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Abstract

:

The scope of the present investigation is to provide a description of final electricity prices development in the context of deregulated electricity markets in EU28, up to 2020. We introduce a new methodology to predict long-term electricity market prices consisting of two parts: (1) a self-developed form of Porter’s five forces analysis (PFFA) determining that electricity markets are characterized by a fairly steady price increase. Dominant driving factors come out to be: (i) uncertainty of future electricity prices; (ii) regulatory complexity; and (iii) generation overcapacities. Similar conclusions derive from (2) a self-developed form of multiple-criteria decision analysis (MCDA). In this case, we find that the electricity market particularly depends on (i) market liberalization and (ii) the European Union (EU)’s economy growth. The applied methodologies provide a novel contribution in forecasting electricity price trends, by analyzing the sentiments, expectations, and knowledge of industry experts, through an assessment of factors influencing the market price and goals of key market participants. An extensive survey was conducted, interviewing experts all over Europe showed that the electricity market is subject to a future slight price increase.
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1. Introduction


The end of 2016 marked the 20th anniversary of the first regulatory directive aimed at liberalizing the European Union’s (EU’s) electricity markets. Since then, electricity markets and systems throughout Member States (MS) went towards significant structural changes, incentivized by market competitiveness and by the introduction of new disruptive technologies—Renewable Energy Sources (RES), energy storage, and demand-side management. Liberalization of national electricity markets was followed in parallel by efforts to integrate these markets into a pan-European network, aiming to strengthen the security of supply, improve technical capabilities for network management, and increase pricing transparency and efficiency in both wholesale and retail markets [1,2,3,4,5,6,7,8,9].



Because of the aforementioned developments, market prices are now a key signal for all stakeholders. For example, traditional generators might be concerned with the high marginal costs of their plants due to fuel price increase compared to new entrants based on renewable sources, which are less affected by non-renewable resource prices. In addition, market prices are important for policy makers to balance acceptable costs for consumers and for the fulfillment of environmental policy goals.



Moreover, the restructuring of the power sector has also led to the development of wholesale markets for electricity-based financial products, which both influence the market and respond to it. Consequently, the ability to forecast electricity market prices is highly valuable to all market players, as it allows them to minimize their risks, increase their profits, or achieve other goals. We consider electricity prices, categorizing them into the customary distinction of short, medium, and long term. Although there is no consensus of what the time limit should be, we consider a common classification using hourly and daily prices as short-term forecast, monthly prices as medium-term, and yearly and over as long-term [10].



In the literature, there is a number of different quantitative methods focus on short-term price forecasting, addressing hourly and daily prices in day-ahead and intra-day markets, which are data-rich and therefore provide a suitable foundation for such analysis [11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36]. Among the frequently used techniques, econometric models based on time series analysis are the most common [37]. In a review of the literature, Weron identifies Auto Regressive Moving Average (ARMA)-type as reference models to account for non-stationarity in the data. An example is the influential paper by Contreras et al. (2003) [25], which proposes an Auto Regressive Integrated Moving Average (ARIMA) model to evaluate next-day prices in Spain and California. Generalized Autoregressive Conditional Heteroscedasticity (GARCH) [34,37] is another common model to estimate day-ahead prices [8], which better fits highly volatile prices compared to ARIMA. In some cases, there are hybrid models attempting to combine both ARIMA and GARCH [38]. Other commonly used methods include machine learning and artificial intelligence. More specifically, artificial neural networks [39], support vector machines [25,40,41,42], and also agent-based models [43]. In general, econometric models are very popular to estimate short term prices, because in this time span, the influence of external variables is low and price levels can be predicted with good precision.



Forecasting market prices trends in the medium and long term is significantly more challenging due to the increased number of factors that influence prices in these time frames—economic cycles, climate and weather conditions, geopolitical events, technological breakthroughs, demographics, etc. [44,45,46,47,48,49,50,51]. Attempting to predict long-term prices based on historical data might be misleading because of unpredicted factors affecting future development of the markets. For this reason, scientific evidence suggests focusing on predicting the demand level rather than average price, which can still give an insight on future prices [52,53] or on future density of the demand to identify peaks [54]. It is also common to study factors affecting energy planning rather than price levels [55]. These features of the energy sector suggest that some prior information on the variables affecting prices is of utmost importance to understand the directions of energy markets. The ability to predict market forces is beneficial to foresee energy market prices in the long term, which are of importance to energy producers and retailers as well as energy service companies for strategic planning and considerations of future capacity-investments in generation and transmission assets.



In the attempt to tackle the important issue of energy planning in the medium to long term, we propose a methodology allowing the exploratory analysis of the forces affecting the future electricity price in Europe. Our research focuses on the following questions:




	
What future development of electricity prices for final users can be expected at EU28 level in the long term (up to 2020)?



	
Can you assign a relative importance to the factors influencing the price?



	
What are the implications of the expected price forecast?








To answer these questions we apply a two-step methodology based on (i) a Porter’s five forces analysis (PFFA) and on (ii) a multiple-criteria decision analysis (MCDA) to data collected with personal interviews to European experts in energy and electricity markets. The first step (PFFA) identifies the relevant forces affecting the European electricity markets. The PFFA is a useful model for analyzing the attractiveness and competitiveness in an industry. In our case, we use a novel, modified version of the PFFA to assess the impact of market forces and factors on the end-user electricity price. The second (MCDA) concentrates on the specific goals of key market players, as well as factors leading to the achievement of these goals. Both these approaches—a quantitative and a qualitative one—generate the same result as output: a slight growth of end users’ electricity price.



