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Abstract

:

Renewable energy sources are an attractive alternative to fossil fuels for several reasons. Firstly, these are ecological arguments, mainly reducing greenhouse gas emissions. Secondly, there are legal issues, particularly the obligations of the European Community countries in the field of climate as part of the implementation of the European Green Deal and the joint achievement of 40% of energy from renewable sources by 2030. Thirdly, these are international issues, primarily regarding reducing dependence on uncertain oil or gas markets. And finally, they may be economic reasons, such as diversification of energy supplies and associated costs, as well as opportunities for profits on the capital market. In Poland, over the last decade, a certain kind of boom in photovoltaics has been visible, both in terms of the number of companies dealing with solar collectors, as well as the annual increase in new capacity, or the level of installed capacity. Also, on the Warsaw Stock Exchange, photovoltaic companies have introduced much confusion in the tier of quotations in recent years. Solar energy has become a kind of gateway for companies to increase their results, stock exchange quotations, or acquire new customers. It is not surprising that more and more investors want to invest their money in this segment. Given the above, this article attempts to answer the question: Is there a risk of a stock market bubble among photovoltaic companies in the near future? For this purpose, we used the financial indicators of photovoltaic companies listed on the Warsaw Stock Exchange, and with the help of the Taxonomic Measure of Attractiveness of Investments, we created rankings of the investment attractiveness of these companies in 2017-2019. The leaders include companies listed on the main market as well as in the alternative trading system of the Warsaw Stock Exchange. It should be borne in mind that regardless of the undertaken diversification and analytical activities, the risk of an investment bubble has been and will remain an indispensable element in the functioning of every capital market in the world.
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1. Introduction


Investing in the financial market is a complex mechanism that is accompanied by selecting and ranking securities listed on a regulated market or in the formula of an alternative trading system outside this market. One of the methods of selecting companies for the portfolio is to conduct a fundamental and technical analysis of the company before its acquisition. These analyzes can run through the prism of many different financial indicators, which can be used to characterize individual areas of the company’s operations, such as liquidity, profitability, indebtedness, or operational efficiency. Undoubtedly, the financial statements are, in this case, an invaluable source of information about the financial situation of a given company. In order to determine the financial condition of the entity, the investor, at the very beginning, uses a system of measures in the form of various financial indicators, which in practice, are grouped according to a pattern of similar economic content. The classic parceling of financial indicators describing the financial condition of an enterprise is also supplemented by, inter alia, capital market indicators allowing for the assessment of the attractiveness of investing in entities or even entire industries listed on the capital market.



An upward trend in the value of companies and share prices of entities dealing with broadly understood renewable energy is visible in the world—however, the boom mainly affects photovoltaic companies (PV) and wind turbine producers. As indicated by the director of CMC Markets for Eastern Europe, in 2019–2020, the basket of shares of such companies increased its value by several dozen or even several hundred percent. The governments of other countries announce the abandonment of traditional energy sources in favor of creating new solar, wind, and water farms. At the same time, investing in renewable energy companies has recently become very fashionable in all parts of the world, and hence the likelihood of stock market speculation is also increasing. In addition to market risk, political changes should also be taken into account, for example, regarding delays in the green transformation of the European Union due to the economic effects of the recent coronavirus pandemic. On the other hand, according to Goldman Sachs analysts, companies from the green energy sector may turn out to be one of the most significant investment opportunities of the coming decade.



However, history has shown that excessively high profits and sudden increases in stock prices in one industry can quickly turn into an artificially inflated bubble which, under the influence of further speculation, will eventually burst, resulting in enormous financial losses. The photovoltaic sector, thus dealing with the conversion of sunlight into electricity, is one of the fastest-growing renewable energy sectors in Poland and in the world. The photovoltaic market in Poland has enormous, but so far still highly unused, potential for development. No wonder the popularity of the subject of renewable sources is also growing on the Warsaw Stock Exchange (WSE), where listed photovoltaic companies are valued with increasingly higher premiums from year to year. Therefore, this article aims to compare the condition of photovoltaic companies listed on the Polish stock market by building their rankings for 2017–2019. We are using the Taxonomic Measure of Attractiveness of Investments (TMAI) to assess further investment prospects in the renewable energy sector. In view of the main goal formulated in this way, the article attempts to answer the question: Is there a risk of a stock market bubble among photovoltaic companies in the near future?




2. The Biggest Speculative Bubbles—A Historical Outline


Contemporary market-regulated economies are undoubtedly accompanied by the cyclical nature of their development. The natural consequence of the growth of economies is an increase in their level of complexity. Moreover, as historical experience shows, the recurring crises are becoming more and more felt on a global scale, and a more diverse form characterizes their causes. Crises break out suddenly, but they are the result of phenomena, including speculative bubbles, which build up over an extended period of time in a favorable economic phase.



According to dictionary definitions [1,2], a speculative bubble occurs when the value of assets within a specific industry, commodity, or asset class spikes to an unjustified level, driven by irrational speculative activity unsupported by any rational basis and information. Moreover, as emphasized by De Long et al. [3], speculative bubbles, as opposed to rational bubbles, are amplified by the reinforcement mechanisms used by investors who are seeing an upward trend succumb to investment fashion and environmental pressure, hoping to obtain an above-average rate of return on investment. Rational bubbles represent the actual difference between stock prices and the cumulative discounted value of future dividends. Their formation is not influenced by any speculative mechanisms [4]. Bubbles can be a profitable opportunity, although, in fact, most investors lose from them. Why is this happening? The reason is straightforward—speculative bubbles are hard to recognize. However, when someone succeeds, it is difficult to determine exactly when to sell the assets in order to gain as much as possible. As Rodrigue [5] points out, the development of bubbles (also known as mania) occurs in several stages (there is a Hidden Phase (also known as a Stealth), a Conscious Phase (also known as Awareness) Mania Phase, and Crash Phase (also known as a Blow-off) followed by the bursting of the speculative bubble), which is a phenomenon observed over the 500-year economic history. The best time to sell assets is at the end of the third phase [5]. Although each of the bubbles that have occurred so far had a different character, we can see certain regularities that were repeated in each of them. Stock exchanges are a frequent place of bubble formation. Investors saw a sudden upward trend in prices and bought stocks to obtain a quick profit, often ignoring the lack of price justification in the current financial results of companies [6]. Such speculative bubbles, however, do not last too long. Tiny bubbles affecting individual companies are part of the day-to-day functioning of the world’s capital market. In turn, really big bubbles happen rarely and remain in the memory for a long time, especially by investors who have lost their money. History knows many examples of speculative bubbles [7]—but the most important ones are The Dutch Tulip Bubble (1634–1637) [8,9], The South Sea Bubble (1711–1720) [10,11], Mississippi Bubble (1716–1720) [12,13], The Railway Mania (1845–1847) [14,15], Japan’s Real Estate and Stock Market Bubble (1986–1991) [16,17], The Dotcom Bubble (1995–2001) [18,19], The U.S. Housing Bubble (2007–2009) [20,21], and The Bitcoin Bubble (2016–2018) [22,23,24,25]. It should be emphasized at this point that some bubbles are more accessible to predict than others. In turn, in some situations, speculative bubbles are only detectable after they burst. When it comes to the stock market, traditional valuation measures can be used to identify extreme overvalues in a financial instrument.



