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Abstract

:

The subject matter addressed in the paper concerns digital technology platforms in the context of renewable energy sources. The main goal is to check whether digital technology platforms can be effective factors in implementing innovative business models in the RES sector. The study was based on empirical research using Computer-Assisted Telephone Interview (CATI) and Computer-Assisted Web Interview (CAWI) methods, as well as on a model of attitudes towards digital technology platforms (DTPs) built using CATREG (categorical regression) analysis. As a result of the research, it was found that digital technology platforms contribute to building innovative business models. The decisive influence on this is a number of benefits for enterprises and consumers (and the related factor is the most important when it comes to attitudes towards DTP), as well as the high interest in digital RES platforms.
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1. Introduction


The research on digital technology platforms (DTPs) that will be discussed in this paper was carried out in a broad context. It concerns broadly understood digitisation or digitalisation, which was already discussed in the early 1970s by R. Wachal [1], which concerns the digital transformation of enterprises, consisting of a gradual increase in the use of digital and computer technologies [2]. The subject discussed herein is also related to innovation, the expression of which is the functioning and constant intensive development of many DTPs, now considered one of the most important types of digital innovation [3,4,5,6]. Various RES (renewable energy sources) platforms also feature innovation qualities. Therefore, this part of the paper addresses basic theoretical issues related to the mentioned aspects.



First, let’s focus our attention on DTPs. This concept is related to the term “digital platform”. The platform, according to M.A. Cusumano [7] is a type of base that consists of specific components. The platform enables constant creation and building of a diversified set of related products and services. The digital platform, according to the approach proposed by C. Sørensen, M. de Reuver and R.C. Basole [8], is an extensible code base. Its basic feature is that it is possible to add new modules and functionalities to it at any time. Each digital platform, according to these authors, consists of a variety of technical components, including hardware and software, and related organizational processes and standards. The digital platform can also be seen as a collection of digital assets that allows users to perform specific tasks and interact with other people in a variety of ways [9].



DTP are differently recognised in the academic literature either as digital platforms [8,9,10], or as digital business technology platforms [11], IT platforms [12] or technology platforms [13]. DTPs are defined as digital tools that allow for the establishment and intensification of relationships between various market players, including businesses and consumers, and even administrative institutions (public administration bodies). This occurs by enabling these entities to make transactions and establish interactions, including business ones and those used to communicate with each other using the internet. The direct effect of this is linking business partners and create business networks [9,12]. Another definition indicates that DTPs are tools that allow specific stakeholders to unite under a common vision and approach development in specific areas, which may relate to both a strict business sphere and, more generally, social or technological ones [14]. DTPs can also be considered general-purpose technologies, consisting of various applications that create the basis for activities related to these applications [15].



Due to the fact that the scientific literature provides a number of various definitions of DTPs, our own approach to these platforms was developed and presented below. It emphasises that DTPs are electronic (digital) tools that may take the form of services or content, and which make it possible to develop the ground for establishing and intensifying contacts between different entities operating in the market; whereas a vital feature of these platforms is the possibility of their constant expansion with new modules or functionalities.



Digital technology platforms can be an effective factor in creating and developing innovative business models. This applies in particular to digital models, in which the emphasis is placed on the effective management of innovations and IT technologies and the use of all related competitive advantages [16,17]. It is worth emphasizing that in such models it is important to constantly generate knowledge, with close correlation between various service packages, as well as the participation of clients in business processes. Such functionalities are offered by DTPs [18].



It is also important that DTPs themselves are also recognized by many authors as separate business models [19,20,21]. In this context, Rothwell [22] emphasised that we can now speak of the fifth generation of business models, characterized by the fact that they are innovative and are associated with the creation of highly developed networks of connections. Importantly, such models are inextricably linked with information and communication technologies, which in turn are based on the Internet [23]. DTP have such features, which implies the fact that they are also modern business models.



Digital technology platforms, like no other, are the basis for promoting complex networks of connections between various types of entities operating on specific markets. Such connections are created in complex ecosystems in which interoperability and the possibility of constant modernisation of already applied solutions are at the fore [24]. Importantly, each DTP can be defined as two-way sales, leading to the co-creation of a specific value by market participants [25]. Digital technology platforms therefore allow for complex collaboration between a variety of actors.



DTPs are now also widely used in the energy sector, including activities related to the design and implementation of systems and tools in the field of renewable energy sources. With regard to the above, the terms digital energy platforms [26,27,28,29], digital platforms in the energy field [30], electronic platforms of energy [31], platforms for energy trading and risk management (abbreviated as ETRM) [32] or, more broadly, digital industry (industrial) platforms [12,33] and digital manufacturing platforms [34,35] are of key importance for the considerations undertaken in this paper. In scientific discussions, it is pointed out that the platforms that are used in the energy sector are the result of digitisation and the increasing use of modern digital technologies. The need to reach for such technologies within the energy market is related to the constantly growing needs of the various players operating in this market, including energy companies and consumers [36].



The use of DTPs in relation to RES is part of a broader concept related to sustainable development. It is an idea whose main goal is rational management of resources and promotion of stable economic development and social welfare. As part of sustainable development, goals are to be achieved, including the elimination of poverty and hunger, improving people’s access to food and water, and increasing the quality of education. This is to ensure that the needs of modern society are provided without prejudice to the needs of subsequent generations [37,38].