The approaches used in this paper provide an innovative way of forecasting long term electricity market prices, through the use of the modified PFFA and the MCDA as the tools for assessing the knowledge of leading industry experts. The novel aspect of our piece of research is the bottom-up approach carried out by means of interviews to experts of energy markets at European level, as it is important to understand sentiments and expectations of specialists in the field of investigation. Following this approach, we are able to use the expert’s knowledge to identify the driving factors which affect the market, and, directly or indirectly, the price of electricity. We specifically focus on end users with low bargaining power in the market, such as households and small service sector units like offices, shops, restaurants, and bars, excluding bulk purchasers like industries, wholesale and retail, as well as large commercial, etc.



The rest of the paper is organized as follows. Section 2 contains materials and methodology utilized. Section 3 contains the results. Section 4 contains the discussion and conclusions.




2. Materials and Methods


2.1. Porter’s Five Forces Analysis


Here we apply a PFFA to provide a clear outlook of end users electricity prices market. The PFFA is traditionally used to gauge the level of competitiveness and therefore possible profitability in a given industry [56]. In this paper, we use a modified version of the PFFA to measure the impact of the four market forces on the end user electricity price. We restrict our research to end users only, due to the high complexity of the market investigated. End users prices are affected by three main components. A first factor is the cost of energy, which is sensitive to the degree of competition in the market, fuel prices, and technology. A second component of the end user prices is the regulated costs (i.e., transmission and distribution), while the last component is taxation. While it is difficult to predict taxes at country level, our analysis concentrates on the first two components, because market forces might directly affect producers business and therefore their own cash flows. The PFFA model indicates the status quo of a market and predicts its future given a starting point [57]. The tool employs the de facto framework of a market [58]. We use a model based on Pezzutto et al. [59] that goes beyond a traditional PFFA. This model offers a more transparent evaluation of single forces based on a grading scheme and an associated weighting scale which are completed by a novel calculation system.



The PFFA model is based on a five-forces analysis of a market:




	Force 1

	
Threat of new entrants




	Force 2

	
Threat of substitute products or services




	Force 3

	
Bargaining power of suppliers




	Force 4

	
Bargaining power of buyers




	Force 5

	
Overall result.









The forces are defined by their respective factors whose influence on the market and importance are specified as positive: ‘+’ price increases, or negative: ‘−’ price decreases, and ranging from 10+ to 10−, with 0 indicating no influence, respectively.



Forces 1 to 4 where analyzed summing their individual factors. For example, let us say there are 6 factors influencing Force 1, with respective values of 1+ 2+ 3+ 4+ 5+ and 6+. The strength of Force 1 is determined by summing up the values of the factors influencing it—in this example, Force 1 is equal to 21+. In contrast to a traditional PFFA, Force 5 does not indicate the rivalry among existing competitors, but an overall result concerning the future growth or diminishing of the future electricity price in Europe. Force 5 was determined as a sum of the values for Forces 1–4. Force 5 is determined by an evaluation scale obtained summing up the number of factors that quantify Forces 1 to 4, multiplied by 10+ and 10− (representing upper and lower boundaries. For example, if there are 10 factors overall influencing Forces 1–4, and each factor is expressed on a scale of 10+ to 10−, the evaluation scale for Force 5 will be between 100+ and 100−. The resulting Force 5 was then translated into percentage form by dividing it by the boundaries of the corresponding evaluation scale. The scale itself is then translated into percentages: 100%+ and 100%−. The PFFA scheme is visualized in Figure 1.



The enhanced PFFA was used to study the current prices market of all 28 EU MS. We carried out a survey to extract the factors influencing the forces listed above and on this basis we analyzed the market. We handed out a questionnaire and carried out a phone survey to market experts involving 28 interviewees: one expert per MS. We then implemented a consistency analysis to determine how many experts agreed on the importance of a given factor. We quantify the agreement level by means of the interquartile range (IQR) of the weights distribution [60,61,62]. IQR defines the variation between the 75th percentile and the 25th percentile of the input data. In turn, the 75th percentile identifies the weight under which we find 75% of the weights per goal or per factor. Therefore, a high IQR corresponds to a low agreement level among experts [63].




2.2. Multiple-Criteria Decision Analysis


In order to obtain reliable future development predictions for the electricity prices market, we applied a sort of MCDA based on Pezzutto et al. [59]. The MCDA, involving multiple conflicting criteria, is a suitable tool to generate forecasts [64,65,66,67,68]. This tool accounts for both the market’s participants’ goals and the external factors characterizing market development. The goals and factors’ importance were weighted by interviewees. Once again, we selected 28 interviewees, each representing an EU Member State. All the experts differ from the previous PFFA. Based on their importance and influence (positive: ‘+’ price increases, or negative: ‘−’ price decreases) on the markets’ price, single goals’ and factors’ weights range, in turn, from 10+ to 10−. As was the case for the PFFA, 1 indicates minimally importance, 10 highest importance, and 0 no importance.