The speculative bubble is a phenomenon that is identified with the process of unsustainable price growth of a self-perpetuating nature. Most often, it is associated with market hyperactivity, which is temporary, but as history shows, it can last up to several years. For many investors, a drastic drop in prices means a loss of value of the acquired resources or even bankruptcy. In the following years, many scientists [26,27,28,29,30] have attempted to determine the causes of bubbles in the stock market, and their consequences, visible in various areas. Girdzijauskas et al. [31] developed an approach to explain bubble formation based on the logistic growth model of encountering limited capital resources of various origins. In their study, they emphasize that, as a rule, it is difficult to precisely indicate which indicators are the causes and which are the consequences of a particular bubble. However, they are convinced that the emerging bubbles intensify inflationary processes in the economy. Ikeda and Shibata [32] also see the effect of bubbles on the dynamics of the exchange rate. In turn, Lachota [33] shows the impact of speculative financial bubbles on the real sphere of the economy.



On the other hand, when analyzing the causes of bubbles, more and more attention is paid to their behavioral background [34,35], especially the behavior of investors [19,36,37] or even the level of their moods [38,39,40]. Because of the increasing role of psychological aspects in the functioning of the market, Soros [41] formed a theory of maneuverability which assumes that there is a two-way relationship between perception and reality that can support the growth of a self-reinforcing and ultimately self-extinguishing wave of change. Thus, in his opinion, each bubble consists of a trend and misconception that interact with each other. The author of the concept argues that it is incorrect to assume that people who have access to information always behave rationally and make decisions based on the acquired knowledge. Based on his previous investment experience, he emphasizes that human behavior is governed by two interrelated elements: cognitive and manipulation functions. Maneuverability consists of the fact that expectations depend on the perception of the situation, and the case is shaped by the expectations of investors—often speculators. Both of these functions work in parallel, not sequentially. This means that people are changing the situation at the same time as they are watching it. This inevitably leads to further errors and difficulties in planning and making the right investment decisions [41]. Despite being aware of the existence of speculative bubbles, market participants have fallen into the trap for centuries, marginalizing that extremely profitable investments are related mainly to an irrational boom that will pass sooner or later.



As indicated above, speculative bubbles often start a recession. There is a well-known example of the subprime financial crisis of 2009, which was caused, among others, by the bubble in the American real estate market [42]. The growing financial credit and macroeconomic ties, or how investors perceive certain groups of countries, mean that turbulences originating in a given country’s market may extend to other economies, geographically distant or even seemingly unrelated to the place of the collapse [43,44]. The phenomenon of “spilling” the effects of the recession to other countries took place in the case of the above subprime crisis [45,46,47] or Dotcom Bubble [48,49]. Of course, the economic crisis itself has a negative impact on stock prices. The most famous economic crises resulted from inflated bubbles that eventually burst. The financial bubbles described above are selected examples of crises of this type in human history. They caused enormous financial losses and deprived relatively strong countries and their inhabitants of any hope for a better tomorrow. The mechanisms of financial crashes are very similar, no matter when and where they occur. They indicate the need for a rational assessment of the risks associated with investing.



Global capitalism has undeniably entered a new era. World trade is no longer governed by the logic of supply and demand and is replaced by panic and euphoric attacks followed by enormous waves of financial resources. In order to avoid the phenomenon related to the emergence and subsequent bursting of the bubble when buying securities, real estate, or other assets, investors should carefully check whether they are not overvalued. To reliably assess the prospects of a given listed company, investors should get to know not only the company itself but also the macroeconomic environment and the sector in which it operates. Determining the financial condition of companies in the investor’s interest is a mandatory element facilitating the comparison of potential listed objects.




3. The Situation of the Photovoltaic Market in Poland


Hypothetically, a person can survive without food for several weeks, without water for several days, but without air for only a few minutes. Could we live without electricity? It’s hard to say for sure. Indeed, life without electricity would mean paralysis, not only in the functioning of households but also in urban infrastructure, the Internet, or business operations. In many countries, electricity is generated in coal and lignite-fired power plants and combined heat and power plants. As a result of its combustion, energy is provided to millions of entities, but the side effect is the emission of vast amounts of CO2 and harmful chemicals into the atmosphere. And this is not a problem that can be postponed for years with impunity. Nature is being significantly destroyed, and the air we breathe is of increasingly poor quality. Renewable energy can solve these problems. Renewable energy sources (RES) have many advantages that make the ongoing energy transformation a necessity and a real benefit for the economy, society, and the environment. The energy potential from the sun often exceeds our energy needs. It is already considered one of the most valuable renewable sources that can be used by installing photovoltaic panels or collectors. Solar energy is a source of cheaper and clean electricity.



The International Energy Agency (IEA) forecasts that in the next two decades, globally, a decisive upward trend in solar energy generation capacity will be visible (see Figure 1). The dominant share of energy generated from conventional sources, such as coal or gas, is to be broken.



Changes in the structure of obtaining energy from traditional sources to renewable sources are desirable not only at the international level. However, they are also visible in an increasing number of countries—as many as 165 countries have formulated renewable energy targets or policies [51]. The energy transformation is the result of not only individual activities and programs dedicated to this change but also results from extremely dynamic technological changes and, thus, the efforts to reduce carbon dioxide emissions. This state of affairs is confirmed by the results of the share of individual sources in energy generation—in the last decade; there has been a global increase in the share of renewable sources by eight percentage points, which took place in the field of solar and wind energy [51]. Therefore, entities operating in these industries will be required to expand further and undertake various activities in producing, distributing, and promoting of green energy. Therefore, it should be assumed that some of these entities will again or, for the first time, use an additional investment financing source, the stock market.



As one of the leading forms of renewable energy sources, photovoltaics significantly contributes to a breakthrough in many countries that begins or continues their energy transformation. In Poland, PV is the main area of investment in renewable energy and the entire power industry. PV, as the only branch of RES, was able, according to the Polish Institute for Renewable Energy (IRE), to mobilize more capital for investments in 2019–2020 than the entire conventional energy sector [52]. Moreover, as indicated by the Central Statistical Office, in 2016-2020, the share of energy from renewable sources in total primary energy increased from 13.76% to 21.59% [53]. In the RES sector, photovoltaics ranks first with 52% of installed capacity—in November 2021, it overtook wind farms for the first time, which account for 37% of installed capacity in Poland. The remaining percentage of the installed RES capacity in Poland is obtained from hydroelectric power plants (5%), biomass (5%), and biogas (1%) [53]. The Energy Regulatory Office in Poland (ERO) keeps statistics on the number of renewable energy installations created, their capacity, and the amount of electricity generated from RES and confirmed by issued certificates of origin. According to ERO, at the end of 2021, there was an increase in the number of renewable energy installations by as much as 65% compared to the data at the end of 2017. Importantly, in the case of only photovoltaic installations in the last five years, there has been a more than fourfold increase in their number [54]. Table 1 below presents a cross-section of installed and generated capacity structures thanks to renewable sources in the world in Europe and Poland.