Environmental aspects play an important role in this concept. Sustainable development is not possible without increasing the efficiency in the management of natural resources, which are depleted faster and faster. In this context, projects in the field of renewable energy sources are of key importance, thanks to which it is possible not only to obtain additional, relatively cheap energy, but also to stop negative climatic changes and improve the condition of the natural environment [36]. Currently, the use of digital technological platforms in the field of renewable energy offers particularly broad prospects. They allow for the efficient management of systems used to obtain energy from renewable sources, as well as for the intensification of cooperation in this area between many entities [39].



DTPs, in the context of the energy market, are defined as extensible system code bases based on specific software, which ensure the implementation of specific functions through the use of supporting applications [40]. Such functions may refer to the management and coordination of various energy systems, including those that control heating and air-conditioning equipment [41], and the coordination of these systems and resources within them [42,43], as well as the decentralisation of the energy sector [30] or energy trading [44].



Among other functionalities related to the use of DTP in the field of renewable energy sources, there are also those related to the automatic management of processes related to energy generation using intelligent distribution networks and with strong customer involvement [45,46]. It is also important to use digital platforms to obtain renewable energy from dispersed resources and to effectively manage energy flows between suppliers and customers. This includes acquiring data from smart meters and on this basis providing data on energy demand prediction. DTP is also a useful tool for mutual communication and information exchange between users, including, for example, with regard to accessing products, services and resources provided by other entities or sharing advice on the practical use of RES [47,48].



One more aspect should be mentioned here. The point is that digital platforms allow for the creation and development of crowdfunding solutions (financing various types of projects by the community) or crowdsourcing (participation by Internet users in tasks carried out by a specific organization). Such solutions also apply to renewable energy. DTP allows for the financing of tasks in this field, which is beneficial both for users focused on the idea of sustainable development, as well as for enterprises and organizations (image-related issues) [49,50].



Green energy platforms, thanks to their many functions, can thus significantly contribute to the digitization, decarbonization, and decentralization of the energy sector [51].



Due to the many different functionalities, the possibility of adding new modules, as well as promoting the network of various connections, it seems reasonable to say that it is largely thanks to DTP that it is possible to intensify the development of RES. In this respect, a business model referred to as the manufacturing model, i.e., of the direct manufacturer, may be particularly useful. It is used by individual organizations to establish direct relationships with customers. Another model worth mentioning here is the brokerage model. As part of it, organizations, thanks to DTP, create virtual markets where it is possible to establish contacts and carry out purchase and sale transactions by bidders and consumers [52,53].



It is worth noting that various installations are currently built on an increasingly large scale which, thanks to DTPs, operate partially or fully digitally. These include:




	
digital gas and steam power plants [54,55,56]



	
digital wind farms [57,58,59,60]



	
digital hydropower plants [61,62,63,64,65]



	
digital grids—these are systems that allow the effective, efficient, and cost-effective coordination of energy transmission between production and consumption sites, ensuring a match between demand and supply [66]



	
distributed energy resources [67,68,69]



	
systems related to the digitalisation of energy consumption [70,71,72]








There are numerous examples of successful implementations of renewable energy projects in which DTPs have played an important role. In Poland and other EU countries, broad prospects in this regard are provided by EU funds, which are directed, inter alia, to the increase in the importance of renewable energy sources in the energy sector. In Poland, the greatest absorption of funds from these funds concerns rural and urban-rural communes, including areas located in the eastern parts of the country. The most frequently implemented projects were those related to the improvement of the energy efficiency of existing facilities (thermal modernization, reconstruction of ventilation and air-conditioning installations, replacement of heating boilers) and the construction of renewable energy installations. In the case of renewable energy, it has been used in particular projects in the field of solar energy—photovoltaics, as well as the construction of wind farms—the largest facilities of this type are located in Potęgowo, Margonin and Banie [73,74].



The interest in such investments is very high, both on the part of public authorities, which, as part of their tasks, are obliged to neutralise the negative effects of environmental degradation by humans, and private investors, including individual farms. This creates wide perspectives. It is worth emphasising that the implementation of innovative energy projects was and is possible to a large extent thanks to digital technology platforms. DTP is responsible for the effective management of these projects, the implementation of modern technologies and the intensification of cooperation between various entities, including public–private partnerships [75,76].



DTPs which are used in the energy sector are built from several essential components. These include various types of digital applications, transmission protocols and systems that allow for data collection, storage, and analytics [77]. It is necessary to emphasise that DTPs are being increasingly used to implement innovations, including in the field of renewable energy sources. This is proven by the analyses and studies that have been discussed in the scientific literature, also related to the hydropower or electricity sectors [78].



The main objective of the present paper is to describe and evaluate the impact of DTPs on the implementation of RES projects. The main discussion will be focused on determining whether DTPs can have an impact on the implementation of innovative business models in the RES sector. The paper will be of great importance due to the fact that, for the first time, analysis of the correlation between DTP implementation and RES development will be based on the research in which, apart from using the CATI or CAWI method, a model of attitudes towards digital technology platforms was constructed. The article is a significant contribution to the development of knowledge on the use of modern technologies in the field of renewable energy, presenting attitudes towards RES platforms and the role of DTPs in the development of innovative business models in the energy sector.