Again, sign ‘+’ stands for positive and ‘−’ for negative influence. The applied tool followed this method: weighted goals and factors were ordered vertically and horizontally, respectively, forming the borders of a matrix. We then specify the influence of each factor relative to each goal. Thus, we measure the influence of the external factors on the respective market participant goals multiplying the factors’ weights by the related goals’ weights. We assign the following sign multiplication rule: a negative number multiplied by a positive one, yields a negative sign; the multiplication of two negative numbers still yields a negative sign. Next, summing up the resulting terms we obtain a number per factor which indicates the measured influence and importance of the factor on the market participants’ goals. Then, the factors’ outcomes are marked by an evaluation scale (ranging from low to middle and high). We identify the upper bound of the evaluation scale by squaring the highest weight (value: 10) and multiplying its outcome by the number of goals (upper boundary marked by ‘+’ and lower boundary by ‘−’). Finally, we analyze outcome indications comparing the measured influence to the importance of the external factors on the market participant goals. The core of the calculation allows to evaluate the relevance of single external factors on market participants’ goals to subjectively deliver predictions for possible future market developments. As such, the performed investigation is not objective and limits to the assessment of external factors influencing the key market participants in reaching their goals. Figure 2 visualizes the MCDA calculation scheme.



We compared the results per factor to provide indications regarding the investigation’s result.



Afterwards, we implemented a consistency check to understand the agreement level among experts concerning the importance of the goals and factors. Similar to the PFFA, the IQR of the weights distribution was once more utilized for quantifying the agreement level among experts [63].



Concerning the selection of market participants, goals, and factors, pertinent for the future development of the investigated market, experts’ declarations were considered. Only market participants, goals, and factors considered as relevant by more than 50% of the experts interviewed have been utilized for the present investigation. In the majority of cases, information provided coincide and justifications to support choices were given.



Like in the PFFA, we adopted the following goals and factors’ evaluations (simple mean calculation) from the weights indicated by the experts interviewed (see Table A1, Table A2, Table A3, Table A4, Table A5 and Table A6) for PFFA and MCDA respectively). Experts’ weights per goal and factor were averaged and rounded obtaining full numbers. We obtained all following goals and factors’ features from the declarations provided by experts and counterchecked them with the scientific literature.



Experts’ indications were summed up while eliminating all unproven information. For both applied methods (PFFA and MCDA), per factor and goal, experts attributed either ‘+’ or ‘−’ signs only.



Figure 3 and Figure 4 recapitulate various steps of methodology applied (Figure 3 for PFFA and Figure 4 for MCDA).





3. Results


3.1. Porter’s Five Forces Analysis


Table 1 shows an overview of factors with respective importance and influence regarding the PFFA mentioned by experts. Please see Table A1, Table A2 and Table A3 (Appendix A) for all experts’ indications.



Like visible in Table 1, the highest number of mentioned factors relate to the Threat of new entrants. This category includes the absolute majority of positive points. Here, all issues are marked by a ‘+’ sign. The latter-mentioned force is also characterized by the highest amount of points—nearly double than other forces. Hence, the threat of new entrants comes out to be the force with the highest positive influence on the investigated market. Most of the negatively marked factors are to find within the forces Bargaining power of buyers and Threat of substitute products or services. These two sections are marked by negative points solely. Force 3 comes out to be mixed with both plus and minus signs.



Table 2 highlights the performed factors’ evaluations obtained by interviewing experts. Calculations concerning Force 5 lead to a value of 7+ over a maximum of 150 units (15 factors). This outcome is equal to a 5%+ (maximum: 100%+), thus yielding a slightly positive overall result. A number of experts stated that the uncertainty of future electricity prices, regulatory complexity, and generation overcapacities are the driving factors of the analyzed market.



Like already mentioned before, we utilized a consistency check to quantify how much experts agreed on the importance of the factors. For the present case, each IQR per factor is less than three, which is relatively low. Thus, we assume a certain consistency among expert weights. Table A1, Table A2 and Table A3 (Appendix A) provides further information on interviewees’ responses.




3.2. Multiple-Criteria Decision Analysis


In the present market investigation, legislators, market regulators, electricity providers, and customers are identified as most relevant market players. Two of the key market players follow specific goals: profit maximization (max.) for the electricity provider, and cost minimization for the customers. The regulators and legislators are considered neutral players.



Legislators: policy and legislative instruments will significantly influence the electricity price to come. The EU is attempting to harmonize the wholesale markets at European level, for example through the Euphemia and Cosmos algorithms, computing optimization problems to harmonize prices [61,62]. However, at the moment electricity markets are especially regulated at national level [59,60]. Environmental policies play a crucial role, which include among others, environmental impact reductions (in particular the European Trading System—EU ETS) [69] and the utilization of energy coming from RES (especially the EU 2020 goals [70]). Thus, the European electricity market is characterized by a number of respective EU directives and regulations (in particular the Electricity Directive and related regulations [71]).



Market regulators: such as relevant competent administrative bodies and agencies in particular guaranty, among other points, that costumers can change electricity supplier.



Electricity provider: the future electricity market is characterized by the electricity producers’ aspiration to maximize their income. Profitability means the ability to acquire earnings above expenses and other costs during a specific period [72]. As by the interviewees, this section includes also transmission system operators (TSOs) and distribution system operators (DSOs). These stakeholders are often owned by electricity producers and have the same goal.



Customers: the future electricity market is influenced by the electricity costumers’ interest to purchase energy with the best cost–benefit ratio (benefit to cost max.) [73,74,75].



Table 3 and Table 4 display the goals and factors with respective influence and importance indicated by interviewees. Please see Table A4, Table A5 and Table A6 (Appendix A) for all experts’ indications.



The goals highly ranked with regard to their importance result to be income maximization and Environmental policies. Feasibility in changing supplier comes out to be about half that important and the Benefit to cost maximization is last ranked.



