a comfortable liner. This group 
of ecotours can be attributed to the "German" or "Western European" model [2]. 

Like other groups of tours, ecological tours can be classified according to many 
characteristics, however, two generic characteristics should be considered the most 
significant: 

a) the main purpose of the tour - on this basis, it is advisable to distinguish 
between the following types of ecotours: observation and study of "wild" or 
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"cultivated" nature with training in environmental knowledge; rest surrounded by 
nature with emotional, aesthetic goals; treatment with natural factors; sports and 
adventure goals; 

b) the main object that determines the content of the tour program and partly 
the form of its organization. On this basis, the following types of ecotours are 
distinguished: botanical, zoological, geological tours; speleological, water, mountain 
tours; ecological-ethnographic or archaeological, ecological-cultural tours; 
agroecotours [2]. 

Of course, the goals of the tour and its objects are interconnected, and both 
main generic characteristics cannot be considered absolutely independent grounds for 
classification (in the real program of the tour, its goals and objects are often 
combined and combined). Nevertheless, each organizer and participant of the tour 
can determine its main features and attribute each specific tour to one or another type. 

Volgograd specialist L.V.Detochenko suggests distinguishing three main 
directions of ecological tourism: 

1. Classic natural ecotourism, the main object of which is wild nature, which 
practically does not experience anthropogenic impact. 

2. Recreational ecotourism, the main object of which are territories modified 
by man, territories with a secondary quasi-nature, but relatively ecologically 
favorable for the purposes of recreation and tourism. 

3. Socio-cultural ecotourism, the essence of which is acquaintance and study 
(but without any interference) by tourists of culture, customs, lifestyle, beliefs, 
peculiarities of interaction with the environment of various peoples inhabiting a 
particular territory [18]. 

So, ecotourism is a developing direction in the tourism industry, it is not 
always understood in the same way in different countries, its forms are dynamic, it 
penetrates into areas of tourist activity that were previously far from ecological 
orientation and it is hardly reasonable to limit it to too strict framework and one 
single correct definition. Ecotourism, if properly organized, can bring significant 
income to the state budget, and if it is successfully developed, it can play its role in 
resolving the modern socio-ecological crisis.  

Currently, as part of the development of Internet technologies and 
telecommunications networks, there is a tendency to increase people's interest in 
travel Internet services, which allow online and without leaving home to purchase 
travel products. Such products that allow you to plan your trip quickly and 
comfortably include: booking and buying air tickets, hotel rooms, booking excursions 
or complex travel products, tours, cruises, etc. The digitalization of the travel industry 
in the future will inevitably occur due to the desire of customers to reduce the number 
of "touches", the increasing use of digital technologies in everyday life, as well as the 
digital habits of a new generation of tourists. At the same time, experts assess the 
prospects of digital startups in the industry somewhat restrainedly, as well as the 
gamification of travel products. 

Experts also associate lists of professions with the upcoming digitalization of 
the industry, which will significantly change or even die out in the interval of 5-10 
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years. Thus, more than half of the respondents believe that the travel agency business 
will undergo the greatest transformation, which is increasingly being replaced by 
aggregators of tourism products. Alternative options may include: 

⇒ changing the functionality of museum staff; 
⇒ transformation of the role of tour guides; 
⇒ transformation of the tour operator business. 
As for the personnel directly involved in the hotel business, the first place may 

be the transformation of the functionality of the middle management level, then the 
line personnel, the change in the work of animators, the transformation of the work of 
housekeeping services. If we talk about what kind of specialists are missing in the 
industry now, then this list looks like this: 

⇒ guides, tour guides; 
⇒ line, service personnel; 
⇒ managers, top managers; 
⇒ IT specialists; 
⇒ marketers, promotion and branding specialists. 
Tourism is currently a dynamically developing sector of the economy, which 

also causes increased attention to the processes of its development. At the same time, 
in the modern conditions of the development of the tourism industry, in the age of 
developing technologies and the Internet, the demand for the development of the 
online tourism industry is growing, the culture of customers using bank cards and 
electronic systems, online shopping and Internet services is growing. 

Internet services in ecotourism are specialized sites that provide services for 
self-planning and travel organization, which greatly facilitates work and saves time. 
The Internet service necessarily includes a site filled with Internet technologies. The 
technology stack of travel Internet services includes: programming languages, 
frameworks, databases, operating systems, a communication system, integration with 
various services (CRM, 1C, SMS mailing, push notifications). The concepts of 
"Internet service", "Internet technologies" and "site" are continuously interconnected 
with each other and form a single product in the form of a separate laconic service 
with the main function. Let's take a closer look: 

⇒ Internet services in tourism are separate resources that solve certain tasks 
related to organizing and planning a trip; 

⇒ Internet technologies are technologies for creating and maintaining 
information resources (sites, blogs, chats, etc.); 

⇒ A site is a web page united by a single theme. 
The services offered by travel agencies via the Internet vary. Typically, most 

travel agencies offer online services that can be fully automated (e.g. search services 
for tourist products). Of course there are some travel agencies that do not provide any 
online service. These support their existence on the Internet for purely advertising 
purposes (Roger-Monzó et al., 2015). The tourist services currently offered by the 
various travel agencies are grouped into three categories (Table 44): 

⇒ Tourist information search services 
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⇒ Booking services 
⇒ System management services 

Table 44.  
Basic services of an online travel agency 

 
Search services Booking services System management 

services 
Search for tourist products: 

 
- Travel packages 

- Hotels 
- Means of transport 

- Cruises 
- Tickets (air, boat, etc.) 

Booking of tourist products 
through: 

 
- Special booking forms 

(online or in a conventional 
way) 

- Direct communication with 
the travel agency via e-mail. 

These services are optional 
and concern the travel 

agency: 
- Online introduction of 

tourist information 
- Updates 

- Collection of statistics 
- Immediate customer 
service with automated 

notification  
on the course of their 

booking information etc. 
Source:: Xiang, Magnini and Fesenmaier, 2015 
 
In their majority, existing travel agencies on the Internet offer both tourist 

search services and booking services. But few are the travel agencies that offer 
dynamic search or online booking services. Technological developments and the 
needs of the consumers (fast and correct service, direct search results) impose the use 
of the newest application development techniques (use of a database for the dynamic 
extraction of information, the ability to make a booking online, etc.) 

For a fuller understanding of the functions of an online travel agency, it is 
necessary to examine the actors involved in all phases of operation. In order to make 
a trip through an online travel agency, the involvement of three actors is necessary 
(Lin, 2016): 

⇒ Providers of basic tourist services 
⇒ Customers 
⇒ Intermediaries (travel agencies) 
This categorization requires the creation of three different subsystems that will 

serve the needs of each actor. The role of these actors is the same as the role they play 
in their offline commercial transactions. The provider of basic tourist products and 
services sells and promotes its products to the customer/consumer. The customers are 
looking for the products they want and then, if they want, they buy them. The 
intermediaries, i.e. the travel agency, are those that undertake to bridge the gap 
between the providers and the final customers. An analysis of the services offered is 
presented in the following for each subsystem. 
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Figure. 76. Standard system of an online travel agency 
Source: Systematized by the authors 
 
As can be seen from the architecture in the following Figure 76 (Ling et al., 

2015), in order for an online travel agency system to support the above functions, it 
should be composed of three basic levels plus some interaction characteristics in 
terms of the booking service. This point entails the difficulty of the system, as 
bookings relating to providers of basic tourism services such as hotels, airlines, etc., 
should be passed on from consumers to providers via the travel agency. The problems 
that arise relate to proper synchronization, efficient booking management, availability 
check, etc. 

The basic subsystems discussed above can be implemented with an integrated 
e-Commerce application development environment. However, there is a set of basic 
technologies that are necessary for the implementation of an online travel agency 
system, such as: 

Web server 
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⇒ Web Server. It is a basic subsystem to derive tourist information 
registered in the online database. For this purpose, it is necessary to interconnect with 
the subsystem level and thus the database for dynamic information 

⇒ Web Forms. As with the electronic publishing system, the use of Web 
Forms is necessary for the development of electronic forms (e.g. search, registration, 
booking forms, etc.). In addition, the Secure Sockets Layer technology combined 
with Java can also be used to securely transfer data between customers and the travel 
agency. Through the Web Forms technology, the interface between the providers of 
tourism services and the travel agency can be implemented. In particular, providers 
will be able to update the system via e-forms, and also to monitor the reservations, 
customers etc. 

⇒ XML / EDI. For the automated communication between the travel 
agency and the providers of basic tourism services, the XML/EDI technology can 
also be used to exchange documents and process transactions 

⇒ Multimedia Database. All tourist information will be registered in the 
database, in a multimedia format (image, audio and video) so that the final consumer 
has a full picture and information on the tourist products. Also the database will 
include information so that the final consumer has a complete picture and information 
about the tourist products. The database will also include information about both 
providers and customers. Reservations, which are one of the most basic information, 
will also be registered in the database. 

⇒ Payment Subsystem. In this case, payment between consumers and the 
travel agency may be concluded via credit cards or electronic money payment 
systems. To this end, there must be the necessary infrastructure both in the agency 
and in the bank conducting the banking transactions. 

⇒ Data Mining OLAP. These technologies can be used to analyze the data 
collected by the system (mainly customer and booking information). In this way, the 
agency can analyze the purchasing behavior of its customers and proceed with 
projections, renewal of its products and offers, etc. 

Analysis of a number of information sources (Monakhov, Fomina, 2019; 
Morozova, 2019; Polhova, 2015; Yakovleva, 2020) allows us to highlight some of the 
features of travel Internet services, allowing them to give a more complete 
description. 

1. The prevalence of mixed types of services over highly specialized. For 
example, Booking is a service for booking hotels, but in addition, another important 
function is the ability to book flights, as well as view the necessary information about 
the region, transfer, read reviews and see the rating. 

2. Dominance of shopping services (marketplaces) over related services. For 
example, the Couchsurfing housing search service works according to the C2C 
marketplace scheme and builds a community of interests. 

3. Ability to operate services in different modes (online / offline). Depending 
on the mode of operation, there are online services and offline services. For example, 
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the Galileo service containing vector maps can also work offline, which is very 
convenient if the device is not connected to the Internet. 

4. Targeting a different target audience. Travel Internet services are aimed at 
tourists, travel companies and government agencies. 

5. The content of the main functionality of the service is related to the 
provision of information. The main function is to provide the necessary information 
in the field of tourism, the ability to make a reservation: hotel, airline tickets, cars, 
train tickets, excursions, etc. 

Also, travel services differ from other sites in brevity and minimalism in 
everything, including the main function. The priority direction in the field of online 
travel services is the creation and maintenance of interactive sites for the sale of 
tours, which is supported by interactive customer support online. 

The authors consider the classification system of Internet services in tourism as 
a system for the distribution of objects of tourist services by classes in accordance 
with certain criteria. This classification assumes a qualitative grouping procedure 
aimed at highlighting certain properties. The basis of these groupings is made by 
many existing travel Internet services that act as objects of classification. 

After assessing the advantages and disadvantages of various classification 
methods, as well as correlating the initial data on the objects of classification with the 
task at hand, the authors defined a hierarchical method with high information 
saturation and visibility as a method for classifying Internet services in tourism. The 
chosen method makes it possible to distinguish several levels (steps, tiers) of Internet 
services in accordance with their characteristic classification feature, which can be 
divided into classes and subclasses, which determines the depth of the classification 
system as a whole. 

Depending on the source of funding, Internet services in tourism can be 
divided into commercial, non-commercial and crowdfunding. Most of the services 
are commercial, with a developed affiliate program. These services include: 
Onlinetours, GoAsia, HopaYacht. Non-commercial include such as Kayak, 
Flightradar. A fairly rare source of funding is crowdfunding, which includes the 
collective cooperation of people who voluntarily pool their money. The most 
common and popular service in this category is Couchsurfing. 

Depending on the subject of interaction, travel Internet services can be divided 
into classes: 

⇒ В2В (trade relations between legal entities and companies); 
⇒ В2С (any business where the goods are received by the final consumer); 
⇒ С2C (relations between individuals); 
⇒ G2B (public services for business). 
For example, services using B2B sales include: Sputnik8, Kassir. The most 

common business model, B2C, includes a commercial relationship scheme. As an 
example, the following services are: Airbnb, Tourex, Dreamlines. There are services 
that use an end-user-to-end e-commerce scheme in which the buyer and seller are not 
entrepreneurs in the legal sense of the word. Consider the example of the 
Couchsurfing service, which operates on a consumer-to-consumer basis. The 
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members of the network provide each other with assistance and accommodation 
during the trip and organize joint trips. The next subject, G2B, includes various 
centers for business support, providing information on legal issues, and an electronic 
procurement system. For example, the services VisaToHome and Cherepacha are 
included in this class. 

Summarizing the above, we can conclude that Internet services in tourism are 
divided into the following main groups: 

1. Depending on the destination: shopping services and additional tourist 
services and related services. 

2. Depending on the subject of interaction: B2B, B2C, C2C, G2B. 
3. Depending on the channels and tools used for Internet marketing: social 

networks, blogs, chats, etc. 
4. Depending on the device used: desktop or smartphone. 
5. Depending on the mode of operation: online / offline. 
6. Depending on funding sources: commercial, non-commercial and 

crowdfunding. 
With the help of the selected features, Internet services are subdivided into 

levels, groups and classes in accordance with the name and classification of a certain 
indicator. Thus, by splitting services according to various characteristics and 
transforming them into certain classes, it becomes possible to develop a classification 
system for Internet services in tourism. Despite the variety of sites and services in the 
field of tourism that they provide, the most popular modern Internet services were 
divided by the authors into groups depending on a common feature, which made it 
possible to visualize the classification system. 

The hierarchical structure of the classification of tourist Internet services is 
determined by the following levels: the name of the characteristics of the 
classification of Internet services is the zero level and is divided into classes 
depending on the selected classification characteristic; each subsequent class of the 
first level, in accordance with a certain characteristic (subject, type, etc.), is divided 
into subclasses that form the second level; each class of the second level is similarly 
divided into groups and forms subsequent levels. The analysis made it possible to 
single out the following main characteristics of the proposed classification system for 
Internet services in tourism (Table 45). 

Table 45 
The main characteristics of the classification system of modern Internet 

services in tourism 
№ Description of characteristics Meaning / Description 
1.  Classification object (set element) Internet services 
2.  Classification method Hierarchical 
3.  The meaning of classification signs Qualitative expression 
4.  The number of common features (bases) 6  
5.  Maximum number of levels (steps, tiers) 4  
6.  Number of classification groupings 12  

Source: Systematized by the authors 
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Table 46 
Classification system for Internet services in tourism 

Depending 
on the 

channels and 
online 

marketing 
tools used 

Depending 
on the 

device used 
 

Depending 
on the 

operating 
mode 

 

Depending on 
funding 
sources 

 

Depending 
on the 

subject of 
interaction 

 

Depending on the destination 
 

Shopping 
services for 
basic and 
additional 

travel services: 
air, railway, 
auto, moto / 
bike, water 

Related 
services 

Partnership 
programs 

 

PC desk top 
 

Offline 
services 

 

Commercial 
 

B2B 
services 

 

Services for 
booking and 
purchasing 
transport 

services: in 
collective 

accommodation 
facilities, 

in the private 
sector 

Information 
services: 

travel 
location 

information, 
helping 

travellers in 
emergencies 

Loyalty 
programs 

 

Mobile 
version of 

the site 
 

Online 
services 

 

Non-
commercial 

 

B2C 
services 

Services for 
booking and 
purchasing 

accommodation 
services 

Navigation 
services 

 

Direct 
marketing 
(mailing / 

subscription) 

Mobile app 
  Crowdfunding G2C 

services 

Online 
insurance 
services 

 

Services of 
a complex 
of related 
services 

Social 
network 

 

Smartphone 
/ Tablet   G2B 

services 
Services for 
issuing visas  

Blogs 
     

services for the 
purchase of 

organized tours 
and excursions 

 

Sites 
     Leisure 

services  

Chats 
     

Services for the 
purchase of a 

set of basic and 
additional 
services 

 

Sai centers       
 Source: Systematized by the authors 
  

It should be noted that due to the hierarchical structure, the presented system of 
classification of Internet services in tourism, on the one hand, allows you to 
streamline the entire set of classification objects under consideration, and on the other 
hand, to observe the basic principle of classification, according to which each 
element of the set (one or another tourist Internet service) corresponds to a particular 
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subset (included in a group / class / subclass). The study shows that Internet 
technologies have fundamentally changed business processes in tourism and 
customer behavior. Every year, more and more Internet services appear, designed for 
the convenience and improvement of many processes in the tourism sector. The 
popularity of the services continues to grow due to the expansion of the client base, 
which is reflected in the indicators of attendance and customer response. In the 
growth and development of the popularity of Internet services, one of the trends is a 
reduction in the time from the moment of booking services to a trip and an increase in 
the share of booking from smartphones. And since Internet services in tourism are an 
integral part of digital socialization, their popularity is associated with the 
comfortable opening of new prospects and opportunities. 