2. Materials and Methods


For the purposes of this paper, research was carried out using a variety of methods. It should be noted that the study was based on two research projects. The first of these, entitled “Business Models Based on Digital Technology Platforms”, was carried out using CATI and CATREG (categorical regression) methods. The second project, entitled “Design and Customisation Platforms for Renewable Energy Installations”, used CATI and CAWI methods.



As far as CATI is concerned, in the first project, research using the method of standardised questionnaire interviews was carried out between the 18 and 28 of February, 2019. They were based on a survey questionnaire consisting of 23 questions. The CATI method features a high degree of standardisation, and it is an element of the quantitative paradigm whereby its main advantage is that its results can be generalised to the entire population [79].



The sample was randomly selected. Interviews were conducted with representatives of the management staff who know how the DTPs operate and how companies use them. The sampling frame included the list of beneficiaries of the Innovative Economy Operational Programme implemented by the (PARP) Polish Agency for Enterprise Development. The sample consisted of enterprises that were granted funding under this programme for the implementation and development of DTPs. The final sample consisted of n = 320 records, out of which effective interviews were conducted with n = 121 entities. The randomisation algorithm incorporated into the software for telephone interviews ensured that each record in the database had an equal chance of being included in the sample. In the course of the survey, each business was contacted by phone. In total, 121 interviews were completed, 49 companies refused to participate in the research, 2 companies declared that they had not implemented any platforms, and the remaining companies could not be interviewed within the timeframe set for the research.



Using CATREG (categorical regression) analysis, a model of measurement of attitudes towards DTPs was developed. Building a model of a phenomenon consists of a specific mathematisation of hypotheses (in the form of an equation or a system of equations, respectively), i.e., presenting them in a parameterised manner in the so-called ‘statistical space’. Such a model presents simplified but essential and the most important relations between the analysed phenomena. Tools of inductive statistics, most often including regression models, are used for this purpose.



The concept of attitude is deeply rooted in the social sciences, particularly in sociology, but it is also widely used in economics [80]. Academics agree that attitude has a three-element structure: affective (what one feels), cognitive (what one knows), and behavioural (what one does) [81,82,83]. The concept of attitude was used to develop Question 13 of the survey questionnaire, which is an indicator of the independent variable: “To what extent do DTPs influence the increase in quality and intensity of the relationships established by the company in which you perform your professional duties with all stakeholders—including mainly suppliers, contractors, distributors or customers?”



This question made it possible to measure attitudes towards the DTPs. It includes both evaluative elements referring to knowledge and concerning the evaluation of this phenomenon (“increase in quality and intensity”). Interrelationships between the general assessment of the impact of DTPs on the increase in quality and intensity of a company’s operations and other evaluative elements—including cognitive (attitudes of members of the management towards the implementation of the DTP and the impact of DTPs on the establishment and development of innovative business models) and behavioural (areas of DTP implementation in companies—as well as benefits and threats resulting from this implementation) can be observed. The influence of socio-demographic variables related to the enterprise (type of enterprise and industry) was also analysed, and the probable influence of latent variables concerning the respondent (gender, age, level of education, work experience, time the company has been on the market). It was assumed that the company may be transformed by DTPs in the human dimension (evaluation of this phenomenon, the scope of using this phenomenon, expectations, etc.), in the cyber-security dimension (new IT challenges related to hardware and software), economic dimension (related to actual and potential profits and losses), and social dimension (changes in the structure of the company and its layout, type and intensity of relations with the company environment).



The model was constructed using the variables presented, indicating which variables and how strongly they interact with the independent variable. CATREG (categorical regression) was used for the analysis. The analytical technique made it possible to reveal the correlates of assessment of the degree to which DTPs influence the functioning of the company. The purpose of using this method was to quantify the relationships between multiple independent variables and one dependent variable. It was a “qualitative regression”, and its essence is that the combined effect of the variables is examined (interaction means the “product” of individual variables). Some of the basic factors that influenced the choice of CATREG is that the method improves the traditional regression model and is more statistically correct and rigorous than correspondence analysis and multidimensional scalling (MDS). Compared to OLS regression, CATREG is more flexible and useful for handling extensive data sets containing categorical variables. Another great advantage of CATREG is that the model measures the relative importance of the explanatory variables, which facilitates the comparison of the consequences of various factors and the identification of the most important determinants [84,85,86,87,88].



At this point, it is worth presenting the variables, which were used to construct the model of attitudes towards DTPs. These variables are shown in Table 1.



The model includes five variables belonging to the structural factor, three (although with lower explanatory power) variables belonging to the human factor, and one variable which is an economic factor (the strongest, however, of all the variables).



