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Abstract. The study examines problems related to excessive
environmental pressure on the ecosystem caused by industrial
activities. It suggests constructing eco-industrial parks to optimize
production and natural resources, monitor the condition of
environmental safety in a limited territory with a developed
infrastructure, and create green intellectual capital. The approach to
the maximum automation of territories and introducing startups for
the continuous modernization of the production and landscape park
as part of the eco-industrial park is substantiated. It is proven that
smart projects on the development of green intellectual capital
based on eco-industrial parks will positively affect their
implementation, can become a promising project for foreign
investors, and can enhance the environmental safety of settlements.
According to the model, for a settlement with a population of 1,500
people that works in an eco-industrial park, the utility function per
person will increase by 12% when building a joint system of
innovative ecological production and increasing the level of the
country's green capital.

1 Introduction

Due to the development of Industry 5.0, intelligent projects that support automated systems
and can improve the quality of the ecosystem and social life are becoming popular among
broader population segments, particularly in government projects on populated area
development and at innovative enterprises.
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The limits of eco-, bio-, and digital environments are gradually disappearing, creating a
single system of green intellectual capital. The rapid growth, volatility, and expansion of
the range of technology adoption now characterize the degree of technology development.
At the same time, the increasing number of service users and the increase in information
dissemination tools contribute to the creation of smart projects and innovative product
markets [1-3]. In recent years, municipal projects have significantly enhanced education
development in this area, providing young entrepreneurs with opportunities for
implementing their ideas and increasing the population's level of digitalization. One also
launched crowdfunding platforms to test projects and find investments. A wide range of
smart projects are being implemented in Kyiv, particularly in the Kyiv Digital app that
allows using public services remotely on mobile devices [4].

Smart technology, artificial intelligence, increased efficiency of activities, and
maximization of human potential, along with an increased level of service and access to
knowledge, have created conditions for innovation adoption in almost all areas of human
life [5-7]. At the same time, we keep struggling to preserve the state of the ecosystem and
reduce the anthropogenic impact that significantly worsens the quality of the environment
and has become a global problem for the entire planet. Hence, the solution of green
intellectual capital is relevant to all countries and has a single interrelated functioning
system. Increased consolidation and migration processes create a shared territory of life for
biological organisms, the priority of which is safety, survival, and a focus on the future..

2 Literature review

Various areas of human activities are now facing specific problems of modernization of
production, goods and the level of services due to the constant development of intelligent
technology and the increasing environmental friendliness of human activities [8]. The
ability to think critically and forecast creates conditions for the constant development of
human intellectual capital. However, there are many difficulties in the adoption of
innovations, in particular, the long process of approving new standards in the construction
industry, the structure and organization of the construction industry, and bureaucracy
results in the higher cost of intelligent construction methods and materials as well as make
the implementation process less transparent, according to Frank Ato Ghansah et al.
[9].Scientists and representatives of business structures state that smart project programs
have become global but differ significantly in each country [10]. The concept of
provincialization and urbanization raises many controversial issues, particularly
environmental and life safety issues. However, compromises and the restructuring of the
existing worldview are possible due to complementarity [11].

Environmental modernization aims to create a maximum natural environment for this
area and rationalize used resources. Thus, it starts with industrial transformations and ends
with changes in each individual's life in the analyzed territory [12]. Revell argues that
political and economic goals dominate over environmental ones, so when desiring to turn
the country’s economy into an environmentally oriented one, most projects have failed,
even in such countries as the UK, which is a developed country in relation to Ukraine and
has more opportunities to implement environmental startups [13]. Korhonen [14] considers
environmental modernization not as a social goal but as an indicator of environmental
changes required to improve the living standards of the population, focusing on improving
eco-efficiency and the constant development of industrial territories.

