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The main aim of this article is to present an approach to planning the implementation of innovative
technologies and introducing strategical modernization into power plants using the results of two foresight studies conducted by the authors. The results of these foresights were obtained from the two projects: a corporate foresight conducted in Ukraine and a regional foresight linked to the energy sector in
Lower Silesia (a region in Poland). Using the method of foresight allows us to look at strategical modernization more holistically and take the different points of view of a wide range of stakeholders into
consideration. Such an approach could be used to establish a set of measures aimed at the continuous
improvement of technical, technological, socioeconomic and environmental processes in power plants
(e.g., the operation of Ukrainian hydroelectric power plants). Although various approaches to foresight
(e.g., corporate foresight and regional foresight) have been applied in different countries, the corresponding processes of planning innovation and modernization are similar.
Keywords: method of foresight, energy company, innovation

1. Introduction
In recent decades, the energy sector has been rapidly changing in both developed
and developing countries. The start time of this process varies according to country, but,
at present, these changes are system-structural and can be compared, in terms of scale,
with the intensive electrification process that occurred immediately before and after
World War 2. These changes have been influencing the strategical decisions made by
governments, local and regional authorities, together with energy companies and energy
_________________________
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consumers, who now may become a new type of player, called prosumer, on the energy
market.
Considering such countries as the USA, Australia, the Western European countries
and the Central-Eastern European countries (e.g., Poland), it should be noted that the
environment of energy companies was much more predictable, or even completely predictable, in the past compared to today. In the UK, the USA, Poland, the USSR and its
republics, e.g., the Ukrainian Republic, the energy companies belong to the government
and energy plants conducted their main activities, secured resources, made current investments and so on within a fairly simple framework. Fossil fuels were used as the
foundation of energy production all over the world. Only a few countries had nuclear
power stations (e.g., France, the UK, the USA, the USSR, Sweden, and Japan) or large
hydro-power stations (e.g., China, Brazil, Venezuela, and the USA). Since the 70s of
the XX century, many ecological movements have been established and have developed
rapidly. They have put an ever increasing amount of pressure on governments, forcing
ecological ideas to be included in energy policy, particularly in Germany. New technologies based on gas turbines and renewable energy sources (RES) are being implemented. The energy markets of developed countries, which were earlier perceived as
government monopolies, have been liberalized. The idea of a common energy market
has been created and systematically introduced into a number of countries, especially in
the EU. The IT revolution, called the fifth revolution, was the next determinant involved
in completely changing the mechanisms governing the energy market and its structure.
Technological progress has become increasingly rapid. In short, the environment of energy companies has become more unpredictable and much more risky, and the sources
of this risk lie in politics (including international relationships), technological progress,
society, ecological interest groups and the existing legislation. The acronym VUCA was
introduced at the beginning of 90s in the USA army to describe the environment [19].
These initials stand for: volatility, uncertainty, complexity and ambiguity. This uncertainty has led to a change in the approach to strategy management. As a result, energy
companies are creating their own strategies and have to run their business in a turbulent
environment. The foreseeing of: (1) technological progress, (2) the social acceptance of
new technologies, (3) possible support for economic instruments and (4) directions of
governmental energy policy is a key factor influencing the strategic decisions made by
energy companies.
A similar situation is present at higher levels, i.e., macroeconomic and mezzoeconomic. Governments and regional authorities (particularly in Europe) have to look at
energy policy in a new manner. Governments have focused on energy security but have
recently established additional goals, such as: (1) weakening the influence of the energy
sectors (and others) on the natural environment, (2) supporting the development of
“green energy” installation, as well as (3) promoting social acceptance for innovative
technologies in the energy sector. In particular, “green energy” and environmental is-
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sues have been becoming more important. The EU has established goals for the limitation of greenhouse gas (GHG) emissions. Each member state should reduce its emissions to an established limit. Finally, the EU has adopted the “3×20” energy package.
This means that the EU should achieve the following targets by 2020: (1) a reduction in
GHG emissions by 20% compared to 1990, (2) an increase in the share of RES in total
energy consumption within the EU to 20%, (3) an improvement in energy efficiency by
20% (compared to projected use of energy in 2020). Poland is a country which has a less
stringent goal for increasing the share of RES than the average in the EU. The Polish
target for the share of energy from renewable sources in gross consumption of energy
in 2020 is 15%, due to the Polish economy being at present heavily based on coal and
geographical factors (limited possibilities for utilizing wind turbines, solar panels and
hydro-electric plants). Some of the EU member states should achieve a greater than 20%
share of RES in energy consumption, e.g., [6]: Denmark (30%), Estonia (25%), France
(23%), Latvia (40%), Lithuania (23%), Austria (34%), Portugal (31%), Romania (24%),
Slovenia (25%), Finland (38%), and Sweden (49%). Compared to Energy Package
2020, the percentage of energy consumption from RES planned for 2030 is much higher
(see The 2030 Framework for Climate and Energy presented by The European Council
in October 2014). According to this proposal, the EU plans to achieve more ambitious
targets by 2030 [8]: (1) to cut GHG emissions by 40% compared to 1990 levels, (2) to
increase the share of RES in total energy consumption to at least 27%, (3) an improvement in energy efficiency at the EU level by at least 27% (compared to projections of
future energy consumption based on the current criteria).
All of the EU countries have implemented intensive programmes related to the development of “green energy”. Germany and Finland are leaders in such activities, e.g.,
Germany aims, inter alia, to reduce the share of fossil fuels in total consumption to 20%,
as well as to reduce GHG emissions by 85–90% by 2050 according to the current German flagship policy called Energiewende (a long-term energy and climate strategy) [1].
The Central-Eastern European countries and post-soviet republics present an interesting
situation. Most of them are less dependent on coal than Poland, e.g., Hungary, Latvia,
Lithuania, Romania, Slovakia, Ukraine3. Generally, there are positive trends in the development of RES, and state policy has been active in this area. Such policy could,
however, be a source of uncertainty, as in Poland, where the law on RES was not only
established over a long period of time, but has also been changing a lot recently. In
Ukraine, the political situation is the main source of uncertainty. Its energy sector is
under the strong influence of political and economic factors. In particular, deregulation
and the transition to a new model of the electricity market, new pricing mechanisms,
integration into the European energy grid, together with the corresponding obligations,
have no appropriate legal or political support. Due to such uncertainty in the economic_________________________
3Based