The factors influencing the key market players’ goals show following order with regard to their importance: the Liberalization of EU’s electricity market is first, shortly behind we find Concentration of EU’s electricity market, followed by Renewable energy (RE) production and Europe’s economy growth. Fossil fuels’ price comes next with approximately half of the first ranked factor.



Extreme weather events, Social unacceptance of higher electricity prices due to incentives/subsidies, and E-mobility result to be only of limited importance.



Table 5 shows which factors influence which goals (cells marked with an “X” show a relation among respective factors and goals, and cells filled with “0” show no relation).



The factor influencing most key market players’ goals comes out to be Concentration of EU’s electricity market. Fossil fuels’ price, Extreme weather events, Social unacceptance of higher electricity prices due to incentives/subsidies, and E-mobility influence half of the goals identified. Finally, EU’s electricity market liberalization and EU’s economy growth affect solely one goal.



Table 6 recapitulates the carried out goals, factors, and respective items’ evaluations and displays the calculations, which lead to the overall result regarding the investigated market forecast.



The RE production, influencing Environmental policies and Benefit to cost maximization, shows a quite strong positive influence on the electricity market price evolution. The same applies to Fossil fuels’ price, with a slightly weaker influence. Extreme weather events affect rather strong Environmental policies and Income maximization. The negative influence derives from a number of interviewees’ statements indicating Extreme weather events to especially damage RES and thus also the Income maximization goal. Social unacceptance of higher electricity prices due to incentives/subsidies influences the same goals and has the same influence type and importance. EU’s electricity market concentration affects all identified key market players’ goals, with the exception of Environmental policies. It’s positive influence on the future electricity price comes out to be just minor, being affected by two negatively marked goals.



E-mobility has an influence on all goals besides Feasibility in changing supplier. Its overall positive impact on future electricity prices results to be rather strong. The EU’s electricity market liberalization, influencing Environmental policies, Feasibility in changing supplier, and Income maximization, shows a heavily negative influence on the electricity price market evolution. So the EU’s economy growth does, with the difference that the influence on the future electricity price is heavily positive.



To conclude, Figure 5 restates the performed goals and factors evaluations and calculations, which lead to the overall outcome regarding the investigated market forecast.



As visible in Figure 5, three factors (Extreme weather events, Social unacceptance of higher electricity prices due to incentives/subsidies, and market liberalization) indicate a negative influence on the future electricity price evolution. Two of these—Extreme weather events and Social unacceptance of higher electricity prices due to incentives/subsidies—are characterized by a solely minor impact. The largest influence on future declining prices is expected to be caused by the market liberalization. Reasons are, like indicated by experts, that extreme weather events are constantly growing but are not yet massively present so far [57,76], and the same is expected to hold throughout the time frame up to 2020. Moreover, the social acceptance of higher electricity prices due to incentives/subsidies is weakened by the EU end users’ low bargaining power in conditioning future electricity prices, most interviewees said. In contrast, market liberalization shows a strong negative influence on the future electricity price. This complies with the economic theory stating that as barriers decline the market becomes more competitive and prices fall. In fact, deregulated electricity markets encourage energy providers to compete between each other and thus set electricity price as an ordinary parameter to characterize an electricity market [1].



Furthermore, there are four factors (RE production, Fossil fuels’ price, E-mobility, and EU economy growth) showing a positive influence on future electricity prices development. RE production, Fossil fuels’ price, and E-mobility have a minor impact. Reasons are, as stated by experts, that incentives/subsidies for RE production, end users pay with their bills, make only a limited amount of the overall sum to settle [57]. Next, fossil fuels’ price increase leads automatically to an increase in electricity price rise since almost 50% of electricity derives from fossils in Europe, even though the trend inverted in past decades [77]. Finally, interviewees stated the constant growth of e-mobility but not to expect a massive presence within 2020. In contrast, recent EU’s economic growth, expected to last until 2020 and further, shows a heavily positive influence on the future electricity price development. Taking into consideration the aforementioned indications concerning Figure 4, once more the EU electricity market prices appear to be characterized by a slightly future growth. Five out of the eight considered forces indicate electricity market prices growth. Counter positioning the factors leading to increase/decrease a nearly equalization emerges.



We implement again a consistency analysis to find out how much interviewees agreed on the importance of the goals and factors. The emerging IQRs per goal and factor are available in Table A4, Table A5 and Table A6. Not even one IQR per goal or factor results higher than a value of two, which is rather low. Hence, again, we see a certain consistency among experts’ weights.





4. Discussion and Conclusions


The electricity market liberalization across European Union Member States started more than two decades ago. Deregulated electricity markets encourage energy providers to compete. Electricity price is an ordinary parameter of electricity markets. Market prices are now a key signal for all key market players—from traditional generators concerned with the high marginal costs of their plants compared to new entrants, to policy makers balancing between acceptable costs for consumers and the fulfillment of environmental policy goals. Consequently, the ability to forecast electricity market prices is highly valuable.



Porter’s five forces analysis indicates that the evolution of the European Union electricity market for end users is slightly positive. Considering the electricity prices’ increase by almost 30% in the last ten years, the economic models’ findings—indicating a moderate growth up to 2020—appear to be trustworthy [59]. Moreover, a number of further scientific literature indications agree with our present investigation [78,79,80]. Porter’s five forces analysis indicates that uncertainty of future electricity prices, regulatory complexity, and generation overcapacities are the driving factors of the forthcoming rise of European electricity prices.