 
 
7.2. The experience of countries in the digitalization of the tourism 

industry 
 
Today, about 80% of tourists around the world plan their travels online. 

Turkey, for example, has announced that it is willing to invest heavily in digital 
marketing for its tourism industry. Sri Lanka announced the launch of a large-scale 
digital promo of the country as an attractive route for tourists. Indonesia has launched 
its own rental booking network in response to Airbnb's international expansion, with 
government support. Currently, the totality of types and directions of tourism, 
classified as ecological, has dozens of units. In particular, the majority of specialists 
distinguish such areas as green, adventure, nature-oriented, non-technical, biological, 
rural, agro-ecological, soft, recreational, health-improving and others [7]. And this 
list can be continued for a very long time. The reason for this is the lack of a clear 
definition and boundaries of ecotourism activities. 
 

 
Figure 77. Digital Economy and Society Index, 2020 
Source: Digital Economy and Society Index (DESI) 2020 
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Figure 3 shows the ranking of Member States on the Digital Economy and 
Society Index in 2020 based on 2019 data. Finland, Sweden, Denmark and the 
Netherlands have the most advanced digital economies in the EU followed by Malta, 
Ireland and Estonia. Bulgaria, Greece, Romania and Italy have the lowest scores on 
the index. 

It is important to underline that the largest EU economies in terms of GDP are 
not among the digital frontrunners and this impacts on the overall performance of the 
single market. This being said, there are several initiatives that have recently been 
introduced in these Member States to improve the digitisation of the economy and 
society. Germany, which ranks 1st amongst EU countries regarding 5G readiness, has 
launched several measures with the aim of advancing digitisation and is driving 
initiatives in the area of IT security, supercomputing, artificial intelligence and 
blockchain. France has started a comprehensive effort to facilitate the digitisation of 
public services and businesses and to set up a dynamic ecosystem for tech start-ups. 
In December 2019, Italy adopted ‘Italia 2025’, a 5-year plan that puts digitisation and 
innovation at the centre of a “process for the structural and radical transformation of 
the country”. These initiatives, which require robust implementation over time as 
well as investments, may result in a progression of these Member States on the DESI 
in the coming years. 

The Boston Consulting Group estimates the digital economy will reach $ 16 
trillion by 2035. US dollars. A significant part of digitalization is in the sphere of 
consumption (services, e-commerce, offline shopping and online search) - 63 billion 
USD, in which the Internet of Things plays a huge role. The development of this 
segment cannot be considered outside the global trends of digital transformation. By 
2025, the annual contribution of the Internet of Things to the global economy could 
be from 4 to 11 trillion. US dollars. 

 

 
 
Figure 78. Size of data economy in EU27, 2018 vs. 2025, in € billion 
Source: Digital Economy and Society Index (DESI) 2020 
 
Data is an enabler of digital transformation and an accelerator of innovation for 

technologies such as the Internet of Things, artificial intelligence, cybersecurity or 
robotics. Large volumes of data are fuelling data-driven innovations. For example, 
they can help artificial intelligence to make breakthroughs in machine learning, as 



TEXTBOOK 
 

266 
 

massive amounts of data are needed to train neural networks. Likewise, using HPC 
and cloud computing together can make it possible to access and develop advanced 
analyses of large amounts of data in a very short time. 

The volume of data produced in the world is growing rapidly, from 33 
zettabytes in 2018 to an expected 175 zettabytes in 2025. It is estimated that the 
EU27’s data economy (the overall impacts of the data market on the economy as a 
whole) exceeded the threshold of €300 billion in 2018, up nearly 12% over the 
previous year. In addition, it is expected to reach €829 billion by 2025, accounting for 
5.8% of EU GDP(52). There were 5.7 million data professionals in the EU27 in 2018, 
and this figure is soon expected to double, reaching 10.9 million people by 2025. 
The IMD World Digital Competitiveness Ranking presents the 2020 overall rankings 
for the 63 economies covered by the WCY. The rankings are calculated on the basis 
of the 52 ranked criteria: 32 Hard and 20 Surveydata. The countries are ranked from 
the most to the least digital competitive and the results from the previous year’s 
scoreboard (2019) are shown in brackets. The index value or “score” is also indicated 
for each country.  

Among the studied countries, the USA consistently takes 1st place, Germany is 
in 18th place. Ukraine improved its performance by 2 positions and in 2020 took 48th 
place. Georgia is not yet included in this rating, which indicates the need to improve 
and improve the direction of digitalization. 

 
 

 
Figure. 79. Digital competitiveness ranking 2018  
Source: Global Innovation Index Database, Cornell, INSEAD, and WIPO, 2020. 

1 USA

18Germany

25 Estonia

36Poland

58 Ukraine



TEXTBOOK 
 

267 
 

 
 

 
Figure. 80. Digital competitiveness ranking 2019  
Source: Global Innovation Index Database, Cornell, INSEAD, and WIPO, 2020. 
 
In 2020, USA held the top position for the third consecutive year. Singapore 

held the 2nd spot, while Denmark overtook Sweden to claim 3rd place. Hong Kong 
climbed three ranks to 5th, and Switzerland dropped one place to claim the 6th spot. 
2020 has been a challenging year for the world. Every aspect of our lives has been 
affected by COVID-19 and technology has been incorporated to address the 
pandemic in different dimensions from communication to monitoring, assessing and, 
hopefully in the non-distant future, finding a cure for the virus. 

For most countries the responses of our survey were acquired during the first 
wave of COVID-19. To be clear, the questions we ask do not refer specifically to 
issues related to the pandemic. Still, if technology is the most important tool in our 
battle against the pandemic, some of the trends we identify have an added 
significance. For 2020, economies that top our ranking focus on building their talent 
pool and thus strengthen the knowledge infrastructure necessary to develop and 
employ digital technology with Singapore, Switzerland, and the Netherlands holding 
the top three positions respectively. 

In addition, most leading economies in our ranking provide an effective 
regulatory framework that enables the development and introduction of technologies. 
Singapore, Norway, UAE and Denmark capture the top four places in this sub-factor. 

 

1 USA

17Germany

29 Estonia
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Figure. 81. Digital competitiveness ranking 2019 
Source: 5. Global Innovation Index Database, Cornell, INSEAD, and WIPO, 2020. 
 
Finally, top performers in digital competitiveness also combine individual 

adaptability with business agility in their economies. The Republic of Korea, 
Denmark and the USA excel in the dimension of individual adaptive attitudes while 
Taiwan-China, the USA, the Republic of Korea and China capture the four highest 
places in the area of business agility. 

Digitalization of tourism can be divided into external and internal. In the first 
case, we are talking about the systematic transfer of communications with the client 
into a digital environment. Typically, this is the travel agent's website, which can also 
host a special chatbot for communicating with the tourist. The fact is that today 
people want to quickly and easily get the information they need, no one wants to 
waste extra time that can be shortened. One of these frills is going to a travel agency. 
Therefore, of course, when choosing to go to an agency or open the Internet, an 
ordinary tourist will choose the latter. 

But the site functions in the same way as the agency. There, the user will not be 
left alone with questions either: an employee immediately connects to a chat or a chat 
bot. The main thing that the client pays for in such a situation is efficiency and 
efficiency in communication. Therefore, the site should be as clear and simple as 
possible, and navigation on it should be convenient. All updates on the site must be 
made in a timely manner, communication with the client is configured and debugged 
for a quick response and answers to all questions. 

1 USA

18Germany

21 Estonia

32Poland

58 Ukraine
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Accordingly, the number of independent tourists is also growing. Services for 
the search and sale of tickets and hotels note the interest of tourists in independent 
travel instead of ready-made package tours. At the same time, the growth of the flow 
itself is estimated differently by different resources - from 15 to 70%. Thus, 
according to the airline ticket search engine Aviasales, on average, the number of 
online bookings increased by 70% over the year, with about 60% of sales accounted 
for by domestic flights. 

Travel agencies rarely use this resource, so it can be assumed that the main 
growth is accounted for by independent travelers. Tourists use online travel planning 
services, the share of bookings for which is only growing (not considering the period 
of the pandemic). 

Online sales continued to grow before stagnation in the industry, and there are 
two directions for them. First, people buy tickets and hotels separately, making up 
their own trip. Secondly, travel agencies are also going online, promoting their own 
bundled tours. In addition to booking and organizing communication with tourists, 
digital technologies make it possible to engage in post-support, that is, accompanying 
and receiving feedback. The customer's journey is tracked at all stages, including the 
assessment on the service for different positions. 

Internal digitalization is aimed at the development of CRM systems, automatic 
tools for setting tasks and planning. This is becoming an important factor in 
increasing the competitiveness of firms. Automation of such processes frees up time 
for other work, for example, studying new technologies or mastering other related 
areas for application in the work of the agency. The latter is now becoming especially 
relevant, since only those organizations that expand the boundaries of sources of 
income will reach a new level and survive the crisis of the system. 

The trend of abandoning the classic sales scheme is gaining momentum. 
Travelers buy flights en masse using the SkyScanner service, and hotels book on 
Booking.com. 

There are other applications for obtaining the necessary travel documents: for 
example, the Tripinsurance service allows you to issue a policy within a few minutes. 
The matter is not limited to the issuance of a document: within the framework of 
insurance, you can get a round-the-clock emergency consultation from a suitable 
doctor. Communication with customers in Tripinsurance is also in Ukraine. Support 
specialists use all major instant messengers. 

Transfer companies are also developing online, for example the transfer 
company GetTransfer.com, which offers services in all popular tourist cities. 
Recently, the GetTransfer.com service has started operating in Africa. 

Translators and sightseeing services go to applications. Services with audio 
guides (IZI.travel), various online formats of exhibitions and entertainment, virtual 
tours and even live broadcasts are popular. 

A Booking.com study found that a third of the world's traveler audience is 
interested in AI-assisted travel planning. People enter all the necessary information 
about themselves into the system. 50% of respondents did not care who helps in 
planning a trip - a live operator or a chatbot. If the service of choosing a tour or 
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booking a hotel offers a suitable option, then the likelihood of its purchase increases 
significantly. Large online services will continue to develop their own artificial 
intelligence, and their experience is gradually being taken up by smaller players. 

Artificial Intelligence is a huge opportunity and a versatile platform that helps 
provide a personalized service to each tourist. And this is what the entire service 
sector strives for. Taking into account the individual desires of the client is what 
agencies are striving for today. 

Modern AI systems eliminate the need to be constantly ready to respond to a 
customer's request: they allow you to act predictively, relying on predictive tools, that 
is, they are systems that can suggest the best time to buy plane tickets and book hotel 
rooms or the best time of the year to travel. to the selected country. 

If you constantly supply the AI system in the travel industry with new 
information, train it, give it access to up-to-date databases, the possibilities for 
personalizing the service will become almost limitless. 

Individual networks are introducing their own products as part of digitalization. 
For example, by 2020 it will become clear how effective the tested HiltonHonors 
technology is: this is an application in which the guest selects a room, pays for it, and 
fully adapts the accommodation to their own needs. 

Blockchain is another popular technology that does not depend on market 
volatility. It contains innovations that are useful for the tourism industry, which have 
already been noticed. Blockchain is, first of all, the security of making transparent 
transactions without the participation of banking structures of different countries, the 
chance of a sudden blocking of the card, while there is the possibility of protecting 
your cryptocurrency wallet with at least two-factor authorization. 

For a tourist, there is the prospect of long trips without the need to carry 
documents and a wallet with them. 

Blockchain transactions will not solve the security issue once and for all - but 
at least offer a convenient alternative. 

The other side of using the blockchain is the collection and storage in a single 
space of data on purchased tickets, booked rooms, used loyalty programs, routes and 
more. Such information is needed by all representatives of the industry, because 
knowledge about the actual preferences of tourists gives the ability to predict their 
desires, and therefore, to raise their own conversion. 

Internet of Things (IoT) 
The Internet of Things refers to the interaction of electronic devices capable of 

sending and receiving data over the Internet. Basically, it is a network of networks in 
which people can communicate with devices, and devices can communicate with 
each other, react to changes in the environment and make decisions without human 
intervention. IoT devices function on their own, although people can configure them 
or provide access to data. IoT systems operate in real time and usually consist of a 
network of smart devices and a cloud platform to which they are connected via Wi-
Fi, Bluetooth, or other forms of communication. The devices first collect data - for 
example, about the temperature in an apartment or the user's heart rate - and then this 
data is sent to the cloud. There the software processes them. What happens when the 
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temperature gets too high or there is a burglar in the house? The system notifies the 
user about this or itself performs further actions - for example, calls the police. 

Many people associate the Internet of Things with a "smart" home. Thanks to 
technologies and devices developed by Google, Yandex, Amazon, Apple and others, 
users can make online purchases, adjust the temperature in the room, turn on the 
lights and music, and give voice commands to virtual assistants. You no longer need 
to worry that you forgot to turn off the iron or tap - just press a button on your 
smartphone, and the smart home will fix everything. The computer vision 
surveillance system will recognize everyone who passes by your apartment and 
compare the images with the police base. Today, a "smart" home in Ukraine is 
basically Yandex's intellectual assistant "Alice", which turns on music, searches for 
information on the Internet, advises films, adjusts the lighting and temperature in the 
house, and turns on the kettle. 

IoT enables companies to automate processes and reduce labor costs. This 
reduces the volume of waste, improves the quality of services provided, and makes 
the production process and logistics cheaper. IoT affects all industries. The 
introduction of the Internet of Things in the electric power industry improves the 
controllability of substations and power lines due to remote monitoring, and in 
healthcare it allows to move to a new level of diagnostics of diseases - “smart” 
devices monitor the patient's health indicators. In agriculture, smart farms and 
greenhouses meter fertilizer and water on their own. The introduction of IoT in 
logistics reduces the cost of transportation and minimizes the impact of the human 
factor. IoT is actively implemented in the oil and gas and mining industries. For 
example, the use of in-depth analytics on boreholes is helping the oil and gas industry 
to increase production from already depleted fields. And the Internet of Things in 
transport is the transport itself, electronic displays, navigators, security systems, 
surveillance cameras that interact with each other. 

However, humans cannot directly interact with the Internet of Things. We don't 
have processors like a computer. But we have mobile devices through which we can 
exchange digital information. 

It is through this communication channel that tourists can adapt different 
aspects of their journey for themselves. These can be some simple actions: set the 
temperature in the room, order room service in advance, even before arrival, turn on 
or off the light, receive notifications about the status of the flight in real time. 

Mobile technology 
According to the GSMA, more than two-thirds of the world's population, that 

is, 5 billion people, use the services of mobile operators. 
RBC's research, which was attended by 11 thousand respondents from 19 

countries, showed how important mobile technologies are for the modern tourist. 
33% of travelers book tours, hotels and tickets through mobile devices, 62% admit 
that e-tickets and boarding passes make travel much easier, 46% say that the 
availability of e-services influences the choice of an airline. 
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The mobile device becomes a personal travel assistant. From the moment you 
start searching for services until the moment you return, it determines how pleasant 
the experience will be for individual services or the trip as a whole. 

Mobile devices are the means of continuous personal interaction. They allow 
offering tourists different service options depending on the personal preference or 
location of the client. But for a mobile device to understand the needs of the owner, it 
- the device - needs a mind. 

BigData 
⇒ According to IBM research, 90% of all information was created in the 

past two years. Methods of transferring, analyzing, using information have evolved to 
such extent that working with BigData technology has become a common practice. 

⇒ Access to data is not only beneficial for our customers - travel 
companies can use data to better understand which approaches work and which don't. 
Data is the fuel for marketing in the twenty-first century. So, in the tourism industry, 
we can anticipate the next actions of our clients even before they decide what they 
will do. This is achieved through predictive analytics and analysis of complex data 
sets, such as travel history or demographic characteristics. 

⇒ To use all this data, we need access to a lot of computing power. Some 
of them can be provided to us by the cloud infrastructure. 

⇒ Cloud computing 
⇒ Cloud computing gives us the infrastructure to process large amounts of 

data quickly, cost-effectively and on time. 
⇒ It is the glue that connects all participants in the travel industry, making 

it relatively easy to move data and content, as well as process information and deliver 
it as close to the consumer as possible from a geographic point of view. 

⇒ After all, cloud computing has enough bandwidth to enable us to operate 
efficiently even during periods of very high traffic, while providing additional value 
to our tourists. 

⇒ The increase in consumers of services today is through communication 
through the Internet and social networks. 