on statistical data from the International Energy Agency, www.iea.org/statistics

M. SHKROBOT, E. ROPUSZYŃSKA-SURMA

50

legal environment, key investors are withdrawing from some counties or cancelling investments focused not only on innovation and modernization, but also investments in
the maintenance of assets. In such uncertain conditions, energy security is endangered.
The foresight method, which has developed out of technological forecasting, could
be helpful for creating energy strategies. Nowadays, the implementation of an adaptation strategy is not sufficient to become more competitive. Companies must “run forward”, make predictions about the future (such as in an invention system (see [37])) and,
sometimes, create the future4.
Thus, the main aim of this article is to present an approach to planning the implementation of innovative technologies and strategical modernization in power plants using the results of two foresight studies conducted by the authors. The results of these
foresights were obtained from the two following projects: (1) a corporate foresight study
conducted in Ukraine called Provision of the Strategic Modernization of Hydroelectric
Power Plants5, 6, and (2) a regional foresight study linked to the energy sector in Lower
Silesia called An Energy Development Strategy for Lower Silesia Using Foresight Methods7, 8. Foresight projects from Poland and Ukraine were chosen for comparison since:
(1) both of them are post-communist countries, (2) the environment of their energy sectors is uncertain, (3) energy companies produce power mainly from conventional fuels
(namely, coal power plants and hydroelectric power plants), and in Ukraine additionally
from nuclear fuel, which could pose a problem in the long-run due to the problem of
storing nuclear waste, (4) the fixed assets of conventional power plants are depreciated
to such an extent that modernization is imperative. Another reason is the fact that Poland
is a member of the EU and Ukraine is not. Foresight projects conducted in Poland and
Western European countries have been initiated by EU directives (mainly regional foresight projects) and the methods applied in foresight were selected from those recommended by European documents. However, there are no analogous recommendations in
Ukraine. Also, the authors participated in these projects and know all the aspects connected with their realization.
Using foresight methods allows us to look at strategical modernization more holistically and to take the different points of view of a wide range of stakeholders into consideration. One open question is whether an energy company should carry out foresight
research on its own or whether it should create a strategy for innovation using the results
from, e.g., regional foresight. This article compares the two foresight projects presented
_________________________
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the rest of this article, this study will be referred to as the Ukrainian foresight.
7This project was conducted by an interdisciplinary team from WUT from 2009 to 2011 and co-funded by
the European Regional Development Fund (ERDF), Operational Programme Innovative Economy 2007–2013,
Grant No. UDA-POIG.01.01.01-02-005/08-00.
8In the rest of this article, this study will be referred to as the Polish foresight.
6In

Polish and Ukrainian foresight into the directions for the innovation of power plants

51

on the basis of the general characteristics of corporate and regional foresights. Their
methodologies and main results are also presented.