An electricity market outlook, provided by a sort of multiple-criteria decision analysis, also indicates a slightly positive development and a strong dependence on market liberalization and on the recent European Union’s economic growth.



Thus, both economic approaches applied—quantitative and qualitative—lead practically to an equal result.



It has to be underlined that within our study, there is no one country-specific multiple-criteria decision as well as Porters’ five forces analysis, indicating that future electricity market prices will decrease within 2020.



As already mentioned in “Material and Methods”, all key market players’ goals and factors result from the declarations given by experts and counterchecked by scientific literature. Experts’ answers have been summed up eliminating unproven information. This procedure led to the exclusion of almost half of the factors mentioned by experts.



The present investigation processes many responses of experts from all the Member States and normalizes their answers in a systematic way to identify what is their aggregated perception of the main factors determining the future electricity price.



It would be interesting to analyze also the development of future electricity prices for bulk purchaser (i.e., industry, large commercial, wholesale and retail, etc.), characterized be a huge bargaining power.
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Table A1. Consistency check of the experts’ answers, Porters’ five forces analysis—interquartile range calculation (last line), empty cells (-) define no answers given.






Table A1. Consistency check of the experts’ answers, Porters’ five forces analysis—interquartile range calculation (last line), empty cells (-) define no answers given.





	
Questionnaires

	
Factors-P5FA




	
Uncertainty of Future Electricity Prices

	
Public Acceptance

	
Regulatory Complexity

	
Environmental Licenses

	
Generation Overcapacities






	
1

	
8+

	
9+

	
8+

	
9+

	
8+




	
2

	
9+

	
7+

	
9+

	
5+

	
-




	
3

	
9+

	
7+

	
-

	
7+

	
9+




	
4

	
8+

	
5+

	
8+

	
7+

	
8+




	
5

	
9+

	
7+

	
9+

	
8+

	
8+




	
6

	
8+

	
-

	
8+

	
10+

	
8+




	
7

	
9+

	
8+

	
9+

	
4+

	
9+




	
8

	
9+

	
-

	
9+

	
7+

	
8+




	
9

	
8+

	
7+

	
9+

	
-

	
6+




	
10

	
6+

	
7+

	
7+

	
6+

	
6+




	
11

	
8+

	
9+

	
7+

	
6+

	
6+




	
12

	
9+

	
7+

	
8+

	
6+

	
9+




	
13

	
-

	
7+

	
9+

	
-

	
9+




	
14

	
8+

	
5+

	
8+

	
5+

	
6+




	
15

	
9+

	
7+

	
8+

	
6+

	
6+




	
16

	
8+

	
-

	
9+

	
7+

	
8+




	
17

	
9+

	
8+

	
8+

	
6+

	
8+




	
18

	
9+

	
-

	
9+

	
8+

	
10+




	
19

	
8+

	
7+

	
7+

	
8+

	
8+




	
20

	
6+

	
-

	
7+

	
6+

	
8+




	
21

	
8+

	
9+

	
8+

	
7+

	
6+




	
22

	
9+

	
7+

	
9+

	
5+

	
8+




	
23

	
9+

	
7+

	
-

	
8+

	
-




	
24

	
9+

	
5+

	
8+

	
6+

	
-




	
25

	
8+

	
7+

	
9+

	
7+

	
9+




	
26

	
9+

	
-

	
8+

	
6+

	
-




	
27

	
9+

	
8+

	
-

	
8+

	
9+




	
28

	
9+

	
-

	
-

	
8+

	
8+




	
Average

	
8.38+

	
7.14+

	
8.25+

	
6.77+

	
7.83+




	
Interquartile

	
1.00

	
1.00

	
1.00

	
2.00

	
2.50
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Table A2. Consistency check of the experts’ answers, Porters’ five forces analysis—interquartile range calculation (last line), empty cells (-) define no answers given.






Table A2. Consistency check of the experts’ answers, Porters’ five forces analysis—interquartile range calculation (last line), empty cells (-) define no answers given.





	
Questionnaires

	
Factors-P5FA




	
Grid Connection

	
Utilization of Fossil Fuels Driven Devices

	
Energy Efficiency Improvements

	
Rational Use of Energy

	
Amount of Competitors






	
1

	
7+

	
1−

	
4−

	
6−

	
-




	
2

	
8+

	
2−

	
4−

	
5−

	
-




	
3

	
8+

	
1−

	
4−

	
4−

	
5−




	
4

	
7+

	
2−

	
6−

	
3−

	
8−




	
5

	
-

	
1−

	
4−

	
-

	
9−




	
6

	
7+

	
3−

	
6−

	
-

	
-




	
7

	
8+

	
1−

	
4−

	
4−

	
6−




	
8

	
8+

	
1−

	
4−

	
3−

	
-




	
9

	
7+

	
2−

	
2−

	
3−

	
-




	
10

	
5+

	
1−

	
6−

	
4−

	
7−




	
11

	
-

	
1−

	
4−

	
6−

	
9−




	
12

	
8+

	
-

	
4−

	
5−

	
7−




	
13

	
8+

	
3−

	
4−

	