The presented records for Total Renewable Energy, both in terms of installed capacity and energy generation, show a growing trend in 2017–2021 for the world, Europe and Poland. Analyzing the calculated year-on-year dynamics ratio, it is clear that the increase in installed capacity in global terms oscillated around 10%; for Europe, it was in the range of 5–7%, and the largest changes were visible for Poland, where the last two years the 30%. However, despite the annually increasing levels of installed capacity and the level of energy produced from renewable sources in total for Poland, the data on the share of RES in these categories compared to European values are not so satisfactory—the differences oscillate between 20–26 percentage points for installed capacity and between 18–22 percentage points for power generation. It is worth emphasizing that the directions of development of the renewable energy sector depend mainly on national and EU regulations, which were adopted and enforced relatively recently. In global and European statistics, the share of energy from photovoltaics in the installed capacity and produced solar energy is dominant and amounts to 97–99%—the rest is the thermal system. In the case of Poland, solar photovoltaics is responsible for 100% of the installed capacity and is generated by solar energy. It is worth emphasizing the dynamic growth in 2017–2021 from less than 300 to over 7.660 MW of photovoltaic installations in Poland and an almost twelve-fold increase in the level of energy production from photovoltaics over the last four years [55]. Taking into account the dynamics index in the analyzed period, the growing potential of photovoltaics in Poland is confirmed, which has reached three-digit values in the last four years. The surveyed countries recorded dynamics in the range of 20–30% year on year. In turn, for European countries, the change in the level of installed photovoltaic power did not exceed 20%.



In addition, as shown by the latest data from the Institute for Renewable Energy in Poland reports, the photovoltaic market is developing the fastest among all renewable energy sectors in this country. After the very good year 2020, in which the capacity increase amounted to 2.4 GW, the next year turned out to be even better. The annual increase in PV capacity amounted to as much as 3.7 GW, and the installed capacity at the end of 2021 reached 7.67 GW. Data from the end of the first quarter of 2022 indicate the achieved capacity at 9.4 GW. Almost 80% of the installed capacity is accounted for by prosumers, whose number in Poland is close to a million [52]. In 2021, Poland moved up from the fifth place it had a year earlier and was ranked second among the European Union countries in terms of the increase in installed PV capacity. As the government plenipotentiary for renewable energy sources predicts, in 2021 and 2022, there will be an investment boom in the PV farm sector when projects from three auctions are implemented. In 2022 and 2023, the share of PV farms in the total installed capacity will be equal to the share of micro-installations. The PV market will change from typically prosumer, as it is today, to more sustainable.



The total turnover of the Polish photovoltaic market in 2021 was estimated at PLN 16.7 billion, including the value of the market of capital expenditures alone of about PLN 15.4 billion. It is forecasted that in 2022 the trade turnover of photovoltaics will increase and amount to over PLN 20 billion, and the value of the PV investment market will be at the level of PLN 19 billion [52]. Currently, several thousand companies in Poland are dealing with producing and installing solar energy. The positive forecasts for the Polish photovoltaics segment are also confirmed by the leading companies in the industry that participated in the market research commissioned by PIRE. Their analyzes show that these entities are still planning rapid expansion, despite temporary difficulties caused by the COVID-19 pandemic. The most frequently indicated direction of development was a further increase in employment, executive capacity, expansion of activities, or the introduction of innovative offers in the form of, for example, photovoltaic tiles or energy storage [52]. IRE points out that the key events for the development of the PV market in Poland included: the lifting of the need to issue grid connection conditions for prosumers (2013), the announcement of the “Prosument” program (2014), a positive industry reaction to the adoption of the prosumer amendment with feed-in tariffs (2015) and the implementation of the “My Electricity” program with tax credits (2018), which is still being continued. In addition, in 2016, an auction system was introduced to replace the green certificate system, which was extended in line with the decision of the European Commission until the end of 2027. However, it is difficult to judge which of the above-mentioned instruments would give better results today [52].




4. Materials and Methods


The method of Hellwig’s economic development pattern [56] is used in this study. It is one of the methods of linear ordering that allows for determining the ranking of objects described by many diagnostic variables (features) aggregated into one synthetic variable, generally referred to as Hellwig’s economic development measure. One example of such a metric is the Taxonomic Measure of Investment Attractiveness (TMAI) used in this paper. This measure enables a comprehensive analysis of companies from the point of view of investment attractiveness and risk [57]. Therefore, TMAI was used to achieve the main goal of the work, which is to compare the condition of photovoltaic companies listed on the Warsaw Stock Exchange by building their rankings for investment attractiveness for 2017–2019.



The basis for constructing TMAI was the matrix of observation of diagnostic variables X = [xij], where any element xij (i = 1, …, n; j = 1, …, m) denotes the value of the variable Xj observed for the i-th object.



Diagnostic variables (called explanatory variables) were chosen based on substantive premises and the results of previous research on the use of TMAI in various sectors of economic activity [58,59,60,61,62,63].



Initially, 12 indicators relevant to making investment decisions were proposed for the study (Table 2). These were the indicators that characterize the most important aspects of the company’s operations, i.e., profitability (X1–X5), operational efficiency (X6–X9), liquidity (X10), and debt (X11 and X12) [64,65,66,67].



Subsequently, the initial set of explanatory variables was subjected to a two-stage selection procedure. The first stage aimed to eliminate quasi-constant variables, i.e., variables characterized by low variability and thus with low discriminatory power. To assess the level of variability of individual diagnostic variables, we used the absolute coefficient of variation (ACV) [69] determined by the formula:


  A C  V j  =    S j     |     x j   ¯   |    × 100 % ,     j = 1 , 2 , … , m ,  



(1)




where:




	
   S j   —standard deviation of the variable    X j   



	
   |     x j   ¯   |   —absolute value of the arithmetic mean of the variable    X j  .  








An acceptable value of the coefficient of variation was 10%, which meant that the variables satisfying the condition ACV < 10% were eliminated from the diagnostic variables.



The second step of the selection procedure was the elimination of collinearity between diagnostic variables. For this purpose, the inverted correlation matrix method was used [70]. The diagonal elements of this matrix, called variance inflation factor (VIF), measure the degree of collinearity between diagnostic variables. A high value of the VIF index indicates a high correlation between a given variable and other diagnostic variables and indicates that the model includes variables with a similar informative capacity (or variables that provide similar information about the analyzed phenomenon). In practice, VIF > 10 is considered to indicate the existence of multicollinearity [71,72]. Thus, according to the concept of the inverse matrix method, variables for which the VIF is greater than ten were removed from the set of diagnostic features.