2. Approaches to strategic management and foresight
2.1. Approaches to strategic management
In 1976, Ansoff, Declerck and Hayes published a book almost prophetically entitled
From strategic planning to strategic management [2]. Since then, thinking about strategic management has been constantly changing. As noted by Mintzberg [22], Ansoff’s
concept was appropriate in a more predictable environment. Taking into consideration
different dimensions, one may distinguish various schools (also called approaches or
concepts) of strategic management. The most popular classification seems to be
Mintzberg’s, who distinguished the following ten schools: design, planning, positioning, cognitive, entrepreneurial, learning, political, cultural, environmental and configurational. Due to the limited scope of the article format, the authors consider the classification
according to Obłój [24], who divided the approach to strategic management into two
dimensions9:
 The ability of an organization to predict and/or create the state of the environment.
Based on this dimension, one can distinguish between the planning strategy school and
the evolutionary school.
 The factors influencing the success of an organization based on this dimension.
There are two main schools: the market-based-view (MBV) (proposed by Porter [27])
and the resource-based-view (RBV) (proposed by Hamel and Prahalad [12]).
Strategic planning may result from foresight projects, i.e., foresight research is conducted before the planning process (Fig. 1). Such a planning strategy is most popular in
a predictable environment – similar to technological forecasting. This concept was criticized by Mintzberg [22], who supported an evolutionary concept of strategy. Porter’s
MBV school highlights the key function of resources in achieving a competitive advantage. According to this school, a company’s resources should be adapted to the opportunities and threats coming from the organizational environment. SWOT analysis,
value chain analysis and Porter’s five forces analysis are the main methods supporting
the construction of a strategy according to the MBV approach. A different view is presented
by Hamel and Prahalad, who state that core competences are sufficient to achieve a competitive advantage. To create core competences, there should be [18, p. 12]: (1) the dy-

_________________________
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more detailed comparison of these schools was presented in [18, p. 9–12].
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namic stretch between an enterprise’s resources and its strategic aims, and (2) cooperation between different entities, including competitors. The RBV is similar to cooperative networks and network thinking in management.
Another problem is connected with the relation between intended strategy and realized strategy in a VUCA environment. According to Mintzberg [22, p. 24], the realized
strategy is a mix of the intended strategy and an emergent one. In a turbulent environment, they are usually different because the intended strategy is only partially realized
in reality. The part of the intended strategy which is realized is called the deliberate
strategy which indicates the intentions that are fully realized [22, p. 24]. This is a component of the realized strategy. Two opposing approaches to creating and implementing
a strategy can be distinguished: a synoptic approach (a rational process based on longrun planning) and an incremental approach (here, a strategy is the effect of quick reactions to changes in the environment) [18, p. 24–25]. Foresight research could be used to
create both types of strategy, the intended strategy and the emergent one.
2.2. The genesis of the foresight method
Strategic management and the foresight method have evolved together. Foresight research has its source in technological forecasting. It was used for the first time to plan innovation processes in the arms industry by the RAND Corporation in the USA in 1948. Next,
it was promoted by Kaplan, Helmer and Rescher, as well as Dalkey [16, p. 349]. Technological forecasting became more popular in the 50s and 60s of the XX century and mainly
quantitative methods were developed in this period, although the RAND Corporation
used the Delphi method successfully. A number of prominent organizations implemented technological forecasting, e.g., the Stanford Research Institute, which focused
on creative solutions to engineering problems, or the Royal Dutch Shell Group, which
adapted these methods to control-oriented planning approaches.
It seems that technological forecasting was most popular in the 1970s and at this
time a number of institutions were influential in introducing forecasting into policy
making, e.g., the National Institute of Science and Technology Policy (NISTEP ) and
the Club of Rome forecasting group. At that time, scientists focused mainly on methods
of estimating long-term trends in technological development using logistic functions
(e.g., the Gompertz function) or the technological substitution model introduced by
Fisher and Pry. These mathematical models were based on an evolutionary approach to
innovation diffusion and could be used if the researched technology was known. Scenarios of economic development and the diffusion of technologies were made on this
basis. On the other hand, NISTEP successfully formulated guidelines for scientific research and support of technological policy in Japan using a heuristic method – the Delphi approach.
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When the environment became more turbulent, other factors apart from technology
and the dynamics of its diffusion started to be significant to decision makers (e.g., governments, ministries of science and technology), such as social changes, economics,
ecology. As argued by Porter [26, p. 292] the use of foresight processes to engage previously uninvolved players may hold a higher priority than technology information
products themselves. Therefore, the term technology forecasting was replaced by the
term technology foresight, which has a wider meaning. According to Martin, technology
foresight is the process involved in systematically attempting to look into the longerterm future of science, technology, the economy and society with the aim of identifying
the areas of strategic research and the emerging generic technologies likely to yield the
greatest economic and social benefits [21]. Thus, technology foresight is widely used
to describe extensive programs of research and innovation, as well as priorities in the
light of potential long term future developments.
In Poland, foresight research has become more popular since the accession of Poland to the EU, because EU policy and strategies support innovation in economies, regions and, of course, companies. Most Polish foresight projects have been supported by
public funds, including EU structural funds. Therefore, the foresight methods used
(mainly the Delphi method) in these projects were recommended by national or regional
operational programs co-funded by EU structural funds, mainly during the period 2007
–2013. The foresight method used in each project was adapted to the subject of study,
e.g., the type of sector, the range of foresight (national, regional or sectoral). Polish
researchers10 who have conducted such foresight projects include Klasik [17], Borodako
[4], Czaplicka-Kolarz [5] and regional, sectoral and national foresights have been carried out. Their main results have been: to point out key technologies (e.g., EurEnDel
Technology and Social Visions for Europe’s Energy Future. A Europe-wide Delphi
Study [7]), to create strategies, to build scenarios (e.g., Energy foresight for Poland
2005–2030 [5]), as well as to propose policy that promotes innovation (e.g., Foresight
for Our Future Society – Cooperative Project between NISTEP (Japan) and (Finland)
[10]). These results are well adapted to the strategic planning approach.
Corporate foresight has been less popular in Poland. In 2009, Borodako wrote: Unfortunately, Polish companies have not yet been seen to apply corporate foresight [4, p. 141].
It seems that this state has not changed, which is confirmed by Polish publications indexed on the Web of Science11. On a global scale, corporate foresight has supported
strategic management, mainly planning in companies where the product life cycle, the
_________________________
10It is very difficult to give an exhaustive list of all the Polish scientists conducting foresight projects.
More can be found on the website http://www.foresight.pl/polskie-osiagniecia-w-zakresie-foresightu.html
(accessed 1.02.2018).
11 More information can be found on the website http://www.foresight.pl/polskie-osiagniecia-w-zakresieforesightu.html (accessed 1.02.2018).
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R&D phase, and the introduction phase of new products take a long time, e.g., in companies belonging to the following sectors: telecommunications (including ICT operators), energy, banking and finance [28, p. V, 57], automotive [33, p. 37–48] [28, p. 57]
and pharmaceutical. The following Ukrainian scientists should be noted as having successfully applied foresight: Fedulova [9], Zgurovsky [40], Malicki [20].
2.3. Strategic management as the basis of the method of foresight
A study of the prerequisites for the strategic modernization of enterprises highlights
the urgent need to solve the theoretical and methodological task of formulating a scientific hypothesis that would define the conceptual direction of the application of foresight. The concepts involved in the innovative development of enterprises in the energy
sector are illustrated in Fig. 1. Analogous elements are usually taken into consideration
when a regional strategy is being built.