	
7−




	
14

	
7+

	
2−

	
6−

	
3−

	
5−




	
15

	
8+

	
1−

	
4−

	
4−

	
7−




	
16

	
-

	
1−

	
6−

	
4−

	
-




	
17

	
-

	
1−

	
4−

	
4−

	
-




	
18

	
8+

	
1−

	
4−

	
3−

	
-




	
19

	
7+

	
2−

	
2−

	
3−

	
-




	
20

	
5+

	
-

	
6−

	
4−

	
-




	
21

	
7+

	
1−

	
4−

	
6−

	
8−




	
22

	
8+

	
1−

	
4−

	
5−

	
4−




	
23

	
8+

	
1−

	
-

	
4−

	
-




	
24

	
7+

	
2−

	
6−

	
3−

	
7−




	
25

	
8+

	
1−

	
4−

	
-

	
8−




	
26

	
7+

	
3−

	
6−

	
-

	
-




	
27

	
8+

	
1−

	
4−

	
4−

	
7−




	
28

	
8+

	
1−

	
6−

	
3−

	




	
Average

	
7.38+

	
1.46−

	
4.52−

	
4.04−

	
6.93−




	
Interquartile

	
1.00

	
1.00

	
2.00

	
2.00

	
2.00
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Table A3. Consistency check of the experts’ answers, Porters’ five forces analysis—interquartile range calculation (last line), empty cells (-) define no answers given.






Table A3. Consistency check of the experts’ answers, Porters’ five forces analysis—interquartile range calculation (last line), empty cells (-) define no answers given.





	
Questionnaires

	
Factors-P5FA




	
Market Liberalization

	
Capital Accessibility for New Investments

	
Freedom in Choosing Supplier

	
Accessibility to Information

	
Easiness to Switch Supplier






	
1

	
7−

	
-

	
9−

	
10−

	
-




	
2

	
8−

	
7+

	
6−

	
-

	
7−




	
3

	
8−

	
7+

	
6−

	
8−

	
8−




	
4

	
7−

	
4+

	
5−

	
7−

	
6−




	
5

	
7−

	
8+

	
7−

	
8−

	
-




	
6

	
7−

	
6+

	
7−

	
10−

	
7−




	
7

	
8−

	
9+

	
8−

	
5−

	
8−




	
8

	
8−

	
-

	
7−

	
7−

	
7−




	
9

	
7−

	
-

	
-

	
-

	
7−




	
10

	
7−

	
7+

	
7−

	
6−

	
5−




	
11

	
7−

	
8+

	
8−

	
6−

	
-




	
12

	
8−

	
7+

	
6−

	
6−

	
7−




	
13

	
-

	
7+

	
6−

	
-

	
8−




	
14

	
-

	
5+

	
-

	
5−

	
6−




	
15

	
7−

	
7+

	
7−

	
6−

	
8−




	
16

	
7−

	
-

	
7−

	
7−

	
-




	
17

	
7−

	
9+

	
8−

	
6−

	
-




	
18

	
8−

	
-

	
7−

	
8−

	
7−




	
19

	
7−

	
8+

	
-

	
-

	
7−




	
20

	
7−

	
-

	
7−

	
6−

	
4−




	
21

	
7−

	
9+

	
8−

	
7−

	
7−




	
22

	
7−

	
7+

	
6−

	
5−

	
7−




	
23

	
8−

	
7+

	
6−

	
8−

	
8−




	
24

	
7−

	
7+

	
-

	
6−

	
7−




	
25

	
7−

	
7+

	
7−

	
7−

	
8−




	
26

	
7−

	
-

	
7−

	
6−

	
6−




	
27

	
7−

	
7+

	
7−

	
8−

	
8−




	
28

	
-

	
-

	
8−

	
9−

	
-




	
Average

	
7.28−

	
7.15+

	
6.96−

	
6.96−

	
6.95−




	
Interquartile

	
1.00

	
1.00

	
1.75

	
2.00

	
1.25
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Table A4. Consistency check of the experts’ answers, multiple-criteria decision analysis—interquartile range calculation (last line), empty cells (-) define no answers given.






Table A4. Consistency check of the experts’ answers, multiple-criteria decision analysis—interquartile range calculation (last line), empty cells (-) define no answers given.





	
Questionnaires

	
Goals-MCDA




	
Environmental Policies

	
Feasibility in Changing Supplier

	
Income Max.

	
Benefit to Cost Max.






	
1

	
9+

	
4−

	
-

	
3−




	
2

	
8+

	
5−

	
8+

	
4−




	
3

	
8+

	
4−

	
7+

	
-




	
4

	
6+

	
2−

	
8+

	
3−




	
5

	
8+

	
4−

	
8+

	
2−




	
6

	
-

	
6−

	
9+

	
1−




	
7

	
8+

	
4−

	
8+

	
4−




	
8

	
-

	
3−

	
10+

	
3−




	
9

	
-

	
3−

	
8+

	
2−




	
10

	
7+

	
3−

	
10+

	
2−




	
11

	
9+

	
4−

	
8+

	
3−




	
12

	
7+

	
-

	
8+

	
4−




	
13

	
7+

	
4−

	
7+

	
-




	
14

	
6+

	
2−

	
8+

	
3−




	
15

	
-

	
4−

	
-

	
2−




	
16

	
-

	
6−

	
7+

	
1−




	
17

	
9+

	
4−

	
8+

	
4−




	
18

	
-

	
3−

	
-

	
3−




	
19

	
8+

	
3−

	
9+

	
2−




	
20

	
-

	
3−

	
10+

	
2−




	
21

	
8+

	
4−

	
-

	
-




	
22

	
-

	
5−

	
8+

	
4−




	
23

	
9+

	
4−

	
10+

	
-




	
24

	
7+

	
2−

	
8+

	
3−




	
25

	
8+

	
4−

	
9+

	
2−




	
26

	
-

	
-

	
9+

	
-




	
27

	
9+

	
4−

	
-

	
4−




	
28

	
-

	
3−

	
8+

	
3−




	
Average

	
7.83+

	
3.73−

	
8.39+

	
2.78−




	
Interquartile

	
2.00

	
1.00

	
1.00

	
2.00
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Table A5. Consistency check of the experts’ answers, multiple-criteria decision analysis—interquartile range calculation (last line), empty cells (-) define no answers given.