The transformation of nominantes unified the finally determined set of explanatory variables into stimulants according to the following formula (the final set of diagnostic variables did not include any destimulants):


   x  i j  S  =   min  {   x  i j ,    n L j   }    max  {   x  i j    ,  n U j   }    ,   i = 1 , 2 , … , n ;   j = 1 , 2 , … , m ,  



(2)




where:




	
   x  i j     is the value of the variable    X j    observed for the i-th object,



	
   x  i j  S    is the value of    x  i j     after stimulation,



	
   n L j    is the lower limit of the j-th variable’s tolerance interval,



	
   n U j    is the upper limit of the j-th variable’s tolerance interval.








The next step relied on achieving comparability of diagnostic variables by using standardization:


   z  i j   =    x  i j   −    x ¯   j      S j    ,     i = 1 , 2 , … , n ;   j = 1 , 2 , … , m ,  



(3)




where      x ¯   j    and    S j    denote the arithmetic mean and standard deviation of the variable    X j    respectively.



A reference object (called development pattern) was established based on standardized diagnostic variables. It was the theoretical (non-authentic) object, that had the most favorable values from each of the variables. More precisely, the development pattern was taken as a vector in which j-th coordinates are the maximum observed value of the j-th normalized variable among all objects:


    (   z 01  ,  z  02   , … ,  z  0 m    )      where    z  0 j   =   max  i   {   z  i j    }  ,   j = 1 , 2 , … , m .   



(4)







Then, for each of n analyzed objects the distance from the pattern was determined using the Euclidean distance formula:


   d i  =     ∑  j = 1  m    w j     (   z  i j   −  z  0 j     )   2      , i = 1 , 2 , … , n ,   j = 1 , 2 , … , m ,  



(5)




where    w j    denote weights.



The study adopted a system of weights based on the coefficient of variation based on a statement that the variable with the highest variability has the highest discriminatory power and should be assigned a greater weight/importance:


   w j  =   A C  V j      ∑  j = 1  m   A C  V j      ,   j = 1 , 2 , … , m ,  



(6)




where   A C  V j    is the absolute coefficient of variation of    X j   , determined by the Formula (1).



After calculating the distance between all analyzed objects and the pattern, they were normalized according to the formula:


   z i  = 1 −    d i     d ¯  + 3  S d    ,   i = 1 , 2 , … , n ,  



(7)




where     d ,  ¯     S d    denote the arithmetic mean and standard deviation of the variable defined by the Formula (5).



The synthetic development index determined by the Formula (7) is called the Taxonomic Measure of Investment Attractiveness (TMAI). This index is usually within the range from 0 to 1. The higher value of the synthetic measure, the higher similarity to the pattern, and the higher the level of investment attractiveness of a given object.




5. Results


The research covered companies operating in the renewable energy sector, which is 2017–2019 were listed on the main floor of the Warsaw Stock Exchange and the New Connect market (included in the eco-energy index). The study examines the financial data of companies for which PV was the main or additional area of activity. Out of 17 companies operating in the renewable energy sector between 2017 and 2019, only 11 companies met the above criteria and were selected for further analysis: 01Cyberaton SA (01C), Columbus Energy SA (CLS), ELQ SA (ELQ), Foto Volt Eko Energia SA (FVE), Novavis SA (NVV), Remor Solar Polska SA (RSP), Grodno SA (GRN), MDI Energia SA (MDI), ML System SA(MLS), Sunex SA (SNX) and TIM SA (TiM). The financial ratios used for the analysis come from the annual reports of the surveyed companies.



Twelve indicators were initially proposed for analysis of the investment attractiveness of PV companies with the use of TMAI). Next, the initial set of diagnostic variables was selected according to the statistical methods described in the methodological part of this paper. The data in Table 3 shows that all proposed diagnostic variables had high variability (all variables satisfied condition ACV > 10%); therefore, none of them were removed due to this criterion (see Section 4).



Subsequently, the potential set of explanatory variables was selected using the statistical methods described in the methodological part (see Section 4). All the initially proposed diagnostic variables were characterized by a high level of variability, which indicated their high discriminatory power and did not provide grounds for removing any of them due to this criterion. Consequently, the inverse matrix method was used to eliminate collinearities between variables. The results of this method are presented in Table 4.



To ensure the comparability of TMAI from different periods, the same final set of explanatory variables was established for each year. Therefore, the variables that met the criteria in at least two analyzed years were selected for further analysis. Finally, a set of 8 diagnostic variables (6 stimulants and 2 nominants) was established to calculate of the synthetic index of investment attractiveness. The specificity of these variables is presented in Table 5.



Based on the set of diagnostic variables specified in Table 4, the Taxonomic Measure of Investment Attractiveness was calculated for each of the surveyed companies in 2017–2019 (Table 6). This index was also used to make a ranking of PV companies in terms of investment attractiveness.



Both the features of financial indicators and the rules for their interpretation make it easy to draw appropriate conclusions based on the results of the calculations. However, financial indicators are, in principle, simple measures; therefore, the conclusions of the analysis should not be obvious. The ratio analysis results are only a signal indicating that specific issues should be examined more thoroughly. This is undoubtedly a limitation of this article. Financial indicators only signal the possibility of specific problems with the enterprise’s financial condition [63]. As a rule, the applications relate to a narrow aspect of economic activity.



When analyzing the rankings of enterprises for all the surveyed years, it can be noticed that the most frequently the highest places are occupied by the following companies: MDI and CLC. The first company listed on the main market of the Warsaw Stock Exchange—MDI Energia Inc.—is a Warsaw construction company that operates in the renewable energy sector and specializes mainly in the implementation of wind farm projects and biogas plants. As an additional activity, they also provide services in the field of photovoltaic installations. In addition, the parallel entity builds housing estates complexes all over Poland. Since 2015, the company has been characterized by a perfect financial situation—net sales revenues remain stable, similarly at a similar level, despite the pandemic, and the company’s operating profits or book value per share remain. The most significant increase in the quotation of the company’s stock exchange was recorded in the second half of 2020, where at the turn of June and August, the share price increased by 106.9% in just a few days [76]. The specificity of the construction industry in which a given company operates and numerous investment projects implemented by this entity imply relatively low but stable and positive profitability ratios. It should be emphasized that the debt ratios and the company’s liquidity fluctuate in optimal ranges, coinciding with the average values set for a given industry.



