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Abstract 
The article discusses the patterns in the market positioning of various energy technologies 
and identifies technological developments that are residing in the early stages of the market 
maturity cycle. The study is based on the use of the Hype Cycle conceptual platform and 
methods of cluster and classification analysis, the functionality of which is implemented 
using the Mclust software package from the realm of the programming language R. The 
information on patent and publication activity presented in global search engines Google 
Patents and Google Scholar has served as the informational basis for the analytical 
procedures conducted. The main provisions of the study were tested on the example of 
transformers for a voltage of 220 kV. For this technological development, its critical 
structural elements are identified, including heat exchangers with forced circulation of oil 
(air), oil-air coolers, on-load tap-changers, bushings with the main insulation of the 
porcelain tire, and bushings with gas insulation, each of which is analyzed from the point of 
view of existing patterns of its positioning on the Hype Cycle. It has been established that 
most of these structural elements are within the framework of the “slope of enlightenment” 
and “plateau of productivity” phases, which characterizes the energy technology under 
study as already established one, which, in combination of its characteristics, goes beyond 
the developments of an innovative profile. 
Keywords: energy technologies, market positioning, Hype Cycle, patent and publication 
activity, cluster-classification analysis. 
 

 
Resumen 
El artículo analiza los patrones en el posicionamiento en el mercado de diversas tecnologías 
energéticas e identifica los desarrollos tecnológicos que residen en las primeras etapas del 
ciclo de madurez del mercado. El estudio se basa en el uso de la plataforma conceptual 
Hype Cycle y los métodos de análisis de agrupamiento y clasificación, cuya funcionalidad 
se implementa utilizando el paquete de software Mclust del ámbito del lenguaje de 
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programación R. La información sobre la actividad de patentes y publicaciones presentada 
en Los motores de búsqueda globales Google Patents y Google Scholar han servido de base 
informativa para los procedimientos analíticos realizados. Las principales disposiciones del 
estudio se probaron en el ejemplo de transformadores para un voltaje de 220 kV. Para este 
desarrollo tecnológico, se identifican sus elementos estructurales críticos, incluidos los 
intercambiadores de calor con circulación forzada de aceite (aire), enfriadores de aire y 
aceite, cambiadores de tomas bajo carga, bujes con el aislamiento principal del neumático 
de porcelana y bujes con gas aislamiento, cada uno de los cuales se analiza desde el punto 
de vista de los patrones existentes de su posicionamiento en el Hype Cycle. Se ha 
establecido que la mayoría de estos elementos estructurales se encuentran en el marco de 
las fases de "pendiente de la iluminación" y "meseta de la productividad", que caracteriza la 
tecnología energética en estudio como una ya establecida, que, en combinación con sus 
características, más allá de los desarrollos de un perfil innovador. 
Palabras clave: tecnologías energéticas, posicionamiento en el mercado, Hype Cycle, 
actividad de patentes y publicaciones, análisis de clasificación por conglomerados. 
 

 
 
Introduction 

Differentiation of technological development directions significantly enhances the 
influence of the uncertainty factor on choosing innovative activity priorities of economic 
systems. The current situation is aggravated by the tendency of a shortened life cycle of 
innovative developments created in many areas of economic activity [1-2]. In this regard, it 
is of particular interest to choose such innovation development priorities, following which 
could have ensured the creation of innovations with high market novelty, substantial and 
solvent market demand, as well as the time stability of their main competitive advantages 
[3-4]. To date, a large number of methodological approaches have been developed in the 
world science designed to solve this problem. Basically, most of these approaches are 
focused either on the use of expert assessments, including questioning and interviewing in 
various professional communities, or on the implementation of statistical analysis tools, the 
most popular of which are extrapolation, probabilistic, regression and correlation analysis. 

The main sources of information for conducting statistical research are the data on 
patent and publication activity, which are one of the first formally recorded indicators of 
the emergence of innovation [5]. Of course, a certain and sometimes quite significant part 
of innovative developments in certain fields of activity is not amenable to early detection 
with the help of patent and scientific data [6] largely due to the protection of information 
about these developments in the commercial secret mode. This to a certain extent reduces 
the objectivity of the results of scientific research in the field of priority areas of innovative 
development, however, not to the extent that could affect the transition to the use of 
alternative data from other sources of information [7]. 

