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Abstract

:

Our knowledge of discount rates plays an important role both in the discounted cash flow decision-making process and in the later phases of a project’s lifetime. It is useful than both for management and cash-flow monitoring purposes at operating stages. Investors putting money into power generation projects expect an appropriate rate of return to compensate them for a minimum acceptable real return available in the market (risk-free rate of interest) and the project’s specific risk. Due to its essential nature in the financial and economic evaluation of projects (it is the only parameter that reflects the risk), it is reasonable to assume that investors would also be interested in constituent components of that indicator. The discount rate is one parameter in the discounted cash flow analysis that takes into account the risk of a venture. Further, the previous research in this area has focused mainly on the dimension of this variable, and the structure of this parameter has not been dealt with any other studies. The proposed idea of this study met the expectations of the industry—it aimed to present a typical project implemented in the energy industry, a relatively simple methodology that allowed estimating the components within the cost of equity capital of the enterprise. In the power generation sector, one can find various types of discount rates—assessed for multiple technologies, at different development stages, and expressed differently. Owing to the know-how and decades-long experience, coal-fired power projects’ remarks may be a good benchmark for alternative low carbon technologies. That is why, in this work, a discount rate for valuing investment in new coal-fired power projects was evaluated. This assessment was made on the “bare-bones” assumption, meaning evaluations at 100% equity, after-tax, in constant (real) currency units. The analysis of the discount rate structure was performed by applying the procedure of the classical sensitivity analysis having the accuracy of key input parameters. Finally, the risk factors within the risk-adjusted discount rate were calculated. The obtained results showed the importance of individual risk factors within the risk-adjusted discount rate used in coal energy projects, which would enable a more pragmatic approach to controlling this parameter by decision-makers and understanding the risk.
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1. Introduction


Despite the existence of alternative methods of assessing the effectiveness of investment projects, e.g., real options valuation (ROV), discounted cash-flow analysis (DCF) remains an essential tool in the fuel and energy sector, allowing for making investment decisions and, consequently, effective management of projects (for example “Guidelines for Economic Analysis of Power Sector Projects” [1] or Dranka et al. [2], Hemerlink, de Jager [3], etc.). This method is based on money as a universal medium of exchange, assuming that making an investment decision is only rational if sufficiently a high return is expected on the invested cash over a certain period. It should be stressed that the DCF analysis requires a broad set of reliable data in terms of forecasts of investment outlays, prices, costs, and production volumes. Therefore, this method is used at the planning stage to assess the effectiveness of projects analyzed in the pre-feasibility, feasibility, and operational phases.



It should be asserted that the DCF methodology tacitly assumes that the project will be implemented according to the most probable (for the moment of assessment) scenario of events in which the expected statistical sense and values of input variables will occur, as presented by Bliński [4]. The parameter that expresses the risk that the situation may develop differently from what is expected is the cost of capital, also called the discount rate, as presented by Andrén and Jankensgård [5].



Decision-making on projects is based on the investment criteria defined in the DCF analysis, which are related to defined economic performance indicators, which are:




	−

	
net present value (NPV)




	−

	
internal rate of return (IRR)




	−

	
discounted payback period (DPP)









The decision criteria say that the project under consideration should be undertaken if the NPV > 0 or IRR > than the cost of capital involved at the discount rate. An adopted discount rate is, therefore, a reference point in the IRR criterion and an integral part of the formula determining the value scale. It plays a vital role in all the processes of assessing the economic efficiency of business ventures, being the key that constitutes an attempt both for making decisions and controlling operations at the operational stage [6].



Since the level of the discount rate is closely related to the risk level of the project under consideration, in industrial practice, there is an unresolved problem of analytical determination of the discount rate [7,8]. This practice recommends using the weighted average cost of capital (WACC)—a discount rate calculated based on the cost of equity and debt in proportion to their shares in the pool of capital expenditures. Cost of equity, often referred to the risk-adjusted discount rate (RADR), is calculated analytically most often in the procedure of the capital asset pricing model (CAPM), as a result of the analysis of linear regression of returns on shares of the company under consideration and returns on the securities market (determination of the so-called beta coefficient). RADR rates vary by industry and company, and it means, if there is a higher risk, then there will be a higher cost of equity. In recent years, the cost of capital in the power generation sector has been analyzed in many of the studies, as cited below. The studies depend on the country, technology, project advancement, and time. In this paper, despite current efforts to decarbonize energy, the focus was on the analysis of discount rates of companies using coal-fired power stations. This choice was made for three reasons. Firstly, due to the possession of new units, the Polish power industry will be based on coal for several decades to come [9,10]. Secondly, because of the established knowledge of this type of generation, it can be a kind of benchmark for other low-carbon technologies. Thirdly, in some regions, even despite environmental conditions, power generation from modern coal-based sources remains the cheapest way to produce power, so knowledge about the discount rate can be valuable and needed.



