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Abstract. The work is based on a literature review in the field of commercialization of scientific 
research – it presents various definitions of commercialization, the concept of indirect and direct 
commercialization, as well as ways of financing the commercialization of research results. The 
aim of the work is to present and learn about various approaches to the concept of 
commercialization, to show what forms the process of commercialization of research results takes 
place and how it can be financed. The aim is to identify and analyze the research area, because the 
work is an introduction to practical research and the creation of a model for the commercialization 
of scientific research results in the largest research network in Poland, dealing with i.e. providing 
attractive and competitive technological solutions. 
Introduction 
The commercialization of research results is the foundation of cooperation between science and 
business/industry [1]. It is necessary to properly structure it (based on international experience in 
the field of best practices) in order to successfully implement projects that will involve both 
representatives from the world of science and the world of industry. Important from the point of 
view of proper planning of all activities preceding successful commercialization, and then its 
proper implementation, is the choice of the method of commercialization and, among others, 
defining the form of intellectual property protection [1]. The subject of commercialization of 
scientific research results is any product or service produced in a scientific unit as a result of 
research conducted there [2]. This is a very important issue in the realities of the knowledge 
economy, because it translates into the competitive position of the national economy in the era of 
globalization [3]. 

The aim of the work is to present the concept of commercialization according to various authors, 
to present the forms of indirect and direct commercialization as well as to present the method of 
financing commercialization. By recognizing the topic and analyzing the available literature, 
research related to the analysis of commercialization models will be possible and 
 an attempt to create a model for the commercialization of research results in the largest research 
network in Poland. 
The Concept of Commercialization 
One of the first definitions of the term commercialization in the Polish legal system appeared in 
the Act of August 30th, 1996 on commercialization and privatization of enterprises (UKPP). 
According to this definition, commercialization consists in transforming a state-owned enterprise 
into a company; unless the provisions of the Act provide otherwise, this company enters into all 
legal relationships of which the state-owned enterprise was the subject, regardless of the legal 
nature of these relationships [4]. After 2000, when the importance of innovation policy and the use 
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of the potential of Polish science to increase the competitiveness of enterprises began to grow, and 
the privatization of state-owned enterprises was practically completed, the concept of 
commercialization in the Polish legal system changed and was linked with the commercialization 
of the results of research activity [4]. In 2014, in the Law Act on higher education (UPSW), the 
concept of indirect and direct commercialization appeared. These concepts and the division were 
maintained in Act 2.0 Law on Higher Education and science, in Chapter 6, on Commercialization 
of the results of scientific activity and know-how. According to the Dictionary of Foreign Words 
and Foreign Language Phrases, “commercialization” (from Middle Latin commercialis – 
commercial, from Latin commercium – trade in goods, from English commerce – trade or trade 
exchange) is basing something on commercial, mercantile principles [4, 5]. According to this 
definition, commercialization is making something marketable, making it possible to buy it on the 
market and that someone has to pay for it [5-7]. Commercialization is defined as the transfer 
(transfer) of knowledge, ideas, research results from research laboratories to the market [5, 6, 8-
10] – that is, it is supplying the market with new solutions. According to the National Center for 
Research and Science, commercialization is all activities related to the transfer of research results 
to economic and social practice, i.e., the transfer and sale by science institutions of a given 
technical or organizational knowledge and related know-how to the business sphere [4, 11, 12]. 
Commercialization is the process of creating added value for ideas, research results, technologies 
and new products, the spread of innovations within economies and industry sectors. It is building 
a business model for a current or future organization based on new technologies or new products. 
It results from patterns adopted and shaped by technological and innovation policy [13-16]. 

Other notions of commercialization can also be found in the literature, such as [4-6, 12, 17, 18]: 
• Webster's Third New International Dictionary: Commercialization is to ensure that a product 

or technology with the potential to be produced, presented, sold, and used brings added value, 
profits and increases the company's capital. 