Fig. 1. Concepts involved in the innovative development of enterprises in the energy sector. Source [34]
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These concepts are based on the principles of strategic management in conjunction
with the theoretical and practical basis for the use of foresight method to establish strategic directions for supporting investment on the basis of public-private partnerships
(PPP), together with the modernization of enterprises in the long-term perspective,
while taking external challenges and threats into account. In the process of the strategic
modernization of energy sector enterprises, the scale of the need for enterprises to be
more flexible in regulating loads in the energy system is increasing. Rational use of the
capacity of energy producers is required to cover peaks in the load schedule.
The foresight method is not a substitute for long-term planning. It is a tool for improving the quality and accuracy of strategic management, as well as a way to enhance
the potential of power plants to establish a public dialogue (which is in accordance with
the network thinking approach to strategic management). The use of foresight method
makes it possible to more clearly outline the main directions of the strategic modernization of priority sectors, in particular the energy sector, enabling policy stakeholders
and partners to create a scientific and technological platform for the development of
selected sectors of the economy in terms of improving security, the quality of life and
the economic, energy, technological and environmental needs of the state.
Summarizing, foresight research supports strategic planning in a natural way and
should be carried out before the planning process. Foresight research is useful in combination with an evolutionary approach to strategic management to identify the weak
signals coming from a turbulent environment by using such foresight methods as: TRIZ,
the Delphi method and environmental scanning. Therefore, foresight projects provide
results which could support the creation of the future [37]. As Rohrbeck states corporate
foresight capabilities are a resource in their own right [28, p. 49], which is in line with
the RBV approach. Foresight research focuses on discovering knowledge and creates
networks and network thinking by using such methods as expert panels and the Delphi
method.