In 2006, the United Arab Emirates initiated the Masdar City project, developed a map of
the city, stipulated key development trends and the necessary principles of construction
based on the creation of green intellectual capital and the concept of sustainable
development, and is currently under construction, which should be completed in 2030 [15].
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3 Theoretical frameworks

Since 2019, Ukraine has been implementing a program from the Global Eco-Industrial
Parks Program - Ukraine: Country Level Intervention with a total budget of 1,900,255 USD
under the auspices of the United Nations Industrial Development Organization (UNIDO)
[16]. Modernizing industrial parks to turn them into green intellectual capital is a capital-
intensive and labor-intensive task due to limited financial resources in Ukraine and the need
to create conditions for proper maintenance of ecoparks, which is costly and requires
support at the local level. Therefore, the Plan of the Government of Ukraine for 2023
envisages, in particular, the development of a draft law on the introduction of amendments
to some laws of Ukraine regarding the introduction of the eco-industrial park model,
increasing the economic efficiency of the functioning of industrial parks and minimizing
their impact on the surrounding natural environment, industrial and organizational relations
within the framework of industrial parks The implementation of such legislative initiatives
involves: 1) implementation within the framework of industrial parks: principles of
sustainable development, circular economy approaches, resource-efficient and clean
production; 2) reduction of the negative impact caused by environmental pollution; 3)
increasing the efficiency of the use of resources and waste, in particular, by creating closed
cycles of their use and industrial symbiosis; 4)increasing production and use of energy from
renewable sources; 5) improving the quality of the social component both within the parks
and outside them, in particular on a local and regional scale, improving the quality of
management at the park level [17].

Modernization of modern industrial parks to their transformation into green intellectual
capital is a capital-intensive and labor-intensive task because of limited financial resources
in Ukraine and the need to create conditions for maintaining eco-parks properly, which is
also costly and should be supported locally. Based on [18-20], a strategy for the
development of changes in domestic industrial parks is proposed through their
modernization with the obligatory presence of such elements as:

- Availability of green capital: deciduous, coniferous, bush plantings, flowerbeds,
green hedges (Yew, Thuja, etc.).

- Equipping the territory with an automatic watering system for plants.

- Equipping the future eco-park with infrastructure objects: the availability of
pathways for pedestrians, bicycle pathways, jogging pathways, stations for generating and
accumulating solar energy to create autonomous lighting of territories, the availability of
innovative recreational areas (benches) with the possibility to charge electronic devices,
free access to the Internet, a large number of public landfills with the possibility to separate
waste by at least four fractions and a light indicator at night with a built-in solar panel.

- Permanent access to drinking water in the form of drinking fountains equipped with
cutting-edge water treatment systems (filters) with the possibility of their constant
replacement and monitoring of water.

- Constant access to shared toilets in compliance with all sanitary norms.

- Separate area for staying with animals (a place for walking animals) and the constant
availability of bags for cleaning the territory from animal products.

- Availability of a natural or artificial water body with automatic control of the state
of this water body and the possibility of aquaculture.

- Interactive recreation area for children and parents (playground).

- Constant monitoring of air quality and prevention of exposure to undesirable
anthropogenic factors within the impact.

- The possibility to implement innovative startups for residents every quarter, the
funding of which will be provided by local authorities or regional private entrepreneurs on
competitive terms.
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It is offered to hold a quarterly competition of startup projects among residents of the
local community for the development of green intellectual capital based on eco-industrial
parks, the results of which would allow implementation projects and increase the innovative
potential of eco-parks. With the construction of innovative eco-parks being a priority for
residents who will experience a significant effect on their functioning, a group interested in
modernizing industrial parks will be formed based on the labor and financial potential of
the local community and businesses in this territory.

Modernizing industrial parks improves the comfort and livability of the populated area,
so we can consider these changes in recreational areas as changes in the public utility
function of the analyzed populated area. Communities having more financing to build an
innovative eco-park will increase the utility function if there is no corruption due to the
optimization of costs. Expenses for park maintenance will be considered constant and
correlated with the quality of services, i.e., increasing expenses for eco-park maintenance
will enhance innovativeness, the quality of staff, the number of implemented startups, and
the popularity among visitors. The increase in human flow in the eco-park will increase the
income of entrepreneurs engaged in business in the territory around the park through
advertising or visual representation of the institution's goods [21]. Building an innovative
park is also predicted to create additional jobs for community residents interested in doing
high-quality work, as they are consumers of the obtained results.