The second leader in the ranking is Columbus Energy Inc., listed on New Connect. A Krakow company in which photovoltaics is the main activity. The company provides comprehensive services in the field of renewable energy installations. In addition to supplying photovoltaic installations, from 2020 also deals with the sale and assembly of heat pumps and energy storage. The company is systematically developing, as evidenced by the increase in the employment level from 11 people in 2016 to 835 people in 2021. Over the last five years, there has been a very dynamic increase in the level of net sales revenues and the accompanying level of operating profit. In view of the significant measures taken to develop the technologies used to manage distributed energy and electro-mobility, which constitute the essence of the implemented strategic changes, in 2021, the company recorded a relatively small loss in operating activities. However, as British entrepreneur Richard Branson repeats, “You will never have long-term success if the only reason you do something is profit.” It should be emphasized that CLC took first place in terms of its share in the professional market of photovoltaic micro-installations in Poland. So far, the company has already invested over PLN 500 million in green assets. In a similar period, there was a sharp jump in the prices of the company’s shares—in the third quarter of 2020 the increase was as high as 671.4% [76]. In the analyzed ranking of investment attractiveness, it took a stable second place. It owes its high result to growing profitability ratios, fast rotation of individual liabilities or receivables, and stable financial liquidity. Despite the growing tendency, the company’s overall debt ratio in 2017–2019 was within the designated optimal range for the renewable energy industry.



In the analyzed sample, two companies achieved slightly worse results: RSP and FVE—both of them are included in the Eco-energy index listed on New Connect, and for both of them, photovoltaics is their core business. Remor Solar Polska S.A., a micro-company from Recz (Poland), is one of the largest producers of assembly systems for solar panels. The company’s investment attractiveness is not the best in the analyzed period. Negative profitability ratios in the first two years, growing excess liquidity, and increasing receivables turnover largely reflect the last positions in the ranking. Noteworthy, however, is the stable and optimal level of the company’s overall debt ratio and the quite significant shortening of the liabilities rotation cycle. In 2019, the improvement of all the indicators, as mentioned earlier, is visible to such an extent that in the following years, it will achieve much better financial results and generate profits from operating activities. The increase in share prices between the second and third quarters of 2020 was not spectacular compared to the companies described above, as it amounted to 44% [76].



On the other hand, Foto Volt Eko Energia S.A., a Warsaw-based micro-company, deals with consulting, design, sale, assembly, and servicing of photovoltaic installations up to 50 kW. The first two of the three analyzed periods, despite the final positions in the TMAI ranking, were not the worst for the company. There was a stable level of asset turnover, an increasing price/operating profit ratio, and a decreasing turnover of both liabilities and receivables. As with RSP, FVE struggled with very high excess liquidity and low levels of the company’s overall debt. In 2019, the basic measures proving its attractiveness deteriorated drastically. Moreover, the company also recorded a loss this year. However, looking at the following year, the situation improved. In the same period of the stock exchange boom in the photovoltaic industry, the company recorded an increase in the value of the exchange rate by over 600% [76].



The created ranking also includes two extreme cases, i.e., the 01C company, which in 2017 took third place in the ranking, and in 2019 it closed the ranking, and the TiM company, which, in turn, advanced from the penultimate position in 2017 to the podium two years later. Such fluctuations may be related to the implemented business model, the time needed to reimburse the incurred costs of large development installations, the preparation of appropriate documentation, as in the case of 01Cyberaton Proenergy Inc., or the specificity of business activities related to the emerging challenges on a dynamic market. E-commerce, as was the case with TiM Inc. In the case of other photovoltaic companies distinguished in the TMAI ranking, their situation is relatively stable, confirmed by the liquidity, profitability, debt, and rotation ratios they achieve.




6. Discussion


The potential of renewable energy sources, including photovoltaics, has been noticed by investors in the Polish market and international markets (see the selected stock indices in Figure 2, Figure 3 and Figure 4). The valuations of many companies in this sector in just a few months in 2020 increased by tens or even hundreds of percent.



The Renewable Energy Industrial Index for renewable energy tracks the 30 largest companies in the renewable energy industry worldwide by market capitalization. These are usually companies from the USA and Canada, but also include European companies (including France, Germany, Spain, and Denmark) and entities from China. The stocks listed in the RENIXX World cover a broad spectrum of activities, products, and services. For example, in the solar energy sector, RENIXX World contains companies such as manufacturers of PV-Cells and Modules, PV manufacturing equipment, supplier, project developers, or renewable energy utilities [77]. The last five years of the index can be divided into two periods: the first (2018–Q1 2020) was a relatively stable period, in which the quotations hovered around 500 points, and the second (Q2 2020–Q3 2022), in which the quotations, after significant initial increases, stabilized their level between 1500-2000 points (see Figure 2).



As part of the Solactive China Energy Index PR, listed companies are active in a Chinese clean energy factory. In 2022 due to the association of this industry and the desire to diversify, there was an increase in the commitment related to having funds to be carried out from 20 to 35. In addition, the index components will be selected using the RBICS sub-industry classification scheme instead of the FactSet industry matrix due to its greater detail to make the selection process more robust [78]. Similar fluctuations in the stock exchange rate in the last five years were also recorded in the Solactive China Clean Energy Index PR case. From the beginning of 2008 to mid-2020, the index value did not exceed 1300 points. In subsequent periods, noticeable growth spikes and relative stabilization of around 2500 points. In the fourth quarter of 2021, we managed to exceed the ceiling of 3000 points several times, but these were only single fluctuations (see Figure 3).



Another example of an index, this time from the American stock exchange, shows similar tendencies to perform admission activities. The S&P Global Clean Energy Index aims to measure the performance of companies in global clean energy companies in both developed and emerging markets, with a component target of 100 [79]. It is worth noting that among the Top 10 ingredients according to the weight of the index, in the case of most companies, these are entities whose main or additional activity is related to photovoltaics. Analyzing the country of origin of listed companies according to their weight in the index, nearly 60% of them are US and Chinese. Two Danish companies have less than 9% of the index share. In the case of other representatives of European countries (e.g., Portugal, Spain, Germany, Switzerland, Norway, France), American (e.g., Brazil), Asian (e.g., Japan, India, South Korea, Thailand, Israel), and African (e.g., Singapore) their weight share in the index do not exceed 5%. In the case of the S&P Global Clean Energy Index, it did not exceed the threshold of 1000 points only in August 2020. In the next two quarters, the index peak is visible until it exceeds the ceiling of 2000 points in January 2021. In the following periods, the exchange rate’s slight decline and stabilization at 1200–1500 points are visible. The five-year rate of return of the index stood at 15.24% (see Figure 4).



Bearing in mind the title of the prepared study, it is impossible not to present the graph of the economic situation of the photovoltaic market in Poland, which was developed by IRE (see Figure 5).