The second research project was carried out between 9 and 13 of November, 2020. To maximise the cognitive result, two samples of respondents were tested: individual respondents, who were surveyed using the CAWI technique, and institutional respondents (companies offering energy generation systems from renewable sources), who were interviewed using the CATI technique. The methods were chosen primarily according to their advantages. Firstly, the aim was to guarantee a high degree of standardisation. Secondly, both methods allow for constant control over the collected data, constant monitoring of the sample size and respondents’ answers. Thirdly, the CATI method ensures the possibility of conducting representative research in the enterprise sector due to the availability of the entire sampling frame (National Business Registry Number database), various sampling procedures and the elimination of the so-called ‘clustering’ (concentration of entities within geographically close locations). The most important advantage and characteristic of this research method is the fact that based on a properly selected test sample, the results can be generalised to the whole population. Moreover, the CATI method can be combined with online surveys and qualitative methods such as projective tests. Additionally, the CATI and CAWI methods allow for modification of the research tool even after the start of the fieldwork phase.



The sample for the CATI survey was randomly selected. The survey sample included management staff of companies which, according to their declarations, offer energy generation systems from renewable sources. The sampling frame was the Bisnode Poland database, which contains current contact and financial data of companies which operate in Poland. A total of n = 328 companies from all over Poland, meeting the selection conditions, were drawn—out of which, n = 121 effective interviews were conducted. The randomisation algorithm incorporated into the telephone survey software ensured that each record in the database had an equal chance of being included in the sample. The response rate was 0.74.



The sample for the CAWI survey also was randomly selected. The sampling frame was the inetpanel.pl database which contains data on active panellists, comprising almost 20,000 adult Poles. In total, n = 500 effective interviews were conducted. The sample was representative concerning such socio-demographic variables as gender, age, size of the town of residence, and voivodeship.



In the case of the CATI survey, the prerequisite for the company to be included in the sample was confirmation that it was operating a business related to renewable energy sources. In the case of the CAWI survey, the prerequisite for the respondent to be included in the sample was the feasibility to install renewable energy sources (the respondent should live in a building which enables the installation of such devices).




3. Results


DTPs, according to CATI surveys conducted in 2019 among 120 Polish enterprises, should be considered tools that enable the establishment and development of innovative business models. This is evidenced by the data presented in Table 2.



The vast majority of respondents declared that DTPs allowed for the establishment and development of innovative business models. There were 108 of them, which accounted for 89.3% of the survey respondents. Thus, DTPs can significantly contribute to the implementation and development of the RES platform, which should be considered one of the innovative, as far as the Polish market is concerned, business models.



The research based on the CATI method also included an exploration of selected structural relationships within the correlations and intergroup comparisons. Table 3 presents respondents’ opinions on the impact of DTPs on the establishment and development of innovative business models in the context of company size.



The size of the company is not a factor that determines any differences concerning perceptions of the impact the DTPs have on the establishment and development of innovative business models. This was confirmed by a H Kruskal–Wallis intergroup comparison test.



Launching a RES platform based on the DTP can bring measurable benefits. During the CATI survey, this issue was also addressed. Data related to these benefits is presented in Table 4.



By using DTPs, entities that will participate in the design and implementation of the RES platform can achieve a number of benefits. The most important of these refer to an increase in profits (46.3% of respondents), increase in the level of competitiveness (15.7%), expansion of the product range (10.7%), and optimisation of various business processes (9.1%).



Based on the results of the CATI survey, it is worth mentioning the data related to the influence the DTP has on the relations established by the company with its stakeholders. This data is presented in Table 5.



The majority of respondents (93 of them, i.e., 75.2% of the total) declared that DTPs increased the quality and intensity of relations with stakeholders, of which 44 respondents (36.4%) stated that DTPs had an impact on these relations to a very high degree and 47 respondents (38.8%) considered it to be to a high degree. Only eight people (6.7%) had the opposite opinion.



Data on the impact of DTPs on the relations with stakeholders can also be considered by taking the size of the company into account. This data can be found in Table 6.



The company’s size is not a factor that influences the possible differences in the aspect related to a very high or high degree of influence of digital technological platforms on the increase in quality and intensity of relations with stakeholders. The data presented above show that a RES platform based on DTPs can become an essential factor for significant intensification of relationships between all players on the RES market, particularly companies that install RES systems and private users (i.e., customers). This was confirmed by a H Kruskal–Wallis intergroup comparison test.



When proceeding to the presentation of the results related to the CATREG (categorical regression), first of all, the components of the optimal scaling model obtained by a descending method shall be presented. These components are shown in Table 7.



When analysing the data in Table 7, it should be noted that the most significant factor influencing attitudes towards DTPs is the economic factor (0.386, which explains 38.6% of the variation in the independent variable) and the socio-demographic factor (0.208). For Question 12, the significance is at the level of 0.055, which means that attitudes in the surveyed companies are only slightly influenced by the factor related to the establishment and development of innovative business models as a result of using DTPs.



The fit of the optimal scaling model expressed by the multivariate R was 0.668, which is considered a moderate (significant) correlation, lying almost on the border of so-called ‘substantial correlation’, the space of which extends from the value of 0.7. The total variation of the dependent variable, explained by the combined impact of independent variables, was as high as 0.218. This means that the model explains as much as 21.8% of the variation in attitudes towards DTPs in companies. This is a substantial value, even though the model consists of a large number of coefficients. A substantial yet acceptable number of factors in the model (nine) reduces the coefficient’s original (R-square) value. It is worth noting that the analysis, which attempts to subtract individual coefficients from the model to reduce their number, increases the model’s explanatory power. So, the nine variables interact (at least in a mathematical sense) together to form an inseparable whole. The model is statistically significant at a more than satisfactory level, which is p ≤ 0.01. Visual assessment of the sum of squares for regression and residuals in the ANOVA shows that the regression model explains more than half (53%) of the variation, which reassures that it is justified. It is worth noting that a similar way of building a model was the basis for the highly evaluated postdoctoral dissertation of Mider [62]. In that study, the fit of the optimal scaling model expressed by the multivariate R was much lower than in the currently discussed model, namely 0.413. The model should, therefore, be considered valuable as it explains the correlates of positive evaluations of DTPs.