• J.R. Meredith, S.M. Shafer: Commercialization is the process of transferring ideas into a new 
product or service from the conception of the product to its launch on the market. 

• D.R. Prebble, G. A. de Waal, C. de Groot: Commercialization is something between innovation 
and entrepreneurship. It includes processes and activities that fill the gap between the creation 
of economic added value and the realization of economic added value. 

• M.J. DeGeeter: Successful commercialization is a complex process dependent on many factors 
(inputs to the process) skilfully managed in order to create appropriate and prudent strategic 
and tactical plans to be implemented effectively and efficiently. 

• K.B. Matusiak: Commercialization is all activities related to the transfer of a given technical or 
organizational knowledge and related know-how to business practice. Technology 
commercialization can be defined as the process of supplying the market with new technologies. 

Methods of Commercialization of Research Results 
Commercialization can take many forms. These forms are not established once and for all, which 
is why new types of transferring knowledge to the economy are often found in economic practice 
[19, 20]. Commercialization may take the form of indirect or direct commercialization [4, 7, 19]. 

According to the National Center for Research and Development, direct commercialization is 
a process in which the right to R&D results grants a license directly to the entity implementing 
these results, e.g., for production according to a patent and using know-how, or sells rights [4].  
In direct commercialization, the creator of a new solution makes it available to other people or 
companies (i.e., he gives ownership rights to the innovation that is protected by a patent). Then, 
these companies or people introduce the new idea into practice on their own (the market is 
exploited and benefits from the competitive advantage offered by this innovation are taken). The 
process of direct commercialization may consist in the sale of exclusive rights or granting licenses 
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and collecting license fees. Sieńczyło-Chlabicz [21] defines direct commercialization as based on 
the legislator listing exemplary forms of making research results available to a third party. In direct 
commercialization, this form is an agreement, which is connected with a regulation or 
authorization to exploit an intangible asset. Direct commercialization is the sale of the results of 
scientific research, development work or know-how related to these results, or making these results 
or know-how available for use, in particular on the basis of a license, rental or lease agreement [4]. 

The consequence of direct commercialization is that the results of scientific research gain 
contact with the market - they are offered to third parties (buyers, licensees) for use or purchase. 
Through this form of commercialization, the entity that exclusively uses the results of scientific 
research is not only the scientific unit that produced them. 

Direct commercialization can take place in two ways: 
• sale of research and development results, 
• granting a license for the results of research and development works. 

Direct commercialization has many benefits, but also carries certain risks. The formula of this 
form of commercialization enables the "cross" benefit from different specializations that are held 
by both parties. And so, the creator of innovation (innovator) gains access to future income, which 
is generated by the entity undertaking the market exploitation of innovation (licensee), and the 
licensee has access to innovation, which he would not be able to produce himself or such 
production would require disproportionately large expenditures. 

Licensing [22] consists in authorizing another entity to use the results of R&D works in a 
specific scope and time of use. The license agreement specifies in detail and in writing, the scope 
of the authorization to use the invention, which is granted by the patent holder to another entity. 
They make it possible for the relationship between the entity that grants the license and the licensee 
to be shaped in a variety of ways. For the licensor, the main source of profit (benefits) are license 
fees. There are at least six types of licenses [12] – different types of intellectual property rights are 
associated with them. They are not separable and may occur in several variants together, e.g. a 
non-exclusive license may be full or limited. 

The sale of property rights [22] is a common form of commercialization of developed 
technologies. One of its forms is the sale of only know-how regarding a given technology and the 
right to use it by the buyer. In this case, the concept itself is subject to sale. Intellectual property 
rights can in most cases be freely traded. Acquisition and disposal (e.g. sale) of proprietary 
copyrights requires the conclusion of a contract. 