There is the WIG-Energy index on the main market of the WSE, but it also includes companies from the energy sector in which renewable sources are not included in their core business. Therefore, for the sake of transparency of industry results, it was decided to use an index made up of strictly photovoltaic companies, most of which are also the subject of the authors’ previous analyzes in terms of the investment attractiveness ranking. The IRE_PV index has been quoted since the beginning of 2019 when the “stock exchange boom” of photovoltaic companies became noticeable. IRE_PV consists of three companies listed on the New Connect exchange: Columbus Energy, Novavis (currently Voolt), and 01Cyberaton, and four companies listed on the WSE main market: ML System, Photon Energy, Sunex, and Grodno [80].



Since the inception of the IRE_PV index, the value did not exceed 3000 points during the first three-quarters of its operation. In the next six months, the rate finally peaked at 9000 points. In subsequent periods, a reduction in its value to the level of 5000 points was visible, which initiated significant increases, mainly due to the outstanding results of Columbus Energy Inc., which has the largest share in the index. The peak of the economic situation is for IRE_PV in August 2020, when the index exceeded the threshold of 30,000 points. The following months brought some stabilization, but starting in April 2021, the trend began to lower, falling below the level of 15,000 points at the end of 2021. Currently, it oscillates between 11–15 thousand points (see Figure 5).



In addition to the current situation on the IRE_PV exchange rate market, it is worth analyzing here two indicators that can support decisions made—Altman EM Score and Piotroski F-Score. The first one assesses the company’s financial condition and its bankruptcy risk. Based on the calculated value of the index, a rating on a scale from AAA to D is adopted, where the AAA rating represents the best financial condition. It is assumed that the value of the ratio above 5.5 (above BB+) signifies a low risk of bankruptcy. In turn, the F-Score is based on nine criteria for changing trends in indicators assessing the enterprise’s profitability, operational efficiency, and indebtedness. The index ranges from 0 to 9. Higher index values indicate positive dynamics of changes in the criteria components [81]. Most of the analyzed photovoltaic companies listed on the New Connect market improved their positions in the abovementioned measures. The most remarkable progress compared to 2020 was recorded for 01Cyberaton Inc. and Foto Volt Eko Energia Inc. Columbus Energy Inc. and Remor Solar Polska Inc. are currently struggling with slightly lower ratings than two years ago.




7. Conclusions


Most financial indicators are interpreted based on similar rules. Therefore, the presented principles can significantly help create an accurate description of the results of the analysis and facilitate investment decisions by potential investors. However, it should be emphasized that the knowledge of general principles is not enough to interpret financial ratios’ value correctly. Regardless of the considered financial ratio, one should understand the meaning of individual elements of the financial statements that have been included in its structure. In addition, you should thoroughly familiarize yourself with the essence of a given measure and industry specificity and understand what aspect of the company’s activity it relates to. The stock market itself is also changing dynamically and stochastic, so the risk associated with making investment decisions should always be taken into account.



In turbulent times, which are still accompanied by the consequences of the past pandemic, and in fact, which is still the great unknown, and with the specter of further socio-economic constraints, photovoltaics, and the entire renewable energy sector, can be included among the few areas of the economy that remain attractive for investment. On the one hand, their unwavering popularity results from the durability of the implemented actions, and on the other hand, it is the aftermath of the irreversibility of these processes in order to adapt to the guidelines related to energy transformation. These premises can be seen as the reasons for the growing interest in photovoltaics not only on the part of investors but also as shown by the data of issuers, which increase from year to year. In 2022, 23 companies dealing in photovoltaics will be listed on the Warsaw Stock Exchange. Among them, eight are on the Main Market, and the rest are on New Connect. In April 2022, BEEIN made its debut on the alternative market. From February 2022, VORTEX ENERGY SA is preparing for its debut, but the company is postponing the date due to the unstable market situation. At the beginning of October 2022, the total market value of the photovoltaic companies listed on the WSE amounted to over PLN 3.3 billion [82,83]. Listed companies, in their essence, are perceived as the source and cause of modernization processes in Poland and other countries. In addition, thanks to the status of a public company, they have much greater prospects and opportunities in terms of the availability of capital concerning competitors that do not issue their securities. In addition, as the director of CMC Market for Eastern Europe emphasizes, “the RES basket gives investors around the world well over 50 percent. profit. This indicates a boom in the renewable energy industry recently. It is worth noting that due to the very high valuations of listed companies, there is also a risk of a speculative bubble.



On the other hand, there is an ever more decisive ecological lobby behind the renewable energy industry and a business lobby behind it”. It is worth emphasizing that using the stock market as an alternative source of financing for developing photovoltaic companies is accompanied by several costs related to the emission and reporting requirements that a potential company must meet. Therefore, it is instead a solution used by larger photovoltaic companies. As shown by the data in 2022, among 32 companies debuting on the New Connect Stock Exchange in Warsaw, only one conducted activities related to photovoltaics. Similarly, on the main market of the WSE, in 2022, only one company from the renewable energy industry decided to issue its securities [82,83]. Speculative risk, as confirmed by the examples described in the article, was, is, and will always be an inherent attribute of every stock market. However, this risk can be significantly reduced by exercising the greatest possible diligence in conducting analyses and using common sense when making investment decisions. Entities in the renewable energy industry have always been accompanied by economic, political, and regulatory risks [84]. For many years, investments grew thanks to public support and regulations ordering an increase in the share of renewable energy sources in energy sales. It should be assumed that after the completion of individual government programs, the interest in investments in photovoltaics will decline, and the companies in which PV was the main activity will be obliged to extend it to other areas, such as heat pumps or energy storage. Awareness related to the protection of our planet and our health is, of course, the critical determinant of the expansion of the renewable energy industry. However, the market is also influenced by the constantly growing demand for electricity, energy prices, and EU obligations regarding RES. In addition, it is not difficult to disagree with Goldman Sachs analysts, who believe that the several times higher capital intensity of green infrastructure compared to conventional mining methods implies further work at the national and international level in the implementation of administrative and legal simplifications in this area and lowering the cost of capital.



The article’s main aim was to compare the condition of photovoltaic companies listed on the Polish stock market in 2017–2019. The implementation of the main goal formulated in this way consisted, firstly, in building rankings of investment attractiveness using the TMAI methodology and, secondly, an attempt to assess the development and further prospects of the renewable energy sector, especially photovoltaics, including the possibility of a speculative bubble on this market. It is worth emphasizing that even now on the RES market, including in the photovoltaic industry, you can find companies that are attractive from the perspective of the relation of the growth potential to their fundamental indicators. Of course, the market attitude should be updated on the one hand with the significant increases in share prices observed in mid-2020 so that the current market situation may have little to do with the fundamental analysis of these companies. However, on the other hand, the significant growth potential of the RES sector should be taken into account. According to numerous forecasts, it is significant. As a result, the renewable energy sector is now valued at a considerable premium resulting not only from current trends and actions by legislative bodies but also from potential future growth.



