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Abstract. This article describes the need to form bioeconomy as a relevant
and new type of economy, existing opportunities and advantages, stages of
implementation, scientific and theoretical directions, and methodological
foundations of research work in this area, as well as modern experience and
achievements in the broad development of bioeconomy, its main elements,
priority areas. The study also emphasizes the role of life-science education
in supporting the development of this emerging economic sector.
Furthermore, it highlights the formation of electronic educational resources
(EER) and their capabilities, features, methods, and applications.
Particularly in strengthening biotechnology-related learning as a core
component of the bioeconomy. This includes the development and effective
use of electronic educational resources, procedures and stages of
implementation, the possibilities of creating web-based learning platforms,
the outcomes of educational activities, and ways to improve students’
scientific competencies. In this regard, a logical-comparative analysis was
conducted to support the formation of EER for the effective development of
the bioeconomy sector, and on this basis, proposals were formulated for
strengthening the scientific foundations of bioeconomy.

1 Introduction

In recent years, bioeconomy has become the primary focus of socio-economic and
technological interest at both national and international levels. Notably, Germany adopted
the "National Research Strategy Bioeconomy 2030" program in 2010. Subsequently, a
statement issued on February 13, 2012, emphasized that Europe's transition to a post-oil
economy is not merely an option but a pressing necessity [1]. In this context, the European
Commission determined that bioeconomy would be reflected in the investment program of
the European Union's research agenda. These measures indicate that the bioeconomy
necessitates the transformation of the current economic system into one based on renewable
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raw materials. This category encompasses the extraction of bio-based raw materials from
agriculture and forestry, as well as other sources (including aquaculture, insects, algae,
yeasts, fungi, and others). Its foundation lies in the effective utilization of biogenic waste and
residues for the production of food and feed products, bio-based materials, chemicals,
pharmaceuticals, and bio-based energy, as well as the development of biological treatment
and recycling processes. In a broader sense, bioeconomy signifies the transition from a
growth-oriented economy to a sustainable one, based on the absolute scarcity of all types of
resources (including non-biogenic ones). Thus, in this transformation process, this category
plays a crucial role both as a science and in the context of environmental and social sciences.
Also, the concept of bioeconomy was founded [2], the problems and prospects of agriculture
in implementing the concept of bioeconomy were studied [3], analyses were carried out on
science and technology policy [4], the problems of transition to a green economy in
Uzbekistan were identified and the prospects for its development were determined [5], the
experience of the European Union in developing the bioeconomy was studied [6], etc.

The authors consider it necessary to form electronic educational resources for its effective
development in the future, based on the need to teach bioeconomics. in this regard,
recommendations are made on the extent to which these educational resources should be used
adequately.

2 Material and methods

In the research work, methods of observation, analysis, synthesis, induction, deduction,
comparative and logical analysis, abstraction, and monographic methods were used.
Various studies have been conducted in countries around the world on the development of
bioeconomy as a science and field. In particular, its division into three sections has been
examined, which discusses the origin and evolution of the concept of bioeconomy, the
development of the "knowledge-based bioeconomy" concept, and its transformation from the
perspective of resource substitution to an innovative perspective [2]. That is, in the first part,
the relationship between the concept of bioeconomics and the concepts of sustainable
development, green economy, circular economy, and social transformation is considered, in
the second part, bioeconomic strategies are discussed by many countries around the world in
recent years, in this regard, the state of competitiveness in the classification of elements of
the bioeconomic strategy is investigated, and in the third part, attention is paid to the methods
of interaction of various participants in the management of the bioeconomy and the
management problems they face.

In another research, innovative measures for the production of food, feed, bio-based
materials, and bioenergy resources of the bio-economy and the optimization and
development of these products from renewable biological resources were investigated. In
practice, this sector covers the spheres of agriculture, food forestry, fish farming, and the
production of cellulose and paper. This represents the technological transfer of innovative
and sustainable technologies, achievements of the chemical, biotechnological, and energy
industries. Based on this, if the forecast of population growth of about 9 billion people in
2050 is taken into account and an acceptable strategy is not adopted, negative impacts on
natural resources will intensify [3]. Therefore, the development of bioeconomics serves as a
rational choice to overcome existing problems.