Indirect commercialization is a more complex and advanced process than direct 
commercialization. In this commercialization, the creator of the innovation (originator) is involved 
in the process of implementing this innovation on the market by creating a business entity (the 
originator launches it alone or with partners), through which the given solution will be 
implemented in business practice [21]. The goal is to start market production, which is based on 
an innovation that is the intellectual property of its creator. In this way, the “intermediary” 
(licensee) is avoided, which stands in the case of direct commercialization between the creator of 
the innovation and the market. The creator of the innovation takes responsibility for the course of 
all stages of the commercialization process, which results in successfully introducing the 
innovation to the market, developing it and maintaining it on this market for a certain period of 
time. The creator of innovation should have new skills and qualifications and be aware that risk is 
a feature of commercialization. Indirect commercialization takes place through established 
companies [4]. Shares in companies are subscribed for or purchased, or subscription warrants are 
subscribed for, which entitle to subscribe for shares in companies. The goal is to implement or 
prepare for implementation the results of scientific research, development works or know-how 
related to these results. 
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A company is a business enterprise which is carried out by two or more persons and managed 
by them. Companies are one of the organizational and legal forms under which enterprises operate. 
Contrary to direct commercialization, in this form of commercialization there is no real contact 
between research results and the market. According to the definition of the National Center for 
Research and Development [4], indirect commercialization takes the following forms: 
• formation of a company, 
• transfer of intellectual property rights to the company, 
• another form of indirect commercialization. 

Among the commercial companies (they are divided into partnerships and capital companies), 
which are established by the State Research Units (PJB), there are: 
• general partnership, 
• professional partnership, 
• limited partnership, 
• limited joint-stock partnership, 
• limited liability company, 
• joint-stock company, 
• a simple joint-stock company. 

General partnerships, professional partnerships, limited partnerships and limited joint-stock 
partnerships are partnerships, while limited liability companies, joint-stock companies and simple 
joint-stock companies are capital companies. Commercial companies are registered in the Register 
of Entrepreneurs in the National Court Register (KRS). There are two methods of submitting an 
application for registration in the National Court Register: 
• via the S24 system - in the case of companies whose agreement was concluded in this system 

(this system can be used to establish a general partnership, limited partnership, limited liability 
company and a simple joint-stock company), 

• through the Court Registers Portal - in the case of companies whose agreement has been 
concluded in traditional form. 
At the moment of registration in the National Court Register, capital companies acquire legal 

personality and partnerships are established. State Research Units (PJB), by co-creating a given 
company, derive financial and corporate benefits from it, but it is impossible for them to create 
partnerships, because such companies can only be established by natural persons to practice a 
freelance profession. Each capital company has characteristics such as: 
• full legal personality, 
• share capital held, 
• liability borne by the company (management board and supervisory board), and not by its 

shareholders, 
• the accumulated assets are separate from the personal assets of partners or shareholders, 
• separation of the ownership sphere and the management sphere (this means that the company 

is run by its governing bodies, not partners or shareholders). 
The governing bodies of capital companies include: 
• management board - it implements decisions made by shareholders and persons representing 

the company, 
• supervisory board or audit committee – its task is to supervise the company's operations, 
• general meeting or shareholders' meeting – makes the most important decisions in the company. 
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Financing the Commercialization of Research Results 
The financing process consists of all undertakings in the company that provide the company with 
capital, and also shape the entire structure of financing sources in given market conditions. The 
financing strategy, including the acquisition of specific sources of financing for the company, is 
an expression of the entire financing process. The elements of the financing process are: 
• financing objectives, 
• principles of financing business operations, 
• methods and tools used to achieve particular goals and principles, 
• stages of the financing process. 