Figure 1 shows the different components of the optimal scaling model graphically.



The model includes three groups of factors: economic, structural, and human. Positive attitudes towards DTPs are mainly explained by the number of benefits the digital technology platforms generate in companies (38.6% of the model fit). The technology factor has long been called an enterprise’s strategic weapon, as its importance stems from its deliberate use to add value as a result of changes in manufacturing and control processes [89,90]. Positive attitudes towards DTPs are also largely driven by factors of a structural nature, primarily the industry in which the company operates and the intensity of transformations in the company’s internal structure (altogether as much as 47.5%, i.e., almost half of the model components). It is worth emphasising that the significance of the structural factor has already been widely recognised for a long time. Douglas North, Nobel Prize winner in economics, claimed that development owes more to organisational progress than to technical progress [91]. On the other hand, the human factor, i.e., the strictly socio-psychological and demographic factors of the respondent, plays a secondary role (in terms of explanatory power) and is represented by characteristics such as job seniority, position, and education (13.8%).



When relating the developed model of attitudes towards DTPs to the RES platform discussed in this paper, it should be stated that for the construction and implementation of this platform based on digital technology platforms, it would be necessary to take into account, most of all, the economic factor and scope of possible benefits that individual stakeholders can achieve from the use of such a platform. In this respect, when it comes to stakeholders who will invest a certain amount of money in the development of such a platform, the return on capital allocated to RES platform implementation activities will be of key importance. However, regarding companies installing RES systems, the most important factor is the possibility of getting their offer out to the largest possible group of recipients. Therefore, from their perspective, the RES platform should attract the largest possible number of customers and thus create the ground for rapid acquisition of new customers and the development of their business and gradual profit increase. On the other hand, for customers (i.e., private users wanting to install RES systems), the financial factor will be predominant, i.e., the possibility to employ entities which offer the lowest prices in the market but also the highest quality services.



In order to complement the results of the survey carried out among the beneficiaries of the Operational Programme Innovative Economy, it is worth analysing the data obtained from the CATI survey carried out among the management staff of companies offering systems for generating energy from renewable sources, and the CAWI survey carried out among people who have the technical feasibility to install such systems. With regards to the CATI survey, the respondents were asked, among other things, whether they were interested in using an online platform which would facilitate the selection of a system parameters appropriate for the users’ energy demand. This included the power of the equipment, efficiency and loss factors, the calculation of energy yield, benefits and savings from the use of RES systems, and the selection of companies that could install such systems. The analysis of respondents’ declarations concerning this issue is presented in Table 8.



The majority of respondents (88 of them, i.e., 73.3% of the total) stated that they were inclined to use the functionalities which an online RES platform would offer.



A similar question was asked to respondents of the CAWI survey. The results are presented in Table 9.



People who have the possibility to install RES systems mostly stated that they would be interested in using a platform to choose the right RES solution and the company which would install the system. In total, 442 people, i.e., 88.4% of those surveyed, expressed this opinion—of which 301 people (60.2%) stated that they were interested in the RES platform mainly due to the possibility to learn about the potential of the site and the available options and costs associated with the installation of RES systems, and 141 people (28.2%) stated that they were planning and/or were interested in installing RES. This data clearly indicates that, in the case of using a DTP-based RES online platform, consumers would mainly emphasise the economic factor related to the possible range of benefits resulting from the use of this platform and the installation of RES. This factor, as the most important one, was also included in the model of attitudes towards DTPs.



Representatives of companies that install RES systems were also asked which aspects of such a platform would be crucial for them. The respective data is presented in Table 10.



Respondents, referring to those elements of the RES platform that would be important for them, mainly indicated the possibility of making simulations related to the potential of a given site, including energy bill savings. The key factor here is the one already mentioned and that results from the constructed model of attitudes towards DTPs—the economic factor is strongly linked to the benefits that can be generated as a result of using these platforms, which includes the establishment and development of innovative business models.



The participants of the CATI survey were also asked about the expenses they might agree to incur to obtain access to the RES platform. These expenses are presented in Table 11.



Respondents are usually willing to spend [on the online RES platform] between 1501 and 3000 PLN per year (35 persons, i.e., 29.2% of the total). A significant number of respondents indicated amounts between 3001 and 4500 PLN (20 people, i.e., 16.7%), and between 801 and 1500 PLN (17 people, i.e., 14.2% of the total). Respondents are, therefore, willing to incur certain expenses in exchange for using the RES platform based on DTPs and the possibility to benefit from a variety of related advantages.



In the conclusion, the research, which used CATI and CAWI methods and regression analysis CATREG, found that the attitude of both representatives of enterprises dealing with the installation of renewable energy installations and people who use such installations, in relation to the RES platform, is mostly positive, and what would induce them to use such a platform, even at the price of bearing certain costs, is the economic factor resulting from specific benefits.