⇒ According to statistics, the three most preferred (and effective) 
marketing channels in the travel industry are e-mail, SMS marketing and phone calls, 
with e-mail being roughly twice as fast as its pursuers. 

⇒ Therefore, travel agencies use: 
⇒ the method of "reaching out" to as many tourists as possible, and not 

with random, but with interesting offers; 
⇒ convert tourists who made one purchase into loyal customers; 
⇒ work with an e-mail channel: create a content plan, increase the 

subscriber base, segment and control it. 
This is achieved using: 
Position diagnostics 
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To understand what prevents an organization from collecting all existing and 
potential customers in its e-mail list and using email as an effective sales channel, 
you need to ask yourself the following questions: 

⇒ Does your site have a subscription form for your company's newsletter? 
⇒ Is there an explanation of how often the client will receive letters from 

you and what will be in them? 
⇒ How quickly and conveniently can a client fill out the subscription form 

for your newsletter? 
⇒ Do you talk about your newsletter and its content on the site, in personal 

communication with the client / in correspondence with him? 
⇒ Do you offer the client to subscribe to your newsletter at the first order? 
⇒ Do you take email addresses of tourists when you work with them? Are 

you “friends” in social networks? Skype, Viber? 
⇒ Do you have social media buttons, current quotes, website updates? 
Ideally, you should give at least 4-5 positive answers. 
Motivation for action 
If finding new subscribers is a priority for your company, start by looking for 

points of contact between your company and your customers. See which pages on 
your site are attracting the most traffic. Perhaps it will be offers for family vacations, 
extreme tours, sightseeing tours? .. Make sure that these pages contain a convenient 
form for subscribing to an e-mail newsletter. You can add an alert that subscribers 
will receive exactly the offers for family vacations. 

Tell us why they need it. Make sure that customers clearly understand why 
they should provide you with their email address and other information. Will you 
send them tips on how to plan a budget trip? A weekly email with a selection of 
photos of various travel destinations? Hot deals? Tell them, and then follow through 
on the promise. 

Offer to subscribe to the newsletter not only on the website, but also on social 
networks and in person. 

To receive a client's e-mail, transfer to the online part of the "paper" work 
(receipts, contract, necessary documents). 

Segmentation and updating of the customer base 
If you are already promising something specific to your subscribers, try to stick 

to the initial agreements so that customers do not feel cheated. 
For this: 
⇒ carefully maintain the customer base, record the history of customers' 

travels, their preferences - based on personal communication; 
⇒ if possible - research his interests (social networks, account in 

TripAdvisor ...); 
⇒ consider what type of mailing list the client subscribed to if you make 

such a division. 
Constantly - weekly, monthly - analyze statistics. Key indicators are the 

percentage of mailing openings and the percentage of clicks on the link. The average 
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rate of openings for the tourism and travel industry is about 17%, clicks - about 9.5%. 
This is individual, but consider this a waterline to stick to. 

And further. Customers are chilling about your newsletter. They leave for 
another travel company. Change the email box. Change jobs (which is important if 
you only have a working client e-mail). In short, customers are lost, and so that the 
statistics you collect are not useless, update the data regularly. 

Content plan and sales 
Let's move on to the most interesting: active work with the database and sales 

through the e-mail channel. You can successfully sell destinations, tours and even 
simple ideas through e-mails if you have a competent content plan. So remember, 
planning is our everything. 

Consider a content plan 
Deciding at the last minute “what to put on your mailing list” is difficult and 

ineffective. This way you can send the client a good offer too early or, conversely, 
too late. Or even send content that is completely uninteresting to the tourist. 

The main advantage of planning is the ability to divide the tourism product into 
segments: to whom and what is interested, at what time is the best time to send, say, 
excursion tours in Scandinavia, and at what time - a resort vacation in Spain. 

Additionally, prepare interesting accompanying content related to the direction 
you want to sell. 

It should include: 
⇒ key attractions and entertainment; 
⇒ information about cities / regions / routes; 
⇒ information about events - festivals, national holidays, seasonal events. 
You can use news from your partners that are interesting for tourists - news and 

offers from suppliers, hotels, restaurants, airlines. 
It is very important to find a balance between advertising and informational 

content. If you collect materials of various types in an e-mail newsletter, you can test 
which one is the most effective and interesting to your customers. 

Leverage customer locations 
Do you know where your tourists live and what they see every day on the way 

to work, home? Use this and hit your target with promotional emails. For example, an 
offer to go to a sunny and warm resort for a week can be very effective when it is 
cold and cloudy outside. 

Choose “speaking” illustrations 
High-quality images are a great way to promote your product (your cap), and 

not just because “picture” replaces a thousand words. High-quality visual content 
evokes emotions and helps the client to immerse themselves in the material. Use 
images that help tourists better imagine the experience they will get on the trip - it 
can be photos of landscapes, cities, entertainment. 

Decide on timing 
Set the optimal time to prepare and send your e-mail offers. If you send an 

offer too early or, conversely, too late, you should not count on phenomenal success. 
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If you want tourists to visit the advertised destination in July, "prepare the 
ground", you need to send out the relevant information content and offers at least 
from April, at least a couple of months before the trip. Then there will be time for 
making a decision, planning, and, if necessary, applying for a visa. 

If the base is segmented and all the interests of tourists are taken into account, 
offers "at the last minute", 2-3 weeks in advance, can be effective. 

Thus, in order to achieve an increase in the subscriber base and turn e-mail 
newsletters into a channel for promoting your travel product: 

⇒ check whether it is easy to find the subscription form on your site and 
whether the client understands why he needs it; 

⇒ find points of contact with the client - website pages, social media pages, 
personal communication - and use them to collect a database; 

⇒ study the interests of your tourists, segment, update the subscriber base; 
⇒ create both advertising and informational content, experiment with it, 

plan a good time to send. 
Let's go through the technologies that are created by countries that receive 

tourists. 
The first digital services for tourists appeared in the early 2000s, at the dawn of 

the dot-com era - they were online booking and ticketing systems such as Booking, 
Airbnb or Aviasales. It is difficult to imagine modern travel without the use of such 
platforms. 

According to Google statistics, during the travel planning period, users make 
about 400 searches. This huge reservoir of data is actively used by travel companies 
in order to influence our decision and persuade in favor of a particular route, 
company and hotel. 

74% of the world's travelers plan their trip online. Turkey, for example, has 
announced a course for the development of "tourism 4.0" - the country intends to 
invest heavily in digital marketing for its tourism industry. 

Asian countries, where tourism makes a significant contribution to their 
economies, have embarked on a digital transformation at the government level. In 
June, Sri Lanka announced the launch of a large-scale digital promo of the country as 
an attractive tourist destination, thanks to which the authorities plan to attract 2.5 
million tourists this year. In Indonesia, in response to international expansion, 
Airbnb, with government support, launched its own guesthouse and villa booking 
network, Indonesia Travel Exchange (ITX), which already has 2,000 different rental 
properties. 

There are dozens of technology start-ups in the tourism industry around the 
world that are striving to bring their original ideas to the industry. For example, the 
Cambodian platform CamboTicket, recently awarded another grant, makes it possible 
by email to reserve a seat on buses, ferries and private taxi services in Cambodia, 
Laos, Vietnam and Thailand at the same time. Thai startup LocalAlike is promoting a 
new concept of local tourism: through an online platform, the company hopes to 
bring together and advise locals around the world who have a lot to offer tourists. 
LocalAlike recently received a cash prize from Booking.com to develop its concept. 
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Many travel startups are trying to find their niche by focusing on a particular 
type of tourism, such as food or medical tourism. For example, the French platform 
Tripnparty allows travelers to find authentic bars and pubs in any country that only 
locals are usually well aware of, data are presented for many European cities. 

In mid-June, a startup contest StartupWeekendBali was held in Bali, during 
which the best ideas in the field of tourism were selected. If you look at the list of 
winners, it becomes clear that the trend towards satisfying niche demands is very 
strong right now. So, the jury awarded startups BotolWisata (a database of 
Indonesian hotels that provide guests with clean water in renewable containers), 
FingerFarm (an application for tourists to buy products from local farmers), Travelis 
(an application for communicating with local drivers and guides in Bali), and so on. 
Further. 

Well, the most ambitious startup in our selection was invented in Finland. The 
SpaceNation service has set itself the goal of neither more nor less - the 
popularization of space tourism, primarily on the ISS. By the way, one of the 
project's marketers is the brilliant Peter Westerbek, who helped Rovio make the 
AngryBirds game what it is now. "How can you restrict access to the ISS only to a 
certain circle of people?" - asks Westerbek. What SpaceNation offers is a virtual 
reality game. 

The face of Amadeus is also changing. For a long time, this company was 
known in the market primarily as the Global Airline Ticket Distribution System 
(GDS). Today Amadeus operates in 190 countries around the world. The staff is 19 
thousand employees. 

Last year we announced a new development strategy - 
AmadeusLiveTravelSpace. Its core will be AmadeusTravelPlatform, which we are 
developing now. It combines almost all the content that is in demand in the travel 
industry: air and railway tickets, hotels, transfers, offers from cruise companies, 
insurance services, car rental, various services at resorts. Thus, we provide the widest 
possible choice for our clients - travel companies. So that they can book online any 
necessary service or their combination at one site. Both suppliers and agencies can 
connect to the system via standard interfaces. 

“Such a multi-platform is exactly what is now in demand on the market. By 
implementing this concept, we are following the trend set by the world's top four 
technology industry leaders - Google, Apple, Facebook and Amazon. Only we do it 
in a narrower segment - tourism, and in the B2B format, ”says Leonid Marmer, 
General Director of Amadeus Information Technologies LLC, which represents in 
Ukraine the international company Amadeus, a leading provider of IT solutions for 
the tourism and passenger transportation industry. 

He also highlights the following trends in the sphere, some of which we have 
already written about above. 

Today in the world more than 60% of search queries are performed from 
mobile devices - smartphones and tablets. 52% of travel bookings are made online. 
The share of such requests and transactions will only grow, because the main 
consumers, including in tourism, are the generation of millennials who can no longer 
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imagine their life without Internet technologies. And people of an even younger age, 
who will soon also start earning money and be able to afford travel, may even switch 
to ordering services exclusively online. 

Personalization of offers. In the modern world, streams of information fall on 
people every day. Service providers - airlines, hotels, etc. - have to seriously think 
about how to make their offers targeted, otherwise they cease to be perceived by 
customers. To do this, you need to find out the preferences of the audience. For 
example, what is the point of announcing business class flights to someone who flies 
only in economy? It is easiest to collect information about preferences from the end 
consumers themselves, so suppliers will increasingly tend to go to them directly, 
bypassing intermediaries. 

Development of online payments. Tourists are less likely to visit not only 
travel agencies, but also banks. Services booked from a mobile device, and it is 
convenient to pay from it. We expect rapid development of instant payment 
platforms. Amadeus, by the way, also has developments in this direction - both for 
smartphones and for other devices: watches, bracelets, key fobs. 

Integration of the most diverse travel content on common platforms. The world 
is moving towards universality. Gone are the days when tour operators had reason to 
be proud of the fact that they work with a dozen or more online providers. Today this 
means insufficient manufacturability and irrational use of labor resources. And 
consumers, for their part, want to be able to book any travel service or a combination 
of them on one site. 

Innovation in customer communication. Call centers, which often employ 
many employees, are being replaced by artificial intelligence. Air carriers, cruise 
companies, and other travel service providers are actively introducing chatbots. To 
clarify the flight schedule, the conditions for booking a hotel, to get advice, the tourist 
communicates not with a living person, but with a car that will competently answer 
all questions. Personal voice assistants are already being developed, including those 
with the owner's speech recognition function. 

The arrival of the "Internet of Things" in the travel industry. And it's time to 
talk not so much about InternetofThings as about InternetofEveryThing. There are a 
lot of examples of possible use. Here's just one: the baggage is supplied with special 
sensors, and in the event of its loss, the tourist will receive a corresponding message. 

Restructuring business processes, and above all their own consciousness and 
thinking - this is what companies should strive for, which want to stay on the tourism 
market. Otherwise, the next generation of tourists will not come to them, because 
they will not be of interest to them. 

Technology will only continue to evolve; those who are not in trend will leave 
the market altogether, especially after the crisis. In today's emerging conditions, all 
companies are forced to survive and come up with various ways of restructuring their 
business, this is helped by the development of IT, which involves earning money 
even on difficult days through the correct investment of their own funds and efforts. 

But, on the other hand, you don't need to get too carried away with the 
development of your own technologies. It is long, expensive, and most importantly, 
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hardly advisable. Because it is almost impossible to create a product better or at least 
at the level of the world leaders in the IT industry. It is more correct to adapt the 
solutions they offer to your needs. After all, connecting to modern and technological 
online platforms is not so expensive, even not the largest travel company can afford 
it. 

Versatility is a must now. The travel agent must be able to offer the client an 
online booking not only of a standard tour package from a tour operator, but also of 
any individual service or a set of them, adjusting to the wishes of the tourist. 

The tourism business is optimistic about the development of technology and 
involves all the new options that now seem to be fantastic. 

A serious problem of tourist business all over the world is how to resolve 
situations called disruption. Perhaps the most accurate translation of this term is 
“something went wrong”. For example, a tourist has a delayed or canceled flight. Or 
the transfer was disrupted. Or, for one reason or another, he was not checked into a 
hotel at one of the points of a difficult route. All further travel logistics are disrupted. 
Now, in order to find a way out for such problems, it often takes titanic efforts of 
managers and leaders of travel companies. But already on the way are IT systems 
with artificial intelligence, which will promptly provide an optimal solution. 

Airport fingerprint check-in will soon become a reality. Technologies based on 
face recognition are actively developing: at Amadeus, a similar solution, which 
allows boarding an aircraft, is already operating in one of the air hubs. Payment 
solutions are also being tested - for example, SmileandPay kiosks from one of the 
American companies: to deposit money for a service, all you have to do is smile at 
the camera. 

And Uber has developed a prototype selfdriving drone. This is an unmanned 
flying taxi that will pick up travelers from the airport and take them to the resort. 

But what exists today, even 10 years ago, seemed impossible. Therefore, one 
has only to observe the development of digital and IT technologies, getting ready to 
apply them in their activities. 
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In view of the ever-growing environmental issues and rapid digitalization of 

business, industrial ventures face an important mission of finding some balance 
between an advancement of existing business patterns based on digital technologies 
and a minimization of negative environmental consequences during their economic 
activity. Requirements of stakeholders for a high-quality transformation approach and 
introduction of information and communication technologies (ICT) for industrial 
ventures as well as the environmental friendliness approach used in their activities 
actualize the process of environmental friendliness mechanism based on the «green 
business» concept and a need to expand ICT in communication business 
management. 

Works of G. Daley, O. Amosha, O. Baluyeva, M. Moiseyeva, M. Pashkevych, 
and O. Sadchenko are devoted to studies of economic and ecological systems of both 
a national and regional scope.The issues of enterprise management based on the 
ecological approach were developed in the scientific works of N. Andreeva, A. 
Bardas, O. Veklych, O. Popova, A. Sadekov, D. Smolennikov, S. Kharichkov, E. 
Khlobystov. 

At the same time the issues of determining a degree of environmental 
friendliness of industrial enterprises and establishing the grain of their impact on an 
external environment as well as the outcomes of economic activity of the entities still 
remain insufficiently developed in scientific literature. 

Theoretical and methodological aspects of business process digitalization were 
enlightened in the works of such foreign scientists as: M. Blix, Ch.Gupta, H. Kroll, L. 
Hounshell, D. Horvat, A. Jäger, F. Bergeron, L. Raymond, A. Croteau, M. Brettel, N. 
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Friederichsen, M. Keller, M. Rosenberg, K. Schwab,etc.The works of domestic 
scientists, in particular, V. Bozhkova, O. Volot, V. Kasyanenko, O. Kireva, K. 
Kovtunenko, O. Kopiyka, L. Melnyk, A. Orekhova, G. Pocheptsova, I. Sotnyk, K 
Tanashchuk, L. Taranyuk, etc. are preoccupied with the researched domain. 

At the same time the problems of ICT implementation in industrial enterprise 
management, development of approaches to substantiation and optimization of 
decision-making on digitalization of communication business processes, 
enhancement of organizational and economic principles of communication business 
management still remain unsolved. Modern industrial production is one of significant 
sources of the anthropogenic impact on an environment. The influence of industrial 
factors has a decisive effect on transformation of the biosphere due to the presence of 
complex and diverse links between a human habitat and its productive activity. 