Table A5. Consistency check of the experts’ answers, multiple-criteria decision analysis—interquartile range calculation (last line), empty cells (-) define no answers given.





	
Questionnaires

	
Factors-MCDA




	
Renewable Energy Production

	
Fossil Fuels’ Price

	
Extreme Weather Events

	
Social Unacceptance of Higher Electricity Prices Due to Incentives/Subsidies






	
1

	
2+

	
2+

	
1−

	
1−




	
2

	
5+

	
-

	
1−

	
1−




	
3

	
4+

	
4+

	
-

	
2−




	
4

	
4+

	
-

	
2−

	
2−




	
5

	
3+

	
2+

	
2−

	
1−




	
6

	
3+

	
-

	
2−

	
1−




	
7

	
5+

	
2+

	
-

	
1−




	
8

	
5+

	
-

	
1−

	
1−




	
9

	
4+

	
3+

	
-

	
1−




	
10

	
4+

	
3+

	
1−

	
3−




	
11

	
2+

	
3+

	
1−

	
1−




	
12

	
5+

	
-

	
-

	
1−




	
13

	
4+

	
3+

	
2−

	
2−




	
14

	
4+

	
-

	
1−

	
2−




	
15

	
3+

	
3+

	
1−

	
1−




	
16

	
3+

	
-

	
1−

	
1−




	
17

	
5+

	
4+

	
2−

	
1−




	
18

	
5+

	
-

	
1−

	
1−




	
19

	
9+

	
3+

	
1−

	
1−




	
20

	
4+

	
2+

	
1−

	
3−




	
21

	
2+

	
4+

	
1−

	
1−




	
22

	
5+

	
-

	
2−

	
1−




	
23

	
5+

	
3+

	
2−

	
2−




	
24

	
4+

	
-

	
2−

	
2−




	
25

	
3+

	
3+

	
2−

	
1−




	
26

	
3+

	
-

	
3−

	
1−




	
27

	
5+

	
3+

	
1−

	
1−




	
28

	
5+

	
-

	
1−

	
-




	
Average

	
4.11+

	
2.94+

	
1.46−

	
1.37−




	
Interquartile

	
2.00

	
0.75

	
1.00

	
1.00
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Table A6. Consistency check of the experts’ answers, multiple-criteria decision analysis—interquartile range calculation (last line), empty cells (-) define no answers given.






Table A6. Consistency check of the experts’ answers, multiple-criteria decision analysis—interquartile range calculation (last line), empty cells (-) define no answers given.





	
Questionnaires

	
Factors-MCDA




	
Electricity Market Concentration

	
E−Mobility

	
Electricity Market Liberalization

	
EU Economy Growth






	
1

	
5+

	
-

	
-

	
3+




	
2

	
4+

	
1+

	
4−

	
4+




	
3

	
5+

	
1+

	
6−

	
3+




	
4

	
7+

	
2+

	
4−

	
5+




	
5

	
4+

	
1+

	
4−

	
4+




	
6

	
6+

	
1+

	
4−

	
5+




	
7

	
-

	
1+

	
7−

	
4+




	
8

	
4+

	
1+

	
7−

	
4+




	
9

	
-

	
1+

	
6−

	
2+




	
10

	
6+

	
2+

	
-

	
5+




	
11

	
4+

	
1+

	
-

	
4+




	
12

	
4+

	
1+

	
4−

	
4+




	
13

	
4+

	
1+

	
4−

	
4+




	
14

	
7+

	
2+

	
4−

	
6+




	
15

	
4+

	
1+

	
-

	
4+




	
16

	
6+

	
-

	
4−

	
5+




	
17

	
4+

	
1+

	
7−

	
4+




	
18

	
4+

	
1+

	
-

	
4+




	
19

	
2+

	
1+

	
6−

	
2+




	
20

	
6+

	
2+

	
-

	
4+




	
21

	
4+

	
1+

	
-

	
4+




	
22

	
4+

	
1+

	
4−

	
4+




	
23

	
-

	
2+

	
4−

	
-




	
24

	
7+

	
2+

	
4−

	
6+




	
25

	
4+

	
1+

	
4−

	
4+




	
26

	
7+

	
1+

	
5−

	
5+




	
27

	
4+

	
1+

	
-

	
3+




	
28

	
-

	
-

	
6−

	
-




	
Average

	
4.83+

	
1.24+

	
4.90−

	
4.08+




	
Interquartile

	
2.00

	
0.50

	
2.00

	
1.00
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Figure 1. Porter’s five forces analysis diagram [58]. 
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Figure 2. Multiple-criteria decision analysis scheme [58]. 






Figure 2. Multiple-criteria decision analysis scheme [58].