It can be assumed that there will be more and more photovoltaic companies on the stock exchanges. Investing in photovoltaics is, therefore, possible not only by mounting it on the roof, and possible income can also be obtained as a shareholder. However, many companies are trying to benefit from fashionable industries, and certainly not all of these companies will be successful, which should always be remembered. Despite the dynamic development of photovoltaic projects in Poland and around the world, investors were concerned about the photovoltaic sector and the downward trend in the share prices of major companies in the industry. It can be said that there has been a certain adjustment of the rate, i.e., its adjustment to the fundamental values. It is impossible to disagree with Prosper Capital analysts, who claim that “the good sentiment for renewable energy sources disappeared from the Warsaw (and not only) trading floor in the first quarter of 2022. However, if you compared the value of the IRE_PV index at the end of October 2022 with the same moment 12 months ago, it is still on a double-digit plus amounting to 14.2%” [85]. They forecast that the end of the year should bring about a relative stabilization of the economic situation in the photovoltaic market. There are many indications that in the coming years, a lot will happen in the field of renewable energy sources, especially in the photovoltaic sector. Of course, high rates of return go hand in hand with a high level of risk—this industry is exceptionally susceptible to legal changes and changes in fiscal policy. The kind of resistance of solar companies to fluctuations caused by the coronavirus pandemic was related mainly to the momentum that the industry fell into before 2019. To a large extent, the stimulus for changes was government programs aimed at achieving goals limiting CO2 emissions by increasing the share of energy from renewable sources. However, government initiatives are not the only reason for the increases, just like the growing climate awareness of the society or pro-ecological activities carried out by enterprises. Further prospects for the RES sector include, for example, efforts to minimize the costs associated with electricity production. In this context, it is worth thinking about the future rather than the present because it is the future that discounts the market.
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Figure 1. Power generation capacity by a source according to IEA forecasts. Source: [50]. 
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Figure 2. Renewable Energy Industrial Index World: Five-years quotes. Source: [77]. 
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Figure 3. Solactive China Clean Energy Index PR: five-years quotes. Source: [78]. 
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Figure 4. S&P Global Clean Energy Index: five-year quotes. Source: [79]. 
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Figure 5. Institute for Renewable Energy Photovoltaic Index: four-year quotes. Source: [80]. 
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Table 1. Renewable energy sources—a compilation of statistical data.
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2017

	
2018

	
2019

	
2020

	
2021






	
TOTAL RENEWABLE ENERGY




	

	
Capacity (MW)




	
World

(dynamics indicator %)

	
2,184,464

(8.5)

	
2,357,959

(7.9)

	
2,541,478

(7.8)

	
2,808,273

(10.5)

	
3,068,297

(9.3)




	
Europe

(dynamics indicator %)

	
512,644

(4.9)

	
537,097

(4.8)

	
574,226

(6.9)

	
608,189

(5.9)

	
647,610

(6.4)




	
Poland

(dynamics indicator %)

	
7982

(1.3)

	
8301

(4.0)

	
9360

(12.8)

	
12,275

(31.1)

	
16,872

(37.4)




	

	
Energy generation (GWh)




	
World

	
6,211,866

	
6,590,943

	
6,955,866

	
7,468,058

	
No data




	
Europe

	
1,210,643

	
1,297,615

	
1,322,012

	
1,448,016

	
No data




	
Poland

	
24,155

	
21,651

	
25,492

	
28,260

	
No data




	

	
Renewable energy share of electricity capacity (% MW)




	
World

	
32.1

	
33.1

	
34.5

	
36.4

	
38.3




	
Europe

	
44.4

	
45.4

	
47.8

	
49.8

	
52.2




	
Poland

	
18.6

	
19.3

	
21.5

	
24.9

	
31.8




	

	
Renewable energy share of electricity production (% GWh)




	
World

	
24.2

	
24.8

	
25.9

	
27.7

	
No data




	
Europe

	
31.9

	
34.2

	
35.7

	
40.2

	
No data




	
Poland

	
14.2

	
12.7

	
15.5

	
17.9

	
No data




	
SOLAR ENERGY (PV + CSP)




	

	
Capacity (MW)




	
World

	
395,273

	
488,801

	
591,000

	
717,211

	
854,795




	
Europe

	
112,298

	
121,596

	
142,284

	
162,756

	
187,360




	
Poland

	
287

	
562

	
1539

	
3955

	
7665




	

	
Energy generation (GWh)




	
World

	
437,320

	
561,716

	
690,310

	
843,855

	
No data




	
Europe

	
122,473

	
129,667

	
142,972

	
167,605

	
No data




	
Poland

	
165

	
300

	
711

	
1958

	
No data




	
SOLAR PHOTOVOLTAIC




	

	
Capacity (MW)




	
World

(dynamics indicator %)

	
390,204

(32.2)

	
482,990

(23.8)

	
584,623

(21.0)

	
710,700

(21.6)

	
848,405

(19.4)




	
Europe

(dynamics indicator %)

	
109,986

(5.9)

	
119,284

(8.5)

	
139,963

(17.3)

	
160,434

(14.6)

	
185,039

(15.3)




	
Poland

(dynamics indicator %)

	
287

(53.5)

	
562

(95.8)

	
1539

(173.8)

	
3955

(156.9)

	
7665

(93.8)




	

	
Energy generation (GWh)




	
World

	
425,322

	
549,682

	
676,188

	
830,741

	
No data




	
Europe

	
116,560

	
124,770

	
137,259

	
162,584

	
No data




	
Poland

	
165

	
300

	
711

	
1958

	
No data








Source: based on [55].
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Table 2. Initial set of diagnostic variables.
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	Symbol
	Name of the Variable
	Variable Description
	Formula **





	    X 1    
	Price to earnings before interest and tax
	The ratio that determines the effectiveness of the company’s core business.

In contrast to the Price/Net Profit ratio, it allows rejection of one-off events.
	     S t o c k   p r i c e     O p e r a t i o n a l   p r o f i t   S h a r e   p r i c e       



	    X 2    
	Return on equity (ROE)
	The ratio that allows assessment of the effectiveness of using the equity in an enterprise.
	     N e t   I n c o m e   S h a r e h o l d e r   e q u i t y   × 100 %   



	    X 3    
	Return on assets (ROA)
	An indicator that measures the ability of an asset to generate profits; therefore, it shows how effectively the company manages its assets.
	     N e t   I n c o m e   A v e r a g e   t o t a l   a s s e t s   × 100 %   



	    X 4    
	Return on sales (ROS)
	The ratio shows the relationship between the net profit generated in the entire activity of the company and net sales revenues. It allows determining the rate of return on investment.
	     O p e r a t i n g   p r o f i t   N e t   s a l e s   × 100 %   



	    X 5    
	Operating profit margin
	The metric specifies the value of the operating profit generated by a unit of sales revenues.
	     O p e r a t i n g   I n c o m e   R e v e n u e   × 100 %   



	    X 6    
	Inventory turnover
	This metric allows evaluation of the company’s effectiveness in terms of inventory management.
	     C o s t   o f   g o o d s   s o l d   A v e r a g e   v a l u e   o f   i n v e n t o r y   × 100 %   