None of the quoted sources deals with the subject of the in-depth structure of the discount rate “adjusted to the risk”—an answer to the question to what extent the risk of key parameters of investment projects implemented in the coal sector affects the level of the cost of equity. It is worth noting that investors from the power generation industry, particularly in the coal-using sector, are generally well versed in terms of sources and risks [11,12,13,14,15]. However, their opinions, expressed in terms of the cost of equity, differ.



In light of these considerations, the purpose of this paper was to determine the components of the risk-adjusted discount rate. Knowledge of the scope of risk related to particular variables is important for planning, but first of all—making decisions on launching the investment and then managing the risk of the project [16,17]. This paper proposed the selection of the discount rate for projects as a degressive rate concerning the extent of risk involved. The first part presents the generally accepted approach to the setting of discount rates, with concepts for estimating these indicators for investment projects. The following parts present current practice in the selection of discount factors for projects, followed by a proposal to modify this approach using a degressive rate. At the end of the paper, the proposed concept has been verified on a concrete example from the industry.




2. Methods and Data


While speaking about the discount rate, it is worth noting that there are two ways of discounting in the power generation industry—from the position of a private investor and the social point of view. The first discloses the discount rate, as a behavioral parameter, linked to the rates that market participants apply to their daily investment decisions. In economic theory, they reflect the cost of capital, which is the expected rate of return required by investors on shares or other securities with the same risks as the project [18,19]. The second approach uses the so-called social discount rate, considering the long-term social interest [20,21]. It differs from the classic discount rate in that it is time-varying in hyperbolic mode. The rate “weighs” the intergenerational benefit and is, therefore, used to assess the total costs and benefits of power generation systems [22,23]. This paper, however, focused on the classic financial discount rate, which is used to assess the economic efficiency of projects by individual investors.



Most of the studies on the a/m topics focus mainly on determining the corporate discount rate (WACC) in nominal or real terms, without taking into account the sophistication and risk of individual projects. As mentioned, the WACC “weighs” the cost of equity and debt according to the formula:


  W A C C =  R E     V E     V E  +    V D    +    R D     V D     V E  +    V D     (  1 − T A X  )   



(1)




where:



RE, RD—the cost of equity and debt, respectively,



VE, VD—the size of equity and debt capital in financing the project, respectively,



TAX—corporate tax rate.



As stated before, RE (≡ RADR) rate is usually calculated using the CAPM model, according to the formula:


   R E  = R A D R =  R f  +  (   R m  −    R f   )  β  



(2)




where:



RADR—the cost of equity—expected return on shares q,



Rf—expected risk-free rate,



Rm—expected market return,



Β—risk-determining factor related to shares q.



Of course, WACC is lower than RADR, as the cost of debt is usually lower than the cost of equity.



It is worth noting the recurring adjective “expected”—the calculation should refer to the future, while all variables in the formula are usually determined from historical data. This is obvious but has rarely raised the theoretical dissonance. The data acquired from the past is indeed reflected in the future. Thus, the model reflects the future.



In order to remove the financial leverage effect, the RADR is expressed in an unlevered form. Unlevered beta (βUL) refers to differences between companies concerning capital structure. This indicator shows how much of the observed risk of shares of a given company is specific, directly related to the business model of the company:


   β  U L   =    β  1 +    (  1 − T A X  )     V D     V E       



(3)




where:



TAX, VE, VD—as above.



Thus, in the RADR calculation, the debt component is removed from all asset risk.



	−

	
At this point, it is necessary to mention an important attribute of the capital asset valuation model. The cost of equity obtained in this algorithm is a discount rate for the whole company, not for the individual project. Therefore, concerning a given country, an industry (here: the power generation sector) in the literature, we can find different values depending on the company, its advancement, age of the technology used, the period, and the way it is expressed. For example, for companies using coal-fired power plants, the following figures can be recognized:




	−

	
According to Organisation for Economic Co-operation and Development data (2010) [24], the real cost of equity calculated for years 2003–2004 after-tax is 8.7%;