Research has shown that DTPs can be the basis for establishing and developing innovative business models such as the online RES platform, which includes many modern functionalities which have not been available on the market yet. The interest in this platform is relatively high, which is certainly due to the widespread promotional campaigns emphasising both innovativeness and tools and systems allowing to reduce negative human impact on the natural environment. The online RES platform based on DTPs can be an important factor for building a competitive advantage in the RES market. Therefore, its implementation is reasonable and necessary from the point of view of all entities operating in this market.




4. Discussion and Conclusions


In conclusion, it is worth mentioning that the above-mentioned RES platform, which will enable intermediation between contractors installing RES systems and persons willing to purchase such systems, should be considered both a DTP-based solution and an innovative and digital business model. A platform like this will have features of a DTP, such as multiple functionalities (it will be possible not only to contact a specific company or investor, but also to calculate the annual energy consumption and demand and to determine the most important parameters of a RES installation) and high interoperability [12]. It is worth noting that currently, there are a number of platforms which are already used on the energy market in relation to RES and successfully operate on the basis of a DTP. In addition to managing energy systems, such platforms allow selling unconsumed energy, monitoring energy demand, and quickly responding to any demand changes, undertaking extensive cooperation by individual participants of the energy market, monitoring power grids, or combining individual infrastructure components into large networks [92,93].



The RES platform should also be considered as an innovative and digital business model. In fact, in the literature, a number of DTPs operating in the energy market and RES market have been recognised as such a model [94]. It is characterised by a strong reliance on modern digital technologies, implying a new way of doing business, in which the intensification of interactions between different actors (stakeholders) and the continuous value generation are the dominant features [95,96,97]. It is worth emphasising that strong customer orientation, which is characteristic of modern business models, will be crucial in the planned RES platform. In this regard, it is important to personalise the offer for customers (a platform based on a DTP provides the ground for customised configuring and selecting products and services, rather than just using ready-made packages—a curated computing model), as well as for the algorithmisation and automation of the sales of products and services (a number of choices rated to products and services are made automatically by the platforms, based on a variety of algorithms, which make it easier for customers to purchase goods) [98].



In this context, it is necessary to mention the category of prosumers, i.e., consumers who become co-creators of innovation and co-creators of the added value of the enterprise; therefore, they take an active part in its functioning and the practical implementation of innovative business models [99,100]. Prosumers are particularly present in the RES market because they become producers of energy from renewable sources by installing a system in their home. In this way, their knowledge in this field and their experience, acquired while using RES, can become a source of innovation for companies using the RES platform [101]. This is because such a platform, thanks to the possibility of quick contact, can be a fundamental factor in establishing long-term relationships between companies and customers. With regard to the above, it is worth referring to Nordström and Biaström’s concept, which points out that consumers are the primary drivers of innovation creation [102]. The RES platform can, therefore, play the role of an “open innovation” in which a UIC (user innovation community) is created [103]. Due to the positive attitudes towards its construction, such a platform—including either companies installing RES systems and consumers, and the possibility of generating multiple benefits—can be a market success.



It is necessary to emphasize that RES have many advantages. However, one should not forget about certain threats and barriers that appear in connection with the implementation of projects in this field. This concerns particular issues related to cybersecurity and the possibility of violating data protection, theft of various information, or damage to IT systems. Such risks apply to virtually every digital technology platform. They should be effectively counteracted, including, inter alia, by formulating the principles of reducing risks in the field of cyber-threats. An important caveat also applies to the fact that RES installations are associated with specific costs that can only be recovered after many years of use. This may result in certain barriers in access to renewable energy, especially on the part of private users. Such barriers are compounded by the fact that renewable energy is not available everywhere, and its effective use largely depends on weather conditions.



It is worth mentioning that there is a need for further empirical research in relation to the RES platform discussed in this paper. This could examine what additional functionalities it could include, taking into account the needs of RES market participants and how it could integrate not only the actions taken by service companies and consumers, but also by energy suppliers and public organizations, including local government units. This is an area for further research.



The presented scientific work has led to the taking up of issues that have not been signalled strongly enough in the scientific literature so far. First of all, for the first time, it was established that digital technology platforms can significantly contribute to the promotion of renewable energy technologies through the possibility of creating completely new, innovative business models. The planned RES platform can be considered as such a model, being strongly based on modern technologies, and integrating many entities that operate in the energy sector. In addition, the study found that the economic factor is of decisive importance for the popularization of solutions in the field of RES based on DTPs. The arrangements in this regard make a significant contribution to the knowledge of management and IT.




5. Research Limitations


One of the research limitations is the test sample in the “Business models based on DTPs” project. This sample includes enterprises that applied for and received co-funding under the Innovative Economy Operational Programme for investments related to the implementation and development of DTPs. Therefore, representatives of these enterprises may have positive attitudes towards such platforms, which may have significantly influenced their declarations regarding the implementation and use of DTPs. Therefore, to confirm the results obtained, further research would have to be carried out, including those companies that did not obtain or did not apply for the above-mentioned funds. It should also be said that the obtained results concern the attitudes of the managers of Polish companies and, due to cultural and social differences and business conditions, they could not be blindly analysed in the context of the situation in other countries.