3. Regional and corporate foresight
EU documents recommend that regional foresight is adopted by the appropriate authorities to plan regional development. Regional foresight should be used as a source of
opinions about issues that are important to a local (regional) society. It is a specialist
platform for communicating knowledge and information exchange, as well as being
a starting point for building a regional strategy.
According to Rohrbeck [28, p. 11], there are two schools of thought about corporate
foresight. The first school presents corporate foresight as a process [3, p. 12], [14, p. 5],
but the second one as an ability [36, p. 382], [38, p. 10]. In this article, Rohrbeck’s
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definition of corporate foresight is adopted. This definition states that corporate foresight is an ability that includes any structural or cultural element that enables the company to detect discontinuous change early, interpret the consequences for the company,
and formulate effective responses to ensure the long-term survival and success of the
company [28, p. 11].
Based on a literature review [39], [4, p. 140], [25], [23, p. 14, 58] and the authors’
experiences, regional/sectoral and corporate foresight can be compared. Firstly, they
have different aims, because the decision makers have different ranges of competencies.
The key goals of regional/sectoral foresight are:
 foreseeing the future, preparing for environmental changes, and defining potential
threats (e.g., in the Polish foresight the following were carried out: a SWOT analysis,
and an extrapolation of the trends for electricity, gas and heat demand until 2050),
 formulating the vision and strategy of regional or sector development (e.g., in the
Polish foresight, a vision and mission for the energy sector at regional level was developed, together with a proposal of actions aimed at different kinds of stakeholders),
 pointing out key competences,
 pointing out potential differences in interests,
 learning,
 creating networks (during the Polish foresight, stakeholders could present their
points of view and some participants of the panels and the conferences said that the
project was similar to a specialist information platform).
Corporate foresight has such aims as:
 foreseeing the future, preparing for changes in the local/business environment,
and defining potential threats,
 formulating an innovation strategy,
 adapting to changing environmental conditions,
 identifying potential threats (such as in the Ukrainian foresight),
 treating the launches of new products as an opportunity to promote and develop
the whole enterprise,
 developing new markets.
Of course, providing information is an aim common to both kinds of foresight.
The results desired from these kinds of foresight stem from their aims. Usually in
regional/sectoral foresight, the main results are a regional/sectoral strategy, action plans
or tools supporting certain actions (e.g., financial support, promotion, lobbying). For
comparison, the aim of corporate foresight focuses mainly on: (1) developing and improving a company’s competitiveness by implementing an innovative product or technology, and (2) formulating an innovative strategy taking into consideration barely-visible symptoms in the environment.
Multiple stakeholders participate in regional/sectoral foresight, e.g., in the Polish
foresight there were about 100 experts. A characteristic feature of corporate foresight is
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its multifunctionality, that is to say the participation of several departments within
a company, e.g., in the Ukrainian foresight there were about 50 experts from different
departments.
Regional foresights are usually carried out in a non-systematic manner, but corporate foresight should support strategic planning, so it should have a systematic character
and coherency, e.g., the Ukrainian foresight is carried out once every 5–10 years depending on the influence and strength of VUCA conditions.
Another difference between these types of foresight is their relation to knowledge.
The adaptation of existing knowledge is a typical feature of regional foresight, while
corporate foresight creates new knowledge. In the Polish foresight, existing knowledge
was used to construct theses. The Ukrainian foresight presents the grounds for the need
for a transition from purely technical upgrading to the strategic modernization of Ukrainian
hydroelectric power plants as a set of measures aimed at the continuous improvement
of technical and technological, socio-economic and environmental processes in the operation of hydroelectric power plants, which, in turn, enables long-term qualitative
changes through the use of the foresight method, including the consideration of external
challenges and threats.
The planning horizon could be 3–90 years, but is usually from 10 to 20 years in
regional foresight (e.g., it was 20 years in the Polish foresight but the experts pointed
out that some theses might only be achieved by 2050). The planning horizon in corporate foresight is usually shorter and is maximally 15–20 years, e.g., in the Ukrainian
foresight it was 5–10 years, including the influence and strength of VUCA conditions.
To conduct regional/sectoral foresight, regional or sectoral authorities need financial resources, because such research is outsourced and often conducted by academic
units. Enterprises also need their own sufficient sources of financial and human resources to conduct corporate foresight or implement their results but the greatest limitation on corporate foresight seems to be constraints on time. For Ukrainian energy
companies, the main problem is connected with the unpredictable influence of the external environment of VUCA conditions.
The next criterion for comparison is the methods used. In regional/sectoral foresight, from 1 to 15 techniques of different kinds are used during a single study but, most
frequently, from 3 to 7 methods. In the Polish foresight, 11 methods were used: conferences, a panel of experts, survey, the Delphi method, a literature review, expertise reports, scenarios, brainstorming, benchmarking, forecasting (trend extrapolation) and
SWOT analysis. Usually, the most popular methods used in regional foresight are: literature reviews, expert panels, scenarios, extrapolation of trends/megatrends. In corporate foresight, 5 or 6 techniques of different kinds are used during a single study. The
most popular methods are: trend analysis, literature reviews, scenarios, roadmaps, the
participation of potential customers, scanning and brainstorming. The Ukrainian foresight used the Delphi method, a literature review, an expertise report, scenarios, brainstorming, and SWOT analysis. In both kinds of foresight, the selection of a method
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depends on the resources available, including time, access to information and the availability of highly qualified experts.
The final criterion for comparing these two types of foresight is the set of typical
limitations on foresight research. The most frequent limitations in regional foresight are:
 the possibility of diminished responsibility for the implementation of a strategy
based on foresight, which stems from the administrative structure of executive entities,
 changes at the level of public administration which can cause discontinuities in
particular policies,
 public authorities are obliged to use public financial procedures at the stages of
both research and implementation of the results,
 a lack of cooperation between regional administration and actors in a particular
sector,
 a lack of sufficient resources or of their mobility between subjects.
The most frequent limitations in corporate foresight are:
 failure of the highest level of management or stakeholders to fully use information
about the future in an appropriate manner,
 a hierarchical organizational structure,
 the existing framework, communication and carrier paths controlling system of an
enterprise,
 frequent changes among high level managers,
 a lack of resources.
The differences between the goals and the objects of study in regional and corporate
foresight are apparent. The foundation for strategic choices and decision making in regional foresight is the goal of shaping an innovative strategy for regional development
which accounts for external challenges and threats regarding the coordination of interests between state and private partners.
Corporate foresight involves a similar goal, yet the specifics of the innovative development of a particular economic activity are studied in a more detailed way. In our
case, the functioning of hydroelectric power plants is under study.
The application and the combination of different methods in the process of regional
and corporate foresight are alike in their method – in accordance with the set goal of the
innovative development of energy enterprises or of a region. The difference between
them lies in the informational and analytical support employed, namely in the number
of experts involved and the volume of analytical data.
3.1. A short description of the Polish foresight – the method
The project The Energy Development Strategy of Lower Silesia Using Foresight
Methods was based on a combination of two kinds of foresight – sectoral and regional.
The data sources come from both outside of the energy sector (e.g., statistical data, the
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opinions of experts who are not connected with the energy sector) and inside (the opinions of employees and historical data obtained from these energy enterprises). The
stages of this project are presented in Fig. 2.