	−

	
According to World Energy Council (2013) [25], it is 10% with a comment that at present (i.e., in 2013), in case of construction of new coal-fired units, investors can expect as much as 18% and more (there is no information whether this is a pre- or post-tax rate and whether in nominal or real terms);




	−

	
Surface Transportation Board (2015) [26] gave the cost of equity, real, after-tax for regulated electric companies (without specifying the fuel used) at 6.4%, while coal companies at 9.7%;




	−

	
According to National Economic Research Associates (NERA) (2015) [27], hurdle rates for newly built modern coal-fired sources for 2015 (after-tax, real) are 7.75% (reference scenario; 6.18%—low scenario, and 9.31%—high scenario); and for 2030 (after-tax, real) are 8.57% (reference scenario, 7.48%—low scenario, 16.3%—high scenario);




	−

	
Nine percent gives Nalbandian-Sugden (2016) [28], but without any other additional information;




	−

	
Zamasz [29] gave the real RADR of several dozen companies from the traditional U.S. power generation sector, according to Damodaran data [30], at the level of 8.52% (average for 2001–2015) (however, it is not known what sources we are talking about);




	−

	
Saługa and Kamiński [31] reported, for the years 2013–2017, the cost of equity—nominal, after-tax, of the companies separated from the Damodaran Coal & Related Energy group at 9.7%, which after taking into account, the inflation is 9% in real terms;




	−

	
Kozieł, Pawłowski, and Kustra [32], on the other hand, gave the cost of equity (2016–2017) of 5.52% for Tauron Polska Energia (TPE) (hard coal) and 5.33% for PGE (Polska Grupa Energetyczna) (lignite)—probably in nominal values; it is worth mentioning that both these companies have geological-mining assets in their portfolios, in addition to power generation assets;




	−

	
Bachner, Mayer, and Steininger [33] estimated the cost of capital for investments in coal-fired units in Eastern Europe at just over 10% (approximately 10.3%), in nominal terms.







As we can see, the costs of equity for coal projects, often combined with mining investments, are quite diverse. It should be noted that in the power generation industry, the concept of the hurdle rate is often used, which means that the minimum acceptable rate of return (MARR) is most often associated with the IRR indicator, and it should not be equated with the cost of equity.



Analyzing the values mentioned above and based on own experience, resulting from economic analyses and conversations with managers of national energy companies, for the purposes of this article, it was assumed that in Polish conditions, a reasonable cost of equity capital while considering investments in coal blocks should be 7.5% (real, after-tax). The presented 7.5 percent rate includes a risk-free rate. The latter is the rate of return on zero-risk financial assets (State guarantee), which means a full return on the original capital plus accrued interest. The risk-free rate has been calculated based on the average yield of 10-year State Treasury bonds with the longest maturity, listed on the Treasury BondSpot Market from 2011–2020 [34,35,36]. Taking the average yield of 10-year bonds as a basis for forecasting the future has economic justification, and since the power generating plants are long-term investments, so there is a legitimate expectation that long-term periods remain in relationship with each other. The inflation for the a/m period has been taken from the Statistics Poland [37]. After actualizing the nominal values and averaging the results, a risk-free rate of 2.41% has been obtained.



Therefore, the specific risk within the RADR rate covers about 5.1%; the 7.5% RADR rate in question does not include the percentage of country risk that would be considered by foreign investors. Based on historical data (2011–2019) provided on Damodaran’s website [30,38], the average risk for Poland in the long-term can be estimated at 1.24%.



As said, the cost of equity or the risk-adjusted discount rate (real, after-tax) includes the following components:




	(1)

	
risk-free rate




	(2)

	
the rate related to the specific risk of the company/project




	(3)

	
percentage of country risk









The nominal rate additionally includes an inflation element.



In the case of projects using coal combustion technology, the share related to specific risk includes such main risk factors like:




	(1)

	
capital expenditures




	(2)

	
power generation




	(3)

	
electricity price




	(4)

	
operating costs—mainly fuel (coal) costs




	(5)

	
costs of CO2 emission allowances




	(6)

	
an auction price in the capacity market









This raises the question—What is the percentage of these risk factors within the 5.1% set? As already mentioned, this is important for planning a project, making decisions about launching the investment, and, consequently, effective risk management at the strategic and operational stage.



In order to answer this question, the methodology used by Smith [39] has been adopted. The starting point is the concept that risk is the product of uncertainty and consequence:


  R s k = U n C r n t y   × C n S q n c e  



(4)







Uncertainty means a lack of knowledge and can be reduced by obtaining more information [40]. In the statistical sense, uncertainty can be understood as a range of variability of a parameter. Naturally, if highly volatile parameters have a strong impact on the economics of a project, we can say that they are important risk factors. If, on the other hand, the impact is not large, or if the range of volatility is small, then the risk associated with these parameters will not be high.