It is necessary to also distinguish those limitations related to the CATREG optimal scaling. One of such limitation is related to the permissible number of predictors—independent variables, which amounts to 200 (in the case of CATI survey results, this condition is irrelevant, as the number of predictors rarely exceeds 100). At the same time, each variable should have a minimum of ten and, preferably, twenty units of analysis. Optimal scaling is therefore not advisable in the case of small sample sizes. Failure to take this condition into account results in unstable regression lines. Another limitation is the inherent defect of all regression methods, which provide information on the existence or absence of relations between variables but do not provide any knowledge about the cause-and-effect relationship of such relations. An important reservation also concerns the fact that depending on the type and number of variables included in the model, different result values are obtained, and it is difficult to decide which of the constructed models is best. The choice is made by the researcher, taking into account the structure of the obtained results.
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Figure 1. Proportion of importance of the components of the optimal scaling model. 
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Table 1. Variables used to construct the model of attitudes towards DTPs.






Table 1. Variables used to construct the model of attitudes towards DTPs.





	Questionnaire Survey Questions
	Factor





	Q. 11. Please specify: what key benefits are generated due to using DTPs in your business?
	economic



	Q. 23. Industry in which your company operates?
	structural (socio-demographic)



	Q. 14. The implementation of DTP in the company where you perform your professional duties is forced, or will it force specific changes in its organizational structure?
	structural



	Q. 19. Work experience in the company where you currently perform your professional duties.
	human (potentially a latent variable influencing evaluations)



	Q. 4. What types of DTP are or will be used in your company?
	structural



	Q. 12. Do you agree with the statement that DTP enables the creation and development of innovative business models?
	structural



	Q. 10. In what areas of your company’s activity is or will be used DTP
	structural



	Q. 21. What type of position do you hold in the company in which you currently perform your professional duties?
	human



	Q. 18. Specify your level of education
	human
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Table 2. DTPs as tools for establishing and developing innovative business models.
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	Do DTPs Enable the Creation and Development of Innovative Business Models?
	Frequency
	Percentage





	Strongly agree
	63
	52.1



	Somewhat agree
	45
	37.2



	Neither agree nor disagree
	12
	9.9



	Somewhat disagree
	1
	0.8



	Total
	121
	100.0
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Table 3. DTPs as tools for establishing and developing innovative business models compared to company size.
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Do DTPs Enable the Creation and Development of Innovative Business Models?

	
Company Size




	
Micro

	
Small

	
Medium

	
Large




	
N

	
%

	
N

	
%

	
N

	
%

	
N

	
%






	
Strongly agree

	
10

	
83.3%

	
18

	
64.3%

	
15

	
36.6%

	
19

	
48.7%




	
Somewhat agree

	
1

	
8.3%

	
5

	
17.9%

	
24

	
58.5%

	
15

	
38.5%




	
Neither agree nor disagree

	
1

	
8.3%

	
5

	
17.9%

	
1

	
2.4%

	
5

	
12.8%




	
Somewhat disagree

	
0

	
0.0%

	
0

	
0.0%

	
1

	
2.4%

	
0

	
0.0%




	
Strongly disagree

	
0

	
0.0%

	
0

	
0.0%

	
0

	
0.0%

	
0

	
0.0%
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Table 4. The benefits of using DTPs.
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	Please Specify What Key Benefits Are Generated in Your Business by Using DTPs?
	Frequency
	Percentage





	Profit increase
	56
	46.3



	Increase in competitiveness level
	19
	15.7



	Expansion of the product range
	13
	10.7



	Increase in market share
	3
	2.5



	Increase in the innovation level
	6
	5.0



	Increase in the customer count
	2
	1.7



	Improvement of customer service and increase in consumer satisfaction levels
	3
	2.5



	Increase in the number of markets in which the company operates
	2
	1.7



	Increase in the number of business partners
	1
	0.8



	Optimisation of various business processes
	11
	9.1



	Building digital supply chains
	1
	0.8



	Increase in the overall efficiency of the company’s operations
	3
	2.5



	The possibility of being actively involved in the implementation of programmes initiated in the virtual environment, aimed at expanding the range of products or the customer base
	1
	0.8



	Total
	121
	100.0
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Table 5. The impact that DTPs have on relations with stakeholders.






Table 5. The impact that DTPs have on relations with stakeholders.





	To What Extent Do DTPs Increase the Quality and Intensity of the Relationships Established by the Company in Which You Perform Your Professional Duties with All Stakeholders—Including Mainly Suppliers, Contractors, Distributors or Customers?
	Frequency
	Percentage





	To a very large degree
	44
	36.4



	To a large degree
	47
	38.8



	Neither to a large nor a small degree
	11
	9.1



	To a small degree
	2
	1.7



	To a very small degree
	6
	5.0



	I have no opinion on that subject
	11
	9.1



	Total
	121
	100.0
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Table 6. The company’s relationships with the environment compared to the company size.






Table 6. The company’s relationships with the environment compared to the company size.





	
To What Extent Do DTPs Increase the Quality and Intensity of the Company’s Business Relationships?