[image: Energies 11 01460 g002]







[image: Energies 11 01460 g003 550] 





Figure 3. Summary of various steps for methodology applied (Porters’ five forces analysis). 
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Figure 4. Summary of various steps for methodology applied (Multiple-criteria decision analysis). 
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Figure 5. Results of the multiple-criteria decision analysis calculations: influence of the external factors on the goals of the most relevant market players (external factors characterized by a positive influence are over the low line and external factors characterized by a negative influence are under the low line) (F1: Renewable energy production; F2: Fossil fuels’ price; F3: Extreme weather events; F4: Social unacceptance of higher electricity prices due to incentives/subsidies; F5: Market concentration; F6: E-mobility; F7: Market liberalization; F8: EU economy growth). 
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Table 1. Porter’s five forces analysis factors with respective importance and influence concerning the electricity market price in the European Union.
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	Force 1 Threat of New Entrants
	Force 2 Treat of Substitute Products or Services



	
	
Uncertainty of future electricity prices: 8+



	
Public acceptance: 7+



	
Regulatory complexity: 8+



	
Environmental licenses: 7+



	
Generation overcapacities: 8+



	
Grid connection: 7+





	
	
Utilization of fossil fuels driven devices: 1−



	
Energy efficiency improvements: 5−



	
Rational use of energy: 4−








	Force 3 Bargaining Power of Suppliers
	Force 4 Bargaining Power of Buyers



	
	
Amount of competitors: 7−



	
Market liberalization: 7−



	
Capital accessibility for new investments: 7+





	
	
Freedom in choosing supplier: 7−



	
Accessibility to information: 7−



	
Easiness to switch supplier: 7−
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Table 2. Evaluation of the treated factors and related calculations, Porter’s five forces analysis for the electricity market price, EU28 (±units).
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Forces

	
Factors’ Evaluations

	
Results (Σ)

	
Evaluation Scale’s Range (±)






	
Force 1—Threat of new entrants

	
8+ 7+ 8+ 7+ 8+ 7+

1− 5− 4−

7− 7− 7+

7− 7− 7−

	
45+

	




	
Force 2—Threat of substitute products or services

	
10−

	




	
Force 3—Bargaining power of suppliers

	
7−

	




	
Force 4—Bargaining power of buyers

	
21−

	




	
Force 5—Overall result

	
7+

	
150




	
Force 5—Overall result (%)

	
5%±

	
100%±
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Table 3. Goals of the future electricity market key players in Europe.
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Goals




	
Field

	
Legislation

	
Regulation

	
Profitability






	
Goals

	
Environmental policies

	
Feasibility in changing supplier

	
Income max.

	
Benefit to cost max.




	
8+

	
4−

	
8+

	
3−
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Table 4. External factors having an influence on the future electricity market evolution.
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Factors






	
Evaluation

	
Renewable energy production

	
Fossil fuels’ price

	
Extreme weather events




	
4+

	
3+

	
1−




	

	
Social unacceptance of higher electricity prices due to incentives/subsidies

	
Electricity market concentration

	
E-mobility




	
1−

	
5+

	
1+




	

	
Electricity market liberalization

	
EU economy growth

	




	
6−

	
4+
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Table 5. External factors and market participants’ goals of the future electricity market. (EU28).
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Goals




	
Factors

	
Environmental Policies

	
Feasibility in Changing Supplier

	
Income Max.

	
Benefit to Cost Max.






	
Renewable energy production

	
X

	
0

	
0

	
0




	
Fossil fuels’ price

	
X

	
0

	
0

	
X




	
Extreme weather events

	
X

	
0

	
0

	
X




	
Social unacceptance of higher electricity prices due to incentives/subsidies

	
X

	
0

	
X

	
0




	
Electricity market concentration

	
0

	
X

	
X

	
X




	
E-mobility

	
X

	
0

	
X

	
X




	
Electricity Market liberalization

	
0

	
X

	
X

	
0




	
EU economy growth

	
0

	
0

	
X

	
0
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Table 6. Results calculation for the multiple-criteria decision analysis: influence of the external factors on the goals of the most relevant market participants.
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Factors

	
Goals

	
Results




	
Environmental Policies (8+)

	
Feasibility in Changing Supplier (4−)

	
Income Max. (8+)

	
Benefit to Cost Max. (3−)






	
Renewable energy production (4+)

	
(4+) × (8+) = 32+

	
-

	
-

	
(4+) × (3−) = 12−

	
(24+) + (9−) = 20+




	
Fossil fuels’ price (3+)

	
(3+) × (8+) = 24+

	
-

	

	
(3+) × (3−) = 9−

	
(16+) + (6−) = 15+




	
Extreme weather events (1−)

	
(1−) × (8+) = 8−

	
-

	
(1−) × (8+) = 8−

	
-

	
(8−) + (8−) = 16−




	
Social unacceptance of higher electricity prices due to incentives/subsidies (1−)

	
(1−) × (8+) = 8−

	
-

	
(1−) × (8+) = 8−

	
-

	
(8−) + (8−) = 16−




	
Market concentration (5+)

	
-

	
(5+) × (4−) = 20−

	
(5+) × (8+) = 40+

	
(5+) × (3−) = 15−

	
(20−) + (40+) + (15−) = 5+




	
E-mobility (1+)

	
(1+) × (8+) = 8+

	
-

	
(1+) × (8+) = 8+

	
(1+) × (3−) = 3−

	
(8+) + (8+) + (3−) = 13+




	
Market liberalization (5−)

	
(5−) × (8+) = 40−

	
(5−) × (4−) = 20−

	
(5−) × (8+) = 40−

	
-

	
(40−) + (20−) + (40−) = 100−




	
EU economy growth (4+)

	
(4+) × (8+) = 32+

	
-

	
(4+) × (8+) = 32+

	
-

	
(32+) + (32+) = 64+
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