Uncertainty (UnCrnty) can be expressed by the range of error or by the accuracy of the parameter estimate. Consequences (CnSqnce), on the other hand, can be presented as the effect of a variable on the effectiveness of the project, measured by the tangent of the angle of slope of the sensitivity curve in a classical spider chart. The sensitivity analysis includes an examination of the impact of individual uncertain variables on IRR changes. This choice is related to the fact that this indicator has a percentage form and can be referred directly to the cost of equity.



As the interaction of the individual risk factors is cumulative, all tangents of the slope angles of the sensitivity curves are taken as absolute values.




3. Discussion of Results


In order to achieve the set research objectives, a cash-flow sheet for a typical project carried out in Polish conditions has been prepared. The construction of a new 500 MW unit in an existing coal-fired power plant with a 22-year lifetime (including a 4-year investment cycle) has been assumed. Total initial capital expenditure has been estimated at PLN 2.3 billion (with a margin of ±15%), spent in, respectively, 0.32, 0.34, 0.23, and 0.11 portions. It has been assumed that the project will be financed entirely from its own resources. Power generation (in a total of 108,872.7 GWh) has been estimated with an accuracy of ±10%. It has been assumed that the planned unit will successfully participate in the capacity market, which will allow it to obtain revenues on this account, from the 5th year of its existence, in the amount of 224 thousand PLN/MW. The accuracy of this forecast has been estimated at ±20%. Wholesale electricity prices (avg 251.22 PLN/MWh) and the price of coal (avg 334.34 PLN/Mg) have been taken according to Pöyry’s forecasts [41], central scenario. The variability of these parameters has been estimated by averaging the gaps between the values of the high and low forecast scenarios, rounded to integers. The prices of CO2 emission allowances (avg 114.95 PLN/Mg) have been based on Polish Ministry of State Assets data [42], assuming the estimation accuracy of ±40%. All values have been expressed in fixed money.



In such defined base case conditions of the project, the value of NPV is at the level of PLN 856.86 million, while interesting for us, the IRR rate is 11.91% (this rate is higher than the assumed discount rate of 7.5%, therefore, together with the information that NPV > 0, this is an argument for making a decision on launching the investment).



According to the ceteris paribus assumption, the sensitivity analysis has been carried out in relation to the base case by examining the influence of changes in individual key parameters on IRR, each time by ±10%, 20%, and 30%, and by plotting the results on a spider chart. The results (Figure 1) indicate that the project is most sensitive to electricity price changes, while the least sensitive to changes in investment outlays and capacity price. In order to compute for individual variables, the CnSqnce values of the tangents of the slope angles of the sensitivity curves to the abscissae have been calculated. By multiplying UnCrnty and CnSqnce values for each key variable, the risk value has been obtained, and then by calculating the relative risk, it has been obtained by the risk component in the RADR rate. The results of the analysis of risk factors within the cost of equity are presented in Table 1 and Figure 2.



The obtained results indicate that, with the adopted assumptions, the highest share in the specific risk of the real risk-adjusted discount rate, occurring in the conditions of evaluation of investments in coal-fired power units, has the electricity price almost 3%, followed by the price of CO2 emission allowances, which is about 0.9%, and operational cost (in which coal costs are the most significant) is about 0.7%. The impact of other risk factors is small. The risk factors are capital expenditure, power generation volume, and capacity price, and together they account for approximately 0.5% of the risk within the cost of equity.



Regarding the obtained results, an attempt has been made to analyze the scope of the discount rate at the operational stage of the power plant operation. It has been assumed that at this stage, the risk of the capacity price and investment outlays would be resolved. At the same time, the accuracy of the estimation of UnCrntly operating costs decrease to ±10%, and the discount rate will then decrease to the level of 6.7%. Consequently, the shares of production and electricity factors, as well as CO2 prices, will not change, while the share of the operating cost factor in the rate will drop to 0.3%. Innovative solutions in the power industry concern both the development and introduction of new technologies and the application of an appropriate organization. Changes also occur very dynamically in the search for new concepts of operation and management. Therefore, making the right decision should be preceded by:




	−

	
formulating a long-term goal to be achieved through investment




	−

	
determining the options of possible solutions




	−

	
calculation of investment outlays and future cash-flows from investments









Obtained results provide essential information for decision-makers in the management of coal technology projects. The most significant attention must be paid to tracking electricity prices and responding appropriately to its changes. A second concern must be related to cost control, in particular, concerning the risk of changes in CO2 emission allowance prices. It should be borne in mind that over time, the level of the RADR applied for current purposes will decrease, as the risks related to the capital expenditure and capacity price will be solved, and the risk associated with operating costs will decrease significantly.