According to Gali’s models, the target function of a small group of people using an eco-
industrial park depends on consumption and income, stability of the external environment
and wage flexibility in terms of changes and stresses and comfort of the used territory. To
optimize the activity of the small group of people or the household, one can use the
dependence that maximizes the intrinsic utility function (U,):
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Household utility positively depends on the deviation of consumption (C;) at the time
interval t from the variable of external consumption habits (H; — external habits) and
negatively on the number of hours worked — 1 (t). M, is a conditional mathematical
expectation operator derived from all available information at time t;  is a subjective
discount coefficient reflecting intertemporal advantages of the small enterprise; in is the
number of cultural park green spaces per one person in the given territory; ¢ is the inverse
of the wage flexibility of labor supply; @ is a normalization constant. Components of the
equation z£ and z} represent exogenous changes in the benefits of consumption of goods
and services and leisure time by the small enterprise (household) [22].

The utility function for the enterprise can also be shown using the following
dependence:
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W, — the average nominal wage for the project per 1 person; N — the number of
individuals whose activities are analyzed; Lt — the demand for labor for a group of people,
household (goods); T; — taxes paid in period t; in — the consumer price index or inflation
rate (their sum if both are present); E. — the coefficient of the cost of implementing
environmental projects for the given period; K,, — the coefficient of the cost of
implementing projects that increase the level of comfort for this community during the
given period; /,, — intellectual capital or the cost of innovative changes (adoption of
innovations) for the given period; D — the total profit of the community (enterprise,
household) for the given period.
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4 Results

According to the State Statistics Committee of Ukraine, as of January 1, 2022, Ukraine has
14609 territorial communities with 461 cities and 881 townships and 28369 settlements with
41167335 inhabitants, 70% of which are urban residents [23]. The strategy for cooperation
between enterprises located in the same industrial park has a range of positive effects: the
joint use of resources and waste, transport and logistics links, the systematic approach and
modernization of educational and professional centers that can work together with
enterprises and optimize production, common environmental modernization, exchange of
knowledge and technology, etc., creating a unified, innovative system of eco-industrial
parks.

According to the model, for a settlement with a population of 1500 people working in
the eco-industrial park (using the eco-industrial park), the utility function per person will
increase by 12% when building a common system of innovative environmental production.
The creation of eco-industrial parks is primarily caused by the desire of individuals to
improve their living standards by increasing the comfort of their surroundings, which is not
a primary need. However, it is an essential criterion for optimizing life activities in the
multi-criteria target function when choosing the most appropriate habitat. In the case of the
rational behavioural model of Ukrainian people, their existence will be satisfied first. At the
same time, environmental friendliness will become a secondary criterion, but other factors
will affect consumer choice. Currently, Ukraine has an industrial park development
strategy. However, it does not imply the adoption of innovations and the creation of green
capital, which are necessary in places of high environmental risk. Therefore, combining
industrial parks with recreational places based on green spaces is crucial for a comfortable
human existence in the ecosystem. Besides, constructing innovative eco-industrial parks
optimizes the country’s land resources, making space for alternative uses to construct
recreational areas in populated areas.

In this study, an experimental study was conducted based on the selection of essential
criteria, in particular the presence of a recreation park as an additional option when buying
real estate to live in Kyiv in the event of a cessation of hostilities. Respondents were
divided into groups based on decision-making time, where time constraints were considered
an additional stress factor, making it impossible to think deeply about actions. The
following scenario considers the additional impact of another interested person on decision-
making. This person encouraged the potential buyer to choose hints and examples of
successful living in the area away from the eco-park. The study was conducted using data
from the Real Estate Ukraine staff. It involved 300 potential buyers desiring to purchase
real estate in Kyiv.

Figure 1 shows that the most significant percentage of respondents prefer built houses
put into operation because of Ukraine's experience with many unfinished or unimplemented
projects. Thus, the smart project under construction is the object abandoned more often (the
decrease by 12% without time constraints and 27% with time constraints) when influenced
by a third party. It shows the instability of consumer choice and the impact of external
factors on the choice despite the increased comfort in the building under construction. The
desire to use the purchased product as soon as possible prevails over the desire for more
comfortable housing in the future. This example illustrates the different costs of public
goods, even at the same price, depending on the use time. The value of goods that will be
available soon is higher than those in the future, even at the same price, and prevails over
other selection criteria.
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Fig. 1. Tendency to purchase real estate based on the distance to the eco-park, time
constraints and the indirect impact of a third party.