A typical example of developments devoted to the analysis of promising areas of 
innovation using patent databases are the studies [8-11] conducted by the scientific team 
with the participation of K. Miyazaki, J. Tiecheng, K. Nishida, S.K. Chan, Y. Inoue and K. 
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Kato. The peculiarity of their approach is to conduct an international patent search that 
identifies promising technologies in the early stages of development and predicts their 
potential impact on changing the quality of services or products in various fields of activity. 
A similar goal when performing a patent analysis was set by the authors of the paper [12]. 
Using an example of a study of patent data on the scope of activities for the development of 
food additives, they reveal possible directions for using the information obtained for a 
targeted search for partners necessary for the joint implementation of specialized innovative 
projects. From the position of the formation of innovative networks in the field of 
nanotechnology and the choice of the direction of their development and the features of 
patent analysis, a comparable approach is considered in the paper [13]. 

The scientific work [14] is oriented to the study of technological development trends 
in the field of automotive software. As a main tool for its implementation, the original 
algorithm of patent search queries was used, covering not only the names of the relevant 
documents of protection, but also the summaries and claims contained therein. A similar 
approach, implemented, however, in relation to the field of activity on the creation of 
pacemakers, was proposed in the study [15]. The system of special indicators that allow 
you extracting data from a patent application for a comprehensive analysis of the entire 
array of patent applications in a specific subject area is of particular interest in this study. 
The results obtained in this case make it possible to fairly simply evaluate the current phase 
of the life cycle of the analyzed object and justify the feasibility of further investment in its 
development. In relation to the sphere of activity on the creation of LED technologies, the 
same approach is revealed in the study [16], and in relation to technologies in the field of 
defense and aerospace industry is deliberated in the article [17].  

From the point of view of choosing areas of innovation at the level of individual 
companies, patent analysis is considered in the article [18]. The main idea of the authors of 
the study, conducted on the example of 21 engineering enterprises from Europe and Japan, 
is to analyze two types of patent portfolios: their own corporate portfolio, the data for 
which are used to compare with data on similar portfolios of competing companies, as well 
as a portfolio including entire set of patents in a specific technological field. 

The consideration of the prospects for the development of individual technologies in 
the article [19] is somewhat different. Being based on four main sources of information, 
including data on the current life cycle of a particular technology, data on its diffusion rate, 
data on the extent of patent protection, as well as data on the potential for expanding 
demand for this technology, the authors propose making recommendations for investors, 
residing on the stage of choosing an investment object. Three technologies were chosen to 
test the approach developed in the article: thin-film transistor-liquid crystal displays, flash 
memory systems and personal digital assistants.  

The article [20], in which the analysis of patent information is used to identify the 
type of innovation created in the period of the years 1963-2009 in the field of solar and 
wind energy, is of no less interest for the purposes of the study. The main types of such 
innovations were identified as mass innovations that are not distinguished by significant 
technological effectiveness, and high-tech innovations, which, on the contrary, are 
characterized by a relatively high level of complexity. The article [21] presents the results 
of another development devoted to the analysis of the prospects for the development of 
technologies in the energy sector. The authors of the article formulated and tried solving the 
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problem of studying the gap between innovative processes in the field of traditional fuel 
energy and in the field of renewable energy sources. 

Thus, a review on existing approaches to the market positioning of various 
technological developments and the possibilities of using them to select promising areas of 
technological development allows us drawing the following conclusions: 

first, the problem of choosing the directions of innovative development of economic 
systems is widely discussed in the scientific community. One of the most popular tools 
used in conducting relevant research is the analysis of patent information. The results of 
such an analysis make it possible to assess the prevailing trends in the development of 
individual technologies and to predict their further market positioning. Much attention is 
paid to the elaboration of forecasts for the development of various technologies using data 
on search queries in global information networks, information on the demand for products 
of a particular purpose, information on the number of scientific publications in different 
subject areas, etc. At the same time, a combination of several information sources is rarely 
used in the studies being conducted, which reduces the objectivity of the results obtained in 
this case; 

second, a distinctive feature of existing studies is the use of traditional statistical 
analysis tools, including, first of all, expert and correlation-regression analysis methods. 
Meanwhile, with all the advantages of these methods, they are significantly inferior in their 
functional capabilities to machine learning methods, among which the methods of cluster 
and classification analysis should be especially noted. 