The commercialization process of research results encompasses various stages, and while they 
may vary in practice, they share certain common characteristics from a financial perspective. The 
research and development stage [12] is characterized by expenses without generating any 
revenues. During this stage, companies invest in research projects, testing developed solutions, 
and prototyping, but there is no income generated. This stage poses a double burden for companies 
as it involves significant financial outlays for laboratory and research equipment, materials, and 
staffing expenses. Additionally, it prolongs the time between project initiation and the generation 
of sales revenue. As a result, entrepreneurs, whenever possible, tend to avoid this stage and explore 
alternative options such as acquiring technology from external sources. The stage of 
implementation and introduction to the market [12] is a stage that includes activities such as: 
• undertaking an investment – to produce a new product or provide a new service involves 

significant expenses, including factors such as production costs, 
• introducing a product or service to the market – involves financial resources for manufacturing, 

promotion, and establishing distribution channels. 
The stage of sales development [12] refers to the period when a new product or service gains 

acceptance in the market, resulting in increasing revenue. During this stage, the sales cover the 
operating costs associated with producing the product or delivering the service. For projects that 
involve further development and expansion into new markets, additional financial resources are 
required. However, projects that do not aim for dynamic growth can reach a satisfactory 
operational scale and generate profits. Obtaining external financing for a project related to the 
commercialization of new solutions requires significant commitment from the implementing 
entity. It can be challenging due to factors such as the skepticism of capital providers. In the early 
stages of implementing technical solutions, external financing options include business angels 
(individual investors) and seed capital. Business angels are experienced individuals who have 
successfully developed their own businesses and are willing to invest in the ideas of new creators, 
start-ups, and early-stage enterprises. They not only provide financial support but also offer 
mentorship, scientific guidance, and valuable networking opportunities. In return, business angels 
become shareholders in the company. Seed funds are initial-stage investment funds that focus on 
investing in early implementation or planning phase ideas and receive equity in return. These funds 
not only provide capital but also offer valuable knowledge and mentorship. They are managed by 
experienced investors who possess industry contacts and expertise in entering the market and 
gaining a competitive edge. When it comes to financing innovative projects based on new technical 
solutions, industrial enterprises can serve as potential sources of investment. They can provide 
capital as strategic investors or corporate venture capitalists. The banking sector is the main 
provider of capital to enterprises, however, when it comes to financing innovative projects, banks 
are cautious and their financing can only be used for advanced projects. Banks assess the 
company's creditworthiness and a sufficient level of collateral – these conditions are usually met 
by companies with a relatively long market history and good financial standing [24]. 
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Areas of Commercialization in STEM Sciences 
The commercialization of scientific research results must have economic value for stakeholders, 
meaning it must either significantly improve the quality of products and services [25-27] or reduce 
costs, including the management of production and service processes [28]. Scientific outcomes in 
the STEM field are typically associated with either typical material-related problems within the 
scope of materials engineering [29-31], especially in the case of special alloys [32, 33], or machine-
related issues [34, 35], which encounter specific problems beyond the competence and cognition 
of an average engineer, particularly in the railway industry [36], issues related to wear [37], 
including fatigue of welded joints [38, 39] and hydraulic power systems [40]. The demand for 
scientific support also arises in the case of particularly advanced technologies associated with 
coatings [41-43] and surface layer [44]. This primarily includes DLC coatings [45-47] and ESD 
coatings [48-50], as well as separation issues [51]. In any of these cases, analytical and statistical 
support is necessary [52], including experimental design methodology [53-55] and non-classical 
approaches [56-58]. In the case of a large set of controlled factors, prior dimensionality reduction 
[59] is also necessary. 
Summary 
In the process of effective commercialization that brings measurable financial benefits (taking the 
form of direct and indirect commercialization), the basis is sales, implementation on the market 
using market principles and its practical use in economic turnover. Therefore, already at an early 
stage of this process, it is necessary to precisely define the commercialization strategy and 
carefully and thoroughly identify barriers and risks that may delay this process (thus reducing the 
entire commercialization potential or economic value of intellectual property), or in extreme cases 
prevent it. These barriers may relate to technological, legal and economic areas [23, 24]. This will 
make intellectual property an innovative and perhaps even groundbreaking technology. 
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