When time is limited, as an additional stress factor, individuals make a decision
reflexively according to their own desire, having no time to analyze the market, the
situation and priorities, so an impulsive choice is more objective for consumers in terms of
their own needs at the moment. However, with the third party influencing the choice,
individuals tend to accept the other person’s point of view to remove their responsibility for
the incompletely analyzed choice. Thus, with time constraints and the involvement of the
third party in the decision-making process, the number of those desiring to buy a house
located at a distance of more than 1 km from the eco-park increased to 52% from 14%.
Without additional impacts, most of the population (48%) was inclined to buy a house
located 200-500 m from the eco-park and preferred the environmental friendliness of their
existence. In this case, 86% of the population considered it essential to have a modern eco-
park and comfort of living. The significance level of environmental friendliness and
comfortable existence decreased due to additional impacts, with a minimum value of 48%,
almost two times less than the control values (without other impacts).

Figure 1 allows us to conclude that the presence of an expert when purchasing goods
significantly impacts the result, even if the expert recommends a less eco-friendly product.
Thus, values without time constraints for purchasing non-environmental goods changed by
24%, while values with time constraints changed by 36%.

An additional survey was also conducted among individuals who bought real estate far
from eco-parks one month after the transaction and offered to exchange the purchased
property for real estate with the same indicators (already built) but with an eco-park. 2% of
surveyed people agreed to the exchange, which indicates the population's desire for stability
and reluctance to change the existing habitat. We can also additionally consider the effect
of ownership in this situation: i.e., real estate owned by the individual has a higher value
than real estate that can be purchased in the future, as the future has particular uncertainty
and additional risks for the buyer, whereas the purchased real estate is already tried and
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tested and used for its intended purpose. About 2% of the 150 buyers surveyed turned out to
be owners of real estate purchased for rent, i.e., to create a business without using the given
product. According to these individuals, the exchange for real estate near eco-parks was
profitable because this property could be rented out more expensively, so the decision was
made in favor of the exchange to generate additional income. This study suggests that it is
easier for individuals to part with objects that they own but do not use (for example, as a
business) than with the object of their use. It creates the additional effect of owning goods,
which increases their value [24].

According to the research, we can conclude that the successful implementation of smart
projects for the development of green intellectual capital requires the example of their
functioning in developed countries and the availability of experts offering public and
private entities the opportunity to develop this segment of improving the infrastructure of
populated areas.

It would be appropriate for further research to investigate the influence of society
(rather than a single expert consultant) on decision-making where one considers the choice
between environmental and less environmental goods (the individual’s habitat). According
to our hypothesis, societal influence can significantly impact the choice (even if there are
apparent benefits to the environmental project) and create avalanche-like demand flows for
goods with less benefit to the individual than an alternative environmental project. It should
be especially noticeable in the context of time constraints or another stress factor. In this
case, behavioral and social influences will be more critical in decision-making than rational
consumer choice [25]. When proving this hypothesis, information can increase the demand
for goods, stimulate specific actions of buyers by creating an artificial attraction to the
product, and introduce a stress factor simultaneously. Such studies can be conducted using
groups of indicators characterizing green human capital, organizational green capital, and
relationship capital, with an assessment of their mutual influence according to the
methodology [26].

The increase in the level of importance of the ecological condition for citizens of
Ukraine will create the need to build eco-industrial parks to produce the green capital of the
country, so the need for such actions is already becoming urgent at the end of military
operations in the period of Ukraine’s reconstruction. The general scheme of eco-industrial
park construction is shown in Fig. 2.

T . Creating green areas within
- . . Building innovative . - .
Designing an eco-industrial . L the industrial park with the
h infrastructure within the L ;
park plan at the regionaland |——=>| . . . . maximization of their
industrial park with maximum L R
local levels . efficiency and aesthetic
automation
usefulness for consumers
. Establishing a park service
Developing a platform for department to explore cutting-
Creating a common system of continuous improvement of edge technologies and
resource storage and waste |——=| the park and a fund for the promote their adoption in the
disposal implementation of innovative eco-industrial park
startups

Fig. 2. Scheme of creating the eco-industrial park to increase green capital of the country.
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The implementation of each stage from Figure 2 should be based on the principles of
smart projects implemented in the eco-industrial park: environmental friendliness, high
tech, increased function of public utility, investment attractiveness, creativity and
availability of art objects, increased safety, and continuous development.