Firstly, a natural environment is a global spatial basis, in limits and according 
to the terms of which any human activity takes place, including industry. Secondly, 
the properties of the natural environment in a considerable degree affect forming of a 
complex system of unreasonable requirements and requests of humanity to ensure 
safety, quality, durability, comfort of human existence, and thus, define the hierarchy 
of real emerging human needs (objective and subjective, social and individual) which 
require the satisfaction. Thirdly, the natural environment is the main source of 
resource support for human life, that is, a great storage of natural resources, the use of 
which is highly necessary for the society for satisfaction of continuously growing 
needs of its members. However, the global (in relation to the existing limits of the 
human habitat) character of existence of natural environment until about a middle of 
the past century determined the nature of the attitude of people to the state of the 
biosphere based on the human needs. Under such conditions, the interests of society 
in the relations with the natural environment were usually limited to a strictly 
«consumer» orientation. 

Until recently environmental management has been considered to be the 
process of natural resource exploitation for a merely pragmatic purpose of meeting 
material and cultural needs of a society. The rational use of natural resources 
presupposed reliance on reason and knowledge as the use of nature has been always 
considered as a separate science which studies general principles of any human 
activity related to the use of natural resources or transformation of their state [1; 2]. 

Interaction and structural binding of a society, industrial relations and the 
environment under the technogenic system «production – consumption» [3, p. 66] 
which operation is based on amere exploitation of natural factors (artificial disruption 
of a natural environment) are due to the complexity and diversity of the process of 
natural factor use in the process of productive human activity. 

It is noted in scientific works [4-8] that the paradigm of social and economic 
development based on technocratic-consumer attitude to nature is the main reason for 
imminent destruction of the biosphere, ozone depletion, climate instability increase, 
flora and fauna impoverishment. According to Z. Gerasimchuk [9, p. 62] it is the 
growth of anthropogenic pressure on the biosphere in the process of social 
development that causes a sharp aggravation of the environmental situation on a 
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global scale which brings humanity closer to a critical limit in interaction with nature. 
Yu. Stadnytsky [10, p. 75] also believes that anthropogenic pollution is 

currently one of the main global pressing problems of human development around the 
world in general and Ukraine in particular. The negative effects of anthropogenic 
pollution which until the middle of the last century were often considered 
insignificant «external effects» and could be neglected while choosing the optimal 
technologies or trying to justify the economic development increase one of the 
greatest threats to human welfare and security. The author also insists that a reduction 
of anthropogenic pollution by a society is of almost no technological or technical 
difficulties. In his opinion the answer to this problem is a merely economic task the 
complexity of which is mainly due to the excessive cost of implementation measures 
to improve the environmental safety of production. Therefore, under current 
conditions the maximum attention should be paid to the optimal use of limited 
resources that can be used for environmental purposes. 

V. Scherbak [11, p. 51] in its turn supposes that the technological progress of 
mankind still consists of a series of use-depletion cycles of resources each of which 
involves sequential passing of certain stages: 

– developing (creation) and expansion of the previously unused («non-
existing») natural resource base; 

– exhausting of the used natural resource base and the result making worse in 
terms of existence of society in an environment, the search for reserves to renew or 
replace the resource base; 

– replacement of the outdated resource and environmental base by new 
sources of natural resources (and also occurrence of new, generally, more acute and 
complex environmental and resource problems). 

Today environmental activity intensification for the sake of social and 
economic development is of great importance not only at the macro level but also at 
regional and business levels. Thus, according to L. Maslovskaya [12, p. 64] with a 
general orientation of the state strategy of transition to the principles of sustainable 
development the territorial regulation of ecological management acquires a special 
relevance. Regions become a kind of economic, social and ecological core of geo-
economic space as well as the sphere of mobilization of material, labor, financial and 
intellectual resources for this purpose [13-19]. It is at the regional level that it 
becomes quite expedient and possible to achieve the balance of structure and 
production scale with the structure and magnitude of the integrated natural resource 
potential as well as environmental priority establishment for its use. 

Scientific approach analysis for economic and environmental study of activities 
and patterns of development as well as ecological and economic development of 
industrial enterprises [20-21] allow to identify such components (varieties) for their 
realization as social-psychological, organizational-structural, technical, technological, 
financial, commercial, communicative, informational, functional. 

According to some authors industrial enterprise development on the basis of 
the concept of green business is its main environmental priority. At the turn of the 
new millennium there was a need for a new vision of a global environmental situation 
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by the world community and an era of a «new responsibility» of all states for the 
earthly civilization safety. Former notions of «living for themselves», for the good of 
only their territories and peoples by limiting the interests of others have completely 
«played out». 

Awareness of the environmental danger that threatens humanity has united the 
efforts of scientists, politicians and businessmen today to find a way out of this 
situation. Ecological balance preserving has become the main tendency in decision-
making for the problems of environmental protection and business development. In 
1987 the World Commission on Environment and Development established at the 
initiative of the UN General Assembly declared the problem of sustainable economic 
development and economic balance in their report «Our Common Future» as a 
general form of development and progress of the society. Meeting the needs of 
today's inhabitants of the Earth should not limit the ability of future generations for 
their existence. This means a transformation of human and financial resources as well 
as resources of animate and inanimate nature to meet reasonable needs of a man with 
a continuous improvement of his living conditions. Sustainable development requires 
new forms of financial cooperation and new ways of project financing. At the same 
time the «green industry» or «green sectors» of the economy are designed to 
materialize new sources of growth associated with an efficient use of natural 
resources and environmentally efficient technologies in ecological products and 
services and thus in added value and profits of companies engaged in these activities. 
Promoting their development and «greening» the traditional «brown» technologies 
and business models are central prerequisites of government strategies for the 
transition to a «greener» economy. 

The global acceptance of technologies and methods that are less 
environmentally harmful has been recognized as vital for a further development of 
mankind and adoption and implementation of environmental standards, elimination 
of environmentally harmful subsidies for the resource use, energy and raw material 
price growth have stimulated a technological renewal aimed at its negative impact 
reduction which became known as «green business» and companies began to be 
called «green businesses» or «environmentally conscious businesses». At the same 
time these processes have led to a dynamic and rapid growth in a number of 
companies offering goods and services that increase resource efficiency, improve 
waste management and minimize environmental damage. These ventures appeared in 
all sectors of the economy and later became known as the «environmental goods and 
service sector» or «green» business (WB). 

The ideology of «green» business fits well with a need to improve an 
environment at the same time ensuring economic development. «Green» or 
environmental business is a diversified area of business that can provide not only 
environmental but also significant economic effect on a national scale. Being an 
economic agent a source of employment and a key factor in economic and social 
well-being this sector cannot remain unchanged. In order to solve the problems of 
today and to ensure economic development while maintaining a high level of 
environmental quality we stake on greening the industry. 
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Today green business offers decisions for some of society's most pressing 
environmental problems:  

– the design and construction of energy efficient buildings;  
– the recycling and safe waste management;  
– the development of renewable energy;  
– and the wastewater treatment [22]. 
The Ukraine's economic system remains environmentally unfavorable. Ukraine 

ranks one of the first places in the world in terms of consumption of natural resources 
– energy, water, minerals – per unit of GDP. Ukraine's water resources consist of 
surface and groundwater. Surface fresh water bodies of Ukraine cover 24,1 thousand 
km2, or 4,0 % of  the total territory (603,7 thousand km2) of the state. These include 
rivers, lakes, reservoirs, ponds, canals and more. There are 3,3 thousand rivers longer 
than 10 km; their total length is 94,4 thousand km. The average density of the river 
network is 0,34 km / km2. Ukraine is one of the least water-supplied countries in 
Europe as the reserves of local resources of a river runoff per person are about 1,0 
thousand m3 per year. 

According to the State Agency of Water Resources of Ukraine the supply of 
Poltava region with an average long-term river runoff  (per 1 km2) is 1788,2 thousand 
m3 per year. Also, the discharge of return water into the surface water bodies of the 
region in 2017 amounted to 70 million m3. Thus, the main factor of anthropogenic 
pressure on surface water resources is still significant volumes of water consumption 
for economic activities and discharges of polluted waters [23]. Taking into account 
such an environmental situation it is advisable to conduct a research on enterprises 
engaged in the production and installation of nature treatment facilities. 

We made the research for the Production Cooperative «Environmental 
Enterprise» «Ecology» (Kovpaka Street, 21; Poltava, www.ecology.com.ua).  

The environmental enterprise «Ecology» was established in 1990 to implement 
the latest domestic biotechnologies for domestic and industrial wastewater treatment. 
More than 400 facilities have been commissioned during the company's existence. 
The biological treatment technology developed by company's specialists was awarded 
with the State Prize of Ukraine in the field of science and technology. This patented 
technology formed the basis for creation of the «Dzherelo Wastewater Treatment 
Plant» that received a positive response from the Institute of Environmental Problems 
of the Ministry of Ecology and Natural Resources, the expert opinion from the State 
Labor Inspectorate and the hygienic opinion from the Ministry of Health of Ukraine. 

The subject of activity of the PC EE «Ecology» is: 
– the production of mobile block installations of biological water treatment of 

industrial and domestic sewage, their installation, adjustment, operation;  
– the construction and installation works on maintenance and reconstruction of 

treatment facilities for biological treatment of domestic and industrial wastewater 
with the introduction of new biotechnologies;  

– the engineering and technological development and implementation of new 
methods of biological treatment: industrial and domestic wastewater, reservoirs, 
rivers and bays; industrial gas emissions, soil and oil sludge and fuel oil pollution of 

http://www.ecology.com.ua/
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equipment and communications with slag;  
– the design works performance of biological treatment facilities;  
– the realization of projects and blueprints on biological sewage treatment for 

enterprises, organizations and the population;  
– the consultancy on biological wastewater treatment and design solutions;  
– the educational and methodical training of specialists in biological 

wastewater treatment. 
PC EE «Ecology» is an official representative of Ekofinn-Pol (Poland) and 

WavinLabko (Finland) in Ukraine.  
One of priority problems of  PC EE «Ecology» which answer requires a special 

attention of state environmental authorities, scientists and entrepreneurs is the 
adoption and implementation of water protection measures aimed at improving the 
ecological condition of rivers. The company occupies 25% of the domestic market of 
treatment facilities in terms of production. 39 % according to the results of our 
research is occupied by the Corporation «Energoresurs-Invest» (Lviv), 15 % – by 
LLC «Uniprof WW» (Lviv) (Fig. 82). 

 

Figure 82. The structure of the water treatment facilities market in Ukraine  
Source: Developed by the authors and based on the market research 
 
It should be noted that water treatment and wastewater treatment technologies 

are the technologies of interest to scientific and business environment and the growth 
rate of both scientific publications and patent publications in many areas exceeds 
400%and sometimes – 3000%. At the same time Ukrainian priorities lack advanced 
world tendencies: digitalization of management, control and provision of services in 
the field of water supply and sewerage; computerization of water supply and 
drainage, etc. Therefore, it is desirable to add these areas to the list of Ukrainian 
sectoral priorities especially regarding water supply and sewerage digitalization and 
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water purification from organic pollutants [24]. 
Digital transformation is an introduction of modern technologies into business 

processes of a venture. This approach implies not only installation of modern 
equipment or software but also the fundamental changes in approaches to 
management, corporate culture, external communications. As a result, a productivity 
of  each employee and a level of customer satisfaction increase and a company gains 
the reputation of a progressive and modern organization. The issue of digital 
transformation is quite difficult and wide by content, because the problems of 
technological development in one area motivate to the occurrence of problems in 
other areas. The first step to introduction and dissemination of digital technologies is 
needed realization of changes – of imperative caused of the imminent digital 
breakthrough, which allows the enterprise to improve its position in the market and 
significantly increase the value of innovative propositions [25]. 

Digitization of processes is relevant not only at the level of individual 
enterprises: entire industries choose their own path of development as the only way to 
meet rapidly changing conditions of the world. Due to this digital transformation of 
an industry is already changing the activities of every enterprise. 

Customers are one of the main drivers of digitalization – many of them have 
already begun to transform their activities. By customer experience we mean not only 
interaction with foreign customers but also domestic customers. Digital 
transformation of processes optimizes the work of employees of a venture which 
increases the productivity of each individual team member. Digitization technologies 
allow you to organize personalized interaction in the most favorable way preferred by 
a customer. Digital communication channels, omnichannel, artificial intelligence, 
robotics provide more time to solve really important and complex tasks. 
Digitalization of business encourages innovative ways of a venture development, in 
particular: 

1. Cloud technologies allow several teams to work on one project 
simultaneously and efficiently using the company's resources. 

2. Using the Mobile First strategy companies receive and monetize mobile 
traffic which by its indicators has already caught up with the traffic of stationary 
devices. 

Ready-made answers save time on tasks. Various programs, extensions and 
connectors optimize operation of a venture and require a minimal time for their 
implementation and adaptation. 

In this regard the digitalization of water supply and sewerage namely the 
digitalization of installations and processes helps concerned companies to get the 
most of this process. Thus, Siemens has developed Digital Enterprise – a 
comprehensive portfolio of software and automated solutions. All available data 
processing within the framework of a complex data model allows to use all system 
optimum potential. Intellectual integration of data using a variety of sources such as 
sensors, water meters and meteorological data creates new opportunities for water use 
in industry. A prerequisite is end-to-end network organization of system engineering 
– from commissioning to operation, maintenance and optimization of a current 
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process on the basis of a data platform – the integration of virtual and real worlds. An 
improved data quality and availability reduce project implementation time in the real 
world. 

Thus, the requirements for domestic industrial ventures in the context of 
digitalization and globalization of world markets necessitate new effective decision-
making for business digitalization (including «green business») to increase their 
competitiveness. It should be noted that possible social-economic and ecological-
economic consequences of different priorities to production and consumption 
approaches of ecological products as well as a need for ecological regulation of 
production are illustrated by the matrix «benefits – losses» (Fig. 83). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 83. The matrix of ecological production «benefit-loss» of a producer 

and a client (consumer)  
Source: Developed by the authors on the basis of the «buyer-seller» matrix by Igor Ansoff 

[26, p. 84]. 
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If costs for environmental parameter up grading of a product quality increase in 
proportion to the level of environmental friendliness and, accordingly, the price 
increases the contradiction between the environmental and economic interests of a 
customer (consumer) and a manufacturer does not arise. In such a case a price does 
not encourage a manufacturer to improve quality. The demand for organic products is 
restrained. 

In this case it is possible to set such a new price (P + ∆P) when a relative price 
increase is less than a relative increase in the level of environmental friendliness 

(quality) )(
E
E

and is above a relative increase in cost )(
C
C

. 

The given approach can be represented as follows: 
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where R is reduction of external environmental costs of production and consumption; 
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– a relative reduction of external environmental costs. 

The given ratio between quality (environmental friendliness) of production, its 
price and expenses is the best from the point of view of social and ecological interests 
of both a society as a whole. 

The price in this case stimulates an increase of ecological quality of production 
and an increase in demand for it. In accordance with the growth of environmental 
friendliness  of  new  products, external  environmental  costs (environmental and  
economic damage) are reduced both for an individual consumer and a society as a 
whole. 

Let’s consider some conditions for economic and environmental interest 
coordination of a producer and a client (consumer). If a price for products of the high 
environmental quality for an individual consumer was specified in proportion to an 
increase in quality, i.e. if: 

Е
Е

P
P 
= ,   то  P

Е
ЕPе ⋅=


 , 

where ∆Pe is a price increase of an increase in ecological quality per value of ∆Е. 
If a price for these products would be specified in proportion to the cost, i.e. if: 

С
С

P
Pс 




= ,   то P

С
СPс ⋅=


 , 

where ∆Pс is a price increase of an increase in costs per value of ∆С. 
The condition of interest coordination of an individual consumer and a 

producer looks like that: 
∆Pе > ∆P > ∆Pc .                                                  (2) 

It is important to note that a manufacturer will benefit from: 

P
С
СPPP с ⋅−=−


 ,                                      (3) 
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and a consumer benefit will be as follows: 
PP

Е
ЕPPе 


 −⋅=− .                                   (4) 

The total benefit of both a producer and a client (consumer) is determined by 
value of: 

P
С
С

Е
ЕPP се ⋅






 −=−


 .                                 (5) 

The amount of this total benefit can be divided into three parts: the benefit of 
an individual consumer, the benefit of a producer (a venture) and the benefit of a 
society (in particular, a state) as a whole. 

Let us now consider in more detail a substantive basis of the quadrants of the 
matrix. Quadrant 1 «Customer (consumer) benefit, producer benefit» meets the 
principles of socially-oriented market economy and sustainable social-economic 
development and also reflects the system of long-term mutually beneficial relations 
«buyer – producer» as it is provided as a return on investment and satisfaction of 
social and ecological needs of a buyer within reasonable prices. 

Quadrant 2 «Customer (buyer) benefit, producer loss» corresponds to the 
situation when external environmental costs of production, the lack of a positive 
effect assessment of production and consumption of organic products become the 
subject of environmental regulation of production from the standpoint of ecology 
friendliness stimulation of a single venture. 