4. Summary and Final Conclusions


For both investment decision-making and subsequent project management, the issue arose in this paper for choosing a risk-adjusted rate and estimating its components are essential. The cost of equity is the only element considering risk (understood in this paper as the product of uncertainty and consequences) in the analysis of discounted cash-flows, which is the most frequently used methodology for assessing the effectiveness of projects.



In the process of economic assessment of investment projects, the key issue, which is the choice of the discount rate, is usually resolved using the equity valuation model. This model, despite many critical opinions, forms the basis for determining the cost of equity, also by large mining companies. This is mainly because of its relative simplicity and transparency and because, until today, no better analytical method has been developed. Because of the above, in practice, to assess raw material projects, modifications to the discount rate are often used. The companies start from the cost of estimated capital and then adjust this rate considering the state of progress and category of the project. This process involves each time:




	−

	
risk factor identification




	−

	
scale estimation development




	−

	
assessing the risk portion




	−

	
calculation of the importance of individual risks




	−

	
determining the risk value









The above process takes place with significant involvement of the subjective factor. However, since project evaluations are usually carried out by analysts and managers with many years of practice and experience, their estimates can be considered authoritative.



This paper describes the methodology of discount rates selection and then, focusing on the cost of equity, determines a priori its level at the stage of making investment decisions and then the individual components analytically.



The projects mentioned above were carried out for investments in coal-fired units in the power generation sector, being aware of the twilight of this technology. However, it has been recognized that coal-fired power plants using well-known and mastered technology can be an excellent point for comparing new and renewable investments. However, there are many more factors influencing the increase in the cost of equity. The observed trends to the rise in the cost of equity of enterprises in the markets should be the direction of further research in this area. Therefore, the obtained and exciting results indicating that the most critical risk factors in coal projects are the price of electricity and CO2. In contrast, the least important is the volume of power production; the direction of further work may be considered to conduct similar analyses for other power generation technologies. It also causes some crucial implications for national energy policy because of the fact that resolving the problem of CO2 is very difficult. To come out of the issues related to CO2 emission, the country must redefine and update its energy strategy and policy. The study in this area may be of great utilitarian importance. A wider knowledge of the structure of the cost of equity capital will allow for proper undertaking and provide more rational management of investment projects, as well as pave the way to a better understanding of the assessment of cash flows and effective risk control.
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Figure 1. The sensitivity of the internal rate of return (IRR) to key coal-fired power project parameters in Poland. 
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Figure 2. Key risk factors portions of the equity rate of coal-fired power projects under Polish conditions. 
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Table 1. Analysis of risk components within a risk-adjusted discount rate of coal-fired power projects in Polish conditions.
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Risk Component

	
UcRnty (Estimation Accuracy)

	
CnSqnce (Slope of the Sensitivity Curve)

	
Risk

	
Relative Risk

	
Risk Component






	
Risk-free rate (real)

	

	
2.41%




	
Capital expenditures (CAPEX)

	
15%

	
1.12

	
0.1680

	
0.043

	
0.22%




	
Power generation

	
10%

	
0.91

	
0.0907

	
0.023

	
0.12%




	
Electricity unit price

	
40%

	
5.69

	
2.2779

	
0.583

	
2.97%




	
Operational cost

	
25%

	
2.09

	
0.5234

	
0.134

	
0.68%




	
Price of CO2 emission allowances

	
40%

	
1.77

	
0.7082

	
0.181

	
0.92%




	
Capacity price

	
20%

	
0.69

	
0.1373

	
0.035

	
0.18%




	
Risk portion (SUM)

	

	
3.8369

	
1.000

	
5.10%




	
Cost of equity—risk-adjusted discount rate, RADR (real)

	
7.50%




	
Country risk of Poland

	
1.20%




	
Cost of equity—risk-adjusted discount rate, RADR (real) taking into account the country risk of Poland

	
8.70%




	
Inflation rate

	
2.60%




	
Cost of equity—risk-adjusted discount rate, RADR (nominal)

	
10.10%




	
Cost of equity—risk-adjusted discount rate, RADR (nominal) taking into account the country risk of Poland

	
11.30%
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