All these issues indicate that in the methodological support of research conducted to 
identify promising areas of technological development, there are still some unresolved 
problems existing, determining the feasibility of further research in this area. 
Methods 

While carrying out the study, the Hype Cycle conceptual platform was being used, 
being adapted to identify the patterns in the dynamics of market positioning of energy 
technologies for various purposes. The choice of the Hype Cycle concept during the study 
is determined by the following circumstances. Firstly, by the limitations of the traditional 
concept of the product life cycle associated with its inability to fully disclose the features of 
the market positioning of various types of products, including innovative developments. In 
this regard, Hype Cycle, which operates with the more informative phases of positioning, 
each of which is characterized by a different degree of interest from society and 
professional specialists, seems to be more suitable for implementation in the innovative 
field of activity. Secondly, by the ability to use a sufficient number of quantitative and 
qualitative indicators in the study of the phases of market positioning of innovations, 
including, for example, the number of participants in the core market and the share of 
products under consideration, the number of registered patent applications, patents and 
scientific publications in the corresponding subject area, target indicators of search queries 
from the Google trends database, etc. Third, the open nature of Hype Cycle allows one to 
flexibly approach the study of a whole complex of different generations of the technologies 
or types of products being analyzed, combining several trajectories of the life cycle on the 
same graphic field. 
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It should be noted that the Hype Cycle concept considers market recognition of 
innovation using five main phases [22]: 

“technology trigger” phase, which refers to the appearance of the first information 
about innovation on the market; 

“peak of inflated expectation” phase, when revolutionary properties are expected 
from the new technology, and thanks to its novelty, it is gaining popularity and is becoming 
the subject of wide discussion in the relevant market environment; 

“trough of disillusionment” phase, which is characterized by the identification of 
certain shortcomings in the innovative technology, as well as a decrease in the level of 
market novelty, which cumulatively contribute to a certain decrease in interest from the 
target audience; 

“slope of enlightenment” phase, when the technology eliminates previously identified 
deficiencies, whereby there is a gradual restoration of previously decreased interest in it and 
an increase in the volume of corresponding sales is also observed; 

“plateau of productivity” phase, at which the maturity of technology sets in and 
society begins to perceive the corresponding development as already quite traditional one, 
being objectively aware of all its advantages and disadvantages. 

The accomplishment of calculations, which made it possible to carry out a 
quantitative substantiation of the features of the passage of the technological developments 
under consideration through the different phases of the Hype Cycle, were based on the 
implementation of a set of cluster-classification analysis methods [23], including the EM 
algorithm, k-means, Ward.D, Gap Statistics, Sillhuet, as well as Bayesian Information 
Criterion, Hubert Index and D-Index. To do this, we used the functionality of the software 
package “Mclust”, designed to process statistical data in the realm of the programming 
language R. 

The research was based on the data of the Google Patents and Google Scholar search 
engines on the dynamics of patent and publication activity in the field of development of 
transformers for 220 kV voltage. The data used in the calculations cover the time period of 
the years 1930–2017, including several thousand units of the initial statistical material. As 
an indicator of patent activity, global data on the number of registered patent applications 
for inventions corresponding to the profile of the analyzed subject area were used. 
Publication activity was studied using the number of published and indexed scientific 
publications, the names and keywords of which characterize them as corresponding to the 
subject area under consideration. 
Results And Discussion 

At the initial stage of the analytical procedures, a structural analysis of the 
transformer research of the object under study for a voltage of 220 kV was performed and 
its basic structural elements were determined. Each of them was considered from the point 
of view of the contribution to the achievement of the main technical result from the use of 
transformers for providing galvanic isolation of high voltage circuits from the low voltage 
of the secondary windings. It was found that the design of the transformers includes over 
twenty different structural elements, the most important of which are heat exchangers with 
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forced circulation of oil (air), oil-air coolers, on-load tap-changers, bushings with the main 
insulation of the porcelain tire, as well as gas-insulated bushings. 

For each of these five structural elements, a cluster analysis of data on patent and 
publication activity in the specialized fields of science and technology was carried out, 
starting from the date of the first documentary references to the corresponding generation 
of the analyzed research object. In the case of heat exchangers with forced circulation of air 
(oil), the depth of the corresponding data array dates back to the year 1980 (Figure 1). 

 
Figure 1. Dynamics of patent and publication activity within the subject area “Heat 

exchangers with forced circulation of oil (air)" * 
* compiled according to Google Patents and Google Scholar 