Quadrant 3 «Customer (consumer) loss, producer loss» corresponds to the 
situation which in the terminology of I. Ansoff is called «A Land of Fools» [26]. 

Quadrant 4 «Customer (consumer) loss, producer benefit» reflects the case 
when a producer receives some profit from sales but does not provide a consumer 
with a product which level of environmental quality would correspond to the price. 
This situation often occurs in industries with a low level of technological 
development. 

However, such a situation may occur in the production of new goods in highly 
developed industries based on innovative technologies when interests of a buyer are 
not always taken into account. 

Thus, the conceptual approach to ecological and economic development of an 
industrial enterprise taking into account the green business concept has been 
formulated on the basis of available theoretical support analysis. In accordance with 
the modern realities aimed at natural and economic resource use it has been 
determined that increasing the ecology friendly economic activity we ensure both 
effectiveness of environmental and economic activities of an enterprise and the 
program implementation of environmental and economic development of a region. 

Digital transformation approach enables an accelerated adaptation of 
communication business processes of industrial enterprises to the challenges of an 
external environment making easier the work of a user, the quick response to 
customer (consumer) requests and an increase in productivity of all business 
processes of industrial enterprises. 
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8.2. International scenarios for forecasting the development of a green 
economy in the blue world: management aspect 
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Intergovernmental Panel on Climate Change on Climate Change, IPCC) is a 
group established in 1988 jointly by the World Meteorological Organization and the 
United Nations Environment Program to assess scientific information on climate 
change and formulate realistic strategies for responding to it.  

On August 9, 2021, the IPCC published the sixth report - on climate change as 
of 2021 and future risks to humanity for the next century. The complete document 
has almost 4 thousand pages, contains detailed forecasts for different regions of the 
Earth and is the product of the painstaking work of the best climatologists and other 
scientists from different countries [2] 

The main documents published by the IPCC are the so-called Climate Change 
Assessment Report.  

The main findings of the above report are:  
 - global climate change is a fact,  
 - the probability that these changes are caused by natural factors is about 5 %,  
 - the probability that these changes are caused by anthropogenic greenhouse 

gas emissions is more than 90%,  
 - it is predicted that the average global temperature in the 21st century will 

increase by 1.8-4 ° C; even an increase of 1.1-6.4 ° C is possible,  
 - there is a 90% probability that the frequency of severe weather events (eg 

heat, heavy rainfall) will increase.  
Information based on research and the IPCC analysis shows that human 

activity accounts for 95% of the underlying cause of global warming, which we have 
seen for more than half a century.  

IPCC reports are used in many countries, including the EU, to formulate 
national and international strategies and programs. climate change, and to study 
climate change. The IPCC is also the scientific basis for the process of the UN 
Framework Convention on Climate Change. The scale of recent changes in the 
climate system as a whole and the current state of its many aspects are unprecedented 
for many centuries and many millennia. 

The report of the UN scientific group states that the concentration of carbon 
dioxide in the atmosphere in 2019 was the highest in the last 2 million years, and the 
global surface temperature "since 1970 has increased faster than any other fifty-year 
period in history for the last 2 thousand  

Regarding other climate changes, the IPCC noted that the annual ice area in the 
Arctic between 2011 and 2020 was the lowest since 1850, and global sea levels have 
been rising faster since 1900 than in to any other century in the last 3,000 years. ” It 
is noted that the melting of ice and permafrost in the Arctic due to rising air 
temperatures, leads to the release of methane into the atmosphere, which contributes 
to global warming. due to rapid warming in the future, such temperature jumps will 
be observed more and more often. Researchers note that if environmental degradation 
continues at its current pace, the Maldives will disappear by 2100.  

According to research by Ukrainian scientists, today is the day when 
Ukrainians have used more resources than the Ukrainian environment can recover in 
a year. Since August 8, Ukraine has been living in debt in nature. This date was 
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calculated by researchers from the Global Footprint Network. Every year, experts 
analyze the use of natural resources in different countries and on the planet as a 
whole and determine the Day of Environmental Debt. For the whole Earth, it came on 
July 29. 

Scientists around the world say that the resources of our planet are not 
limitless. By polluting water with toxic substances, littering the earth with plastic and 
chaotically extracting minerals, humanity is bringing the Earth closer to complete 
depletion.  

 "The only way out for humanity is to change the approach to resource 
consumption. To do this, each of us must reduce its environmental footprint - the 
amount of energy used, water and more. Simple habits, such as rational consumption 
of water and energy resources, reducing waste generation, applying the principle of 
minimalism when shopping, can save our future " 

Scientists say that the concentration of carbon dioxide in the atmosphere in 
2019 was the highest in the last 2 millions of years, and the global temperature of the 
earth's surface "has increased faster than any other fifty-year period in history over 
the past 2,000 years since 1970". Regarding other climate changes, the IPCC noted 
that the annual area ice in the Arctic between 2011 and 2020 was the lowest since 
1850, and global sea levels "have risen faster since 1900 than in any other century in 
the last 3,000 years."  

Human activity probably the cause of "melting glaciers across the earth over 
the past three decades, the melting of the giant ice sheet of Greenland, and the 
reduction of spring snow cover in North America. According to IPCC forecasts, the 
increase in global temperature will exceed the threshold set by the Paris Climate 
Agreement, "unless there is a sharp reduction in emissions of carbon dioxide and 
other greenhouse gases in the coming decades."  

Scientists around the world say that in this case The planet will be threatened 
by extreme weather conditions, including droughts and floods, rising sea levels, and 
shrinking ice cover in the Arctic, to which many plants and animals will not be able 
to adapt. Thus, according to their forecasts, according to all the options considered, 
the global surface temperature will continue to rise, at least until the middle of this 
century. 

According to the scenario of the highest emissions, global temperatures will 
rise by 5.7 degrees by the end of the century, and the lowest - by 2100, it may remain 
at 1 to 1.8 degrees compared to the pre-industrial era.  

IPCC report created 234 experts from 66 countries, including Ukraine. The 
second and third parts of the report, which are expected to be released in 2022, will 
focus on the effects, adaptation and vulnerability to climate change, as well as efforts 
to mitigate the effects of human impact on the Earth's climate. Climate change was 
established in 1988 with the World Meteorological Organization and the United 
Nations Environment Program to assess scientific information on climate change and 
formulate realistic strategies to respond to it.  

The World Meteorological Organization warns that our planet is waiting for " 
catastrophic "temperature rise". We are heading for a catastrophic 3-5 degree rise in 
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this century. The 2015 Paris Climate Agreement, with which the United States 
withdrew, required participants to take steps to limit global warming to below 2 
degrees Celsius. Celsius compared to the pre-industrial era.  

Earth's deforestation has slowed over the past three decades, but about 420 
million hectares of forest have been lost since 1990. According to the Food and 
Agriculture Organization (FAO), more than half of the world's forests are in five 
countries: the Russian Federation, Brazil, Canada, the United States and China. 
Experts from the World Wildlife Fund point out that there are 247 million hectares of 
pristine forests left in Russia that have not been touched by humans. But they are 
disappearing at a rate of more than 1.6 million hectares per year, and this rate is 
growing rapidly.  

However, deforestation continues, which means that new areas of the planet 
will be deforested. In order to reverse deforestation and biodiversity loss, we need to 
review our production methods and consumption levels. food. Trees perform 
protective functions: they prevent erosion and soil loss and mitigate the effects of 
climate change. In addition, forests provide people with fuel and food. For many, 
they are an important source of income. According to Ukrinform, at the end of 
December 2020, an ozone hole closed over Antarctica, which was one of the largest 
and deepest holes in 40 years of observations. 

The concept of the green economy arose in response to the global economic 
crisis, which began with the crisis in global financial markets in the second half of 
2008 and turned it into the most serious economic and social crisis in 80 years. The 
scale of this crisis has not only revealed shortcomings in the regulation of financial 
markets, which are dangerous for the economy, but also confirmed the importance of 
structural reforms in the economy. In the international discussion of anti-crisis 
measures, it was stressed that they should create an opportunity to improve the 
functioning of the economy in the long run, while supporting the process of 
redirecting the economy to the so-called.  

There is no generally accepted definition of a green economy (there is also the 
term "green growth", which is closely related to the green economy and is often 
equated with it). On the other hand, there are working definitions formulated by 
various institutions / organizations in connection with the developed tools and 
programs (UNEP, World Bank, OECD, European Commission). For its flagship 
Green Economy Initiative, the United Nations Environment Program (UNEP) is 
designed to define the green economy as one that improves human well-being and 
social justice while significantly reducing pressure on the environment and its 
resources. In its work, the OECD refers to green growth and defines it as changing 
patterns of production and consumption in order to reduce environmental pressures in 
a cost-effective way. A common starting point for these concepts is the realization 
that the current model of economic development cannot be strong pressure on the 
environment and its resources due to their limitations. 

Therefore, the green economy is a new tool for achieving the SDGs, not an 
alternative paradigm of development. The so-called greening of the economy is 
considered at many levels and covers a number of narrower issues, such as the 
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development of modern clean technologies, renewable energy, energy and material 
efficiency, changing the pattern of consumption and production to a more sustainable, 
integrated product policy, environmental public procurement. labor reform or 
environmental tax. The sectoral approach to the formation and implementation of the 
green economy / green growth also leads to the creation of a "green" nomenclature 
for, for example, jobs, energy, finance, transport, cities, etc. (green jobs, green 
energy, green financing, ecological transport, ecological cities, etc.). UNIDO (United 
Nations Industrial Development Organization), in turn, has developed a concept of 
"green industry" focused on the transformation (greening) of the industrial sector 
through more efficient use of raw materials to more intensively promote sustainable 
industrial development. Therefore, this is a sectoral strategy for implementing a green 
economy. Many international organizations' forums are working on definitions of 
terms under the Green Nomenclature, for example, the ILO (International Labor 
Organization) has recently introduced a definition of green jobs, and the OECD is 
working on indicators to monitor green growth. An international organization, 
focusing exclusively on green growth, the Global Institute for Green Growth, has also 
been established. 

As in the case of the definition of a "green economy", there is no single set of 
rules, policies and measures that would constitute a common "green economy policy" 
that could be implemented at the national level. This necessary flexibility (according 
to the principle of "one for all") is emphasized in the outcome document of the 
United Nations Conference on Sustainable Development (Rio + 20), held in June 
2012. In Rio de Janeiro, 20 years after organized in June 1992, the Earth Summit, 
during which the idea and principles of sustainable development were agreed and 
adopted in a binding manner. The Future We Want (FWW) recognizes the green 
economy as an important tool for sustainable development, while emphasizing that it 
provides policy options rather than a rigid set of rules. 

The tools to transform the economy into so-called ecological paths should be 
adapted to the level of economic development of individual countries, so that green 
growth does not occur at the expense of less technologically advanced countries. In 
practice, at the national level, this justified and necessary flexibility in the approach 
to environmental decisions can also lead to uncertainty about what constitutes action 
in a green economy and which of the existing national instruments is implemented in 
the framework of sustainable development policy, climate change, and environmental 
protection. etc. can be considered a new, "green" quality. All of these factors - the 
need for flexibility with possible ambivalence and the reluctance of developing 
countries to agree and take global action on the green economy - have led to the 
international development of a tool for sustainable development, the green economy, 
largely through the collection and exchange of best practices. , indicative solutions 
(best practices, toolkits). FWW directly calls on the UN system, in coordination with 
donors and international organizations, to collect information on existing models, 
good examples, practices, policy evaluation methodologies, etc. in the field of green 
economy. collect information on existing models, good examples, practices, policy 
evaluation methodologies, etc. in the field of green economy. 
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This approach is also a constructive method of gaining public recognition for 
actions taken in the context of different situations in individual countries, which leads 
to more or less support for the "greening" of the economy and incurs the 
corresponding costs. The transition to a green economy is not possible through 
politics alone, but requires the involvement of business and the social partners. in 
particular, guaranteeing a high quality of life for present and future generations at the 
level allowed by the development of civilization, and at the same time efficient and 
rational use of available resources. 

The main components of a low-emission environmental economy include:  
 - reconciling the improvement of economic performance while limiting the use 

of resources (including energy, water and mineral resources) and reducing the 
negative impact on the environment (disconnection); }} - perception of waste as a 
source of resources (for example, replacement of primary raw materials with 
secondary raw materials derived from waste), including:  

 - the desire to maximize waste as raw materials,  
 - optimization of supply chains,  
- focus on reducing waste generation,  
 - the desire to close the cycles of raw materials, including maximum water and 

energy savings; 
-  design of technological solutions;  
 - support for energy efficiency and energy production from low-carbon 

sources with maximum use of local resource base;  
 - low-emission transport,  
 - energy-efficient construction,  
 - spatial planning and infrastructure investment, taking into account the need 

to adapt to climate change. 
There are currently several definitions of green jobs in policy at the EU and 

other international organizations, and there has been a discussion for several years 
about standardizing this concept (or a similar term, ie green-collar workers). {1999} 
In 1999, in the context of green jobs, the OECD and Eurostat proposed activities that 
promote the creation of goods and services to quantify, prevent, limit, minimize or 
eliminate environmental pollution. damage related to water, air and soil, as well as 
activities related to waste, noise and ecosystems [1]. Applying this definition, it was 
estimated that 2) 2% of employees held green positions in 2009.  

Differences in definitions may lead to differences in the statistics of these 
vacancies. Initially, the category of green jobs was mainly related to areas related to 
the protection of biodiversity and the environment, but now it covers other areas, 
such as technological innovation (especially eco-innovation), energy efficiency and 
resource efficiency. 

The European Commission uses a broader definition than proposed by the 
OECD and Eurostat, and extends it to jobs related to the introduction of 
environmental technologies and products, where the basis should be environmental 
protection or resource management [6]. The development of environmental 
technologies in recent years has shown that investing in green growth offers great 
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economic opportunities, as the EU eco-industry generates an annual turnover of 227 
billion euros (2.2% of EU GDP) and currently creates 3.4 million jobs. [4]  

In the years before the economic crisis (2004-2008), about 600,000 additional 
jobs were created in this area, and since 2000, the organic industry has grown by 7% 
[5]. }} The European Commission estimates that around one million new green jobs 
have been created in the EU in recent years, and that global turnover in the green 
technology sector is expected to triple by 2030 to reach € 3 trillion [5]. In Germany, 
the sector now accounts for about 8% of GDP and is expected to grow to 14% by 
2020. In Austria, 4.8% of all workers work in the green jobs sector, an increase of 
0.6% between 2010 and 2011 6) despite the ongoing crisis. In Poland, the 
environmental industry in 2007 created about 2% of jobs (compared to the general 
level of employment) [5]. 

Despite the existing ambiguities regarding the definition and system of skilled 
jobs as environmentally friendly, it should be assumed that changes towards a low-
emission economy and an energy-efficient economy are and will be an increasing 
impetus for a significant increase in employment in green sectors of the economy.  

 Replacing obsolete technologies with solutions that use resources more 
efficiently, reduce environmental pressures and reduce emissions, create the need to 
train qualified personnel and create jobs with high environmental standards. In order 
to meet these expectations, the Ministry of Environment and the Ministry of 
Economy in the prepared integrated strategy "Energy Security and Environment - 
Perspectives to 2020" indicate measures aimed at creating green jobs that can be 
coordinated at the state level (the Ministry plays a leading role here). economy). 

The document envisages:  
 - preparation of a proposal for a system of financial and fiscal incentives to 

create green jobs,  
 - increasing demand in the labor market for specialists in the field of 

environmental protection. The summit on the occasion of the 5th anniversary of the 
signing of the Paris Climate Agreement stated: “In Paris, we have promised to stop 
the temperature rise at 1.5 degrees. We have not made enough commitments to 
achieve this, even these promises are not being fulfilled. The level of carbon dioxide 
is record high. If we do not change course, we will face a catastrophic rise in 
temperature by more than 3 degrees this century. " Already 38 countries have 
declared a state of emergency, and now everyone else must do so by developing low-
carbon energy. To reduce carbon emissions in the world by 45% by 2030 (compared 
to 2010) and, accordingly, to stop the rise in temperature at 1.5 degrees, a number of 
steps have been proposed:  

 - set the price of carbon;  
 - phase out funding and provide benefits for fossil fuels;  
 - stop building new coal-fired power plants;  
 - forcing to pay for carbon emissions of pollutants, not all taxpayers;  
 - be sure to disclose financial losses due to climate change;  
 - prescribe the need to achieve carbon neutrality in official documents. 
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As you know, the Paris Climate Agreement in 2015 was signed by more than 
190 countries, including Ukraine. The purpose of the agreement is to prevent the 
average world temperature from rising by more than 1.5 degrees Celsius. After all, 
exceeding this temperature limit will directly lead to dangerous consequences. For 
example, to raising the level of the oceans and flooding of coastal cities, as well as to 
reduce the areas suitable for agriculture. The British energy market regulator Ofgem 
has approved the allocation of 30 billion pounds ($ 40 billion) to companies to 
modernize energy infrastructure in 2021-2026 to move to a cleaner and more reliable 
energy system. It is noted that this amount is 20% higher than the maximum amount 
of investment planned from the beginning.  