Fig. 2. The stages of research for the project
Energy Development Strategy for Lower Silesia Using Foresight Methods. Source [29]

A more comprehensive description can be found in such publications as [30–32]. Two
kinds of experts participated in the research and these types are called: key experts and
sectoral experts. Each kind of expert possessed knowledge related to one of the four
following branches of energy: electricity, gas, heat and RES. In addition, experts came
from other areas such as: production processes and technology, economics, ecology,
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social issues and local government policy. The participation of different groups of experts bridges the gap between technical analysis and the real world, where resources
(e.g., finance) are limited, and various social attitudes exist (e.g., the level of acceptance
for innovative technologies).
Taking into consideration the aim of this article, the most important stage of this
study is phase 2 (see Fig. 2), because the technological theses (potential aims) were
formulated during this phase and during application of the Delphi method, the sectoral
experts pointed out, e.g., the most innovative theses. In the next step, the sectoral experts
made an assessment of each thesis, pointing out the barriers to its implementation.
Based on a literature review and the key experts’ knowledge, a few thematic groups
that focus on particular technologies or branches of the Polish energy economy were
defined. Technologies were assigned to such categories as: (1) energy production based
on coal and lignite, (2) energy technologies using biomass, (3) energy technologies using biogas, (4) energy systems based on wind, (5) energy systems based on water,
(6) energy systems based on solar energy, (7) energy production based on nuclear power
engineering, (8) technologies in the natural gas industry, (9) innovative technologies of
energy storage, transmission and distribution, (10) Technologies of heat, heating and
cooling systems, (11) fuel cells, (12) smart grids (SG), (13) behaviour of users and technologies improving the efficiency of energy use, (14) transport and energy based on
hydrogen and synthetic fuels, (15) organizational and structural changes at regional and
local levels. The last group of these categories was added at the request of the first panel
of experts (the technology panel). Next, each of the theses developed from the Delphi
analysis was assigned to one of these thematic categories and the appropriate project
team prepared a survey. At the same time, during the technology panel, the experts carried out another survey, whose main aim was to indicate which phase of the life cycle
each technology corresponded to. Phase I – future technology – is appropriate when
theoretical or preliminary (introductory) research has been carried out and scientists are
optimistic about its implementation. Phase II, called prototype, means that research on
a prototype is presently being conducted. Phase III – growth – means that a technological solution had been introduced onto the market (‘early implementation phase’). Phase
IV implies that a technology is already being used and will also be used in the future.
Only technologies judged to be in one of the first three phases were taken into account
for the next stage of the research, called the first round of the survey, using the Delphi
method. The number of selected technological theses totals 65, and the number of theses
related to social and organizational aspects is 1512.
Generally, the Delphi survey was repeated three times. Based on the first Delphi
survey, the experts could modify the theses. They answered 11 questions which were
_________________________
12These