	
Company Size




	
Micro

	
Small

	
Medium

	
Large




	
N

	
%

	
N

	
%

	
N

	
%

	
N

	
%






	
To a very large degree

	
4

	
33.3%

	
10

	
35.7%

	
15

	
36.6%

	
15

	
38.5%




	
To a large degree

	
5

	
41.7%

	
11

	
39.3%

	
16

	
39.0%

	
14

	
35.9%




	
Neither to a large nor a small degree

	
2

	
16.7%

	
3

	
10.7%

	
5

	
12.2%

	
1

	
2.6%




	
To a small degree

	
0

	
0.0%

	
2

	
7.1%

	
0

	
0.0%

	
0

	
0.0%




	
To a very small degree

	
0

	
0.0%

	
0

	
0.0%

	
5

	
12.2%

	
1

	
2.6%











[image: Table] 





Table 7. Components of the optimal scaling model obtained by the descending method.






Table 7. Components of the optimal scaling model obtained by the descending method.













	Name of Model Component (Predictor)
	Beta Coefficient
	Number of Degrees of Freedom (df)
	F
	Significance
	Zero-Order Correlation



	Question 11.
	0.477
	12
	19.774
	0.001
	0.361



	Question 23.
	0.399
	11
	12.976
	0.001
	0.233



	Question 14.
	−0.295
	3
	3.881
	0.012
	−0.162



	Question 19.
	0.235
	2
	3.527
	0.034
	0.150



	Question 4.
	0.202
	1
	1.941
	0.167
	0.130



	Question 12.
	0.209
	2
	1.675
	0.193
	0.116



	Question 10.
	0.153
	1
	1.919
	0.170
	0.135



	Question 21.
	0.187
	2
	3.443
	0.036
	0.100



	Question 18.
	−0.114
	1
	0.981
	0.325
	−0.066



	
	Partial Correlation
	Semi-Partial Correlation
	Validity
	Tolerance after Transformation
	Tolerance before Transformation



	Question 11.
	0.522
	0.455
	0.386
	0.911
	0.914



	Question 23.
	0.449
	0.373
	0.208
	0.877
	0.965



	Question 14.
	−0.351
	−0.279
	0.107
	0.890
	0.866



	Question 19.
	0.290
	0.225
	0.079
	0.917
	0.828



	Question 4.
	0.245
	0.188
	0.059
	0.865
	0.847



	Question 12.
	0.265
	0.204
	0.055
	0.955
	0.914



	Question 10.
	0.197
	0.150
	0.046
	0.954
	0.918



	Question 21.
	0.236
	0.181
	0.042
	0.936
	0.828



	Question 18.
	−0.146
	−0.110
	0.017
	0.934
	0.931
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Table 8. Declarations of respondents of the CATI survey related to the use of the RES online platform.






Table 8. Declarations of respondents of the CATI survey related to the use of the RES online platform.





	Would You Be Interested in Using the RES Online Platform?
	Frequency
	Percentage





	Yes
	88
	73.3



	No
	32
	26.7



	Total
	121
	100.0
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Table 9. Declarations of respondents of the CAWI survey related to the use of the RES online platform.






Table 9. Declarations of respondents of the CAWI survey related to the use of the RES online platform.





	Would You Be Interested in Using the RES Online Platform?
	Frequency
	Percentage





	Yes, I am planning or interested in installing the RES platform
	141
	28.2



	Yes, mainly to find out what the potential of the site is and the possible options, cost and potential benefits
	301
	60.2



	No, I am planning or interested in installing the RES platform, but my knowledge is sufficient
	9
	1.8



	No, at the moment, I do not plan to install it, but I do not exclude such an investment in the future
	25
	5.0



	Not applicable, not interested in the platform

No, I am not interested at all in the RES
	24
	4.8



	Total
	500
	100.0
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Table 10. Elements of the RES platform important to respondents.






Table 10. Elements of the RES platform important to respondents.





	What Would Be Important to You in the Case of a RES Platform?
	Frequency
	Percentage
	Percentage of Valid Ones





	The possibility to place your advertisement there
	20
	10.8
	16.7



	A tool which would prepare simulation related to the potential of the site and estimations of electricity or heat production, CO2 emission savings, energy bills savings per year (daily, quarterly, monthly)
	77
	41.4
	64.2



	Information on possible subsidies for the installation of RES system
	30
	16.1
	25.0



	The possibility to place your company in the company database on the platform. Based on the recommendations, customers could choose it as a contractor/service provider. This way you would gain new customers
	27
	14.5
	22.5



	Not applicable, not interested in the platform
	32
	17.2
	26.7



	Total
	186
	100.0
	155.0 *







* A value higher than 100% because each respondent could give more than one answer.
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Table 11. The amount of expenditure that could be incurred by companies for access to the RES platform.






Table 11. The amount of expenditure that could be incurred by companies for access to the RES platform.





	How Much Would You Be Willing to Spend per Year to Access the RES Platform?
	Frequency
	Percentage





	Nothing, we are not interested in the platform
	33
	27.3



	up to 800 PLN
	4
	3.3



	801–1500 PLN
	17
	14.0



	1501–3000 PLN
	35
	28.9



	3001–4500 PLN
	20
	16.6



	more than 4501 PLN
	12
	9.9



	Total
	121
	100.0
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