Given the above, we can not talk about any procedure for creating green jobs. 
Their formation occurs as a result of socio-economic processes associated with the 
adopted strategic directions of development, both nationally, regionally and locally. 
Green transformation in the blue world should benefit all EU member states, as it 
focuses on economic growth, a cleaner environment and better public health. 

In fact, the Green Agreement is a growth strategy for the whole EU. The EU 
countries will achieve the 2030 climate goals on the basis of solidarity, taking into 
account the differences between the different member states in the starting positions 
and in the structure of energy supply.  

The European Council at prices that are affordable for households and 
companies, and with respect for the right of member states to determine their own 
energy balance and choose acceptable technologies to jointly achieve the 2030 
climate goals, including transitional technologies such as natural gas. The EU Green 
Agreement provides for several areas of "green transformation", including 
technological development of industry, innovative approaches to reducing emissions, 
energy efficiency, the introduction of a circular economy, the search for renewable 
and new energy sources, such as hydrogen technologies, which will be an alternative 
to traditional carbon. natural resources. 

According to the United Nations, 1% of the world's richest people have about 
twice as much carbon emissions as 50% of the poorest. In particular, the 10% of the 
richest people in the world use about 45% of all energy consumed for land transport 
and about 75% of all energy for aviation, compared to 10% and 5% respectively, 
which are used by 50% of the world's poorest households.  

 Thus, the richest people on the planet need to reduce carbon emissions as soon 
as possible to avoid dangerous warming in this century. To meet the goals of the 
Paris Agreement, the rich will need to reduce all indicators by 30 times. Although 
carbon emissions will fall by about 7% this year due to a pandemic, this will help 
reduce warming by only 0.01 ° C by 2050.  

Researchers estimate that up to 92% of glaciers in the Alps could be lost by the 
end of the century due to climate change. Researchers at the University of 
Aberystwyth estimate that up to 92% of glaciers in the Alps could be lost by the end 
of the century due to climate change. 

The 4,000 glaciers of the ridge include popular ski resorts such as Zermatt in 
Switzerland and Shadow in France. New Zealand has become the 33rd country to 
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declare a climate change, along with Japan, Canada, France, the United Kingdom and 
other countries.  

More than half of Ukrainians are aware of the threats and disasters posed by 
climate change. Climate change is now dangerous and threatens not only our 
generation but everyone else. And the main reason is the burning of oil, gas and coal.  

We have only been doing this for 200 years, but we cannot make important 
international instruments that induce solutions to these problems work. In particular, 
the Paris Agreement, which was adopted in 2015, and complex political processes do 
not allow even after the official entry into force of this agreement, to effectively 
implement its measures and keep the level of global warming at 0.5 degrees. The 
solution to this problem is very complex, complex and does not lie in only one plane. 
This requires not only political, but also legal, organizational, social, economic 
approach. And this is now considered the European green course in the blue world. 
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strategy of efficient use of nature and natural resources in the Slovak region from the 
beginning of the early period is based on balanced development, environmental 
policy and the Global Program of Action - Agenda adopted at the conference in Rio 
de Janeiro in 1992, as well as major international organizations community in 1994. 
These statements should be effectively stimulated by various forms of administrative 
self-government and taken into account in the global environmental policy of 
enterprises. Practice has shown that environmental policy is best implemented and 
enforced, primarily through economic and legal instruments and, to a lesser extent, 
through the intervention of foreign instruments. 

Modern enterprises are faced with changing conditions for the management of 
a la carte, consisting of a number of processes, mostly global in nature. These are, in 
particular, unification of standards, homogenization of consumer behavior, 
liberalization of trade in the international dimension progress in the field of 
computerization and transformation to the information society and knowledge-based 
economy. These changes are accompanied by the gradual degradation of the natural 
environment. which creates various barriers to economic development [i]. 

This leads to changes in the management systems of the organization. One of 
the directions of these changes is to draw attention to the environmental context of 
management and - more broadly - to the need to form environmental awareness and 
implement the idea of sustainable development in the functioning of modern 
enterprises. The catalyst for these changes should be environmental innovations, 
which can be understood as changes in technology, organizational structure and 
management of the enterprise, which reduce or prevent the negative impact on the 
environment. Innovations should be implemented systematically, combined with 
strategic and operational activities of the enterprise and their others obeyed and 
controlled decision-makers. Therefore, we can talk about the management of 
environmental innovations, both in a narrower context, referring to the level of the 
enterprise organization, and in a broader dimension - considered at the level of 
regional, national and international programs [ii]. 

With this in mind, the presentation of the basic assumptions for the 
management of environmental innovations in a modern enterprise is a subject that 
allows you to create, implement and disseminate environmental innovations in the 
organization on the principles of sustainable development. 

 
Characteristics and types of ecological innovations 
Eco-innovation (eco-innovation) is the same complex and multidimensional 

phenomenon as other types of innovation. The starting point for their definition can 
be the classic considerations in this regard, J. Schumpter, who emphasized the 
technical, economic and organizational context of innovation. emphasizing at the 
same time the functional meaning of this term. On the other hand, the Oslo Handbook 
defines innovation based on management as the introduction of a new or significantly 
improved product or process. a new organizational method or marketing in economic 
practice, organization of work or relations with the environment. However, the 
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definitions of tc describe innovations in general and do not allow a clear distinction 
between eco-innovations [iii]. 

It seems that to define iconological innovations it is necessary to pay attention 
to the scope and purpose of the context of this concept. Innovations are introduced to 
create or modify processes, products, techniques or actions that are perceived by the 
company as new and progressive in the field and lead to increased efficiency in the 
use of resources at its disposal. Environmental initiatives can be called a legacy of 
environmental innovation at the enterprise level. which, at the same time, fit into the 
concept of sustainable development [iv]. 

On the other hand, the focused context of eco-innovation appears, in particular, 
in the Oslo Handbook [v], which draws attention to the fact that the introduction of 
innovations in products, processes and organizational innovations may limit 
environmental impact or improve health. and security. From a legal point of view, 
taking into account the target context, other environmental innovations have been 
identified for the Competitiveness and Innovation Framework Program. At this level, 
they are considered all forms of innovation that lead to significant visible progress 
towards the goal of sustainable development, limiting the impact on the environment 
or achieving greater efficiency and responsibility for reducing the use of resources, 
including energy [vi]. 

Therefore, this definition focuses primarily on the attributive meaning of the 
concept of innovation, which is seen as the company's response to specific social 
needs and the economy associated with the implementation of the concept of 
sustainable development and environmental progress. The ecological strategies of 
enterprise development presented in the literature define sustainable development, 
which is a concept that emphasizes the interdependence of environmental, economic, 
social and spatial inflows in socio-economic development and the need to conserve 
resources for future generations. The importance of this philosophy was stated both in 
the Constitution of Ukraine and is a constitutional principle of the development of the 
European Union. At the enterprise level, this idea can be implemented in the form of 
a sustainable development strategy can be seen as a tool to support the 
implementation of sustainable development strategies [vii], as shown in Fig. 84. 

GLOBAL ECO-STRATEGIES OF MANUFACTURING 
COMPANIES

eco-innovation

 
Figure 84. The scheme of implementation of eco-innovations at the enterprise 

level 
Source: Own research 
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Eco-innovation at the enterprise level is seen as a reduction or increase in the 
negative effects of the company on the environment. 

Ecological innovations, as an important theoretical category, can be 
systematized taking into account various criteria. In particular, we can list the 
following eco-innovations [viii]: 

- eco-innovation of products. which consists in the introduction of products or 
services in the field of ecology, which allows to implement; environmental goals that 
are new or significantly improved at the end of their functions or applications. 
Examples are the replacement of production facilities with materials with improved 
properties (eg environmentally friendly plastics, etc.), the introduction of products 
with a significant reduction in energy consumption (energy-saving refrigerators, etc.), 
significant changes to products related to their adaptation to environmental standards. 

Process eco-innovation which consists in the introduction of a new or 
significant improvement in the melody of production or delivery, which satisfies the 
scope and purposeful krill, associated with environmental protection and 
environmental development. An example is the installation of new or improved 
production technology that reduces the negative impact on the environment, 
organizational eco-innovations. which means the introduction of a new organizational 
method in the principles of operation adopted by the company, in the organization 
and in the workplace or in relations with the environment, related to the development 
of circological consciousness and ability to perform tasks related to environmental 
development and sustainable development. An example is the creation of formal or 
informal working groups for the first implementation of tasks related to 
environmental activities. or implementation of an environmental management system 
(eg ISO scrii 14000) marketing eco-innovations which are the introduction of a new 
marketing method that involves significant changes in the design / structure of the 
product or packaging dissemination, promotion with special emphasis on 
environmental principles or formation environmental awareness as part of current PR 
activities [ix]. An example is the introduction of a fundamentally new packaging 
design based on environmentally friendly solutions. 

The fact of financing innovation from external sources, including funds from 
the European Union, has also become important here. 

Further classification of eco-innovations can be made on the basis of other 
criteria, such as: the extent of their impact, the consequences of the application of 
innovations in the organization and economy, technological and capital intensity. 
strict understanding and others. Eco-innovation is a concept that develops in 
accordance with the current state of knowledge in the field of environmental 
protection and ecology and with specific goals set for enterprises, as well as 
governmental and international programs and strategies that support environmental 
protection and sustainable development [x]. 

The introduction of environmental innovations, including changes in 
technology and production technologies that reduce the negative impact of 
production processes on the environment, is one of the activities that supports the 
greening of management. Its source is largely environmental awareness, implemented 
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through a number of measures implemented at the enterprise level, which leads to 
improved environmental parameters of the organization, and therefore to take into 
account the postulate of environmental protection in all areas of activity. 

An element of the process of environmental innovation management 
Eco-innovators aim to develop new Class 6 products in processes that provide 

value to both the consumer and the business and significantly reduce the negative 
impact on the environment. They are considered an innovative system consisting of 
new ones that avoids or reduce harmfulness to the environment or achieve higher 
environmental performance [xi]. 

Classical definitions of management, describing its essence, relate to certain 
elements of this phenomenon, such as: 

- management strategy, 
- management functions. 
- subject (object) of management. 
- business entities. 
- tools and instruments used in the management process - the effects that 

management should achieve. 
Innovation management (innovation activity) can be understood as an ordered 

set of activities from a functional point of view (planning and taking measures, 
organization, management and control). focus on the resources of the organization 
(human, financial, tangible and intangible, including information). to achieve the 
planned goals of the organization in the field: the choice of methods, technologies 
and organizations, the acquisition of knowledge and innovation and their effective 
and efficient application, adhering to the principles of the concept of sustainable 
development. Management of ecological innovations at the enterprise level is a 
subdiscipline and concretization of innovative activity in the field of ecology and 
ecologically clear activity carried out by the organizations. 

The goals of eco-innovation management can be considered at different levels: 
strategic, tactical or operational. From a general point of view, these goals can be 
ecological, economic, socio-technical and production. Selected goals of eco-
innovation management include: 

- reduction, prevention or elimination of the negative impact of the enterprise 
on the natural environment, 

- support for the implementation of sustainable development, 
- improvement of economic results and efficiency of the carried out activity, 
- improve the reputation of the company and its environment. 
From a functional point of view, the environmental innovation management 

process includes planning and decision-making, organizing and providing resources 
to achieve goals, inspiring and motivating employees and management to create and 
implement innovative and environmental innovations, and measuring and evaluating 
the consequences of their implementation. A necessary condition for maintaining the 
continuity of the management function and the bodies that create it is the presence of 
a control object separated from the background, which is understood as an 
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organization or part of it, and that the elements of this object respond to the impulses 
of the control center (subjects) . management) [xii]. 

Therefore, environmental innovation management can be this part of the 
organization. 

The process of environmental innovation management should also take into 
account the requirements and initiatives of employees within the enterprise, as well 
as, some, the proposals of external consultants and deputies of the organization, 
including clients, local communities and environmental communities. 

The availability and role of management entities vary depending on the 
characteristics of the organization. For example, in large enterprises, this role can be 
performed to varying degrees at different levels of the organizational hierarchy, while 
clearly distinguishing between organizational groups or processes responsible for 
pro-environmental innovation. In small companies, however, the management 
process focuses on the identity of the owner with possible collaboration with selected 
employees and / or external consultants [xiii]. 

In addition, it is important to keep in mind the need to separate the managerial 
role from the catalyst role performed by technical managers. The head of innovation 
combines the role of strategic management, organizational and technical expert. 
While the role of catalyst is played by an informal leader, who often decides on the 
staff of the team that creates innovations and the creator of the pro-innovation climate 
in the company [xiv]. 

Used tools and instruments that are an auxiliary element of environmental 
innovation management. Selected tools of environmental management in the 
organization include: 

- environmental management systems, both in accordance with international 
standards, such as EMAS, ISO 14000 series, and on other bases, such as responsible 
care programs, 

- conducting ecological (ecological) examination, 
- environmental impact assessment (E1A), 
- ecological design of the product life cycle (LCD or DFE), 
- ecological balance (ecobalance), 
-environmental assessment of sites and organizations (EASO), 
- environmental audit, 
- multicriteria methods of decision making, 
- methods of modeling and modeling, 
- heuristic methods. 
The implications of eco-innovation management include, for example, 

reducing environmental damage and improving occupational safety and health, as 
well as complying with environmental rules, norms or standards. Other effects 
include: reducing operating costs and improving economic performance, improving 
safety and working conditions, increasing the company's value to investors, 
improving the organization's image in the eyes of stakeholders, including the public 
and pro-environmental communities, reducing the organization's diversity or 
increasing environmental performance. employee awareness and other effects [xv]. 
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Approach to environmental protection and behavioral behavior of enterprises. 

A static approach to environmental protection means that the company adopts a 
passive or reactive environmental strategy. The adoption of a passive environmental 
strategy (static approach) means "dilution" of pollutant emissions (controlled 
discharges). In accordance with the preconditions of the environmental policy of the 
state, enterprises, mainly industrial, are legally obliged to limit the negative impact of 
their activities on the natural (natural) environment. Entities that do not meet the 
minimum requirements for environmental protection demonstrate ignorance of 
environmental issues. This approach will subject the company to numerous fines for 
non-compliance with environmental law and increased environmental fees and taxes, 
which threatens its image and competitive position. 

Developing a passive strategy is a reactive strategy. A company that has 
adopted a jet model and pays strategic attention to it operates in accordance with 
environmental standards only to the extent necessary, usually with the help of 
technology "at the end of the pipe" and the optimization of existing production 
processes. The end-of-pipe approach is a static model if the company adheres to 
acceptable environmental standards (emission limit values) and stops making further 
changes to improve the reduction of environmental impact. The reaction of the 
enterprise is usually technical, manifested, in particular, in the interest in the "end of 
the sewer pipe." Adoption of a reactive environmental strategy means low sensitivity 
of enterprises to the environmental requirements of the market, and strategic 
strategies are often defensive in nature - the board of companies believes that they are 
under siege of the law and are in a state of public opinion. 

Some organizations anticipate future developments in the legal environment 
and take a proactive approach to the environment. You usually need to respond to an 
advance. The main role here is played by proactive strategies of enterprises related to 
environmental protection (proactive environmental strategies - PSS). They are part of 
a dynamic approach of enterprises to environmental protection, which, to meet the 
requirements of the environment, also becomes dynamic. The dominant driving force 
for achieving strategic activity of the enterprise is the impulse in the form of changes 
in legislation. Proactivity is a purposeful, situational and one-time activity. 

Enterprises with a dynamic approach to environmental protection voluntarily 
strive for cleaner production, seek technological (technological and product) 
solutions and organizational solutions that will help prevent pollution "at its source" 
and provide a competitive advantage. It connects the technological sphere with the 
organization concerning aspects of the environment. This often unique interaction is 
made possible by the organizational resources and capabilities of the enterprise. 
These abilities, if we adopt an evolutionary model of strategy, manifest themselves 
with the increase of the emergency situation in the environment. 

Enterprises that dynamically develop environmental programs that allow the 
external and internal environment of the enterprise to interact. This creates an 
interactive and dynamically proactive environmental strategy. It focuses on a creative 
and innovative approach and the development of sustainable environmental programs 
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in corporate structures. A serious challenge for enterprises is not only technological, 
but also strategic and organizational reorientation to innovation and cooperation. 