theses are not presented in this article due to constraints on the length of the article. For more
about this subject, see [13]. Technologies judged to be in phase IV, but important to Polish regions, were
also taken into account in the Delphi survey.
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assigned to each thesis. These questions concerned: the deadline for achieving a potential aim, any business which may develop if such an aim is realized, the benefits for the
region, as well as the practical results of realizing such an aim, the positive and negative
factors, and the cost of its realization. The second survey was similar to the first, but
was more detailed, and the number of theses was reduced, since the least important aims
for the region were not taken into account. Also, the questions concerning benefits and
barriers were formulated more precisely. The third survey was different because experts
had to indicate the influence of each thesis on the achievement of three positive scenarios, focusing respectively on: ecological, business (economic) and social aspects in
Lower Silesia. One question regarded the deadlines by which a potential aim would
need to be realized for each scenario. In the final question, the experts outlined activities
(such as: financial, educational, related to regional law) which should be carried out if
a scenario were to be realized.
3.2. A short description of the Ukrainian foresight – the method
The use of foresight method allows us to define the directions of investment support
for the strategic modernization of enterprises in the long run, as well as to develop theoretical and methodological provisions regarding the choice of strategies for modernizing hydroelectric enterprises under VUCA conditions. This project applied such economic and mathematical methods as correlation data mining, regression data mining
and multivariate regression to stratified data. This enabled a methodical, scientific approach to the assessment of the degree to which innovation in an energy enterprise is
facilitated according to the formula:
Fpi = L1Peci + L2Peсoli + L3Psocі + L4Pteci + e5

(1)

Fpi – the degree to which innovation is facilitated in the іth company, Peci – the
index of influence of economic indicators on Fp in the іth company, Peсoli – the index
of influence of ecological indicators on Fp in the іth company, Psocі – the index of
influence of social indicators on Fp in the іth company, Ptecxi – the index of influence
of technical and production indicators on Fp in the іth company, e5 – residual random
error for Fp in the іth company, L1, L2, L3, L4 – coefficients of the influence of the corresponding indexes on Fp in the іth company.
Assessment of the facilitation of innovation in enterprises opens up new opportunities for diversifying the interaction between domestic and foreign investors, and increases the likelihood of foreign investors participating in investment projects.
The results obtained in such an assessment process enable us to determine the directions for priority investments and innovation in energy companies, which will stimulate the transition to a qualitatively innovative type of development.
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Fig. 3. Algorithm for modelling and forecasting the change in innovation
for power enterprises based on multiple regression. Source [35]

Polish and Ukrainian foresight into the directions for the innovation of power plants

63

Increasing the competitiveness of unprofitable enterprises will contribute to modernizing the economy and increased economic growth in Ukraine.
It can be said that, at present, such aspects as (1) the development of the economy,
(2) the possibility of innovative development in the national fuel and energy industries
(3) and attractiveness to investors are not limited to technical, economic and financial
indicators. It is necessary to analyse and improve environmental and social components,
which require partnership, not only between partners in the private sector, but also cooperation with the state. The algorithm used to model the level of innovation in an energy company is presented in Fig. 3.

4. The main results of the foresights
The concept of developing a method which is not dependent on the level or range
of a study is common to both types of foresights ̶ regional and corporate. However, there
are differences in their limitations, both quantitative and qualitative.
Changes of a strategic scope in innovative development within a society come as
a result of the process of interactions between three factors: the detection of problems,
the identification of solutions to these problems, and the distribution of responsibilities
for implementing the measures and mechanisms of an innovation strategy. In some
cases, foresight reveals newly-emerging problems which have the potential to influence
the development of the market in a long-term perspective, and it also restructures existing problems in such a way as to mobilize the potential of each and every party interested in solving them. In such cases, foresight might make a substantial contribution
towards forming new priorities for the innovative development of a region or industrial
enterprises. Foresight may also influence society by forming suitable conditions for the
development of new networks for implementing the currently prioritized goals. Such
networks share a common vision of development perspectives and an agreement on
what has to be done and what structures have to initiate and implement these measures.
An important question is whether the direct beneficiaries of the presented foresight
projects did indeed find the conclusions from them helpful. Moreover, did they influence the decisions and actions aimed at implementing innovative technologies and for
implementing strategical modernization in power plants?
4.1. The main results of the Polish foresight
The main result of the Polish foresight was the proposal of a regional energy strategy. The approach to building this strategy included its mission, main aims and actions
directed at different kinds of stakeholders [20, p. 18, 107–135] (Fig. 4).
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For such stakeholders as energy companies, the outcome of the three rounds of the Delphi survey are interesting results, which energy companies can use to create their strategies
because the experts involved came from different interest groups and indicated which theses
were acceptable to society. Of course, energy firms can select other information, e.g., which
theses: (1) are the most important for Lower Silesia, (2) support energy security in the region, (3) support innovation in the regional energy sector, (4) are the most economically
beneficial for society and the most important for ecological aspects.