	    X 7    
	Assets turnover
	The indicator of how many times the sale of a company is greater than its assets. Its value depends on the specifics of the industry—it is low in industries with high capital intensity and high in enterprises with a high share of human labor.
	     T o t a l   s a l e s   A v e r a g e     t o t a l   a s s e t s     



	    X 8    
	Liabilities turnover (in days)
	An indicator that determines the average time required for a company to pay its obligations to suppliers. It shows how effective the company’s activities are in negotiating the terms of delivery and payment for purchased goods and materials.
	     S h o r t - t e r m   l i a b i l i t i e s   N e t   s a l e s   × 365   



	    X 9    
	Receivable turnover
	The metric that allows quantifying a company’s effectiveness in collecting its receivables owed by clients. It shows how many times during the financial year there is an inflow of receivables.
	     N e t     C r e d i t   S a e s   A v e r a g e   A c c o u n t s     R e c e i v a b l e     



	    X  10     
	Quick ratio *
	The ratio that determines how many times the highly liquid current assets at the company’s disposal cover its current liabilities towards third parties.
	     C A   −   I n v e n t o r y   −   P E     C u r r e n t   l i a b i l i t i e s     



	    X  11     
	Debt ratio
	The indicator evaluates the method of financing the company’s activity. It provides information on the company’s total indebtedness and the importance of total liabilities in financing the company’s assets.
	     T o t a l   d e b t   T o t a l   a s s e t s     



	    X  12     
	Overall financial condition ratio
	
	       E q u i t y   F i x e d   a s s e t s       T o t a l   d e b t   l i a b i l i t i e s   C u r r e n t   a s s e t s       







* CA—current assets; PE—prepaid expenditure. ** All formulas in accordance with the recommendations of [68].
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Table 3. Descriptive statistics of diagnostic variables.
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2017

	
2018

	
2019




	
    x ¯    

	
S

	
ACV

	
    x ¯    

	
S

	
ACV

	
    x ¯    

	
S

	
ACV






	
X1

	
68.03

	
111.41

	
163.76

	
30.70

	
37.22

	
121.22

	
56.14

	
105.66

	
188.21




	
X2

	
2.08

	
12.29

	
589.77

	
4.86

	
11.20

	
230.72

	
−13.98

	
95.63

	
684.21




	
X3

	
−4.55

	
18.98

	
417.45

	
3.06

	
5.51

	
180.11

	
−21.27

	
84.51

	
397.27




	
X4

	
−3.02

	
23.61

	
781.83

	
7.78

	
37.15

	
477.70

	
−41.38

	
124.61

	
301.12




	
X5

	
11.71

	
41.64

	
355.58

	
6.83

	
14.60

	
213.63

	
−38.89

	
126.00

	
323.99




	
X6

	
25.74

	
45.36

	
176.24

	
22.19

	
35.49

	
159.89

	
22.79

	
45.73

	
200.62




	
X7

	
0.73

	
0.72

	
99.40

	
0.95

	
0.67

	
70.65

	
1.18

	
0.79

	
66.98




	
X8

	
392.18

	
451.48

	
115.12

	
165.73

	
142.89

	
86.22

	
110.27

	
59.15

	
53.64




	
X9

	
3.37

	
3.26

	
96.69

	
3.14

	
2.28

	
72.82

	
3.74

	
3.11

	
83.36




	
X10

	
3.09

	
4.53

	
146.41

	
3.45

	
4.51

	
130.69

	
5.61

	
8.51

	
151.66




	
X11

	
0.42

	
0.29

	
68.56

	
0.46

	
0.28

	
61.96

	
0.50

	
0.29

	
58.11




	
X12

	
1.28

	
1.01

	
78.90

	
0.99

	
0.59

	
59.57

	
1.26

	
1.05

	
83.58








Source: Own calculations.













[image: Table] 





Table 4. Results of the reduction of variables by the inverse matrix method.
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	Variable Symbol
	Name of the Variable
	2017
	2018
	2019





	X1
	Price to earnings before interest and tax
	
	
	⁎



	X2
	ROE
	⁎
	
	



	X3
	ROA
	⁎
	⁎
	



	X4
	ROS
	
	
	



	X5
	Operating profit margin
	⁎
	⁎
	⁎



	X6
	Inventory turnover
	⁎
	⁎
	⁎



	X7
	Assets turnover
	⁎
	⁎
	⁎



	X8
	Liabilities turnover
	
	
	



	X9
	Receivable turnover
	
	⁎
	⁎



	X10
	Quick ratio
	⁎
	⁎
	⁎



	X11
	Debt ratio
	⁎
	⁎
	⁎



	X12
	ROE
	⁎
	⁎
	







⁎ means that the ViF for a given diagnostic variable was lower than 10.
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Table 5. The set of diagnostic features after reduction.
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	Variable Symbol
	Name of the Variable
	The Nature of the Variable
	Optimal Range *





	X3
	ROA
	Stimulant
	



	X5
	Operating profit margin
	Stimulant
	



	X6
	Inventory turnover
	Stimulant
	



	X7
	Assets turnover
	Stimulant
	



	X9
	Receivable turnover
	Stimulant
	



	X10
	Quick ratio
	Nominant
	1.0–1.3



	X11
	Debt ratio
	Nominant
	0.55–0.65



	X12
	Overall financial condition ratio
	Stimulant
	







* The optimal range for the nominant was determined on the basis of the industry median of companies for the index [73,74,75].
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Table 6. Ranking of companies based on the TMAI in 2017–2019.






Table 6. Ranking of companies based on the TMAI in 2017–2019.





	
Company

	
2017

	
2018

	
2019




	
TMAI

	
R

	
TMAI

	
R

	
TMAI

	
R






	
01C

	
0.402

	
3

	
0.286

	
8

	
0.224

	
10




	
CLC

	
0.416

	
2

	
0.456

	
3

	
0.586

	
2




	
ELQ

	
0.293

	
8

	
0.269

	
9

	
0.555

	
4




	
FVE

	
0.259

	
9

	
0.226

	
10

	
0.183

	
11




	
NVV

	
0.385

	
4

	
0.542

	
1

	
0.530

	
6




	
RSP

	
0.073

	
11

	
0.138

	
11

	
0.454

	
9




	
GRN

	
0.378

	
5

	
0.378

	
6

	
0.553

	
5




	
MDI

	
0.484

	
1

	
0.484

	
2

	
0.776

	
1




	
MLS

	
0.369

	
6

	
0.387

	
5

	
0.506

	
8




	
SNX

	
0.330

	
7

	
0.358

	
7

	
0.522

	
7




	
TiM

	
0.251

	
10

	
0.409

	
4

	
0.561

	
3




	

	
Companies with the lowest ranking (the last three places)

	
Top companies in the ranking (the top three places)








Source: Own calculations.
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