Proactive environmental strategies incorporate environmental issues into the 
practice of companies that use a systems approach. As mentioned earlier, a proactive 
environmental strategy is sometimes equated with a cleaner production strategy, 
which is a good start to effective design and implementation. However, companies 
that have adopted an active environmental strategy are less dependent on 
technological recommendations. Indeed, environmentally friendly technologies are 
evolving and improving. The difficulties are at the intersection of restrictive legal 
norms and rules of a market economy [xvi]. The international literature offers various 
definitions of the nature of the initiative ecologist. 

In the Miles and Snow typology, enterprise strategies were identified based on 
the assumption that each organization makes its behavior dependent on finding 
solutions to three problems: administrative, entrepreneurial, and technological 
(engineering). With this approach, a proactive environmental strategy requires the 
effective integration of all these areas of the enterprise to obtain the intended results 
of development, and methods of solving problems by enterprises determine the 
direction of pro-environmental activities. Success in implementing a researcher's 
strategy depends on developing and maintaining the ability to analyze a wide range of 
changes in the environment. The strength of companies that implement a strategic 
researcher is the active analysis and filtering of market opportunities. In negative 
events, they can see opportunities and use them. A special skill of enterprises with a 
dynamic approach to environmental protection is to use threats in the legal 
environment as opportunities. The offensive nature of environmental strategy is also 
presented by J. Reps. Such an active environmental strategy is based on the use of 
both own and external funds needed to improve production processes to protect the 
environment. This type of strategy focuses on a systems approach and the creation of 
a pro-environmental organizational culture. It is based on the assumption that not 
only each employee, but also each stakeholder who makes up the staff within their 
activities (with competencies and abilities), is responsible for the implementation of 
tasks, goals and environmental strategies [xvii]. 
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Figure 84. Global environmental strategies of enterprises and the evolution of 
approaches to environmental protection 

Source: Developed by the authors based on Managing supply chain resilience to pursue 
business and environmental strategies (2020) 
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Strategy of adaptation of companies to changes in the context of global 

environmental risks 
The activity of the organization is manifested not only in the ability to adapt to 

the turbulence of the environment. It is also, and perhaps most importantly, the ability 
and ease to initiate and create your own internal organizational change, not only to 
avoid threats to the environment, but also to make effective use of the opportunities 
that arise. Proactivity means the ability to shape the environment to a degree that 
exceeds the ability to shape the behavior of the environment. According to this logic 
of reasoning, we can distinguish two types of proactivity: external and internal in 
relation to the enterprise. External proactivity is the ability to actively (dynamically) 
influence the environment of the organization, which is based on a more "voluntary" 
approach of the enterprise to respond to changes in the environment. Internal 
proactivity means the ability of an organization to quickly adapt to environmental 
conditions (context), and this adaptation, as if "forced" under the influence of 
environmental factors, primarily related to changes in the provisions of 
environmental law. 

Proactive action was much easier in a period when the environment was stable, 
and today, in principle, no longer occurs. Increasing variability of the environment 
means the emergence of dynamic and constant, but predictable changes. The 
emergence of a dynamic environment means the emergence of uncertainty, which 
leads to competition [xviii]. 

 
Dynamic approach and direction of preventive implementation of 

ecological strategy at the enterprise 
Service activity means compliance with the law, in addition to the requirements 

of compliance with regulatory requirements for environmental protection 
(compliance plus), as well as the voluntary implementation of the company's 
environmental management systems in accordance with the basic principles of ISO 
14001 or EMAS. Dynamic enterprises are excellent in terms of the environment and 
market requirements (commercial and natural environmental advantage) and use the 
assumptions of the concept of quality management - TQM (Total Quality 
Management), transforming it into the concept of TQEM (Total Quality 
Environmental Management). Emphasizing the role of practicing managers in solving 
environmental problems35. Enterprises with a proactive strategy conquer new 
markets, introduce new innovative products or production methods, seek new sources 
of supply and apply an environmentally friendly approach to raw materials and 
energy using the 3R concept (reduction, reuse, recycling) and actively interact with 
stakeholders. Focus on the implementation of environmental services (functional 
perspective) can be performed on the basis of the guidelines of ISO 14001 or EMAS 
and the concept of TQEM36. A cleaner production program is a good start 
(preparation for the implementation of an environmental management system in 
accordance with ISO 14001 or EMAS. J. Delgado-Sebalos and others lead the 
implementation of a proactive strategy for overall environmental quality management 
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under the assumptions of the concept of environmental quality management). In the 
case of PSS implementation, the focus will be on economic savings, reduction and 
disposal of waste associated with the design, manufacture, use and disposal of 
products and materials. Environmental Initiatives srj component integrator) of the 
TQEM concept, where the zero defect strategy is consistent with strategic zero 
pollution. The basis for such targeting of a proactive environmental strategy is the 
recognition of pollution, regardless of its type and form, as a murder38. Loss of 
materials, energy or other resources proves the inefficiency of production. Stop) 
implementation and implementation of a proactive strategy will then be eco-
efficiency59, identifying needs and customer satisfaction, a flawless approach, a 
proactive approach to solving problems. The TQEM concept recommends shifting 
the focus from control through control through control through environmental 
management. Implementation of a proactive strategy is aimed at meeting the needs of 
all customers and their expectations. 

Nogg companies have also developed their own environmental programs 
tailored to individual needs. A significant problem for many companies is the lack of 
partners from the state to conclude agreements and support environmental initiatives. 

 
Dynamic approach of enterprises to environmental protection in times of 

crisis 
Active and reactive enterprises behave differently in times of crisis and market 

change. Emerging threats and opportunities as a result of destructive events give 
impetus to further action. An enterprise facing uncertainty tries to insure itself against 
economic risks in advance by planning an organized response to its expected 
manifestations. Proactive businesses are more resilient to alarming events, especially 
those related to the tightening of regulatory requirements for environmental 
protection. This resistance is the ability of an active enterprise to withstand 
systematic inequalities and adapt to environmental risks in order to formulate a 
strategy in the context of reducing the risk of working in uncertain environmental 
conditions. The trajectory of a proactive enterprise follows a cycle of adaptability that 
leads to adaptation and learning in the context of distorting events [xix]. 

Proactive companies in the field of environmental protection are more prone to 
activities associated with increased risk, and it is easier for them to cope with difficult 
conditions of change (sustainability). Sustainability allows not only to respond to a 
difficult situation, but also to actively learn and develop, accepting challenges. 
Sustainability is a hidden ability of active enterprises, built on the basis of social 
interaction and relations with stakeholders. This is felt when organizations are 
defeated. This ability of businesses to cope with difficult situations is of particular 
importance today and will be felt in the near future, due to the growing demands of 
climate change. By their very nature, enterprises with a dynamic approach to 
environmental protection are mainly pro-ecological, but also economic (including 
measures to renew capital). After all, risk is a trait associated with innovation. Most 
innovations are tied to economic, technical or market risk. Risk-taking and courage 
are one of the dimensions of proactivity, along with entrepreneurship and innovation. 
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A proactive enterprise uses uncertainty, making it the most important resource for 
innovation and eco-innovation. An active approach of enterprises to environmental 
protection requires new solutions characterized by entrepreneurship (environmental). 

It is necessary to move towards the application of more flexible pro-
environmental solutions, especially in the field of strategy formulation. The company 
itself must make all changes as soon as possible, allowing it to adapt to changing 
environmental standards earlier than its competitors [xx]. If a proactive environmental 
strategy is adopted, it is necessary to provide continuous training for staff which will 
systematically analyze the environment and, above all, monitor the legal 
environment. Monitoring allows you to predict the most likely changes in legislation. 
Change is the main tool for creating competitive advantage. 

Changes in management, combined with increased attention to environmental 
issues, are forcing modern enterprises to implement environmental management 
strategies and implement environmental innovations. At the same time, eco-
innovators are a special subgroup of innovations implemented in organizations that 
differ in activities and goals. In the management of the category of initiatives at the 
enterprise level, there are various elements that affect the productivity and 
effectiveness of the actions implemented. The results of accident research show that 
the introduction of environmental innovations can bring special benefits, both 
economic and environmental and others. On the other hand, the results of statistical 
analysis show that entrepreneurs are not aware of the importance of the effects 
created by eco-innovation. There is a need for the constant development of 
environmental awareness both among those who directly manage environmental 
innovations and shape the environmental activities of enterprises, as well as among 
employees or local governments. As a result of change and development, this 
awareness will lead to internal stimulation of the need to implement environmental 
innovations by economic entities. 
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In the context of exacerbation of economic and environmental problems in 
recent decades, countries around the world are focusing their efforts on promoting 
environmental improvement as a new source of further development. Intensifying 
these activities can help accelerate progress towards sustainable development and 
poverty reduction through, for example, more sustainable use of natural resources, 
energy efficiency and the provision of ecosystem services. In recent years, in terms of 
implementing a strategy of environmentally oriented growth, economically developed 
countries are rapidly introducing "clean" technologies. The above determines the 
relevance of the definition of investment in the development and implementation of 
"clean" technologies and indicates the need to clarify the prospects and tools to 
promote the effective functioning of the global market for "clean" technologies as an 
effective mechanism for climate change and sustainable economic development.  

Over the past 20 years, an important condition for the accelerated progress of 
socio-economic development of most countries has appeared in the form of an 
effective policy of innovations actions with the ultimate goal to implement novelties 
in engineering, technology, labor organization and management, based on scientific 
achievements and technical progress. Achieving of long-term goals is significantly 
facilitated directly by technological innovations, which expand the range of available 
options and potential strategies to reach them, alongside reducing over time the cost 
of their implementation. In reality, innovations are more complex, and only a small 
proportion of technologies "follow" a smooth transition from one stage to another, 
because this approach is not able to cover all aspects and conditions that may arise 
during the implementation of the whole process. In addition, a particular technology 
may be successful in one country, but may be not in line with general market realities 
or not suitable for other countries, which will require changes at any of the stages. 

Without a major acceleration in clean energy innovation, net-zero emissions 
targets will not be achievable. The world has seen a proliferating number of pledges 
by numerous governments and companies to reach net-zero carbon dioxide (CO2) 
emissions in the coming decades as part of global efforts to meet long-term 
sustainability goals, such as the Paris Agreement on climate change. But there is a 
stark disconnect between these high-profile pledges and the current state of clean 
energy technology. While the technologies in use today can deliver a large amount of 
the emissions reductions called for by these goals, they are insufficient on their own 
to bring the world to net zero while ensuring energy systems remain secure – even 
with much stronger policies supporting them. 

Energy efficiency and renewables are fundamental for achieving climate goals, 
but there are large portions of emissions that will require the use of other 
technologies. Much of these emissions come from sectors where the technology 
options for reducing them are limited – such as shipping, trucks, aviation and heavy 
industries like steel, cement and chemicals. Decarbonising these sectors will largely 
demand the development of new technologies not yet in use. And many of the clean 
energy technologies available today need more work to bring down costs and 
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accelerate deployment. 

Innovation is the key to fostering new technologies and advancing existing ones. 
The concept of investing in "clean" technologies is quite new for domestic 

science and practice. It is worth noting that, despite the use of this term in the 
Western scientific literature, the interpretation of the essential content of this category 
in domestic science is practically absent. 

One of the most important principles of investing in "clean" technologies is the 
principle of strategic policy orientation. The actions of all entities (government, 
private market entities , both financial and non-financial, non-governmental non-
profit organizations, households, etc.) should be aimed at achieving long-term 
development goals. Strategic orientation at the level of the country's economy in 
general can not be formed solely on the basis of situational market actions, because 
the free market is mostly focused on goals that can bring profits in the short or 
medium term. Due to the high level of uncertainty about investing in long-term 
projects, as well as the significant conditionality of future income from such 
investments by the level of development of economic regulation institutions, the state 
has a key role in forming new financial mechanisms, instruments and individual 
capital market segments. As a result, the issue of investment, which is aimed at 
achieving strategically important goals for the country, is extremely important for the 
state. It significantly influences the process of creating a national system for 
attracting and distributing investment capital. This impact is associated with the 
development of a set of clear and natural measures of regulatory policy to promote 
investment in "clean" technologies through various financial instruments [6]. 
Regulatory measures not only stimulate the overall capital growth of "clean" 
technologies (including through its imports), but also provide their most profitable, 
from the standpoint of national economic interests, interfield and intersectoral 
location. An important principle of the policy of investing in "clean" technologies is 
the interaction of the state and business in solving the key goals of sustainable 
development. Financing the transition to "clean" technologies far exceeds the 
capabilities of the public sector in any country in the world, and even more so in 
Ukraine. Large investments require significant private sources of funding. Moreover, 
the introduction of fundamentally new approaches and mechanisms in the practice of 
economic development requires ensuring a high level of cooperation between various 
entities - the state and private financial institutions, financial regulators and 
supervisors, various business associations and unions, international economic and 
financial organizations involved in creation of appropriate standards and regulations, 
as well as business platforms and initiatives. 

Closely related to the above is the principle of corporate social responsibility, 
without which it is impossible for business to interact with the state effectively and 
socially usefully. This principle is based on the construction of an individual strategy 
for business development and corporate governance in Ukraine. 

Another important principle is the principle of broad international cooperation in 
the sphere of investing in "clean" technologies and the development of a national 
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system of legal regulation of this process in close coordination and consistency with 
the development of appropriate mechanisms in the world and Europe. 

In addition, the principle of taking into account the national specifics of the 
development is extremely significant. It is determined by not only the historical path 
of the country the level of its socio-economic development, the profile of its 
competitive advantages as compared to other countries, but also its cultural 
peculiarities. As far as there is no single model of investment policy that could be 
used by all countries of the world, for each country such a policy is specific. 
Although the basic set of elements for an integrated policy of investing in "clean" 
technologies is likely to be the same for the vast majority of countries, such a policy 
should be developed according to national priorities and adapted to the unique 
national characteristics and needs of different sectors of the national economy. 

The principle of a systematic approach to the implementation of the policy of 
investing in clean technology means that only a wide range of interrelated measures 
and policy instruments that do not contradict each other, but on the contrary, 
reinforce each other, can bring a positive result. 

An increasing number of countries are trying to solve the problem of efficient 
and economical use of energy resources by introducing the latest technologies. 
Innovations in the energy sector, as a rule, change at a slow pace because such 
technologies are quite large-scale, complex and difficult to implement and are created 
with a view to long-term operation. However, technological changes can have 
disturbances and gaps, especially under the pressure of such factors as: the 
geopolitical situation (for example, the oil crisis in 1973, known as the "oil 
embargo"), changes in energy policy (for example, the country's refusal to use 
nuclear energy), structural changes (like so-called demographic tipping points), when 
there is a declining trend in the population, which leads to a decrease in energy 
consumption). The rapid development of solar energy (photovoltaics), the production 
of electric vehicles and the growing demand for them, energy storage and storage 
technologies, etc. are today the main factors. 

The end of the Cold War, accompanied by cheaper fossil fuels during the 1990s, 
reduced public awareness of energy saving and efficiency Due to domestic and global 
policy challenges, the need to respond to emerging risks, such as threats to public 
health and the environment due to global climate change, there is a need to develop 
"clean" energy technologies that would help reduce the use of expensive and at the 
same time "dirty" energy resources (based on fossil fuels). 

Based on this, the policy of investing in "clean" technologies should be formed 
simultaneously within the following framework: 

• setting strategic goals and policy coherence a clear and long-term vision and 
goals for the development of low-carbon infrastructure, coordination of various 
policies, multilevel governance (at the level of individuals, households, cities, regions 
and countries) with the possibility of involving stakeholders; 
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• formation of an attractive investment policy that would encourage investment 

in the sector of "clean" technologies creating open and competitive markets; 
introduction of regulatory policy that would stimulate investment in "clean" projects; 

• financial policy and instruments. Support for long-term investments, 
introduction of innovative financial risk allocation mechanisms, such as "net" bonds 
or direct support for investments in "green" projects; 

• use of resources and enhancement of the capacity of the green economy. 
Development of markets for new technologies, R&D funding, expansion of human 
and institutional capacity to support innovation, assessment of climate risks and their 
vulnerability of economic sectors; 

•  promoting the development of "green" business and further formation of 
environmentally responsible consumer behavior; the transition of enterprises to 
environmentally responsible production (mandatory reporting on the impact of the 
production on the environment), expanding information and encouraging consumers 
to consume environmental goods and use environmental services [7]. 

Thus, consistent and effective implementation of the principles of investing in 
"clean" technology, as well as "green" development in general, is possible only in a 
regulatory environment, transparent and fair, developing in accordance with the rule 
of law, with independent litigation, with independent market regulators acting in 
accordance with national interests, respecting the rights of investors and consumers. 