 
The presented array of information was structured, and using the NbClust and Mclust 

packages, was determined the number of clusters and proposed the best clustering scheme 
from the different results obtained by varying all combinations of number of clusters, 
distance measures, and clustering methods. An analysis of the results of the calculations 
performed in this case, presented in Figure 2, indicates that the optimal number of clusters 
for the data array under consideration, is 4 units. 
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Figure 2. The results of calculating the optimal number of clusters for patent and 

publication applications in the field of “Heat exchangers with forced circulation of oil (air)” 
made between 1980 and 2016 years using 30 indices methods and Gaussian finite mixture 

models fitted via EM algorithm for model-based clustering 
A graphical interpretation of the resulting distribution of data across clusters is shown 

in Figure 3. The captured scatter plot reveals the nature of clustering of main data groups: a 
group of data on the number of registered patents, a group of data on the number of 
published. Scales located along the contour of the outer boundaries of the matrix show the 
distance of cluster elements from their centroids, the position of which is fixed at zero. 
Analysis of the information presented in the figure indicates a relatively high concentration 
of elements of the first, second, and fourth clusters and, conversely, a more diffuse structure 
of the third data cluster. 
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Figure 3. Clustered scatter plot diagram for the number of patents and scientific 
publications in the field of heat exchangers with forced circulation of oil (air) 

 

In order to visualize the presentation of the shapes and sizes of the identified clusters, 
a two-dimensional scattering diagram was constructed, in which the positions of the 
analyzed data were determined using the principal component method (PCA) (Figure 4). 
The placement of data points on the diagram was made depending on the type of 
correlation observed between them — positive, the region of which is represented on the 
upper right and lower right quadrants of the diagram, and negative, located within the 
boundaries of the upper left and lower left quadrants of the diagram. When binding the 
obtained clusters of data on patent and publication activity to their actual occurrence in 
time, one can identify the chronology of the onset of the various phases of the Hype Cycle 
in relation to the analyzed type of product. 
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Figure 4. PCA Scatterplot diagram showing the distribution of the publication and patent 

data across clusters for heat exchangers with forced circulation of oil (air) 
 
In the case of heat exchangers with forced circulation of oil (air), the results of this 

binding are systematized in table 1. 
Table 1. Periods of the onset of various phases in the structure of "Hype Cycle"for 

technology of heat exchangers with forced circulation of oil (air) 
Name of «Hype Cycle» phase  Year of phase beginning Year of phase ending 

Technology Trigger  1980 1995  

Peak of inflated expectations  1996 2004  

Through of disillusionment  2005 2011  

Slope of enligthment  2012  -  

Platoeu of productivity  - - 

 

In full accordance with the logic of the cluster data analysis carried out in relation to 
the field of activity on the creation of heat exchangers with forced circulation of oil (air), a 
similar study was carried out with respect to the remaining critical structural elements 
necessary for the production of transformers for 220 kV voltage. They are oil-air coolers, 
on-load tap-changers, bushings with main insulation of a porcelain tire, and gas-insulated 
bushings. Omitting a detailed description of the intermediate results, we present the final 
results of the cluster analysis for each of these elements (Figure 5). 
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Figure 5. Positioning of the main structural elements that make up the transformers for 220 

kV voltage on the Hype Cycle 
Summary 

Interpretation of the results of the studies allows arriving to the following 
conclusions. First, the expansion of the technological development space of economic 
systems, having a positive impact on the activation of innovative processes, creates 
difficulties in setting goals in the innovation management system. One of the solutions to 
this problem is to study the phases of the life cycle of types of products whose production is 
in the circuit of the analyzed priorities of innovative development. Insufficient 
completeness and reliability of data revealing the dynamics of market sales of the analyzed 
types of innovative products limit the possibilities of studying their life cycle. The solution 
to this problem can be the implementation of analytical procedures using indirect 
indicators, including, first of all, patents and indexed scientific publications. 

Second, the experimental testing of the proposed approach to the study of phases of 
the life cycle using data on patent and publication activity, carried out on the example of 
transformers for voltage of 220 kV, showed that most of their structural elements are in the 
late phases of the Hype Cycle. Moreover, only oil-air coolers occupy the most favorable 
positions among the analyzed types of equipment, which are currently located within the 
boundaries of the “trough of disillusionment” phase. The current situation exists largely due 
to the relatively low level of manufacturability of transformer equipment, which seriously 
limits the possibilities for introducing various innovative developments into their design. 
Conclusions 

The application of the results of the study can be considered from two main points of 
view. On the one hand, the data obtained form the basis for ranking various types of power 
equipment by the degree of their innovative potential. This opens up the possibility of 
identifying development priorities with a high level of innovation, as well as excluding the 
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areas of activity that will not be in demand by the market in the long term from further 
consideration. 

On the other hand, the priority areas of technological development identified owing to 
the use of patent data and indexed scientific publications are valuable as a source of 
information about leading developers in the relevant fields of science and technology. 
Possessing this information allows us to search for world best practices for creating 
products for a specific purpose, including developments in narrow subject areas that are not 
adequately reflected in relevant industry reviews. 
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