It is calculated that the land under industrial facilities in different areas has less utility than
the public utility of the innovative industrial eco-park:

U Sy) <= U(Sp) + Uk + k) + Ulky) 3

where U(S,) is the utility function depending on the sum of territories under industrial
facilities of the populated area (district); U(S,) is the utility function of the use of land for
the innovative industrial eco-park; Kr is the coefficient of rationalization of natural
resources (the correlation between total expenses for production resources and disposal of
industrial waste after the construction of the project and total expenses for production
resources and waste disposal of the innovative industrial eco-park; &, is the coefficient of
environmental friendliness (the correlation between the sum of expenses for neutralizing
adverse effects that cause ecosystem degradation and the construction of the project and
after the construction of the innovative industrial eco-park summed with the coefficient of
increasing the green potential of territories); ; is the coefficient of logistics operations and
infrastructure (the correlation between expenses for the creation of infrastructure and
logistics services of the enterprise for the studied period before the construction of the
project and after the construction of the innovative industrial eco-park).

According to this model, it was calculated using the example of the enterprise producing
construction materials in Switzerland that the public utility from the construction of the
innovative industrial eco-park increased by 18% in relation to indicators of the enterprise
located in a separate territory and not implying the creation of a recreational area with green
capital. The utility function has increased due to the optimization of land resources (5%),
joint development of infrastructure (2%), creation of new logistics links (2%), creation of a
common system of waste disposal (4%), environmental monitoring systems (1%), increased
productivity of employees by improving working conditions (2%), creation of additional
green capital (0.3%), the introduction of alternative energy generation systems (1.7%).

5 Conclusions

Implementing smart projects for developing green intellectual capital based on eco-
industrial parks in Ukraine increases the productivity of available resources. It has a
positive environmental effect on businesses and society. It is suggested that implementation
on the territory of Ukraine should be restored or modernized. The concentration of
production in a limited territory will positively impact the efficiency of using resources, the
monitoring of enterprise activities, logistics, and infrastructure expenses included in the
budget of enterprises. The part of the local population living around the influence of the
eco-industrial park is the most interested in its development. Therefore, it is desirable to
create a unit for developing industrial and surrounding park territories by holding a
competition for innovative projects and a constant search for external investments in the
implementation of technological development in the eco-park. It is concluded that local
communities, as the most interested part of the population, will be able to use financial and
labor resources more efficiently, implement their intellectual projects in this area, which
can be selected using a quarterly competition, and monitor the state of the ecological
environment. The study analyzes the choice of place to purchase real estate depending on
the distance to the eco-park.
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It is concluded that the impact of third parties is significant in decision-making and can
increase due to stress factors. Therefore, the government and society should widely support
the establishment of an eco-friendly society and increase the level of importance of the
environmental factor when creating the target function of production. It is proposed to
create green capital within the industrial park and automated recreational area with the need
to adopt green technologies. It is revealed that the tendency of the population of Kyiv
toward ecological existence decreases because of stress factors and third-party influences.
At the same time, the state of ecology is an essential factor in decision-making for 86% of
the population. It is proven that the creation of eco-industrial parks will improve the
efficiency of enterprise activities by 18% in relation to the company's independent
existence. Due to the instability and risk factors, objects that have already been
implemented and put up for sale have a higher value for the population of Ukraine than
projects to be implemented, even given the significant advantages of the latter and the same
expenses in cash equivalent.

It means that society is not ready to implement the global reconstruction of
infrastructure with the possibility of its use in the future and shows the significant impact of
uncertainty on the decision-making process. The value of funds today is much higher for
Ukrainians than the value of funds after a certain period (similar to goods that are already
available and can be produced), which can be an additional barrier to the introduction of
eco-friendly technologies that have a long-term effect and require a time range for
adoption.
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