Fig. 4. The method of building an energy strategy for Lower Silesia. Source [30, p. 18]

Energy companies can obtain similar results by carrying out their own study, thus
engaging their own resources and creating additional costs. Regional foresight provides
a freely available analysis, which allows energy firms to reduce the private costs of
environmental research before creating innovation strategies.
4.2. The main results of the Ukrainian foresight
It is without doubt that each innovative project has its own distinctive features, and
various internal and external factors should be accounted for. During the implementation of foresight programs, an action plan needs to be developed. Such a plan has to
address what has to be done and what strategic management mechanisms should be
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implemented. Also, agreement should be formed on the subject of what structures should
be held responsible for implementing the measures developed.
The foresight method has to account for the ever-increasing complexity of systems
and problems. Therefore, the dispersion of specialist knowledge amongst various stakeholders and the interdisciplinarity of information and knowledge have become part of
our reality. These new realities of the knowledge economy imply that the information
necessary to implement a strategy for modernizing hydroelectric stations can be accrued
by means of social networking. In turn, this means that foresight itself should be designed to work with networks, both in its organization and method.
As previously noted, in the age of the knowledge economy, foresight should assume
uncertainty to be a part of the evolution of any system. Although uncertainty is increasing, foresight provides opportunities to achieve stability in an unstable environment,
which is particularly relevant to Ukraine. If all of the actors could come to a common
vision of development prospects, more predictable rules would be formed and the stability of innovative development would increase for all members of society, as well as
improving competitiveness. Therefore, foresight leads to minimizing the costs of implementing a strategy. Foresight strategically mobilizes intellectual potential for the purpose of developing strategies for the innovative development of energy enterprises.
Analysis of particular features of investment support for the modernization of
Ukrainian energy enterprises reveals the fact that the possibilities of development by
expansion have been exhausted. This shows that the development of conceptual provisions for strategic modernization is necessary. Such modernization should be based on
the principles, priorities and the targets set by foresight-based method. The proposed
provisions for the strategic modernization of hydroelectric energy enterprises lie in the
implementation of an approach that follows a clear method for CEOs and specialists to
establish strategic directions of investment support for the strategic modernization of
enterprises, while accounting for market tendencies and state regulations.

5. A holistic model of an organizational-technical-economic
mechanism promoting strategical innovation/modernization
A mechanism for supporting the innovative development of energy enterprises is
shown in Fig. 5. The following points should be taken into consideration when such
a mechanism is being formed [34]:
 the causal relationships between enterprises and industries within a state,
 the originality of the implementation process, which is a result of scientific and
industrial procedures and operations,
 the ability and need to replace old means and subjects of labour with new ones, to
update technological processes and the product assortment,

Fig. 5. The innovative development of energy enterprises. Based on [33]
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 the necessity of providing periodical conversion of production processes based on
new technologies,
 the accelerating pace of obsolescence on which scientific and technical progress
is shaped,
 the necessity for industrial enterprises to master the latest advances in science and
technology based on scientific principles,
 the importance of ensuring harmonization of the economic interests of society,
teams and individual employees.
This model is based on common patterns in combination with the approaches and
principles of investment support, which are implemented via instruments and actors
with various functions. This is directed at the object of investment activity, so that the
optimal result is achieved. In this case, this is defined as the development of measures
to ensure favourable organizational and economic conditions for the innovative development of energy enterprises.

5. Conclusions
The foresight method enables clearer identification of vectors of innovative development in prioritized regions and industries where policy is assessed by all its actors,
stakeholders and partners in order to develop scientific and technological platforms for
the development of selected economic sectors in the sense of increasing the quality of
life and providing economic, technological, and ecological security at state level.
Taking VUCA conditions into consideration, a holistic model of a mechanism for
the innovative development of energy enterprises has been developed on the basis of
the principles of a partnership between the state and enterprises from the private sector.
This model enables us to define particular socioeconomic measures to reconcile the interests of the state with those of its private partners. It also enables accounting for the
influence of investment institutions on the implementation of the selected vector of innovative development at macro-, mezzo- and micro-levels.
As a result, the roots of the challenges facing the foresight method as well as the
direction of transformations of the foresight method which result from these challenges,
lie in the following aspects: (1) the increasing complexity of systems and problems during the present transition to the knowledge economy, (2) the increasing tempo of evolution, (3) the changing roles that various actors in the process of management are taking
in the evolutionary development of society. Consequently, one should search for the
answers to these challenges in the theories of complexity, chaos and evolution.
There still remain unanswered issues regarding harmonizing the aims of various
stakeholders during the application of holistic methods via the process of foresight as
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well as regarding the appropriate application of information and communication technologies in the research process. The processes of globalization, harmonization and international cooperation demand the application of a single approach towards research,
in order to address the social and economic issues experienced in partner countries.
Such an approach could be used to establish a set of measures aimed at the continuous improvement in the technical, technological, socioeconomic and environmental
aspects regarding power plants (e.g., the operation of Ukrainian hydroelectric power
plants and RES in Poland). Despite different types of foresight (corporate and regional)
being applied in these two countries, the processes of planning innovation and planning
modernization are similar, but the influence of decision makers is completely different
in the case of innovation processes in energy companies. Regional authorities can only
use the results of foresight to create favourable conditions for investment by enterprises,
e.g., via the construction of action plans, while energy companies provide the actual
innovation or investment required for modernization.
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