According to other research, the term bioeconomics refers to the economy's contribution
to products and harmful processes derived from biological resources (plants and
microorganisms). That is, in this regard, bioeconomics fully or partially encompasses several
interconnected sectors (agriculture, textiles, chemistry, and energy) [4].
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In other research, the provision of regional development of the bioeconomy was studied.
That is, the bioeconomy represents territorial development through primary producers and
bioindustrial clusters [5].

Other current research explores the possibilities of effective use of biotechnology as an
element of bioeconomics. In particular, biotechnology is used to modify biological systems,
living organisms or their derivatives, products and processes for production or practical use
[6].

In our country, research on the development of the bioeconomy is actively progressing,
and several priority areas have been identified to support this advancement. In Uzbekistan,
the bioeconomy focuses on various strategic sectors, including agriculture, fisheries, and
forestry, as well as biomedical, biopharmaceutical, and biodiagnostic fields. Additionally,
food technology and industrial biotechnology play an important role in strengthening the bio-
based economy. Other key priorities include bioenergy, aquaculture, desert biotechnology,
and the development of bioprocesses and biofermentation, all of which contribute to creating
sustainable, innovative, and resource-efficient economic growth. These areas are considered
objects of study in bioeconomics.

In other studies, bioeconomics is interpreted as the main technology and important
element of European countries. It is based on a new concept, which includes the sustainable
use of natural resources and human labor. That is, a broad spectrum of scientific disciplines
is required as a multidisciplinary direction of bioeconomics. And this will require a
generation of specialists, adapted to the requirements of existing rules and expert reviews.
These specialists are required to adapt to the changing dynamics of business and market
needs. Specialized bioeconomic education means meeting these emerging needs and training
this new skilled workforce [8]. Based on this, many European universities are facing these
problems and adapting their programs to these areas.

Based on this, the development of bioeconomics is necessary, and the formation of
electronic educational resources is required for its effective implementation. In this regard,
separate studies have been conducted. In particular, the bio-economy in Europe has become
a leading course for sustainable and resource-saving development. As a result, the
bioeconomy can be implemented through the development of new technologies and
processes, market development, and competitiveness for the bio-economy through higher
education and transformational knowledge to form a sustainable bio-economy. In this regard,
master's programs in bioeconomics have been created, the goals of which are combined into
research, program goals, and learning outcomes. That is, during the conducted research, a set
of sustainable development competencies and bio-economic competencies was created [9].

According to another research, this can be achieved through strong growth, advanced
biotechnological capacities, greater industrial collaboration, improved biosafety measures,
and a more supportive policy framework. [10]. Traditionally, these functions are carried out
through the personnel training system. This allows for the training of skilled workers capable
of maintaining the viability of productive forces. This research directly determines the
possibilities of using e-learning resources for the development of bioeconomics.

3 Results

Electronic educational resources for the development of bioeconomics are an online form of
effective teaching of this type of economy to students as a subject. Its forms are implemented
in such areas as virtual learning through website creation and teaching the subject through
various programs.
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In this regard, new technology based on bioeconomics, enabling its policies, and changes
in the field become part of it. This subject teaches methods of using various biomaterials.
This leads to exponential growth in the economic sphere. They will benefit from the new
policy, which will lead to strong investments. Today, STEM education occupies a special
place in supporting and promoting the bio-economy. His success as an integral element can
only be achieved through future planning.

The effective use of resources for teaching this subject was also investigated. In this
context, the implementation of a strategic emission management plan depends on resources
such as information and monitoring systems. This makes it possible to simplify scientific
data and methodologies in the planning process and to monitor the implementation of the
plan.

According to our research, the formation of electronic educational resources for the
development of the bioeconomy should be carried out in the following stages:

1) collection of electronic resources of the science of bioeconomics,

2) creation of an electronic manual on the subject of bioeconomics,

3) formalization of the product of the electronic manual created in the science of
bioeconomics,

4) creation and launch of the subject's web page.

5) establishment of electronic education in the subject, etc.

Thus, the process of forming electronic educational resources for the development of the
bioeconomy is carried out (Fig. 1).

According to Figure 1. bioeconomics as a science is based on various processes. Also,
bioeconomics is considered a new science formed as a result of the integration of biology
and economics, that is, natural and humanitarian (social) sciences. In this regard,
bioeconomics as an independent science does not have a single theoretical basis. Therefore,
this subject is combined with various scientific fields and areas of practical activity, and
educational processes are designed in it.

4 Discussion

For the development of the bioeconomy, the creation of electronic educational resources is
an important and urgent task. This process encompasses several key areas.