Ukraine remains heavily reliant on gas and oil product imports. It is a key transit 
country for Russian gas exports to Europe. Recent economic crises, the closure of 
Russia's market, and escalation of the conflict in eastern Ukraine put downward 
pressure on growth, but the country’s GDP has seen an increase over the past few 
years. While energy policy has incentivized investment in renewables, possible 
policy reform reversals could impede further development. Since 2015, Ukraine has 
prioritized the reduction of natural gas subsidies in addition to diversifying energy 
supply. Ukraine is a part of the EU4Energy Programme, which focuses on evidence-
based policy making for the energy sector [8]. 

The current system of financing environmental protection measures in Ukraine 
is characterized by the use of various investment resources - internal and external.  
The internal ones include: availability of financial resources, ecological reputation of 
the enterprise and others. The external factors are: public policy, legally established 
laws, investor protection and others. One of the reliable and stable source is the own 
funds of enterprises. Unlike other resources, they are usually non-refundable. State 
budget funding for environmental projects is attractive, but virtually unavailable due 
to its limitations. For more effective functioning of financial relations in nature 
management, it is necessary to find additional sources of financing of ecological 
projects. Eco-investment management requires the introduction of an effective 
mechanism for attracting investments. An important element of the mechanism for 
implementing the state environmental policy, which aims to ensure environmentally 
oriented growth of the Ukrainian economy, is the financing system. The state of the 
environment in the country as a whole and its regions in particular largely depends on 
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how reliable and efficient this system is. Issues of financial support of the 
environmental sphere are becoming increasingly important in modern conditions. 
Research of advantages and disadvantages of sources of financing of nature 
protection measures, taking into account the western experience, proves that the most 
effective sources are means of international financial funds and programs and own 
sources.  

State investment in environmental projects is carried out at the expense of state 
budget and other environmental funds in the form of tax benefits, grants and 
subventions. According to the State Treasury Service of Ukraine, the Ministry of 
Ecology and Natural Resources received funding from the state budget in 2020 for a 
total of 13239649.8  UAH, which was only 0.87% of total expenditures [5]. 
Financing of environmental investment programs by enterprises should be carried out 
in Ukraine due to the need to comply with environmental regulations. Such 
investments are mainly forced and are realized at the expense of the company's own 
funds, government allocations under grant support programs or soft loans. However, 
as a rule, nobody follows this rule.  

As for the  support of international financial funds and programs, it is necessary 
to admit that their share is one of the largest today. For this purpose, such tools are 
used as financial assistance programs, grants and preferential targeted loans. More 
than 100 international organizations are involved in environmental protection. The 
most famous is the Global Environment Facility, established in the early 1990s, 
which provides financial assistance to various projects in the field of environmental 
protection. 

Among the important sources of environmental protection are bank loans. It 
should be acknowledged that currently Ukrainian commercial banks are reluctant to 
issue loans for environmental activities. International banks and organizations are 
actively working in lending to environmental ptojects: the International Bank for 
Reconstruction and Development, the European Bank for Reconstruction and 
Development, the World Bank, and the International Monetary Fund. All of them 
have identified environmental protection as one of the main tasks of their activities. 
Thus, the main tools for implementing the environmental policy of the European 
Bank for Reconstruction and Development are research in the field of environmental 
protection; technical assistance aimed at supporting environmental projects and 
programs; loans, guarantees, investments that provide financing for environmental 
projects, etc. 

Recently, Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) – a  
company working around the world, assisting the Government of Germany in 
achieving the goals of international cooperation for sustainable development and 
international education, launched in Ukraine the project "Best available technologies 
and management methods for Ukraine». It aims to promote the introduction of 
European best available techniques in Ukrainian industry to reduce industrial 
pollution and negative impact on the environment. GIZ supports the implementation 
of best available management technologies and methods (BAT) in Ukraine in four 
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areas. The project will last until 2023, but it does not cover the entire scale of the 
process. The implementation of the BAT is likely to last until 2028 under the 
management of the Ministry of Energy and Environmental Protection of Ukraine. 

If a Ukrainian producer wants to export its products to the European Union, but 
its production process is not ecologically safe enough,  the EU can impose an import 
duty, the so-called carbon border, and the business will become uncompetitive. So, 
when there is a desire to be a successful exporter in the European Union, it will be 
necessary to carry out some modernization. 

Businesses need to invest in clean technologies and processes, and this is always 
BAT. This is one of the aspects of motivation. The government can in some cases 
help businesses attract investment, as substantial sums of money are often needed to 
achieve the emission limit values set out in the BAT. This is the case when state 
intervention in the market is justified. It is planned to create a financing mechanism 
that reduces the burden on the business and at the same time requires it to invest part 
of its own funds in modernization (or take a loan from a bank). 

The general trend of investing in environmental protection in the EU and 
Ukraine indicates a gradual decline. This situation may be due to the following 
factors: -  aggravation of economic performance in the EU (UK exit from the 
European Union, influx of refugees from the Middle East, air  pollution from cars, 
global warming, etc.); - complicated situation in Ukraine (corruption, war in the East, 
lack of an effective controlling body for environmental pollution, etc.) (Fig. 85). 

 
 Ukraine,  EU 

Figure 85. Investments for environmental protection, EU and Ukraine, 2006-
2020, EUR billion. 

Source: Developed by the authors based on Eurostat. Statistics Explained. Environmental 
protection expenditure accounts (2021) data. 

 
International public financial flows to developing countries in support of clean 

and renewable energy reached $21.4 billion in 2017. This is 13 per cent more than in 
2016 and double the level of 2010. Investment in hydropower projects represented 46 
per cent of 2017 flows, followed by investments in solar (19 per cent), wind (7 per 
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cent) and geothermal energy (6 per cent). While the progress is encouraging, only 12 
per cent of these financial flows reached the least developed countries, which are the 
farthest behind in reaching Goal 7 targets. Focused attention is needed to ensure that 
financing reaches countries most in need (Fig. 86). 

There are no single or simple solutions to putting the world on a sustainable path 
to net-zero emissions. Reducing global CO2 emissions will require a broad range of 
different technologies working across all sectors of the economy in various 
combinations and applications. These technologies are at widely varying stages of 
development, but can already map out how much they are likely to need to contribute 
to the emissions reductions necessary to meet international energy and climate goals. 

 
Figure 86. International financial flows to developing countries in support of 

clean and renewable energy by type of technology, 2010–2017 (billions of dollars at 
2017 prices and exchange rates) 

Source: Developed by the authors based on Ensure access to affordable, reliable, sustainable 
and modern energy for all (2020) data. 
 

The key technologies the energy sector needs to reach net-zero emissions are 
known today, but not all of them are ready. Around half of the cumulative emissions 
reductions that would move the world onto a sustainable trajectory come from four 
main technology approaches. These are the electrification of end-use sectors such as 
heating and transport; the application of carbon capture, utilisation and storage; the 
use of low-carbon hydrogen and hydrogen-derived fuels; and the use of bioenergy. 
However, each of these areas faces challenges in making all parts of its value chain 
commercially viable in the sectors where reducing emissions is hardest [7]. 

The energy industry that emerges from the Covid-19 crisis will be significantly 
different from the one that came before. The worldwide economic shock caused by 
the Covid-19 pandemic is having widespread and often dramatic effects on 
investments in the energy sector. The companies are now reassessing strategies – and 
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investors repricing risks – in response to today’s profound uncertainties and financial 
strains. The energy industry that emerges from this crisis will be significantly 
different from the one that came before. The vulnerabilities and implications vary 
among companies, depending on whether they are investing in fossil fuels or low-
carbon technologies, as well as across different countries.  

The complexity of the global clean energy system makes it hard to assess how 
Covid-19 will affect the speed with which clean energy technologies can be 
developed and improved. This is compounded by widespread uncertainty about the 
longer term impacts of the pandemic. However, available data and historical 
precedent suggest significant cause for concern, given the urgency of the need to 
compress innovation timelines for clean energy technologies. There are signs that the 
global clean energy innovation system will be hard hit by spending cutbacks, 
especially in the private sector, with the largest impact in the near term being a 
tougher environment for scale-up and commercialisation. In simple terms, there is a 
risk that the “valley of death” becomes deeper and wider. 

Before the pandemic hit, 2020 was expected to be a critical year for several 
major energy innovation policy initiatives, with keen interest in the details of the 
European Union’s Horizon Europe and Innovation Fund, for example, and in the 
energy R&D elements of China’s 14th Five‑Year Plan. These policies, and many 
others in preparation around the world, are still top priorities, but the immediate focus 
has shifted to managing revenue losses and economic recovery in most countries. At 
the same time, many companies are facing severe pressures, and all are having to 
adjust to a changed and uncertain economic outlook. 

While the immediate task of protecting health and livelihoods is understandably 
occupying all parties in the first half of 2020, measures that directly or indirectly 
address clean energy innovation have nevertheless already featured in the policy 
responses of several governments. Details are still emerging, and other governments 
are still considering their positions; even so, these policy signals help to give at least 
an initial idea about how the environment for clean energy technology might evolve 
between mid-2020 and 2025 [9]. 

At a time when faster innovation is sorely needed, the Covid-19 pandemic has 
delivered a major setback. In the immediate future, the world’s capacity to bring new 
technologies to market will be weaker as a result of the disruptions caused by the 
pandemic. Market and policy uncertainties threaten to reduce the funds available to 
entrepreneurs. 

Innovation involves a wide range of participants, but governments have a pivotal 
role that goes far beyond simply funding research and development. They set overall 
national objectives and priorities, and are vital in determining market expectations, 
ensuring the flow of knowledge, investing in essential infrastructure, and enabling 
major demonstration projects to go ahead. 

If governments rise to the challenge created by the Covid-19 crisis, they have an 
opportunity to accelerate clean energy innovation. This can help protect the 
approximately 750 000 jobs in energy research and development. And it can be a 
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strategic opportunity for governments to ensure that their industries come out of the 
Covid-19 crisis stronger and ready to supply future domestic and international growth 
markets. On a path towards meeting sustainable energy and climate goals, we project 
that investments in technologies that are today at the stage of large prototype and 
demonstration would average around USD 350 billion a year over the next two 
decades. 

Some areas deserve immediate attention from governments looking to revitalise 
economic activity. In particular, it is important to maintain research and development 
funding at planned levels through 2025 and to consider raising it in strategic areas. 
Market-based policies and funding can help scale up value chains for small, modular 
technologies – as they did for solar panels – significantly advancing technology 
progress. Synergies with other technologies across sectors is a relatively low-cost 
way to innovate. Electrochemistry, which underpins batteries, electrolysers and fuel 
cells is a clear example [7]. 

Technology innovation is widely recognised as critically important for tackling 
climate change and energy policy objectives, including increasing energy access and 
reducing air pollution. Yet tracking progress on innovation is challenging. The 
correlation between inputs – finances and skills – and intermediate outputs – patents 
and products – is sometimes unclear. Policy objectives such as cheaper technologies, 
industrial transformation and economic growth can be hard to measure or assign to 
the inputs. Despite this, a range of indicators can shed light on clean energy 
innovation globally, including funding and patenting. Broader sets of metrics are 
needed to identify and share good practices, and are being developed by some 
governments. 

Low-carbon energy R&D spending in IEA member countries has been broadly 
stable since 2012, after doubling between 2000 and 2012. It remains below the levels 
in the 1980s, however. Low-carbon energy technology represents around 80% of total 
public energy R&D spending, which in 2019 grew by 3% to USD 30 billion globally. 
In general, the share of GDP represented by public energy R&D spending has 
remained fairly constant over the last decade, and other public research objectives, 
such as health and defence, receive around five times more R&D funding than 
energy. 

Institutional investment in energy most commonly comes in the form of traded 
securities on equity and debt capital markets. Among the top 25 listed energy 
companies, by capital expenditure, investors accounted for nearly USD 1 trillion, or 
25%, of the market value of these firms, as of early 2020. Excluding Saudi Arabia, 
whose initial public offering took place in late 2019, the capital markets represented 
nearly 40% of ownership. Institutional shareholding of listed equities varies by type 
of company, and investment opportunities tend to be more prominent with firms 
without recourse to government funding. For the private-sector energy companies, 
investors account for over half of shareholding, while for SOEs the share is less than 
10%. 

Over 80% of institutional capital for these companies comes from asset 
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managers and brokerages, the largest holders of which include BlackRock, Vanguard, 
the Capital Group and State Street Global Advisors. While difficult to quantify, the 
investment strategies of the largest asset managers include a sizeable component of 
passive funds that follow established broad indices, compared with funds based on 
active strategies, where asset managers more frequently buy and sell shares. Pension 
funds and insurance companies, which typically employ active strategies, but with 
long time horizons, accounted for less than 10%, followed by sovereign wealth funds. 

The first quarter of 2020 was marked by extraordinary movements in financial 
markets, with the market value of oil and gas companies, in particular, falling 
precipitously on the back of economic risks from the coronavirus, and prospects of a 
near-term oil supply glut. Even before these events, however, there was some 
evidence of investors pulling back from the largest energy companies. From the start 
of 2018 to the end of 2019, institutional investors pared shareholding in this group by 
around 6%. Share buybacks by some companies (e.g. oil and gas majors) during the 
past two years likely had influence on this, and there is considerable divergence in 
holdings among companies, partly reflecting investor uncertainty over how well some 
large players in the energy industry can position themselves in a changing market 
environment. The pullback included investors with sizeable passive holdings – as 
indices rebalanced, due to changing market prices and weightings, so did passive 
investor positions. 

The energy investment implications of investor shareholding has both financial 
and corporate governance components. The buying and selling of shares is integral to 
corporate fundraising activities and the cost of capital, which can influence the 
selection of projects based on evolving risk and return requirements of investors, who 
have fiduciary duty to prudently manage the financial assets of their beneficiaries. 

A larger question is the extent to which normally passive investors may become 
more active, seeking to wield more influence over energy companies in terms of 
strategy and decisions over capital expenditures and dividends. Stock ownership 
allows investors to vote on company issues and the selection of the board of directors 
at annual shareholders meetings. Already, some investors are taking stronger action 
to engage energy companies on sustainability issues  and one indicator of change is 
the near-doubling of stewardship teams of major asset managers between 2017 and 
early 2020. Further monitoring is needed to assess investor commitments and 
industry impacts in this area, particularly amid the current economic downturn 
(fig.3). 

Over the last decade, corporate energy R&D has seen years of growth, 
panctuated by slowdowns in response to economic challenges such as the 2007-08 
financial crisis, the 2014 oil price crash and, now, the Covid-19 pandemic. In 2019, 
reported spending reached USD 90 billion, with a notable slowdown in the 
automobile sector, typically the highest spending sector for energy-related R&D but 
where revenues dipped and R&D spending was flat. While companies active in 
renewable energy showed an impressive 74% growth in R&D spending between 
2010 and 2019, their share remains below one tenth of total corporate R&D. 



TEXTBOOK 
 

323 
 

 
Meanwhile sectors that do not yet have commercially viable solutions for deep 
decarbonisation, such as cement and iron and steel, typically spend relatively little on 
R&D. 

 
Figure 87. Institutional investor finance for energy project acquisitions and 

refinancing by sector, 2010-2019, USD billion 
Source: Developed by the authors based on Energy financing and funding (2020) data. 

 
Early-stage venture capital (VC) investment stood at USD 4 billion in 2019. 

Investment in growth areas, such as hydrogen and batteries, is broadening the impact 
of VC across sectors, and VC investment is growing in Europe, the People’s Republic 
of China (hereafter “China”) and the United States. However, the share of global VC 
deals accounted for by clean energy halved since 2012, indicating that the relative 
attractiveness of clean energy is not keeping pace with other technology areas, such 
as biotechnology and information technology. It is noteworthy in this context that, 
while the initial value of many energy technology start-ups lies in the patents they 
hold, fewer patents have been filed for low-carbon energy technologies each year 
since 2011. 

The Covid-19 pandemic has had a rapid and negative impact on private sector 
funding for clean energy innovation, and is likely to set back the speed with which 
clean energy technologies can be developed and improved. In the absence of policy 
interventions, demonstration, early adoption and learning-by-doing are expected to 
suffer the most in the first instance. A number of energy-related companies reported 
year-on-year declines in R&D budgets in the first quarter of 2020, and the number of 
VC deals was also down. The impacts are likely to be uneven across countries, with 
emerging economies finding it hardest to plug gaps in innovation systems. 

In sum, given the complexity of solutions to reach sustainable development 
goals and a need to scale up investment for a range of technologies, by a large range 
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of actors, transition bonds are likely to remain a part of financing and policy 
discussions, though likely with increased focus on guidelines to improve standards 
and transparency. 
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