4.1 Definition of goals and objectives

The first step involves determining why e-learning resources are needed—whether to
improve bioeconomic knowledge, train specialists, support entrepreneurship, or address
other needs. It is also necessary to identify the target audience, such as students, farmers,
entrepreneurs, or civil servants, and decide on the forms the resources will take, including
online courses, video lessons, interactive simulators, e-books, or databases. In addition, the
scope of the topics must be outlined, covering areas such as biomass energy, biopolymers,
biofertilizers, biotechnology, and innovations in agriculture.

4.2 Selection of topics and creation of electronic content

The development of content should include basic concepts and principles of the bioeconomy;
sources of biomass and their processing methods; forms of bioenergy such as biogas,
biodiesel, and bioethanol; biomaterials including bioplastics and biocomposites;
biofertilizers and biopesticides; agricultural biotechnology; entrepreneurship and innovations
in the bioeconomy; ecological and social dimensions; policy frameworks and development
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strategies; and the current state and prospects of the bioeconomy in Uzbekistan. While
preparing this content, several principles must be upheld, scientific accuracy, clarity of
language, appropriate visualization through images, videos, and infographics, interactivity
through tests, assignments, and discussion forums, and the inclusion of practical examples
and case studies.

4.3 Selection of a technological platform and placement of e-learning
resources

The next stage is choosing an appropriate technological platform, which may involve using
existing educational systems such as Moodle, Coursera, or EdX, creating a dedicated website
or portal, using video-hosting services like YouTube and Vimeo, or developing mobile
applications. Regardless of the platform, functionality, user-friendliness, affordability, and
technical support must be carefully considered to ensure long-term usability and
accessibility.

4.4 Wide promotion and implementation of electronic educational resources

To ensure broad adoption, e-learning resources must be widely promoted through social
networks, webinars, online events, conferences, seminars, and mass media. Cooperation with
educational institutions and inclusion in state programs are also crucial for successful
implementation and long-term sustainability.

4.5 Regular updating and improvement

Electronic resources require continuous improvement, including updating content as new
data and technologies emerge, taking user feedback into account, and evaluating the overall
effectiveness of the materials. When developing e-learning resources specifically for the
bioeconomy in Uzbekistan, it is essential to consider local conditions such as climate, soil
characteristics, and crop types; maximize the use of available resources including agricultural
waste and biomass; integrate traditional knowledge with modern technologies; and support
small and medium-sized enterprises.

Furthermore, the creation of high-quality resources requires the involvement of a wide
range of specialists, including experts in bioeconomics, agricultural specialists,
biotechnologists, teachers and methodologists, and information technology professionals. By
applying these recommendations, it is possible to develop effective and impactful e-learning
resources that support the widespread advancement of the bioeconomy and contribute to
Uzbekistan's economic growth and sustainable development.

5 Conclusion

Bio-economics as a bio-based economy is considered a new field and scientific direction for
industry and economics. Bioeconomics involves the most complete division of plants into
parts and their transformation into valuable materials. This is based on various coordinated
processes in the future. Renewable raw materials and biogenic waste form the basis of the
bioeconomy. This will lead to a transition from fossil fuels to a bio-based economy. This
contributes to achieving sustainability and protecting the climate and environment. This field,
as a discipline, involves improving students' knowledge and skills in the sustainable use of
renewable biological resources for the production of food, energy, and industrial products.
Also, through this sphere, issues of using the potential stored in millions of tons of biological
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waste and waste materials will be put forward. Based on the conducted research, it can be
seen that higher education in biological, biotechnological, and ecological fields depends on
the educational programs being implemented and the interdisciplinary courses prepared at
universities based on them. Educational programs in this subject are oriented towards the
practical tasks of the region. The bioeconomics program is based on providing students with
an understanding of the principles and practices related to the sustainable use of biological
resources. This science combines elements of biology, economics, and ecology. In addition,
the integration of Electronic Educational Resources (EER) into life-science education,
particularly biotechnology learning, plays a significant role in strengthening students’
competencies in areas that directly support the bioeconomy sector. The application of EER
in biotechnology-related instruction enhances students’ scientific readiness, supports
practical and experimental learning, and contributes to building a skilled workforce capable
of addressing future challenges in biological resource management. This will provide
graduates with the knowledge and skills necessary for solving the problems of sustainable
management and use of biological resources.
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