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Abstract 

The current Royal Decree 413/2014 legal-economic framework for concentrating solar 

power plants in Spain has been analysed from a probabilistic perspective. Due to the 

high inherent risk in most of the parameters defining this economic regime, the use of a 

probabilistic model is proposed to perform the economic valuation of these facilities. A 

methodology composed of different steps has been developed and applied to a 

representative concentrating solar power plant type with thermal energy storage. This 

method has proven useful for distinguishing the input parameters to be considered as 
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stochastic by using a sensitivity analysis, and also for performing the probabilistic 

valuation by using the discounted cash flow-Monte Carlo analysis. The results have 

revealed a great variability in the several output economic indicators considered. In 

general terms, substantial reductions in the profitability of these facilities have been 

evidenced with respect to the deterministic analysis under the current reality of the 

sector. 
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Acronyms 

CSP: Concentrating Solar Power 

CSPP: Concentrating Solar Power Plants 

DCF: Discounted Cash Flow 
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IQR: Interquartile Range 

IRR: Internal Rate of Return 

LCOE: Levelized Cost of Electricity 

MC: Monte Carlo 

MO: Ministerial Order 

NPV: Net Present Value 

PDF: Probability Density Function 

RD: Royal Decree 

RDL: Royal Decree-Law 

RES: Renewable Energy Systems 

SCSPP: Spanish Concentrating Solar Power Plants 

SCSPS: Spanish Concentrating Solar Power Sector 

SR: Specific Remuneration 

TES: Thermal Energy Storage 

WACC: Weighted Average Cost of Capital 

Variables and parameters 

a: year in which a CSPP obtained the operating permit 

at: year in which a CSPP of type t obtained the operating permit 
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Cj,a: coefficient representing the investment cost of a CSPP obtaining the operating permit in the 

year a that cannot be recovered with the market revenue within j 

Capitali: capital of the facility in the year i [€] 

Cexpi: standard operating cost per unit of installed power for a year i under the RD 661/2007 

[€/MW] 

Cexpfi: standard operating cost per unit of installed power within the year i under the RD 

413/2014 [€/MW] 

C_Eexpfi: standard operating cost per unit of generated energy in the year i under the RD 

413/2014 [€/MWh] 

C_Eexpf2014: standard operating cost per unit of generated energy of the CSPP in the year 2014 

under the RD 413/2014 [€/MWh] 

C_Eexp_ei: standard operating cost per unit of generated energy in the year i under the RD 

661/2007 [€/MWh]

 
di: weighting factor reducing SR_Revenuei according to Nh_insti 

Debt_opening_cost: percentage value of the debt opening cost [%] 

Depreciationi: depreciation of the facility in the year i [€] 

Ei: total energy generated within the year i [MWh] 

EBITi: Earnings Before Interest and Taxes of the facility in the year i [€] 

Equity: value of the equity [%] 

ETax_Costi: tax on the produced energy in the year i [€] 

E_maxi: maximum value of Ei eligible for perceiving the Roi [MWh] 

FITi: feed-in tariff in the year i for a CSPP under the RD 661/2007 [€/MWh] 

F_OMCi: fixed operating cost in the year i per unit of installed power [€/kW] 

F_OMCa+1: fixed operating cost within the year a+1 [€/kW] 
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Fixed_OMCi: fixed operating cost in the year i [€] 

Ingi: standard income per unit of installed power for a year i under the RD 661/2007 [€/MW] 

Ingfi: standard operating income per unit of installed power within the year i under the RD 

413/2014 [€/MW] 

Int_Rate: value of the loan fixed interest rate [%] 

Interesti: interest of the facility in the year i [€] 

INV_Cost: investment cost [€/W] 

Inv_Ri: remuneration for the investment in the year i [€] 

IPCi: Consumer Price Index for the year i [%] 

ir: year in which the investment is recovered 

j: three-year half-period 

kd: financial cost of the debt [%] 

Kj: capital recovery factor  

KR: physical yearly degradation rate [%] 

KRR: standard yearly degradation rate under the RD 413/2014 [%] 

lp: last period with negative accumulated Project_CashFlow [years] 

LR: reasonable profitability [%] 

LI1i,j , LI2i,j: lower limits for the calculation of Vajdmi,j [€/MWh] 

LS1i,j , LS2i,j: upper limits for the calculation of Vajdmi,j [€/MWh] 

Market_Revenuei: market revenue perceived in the year i [€] 

nd: number of years for the depreciation of the asset [years] 
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Nhi,j: standard equivalent operating hours within the year i of j under the RD 413/2014 [h] 

Nh2014: standard equivalent operating hours of the CSPP within the year 2014 under the RD 

413/2014 [h] 

Nh_ei: standard equivalent operating hours within the year i under the RD 661/2007 [h] 

Nh_insti: actual equivalent operating hours within the year i under any regulatory framework [h] 

Nh_insta+1: initial value of Nh_insti [h] 

Nh_max(Ro)i: maximum value of Nh_insti eligible for perceiving the Roi [h] 

Nh_mini: minimum value of Nh_insti that does not entail a reduction of SR_Revenuei [h] 

nyrd: number of years to replace the debt or term of the loan [years] 

Op_Ri: remuneration for the operation in the year i [€] 

Operating_Costi: total operating cost for running the facility [€] 

p: first complete year of j  

Pn: rated power [MW] 

Pmi: average energy market price per unit of generated energy in the year i [€/MWh] 

Pmfi: future estimated average market price per unit of generated energy for the year i [€/MWh] 

Pm_ei: revenue per unit of generated energy in the year i under the RD 661/2007 [€/MWh] 

Project_CashFlowi: cashflow of the CSPP in the year i [€] 

Project_IRR: internal rate of return of the CSP project at the end of VU [%] 

Project_LCOE: levelized cost of electricity of the CSP project at the end of VU [€/MWh] 

Project_NPV: net present value of the CSP project at the end of VU [€] 

Project_Payback: payback of the CSP project at the end of VU [years] 
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PT_IRRi: pre-tax internal rate of return up to the year i [%] 

ri: curtailment for IPCi [%] 

Real_Taxesi: taxes of the facility in the year i [€] 

REH: Reference Equivalent Hours (RDL 14/2010) [h] 

Revenuei: total revenue perceived in the year i [€] 

Rinvj,a: remuneration for the investment per unit of installed power in a year i within j of a CSPP 

obtaining the operating permit in the year a [€/MW] 

Roi: remuneration for the operation per unit of generated energy in the year i [€/MWh] 

RTax_Costi: tax on the remuneration of the produced energy in the year i [€] 

sm: number of years of j 

SBj: average yield during determined period of the 10-year Spanish bonds in the secondary 

market within j [%] 

SR_Revenuei: SR revenue perceived in the year i [€] 

Stakeholders_payment: percentage value of the stakeholders’ payment [%] 

t: type facility code 

tj: per unit discount rate within j corresponding to the reasonable profitability 

Tax_Rate: rate of corporate tax [%] 

Tax_E: tax on the produced energy [€/MWh] 

Tax_R: tax on the remuneration of the produced energy [%] 

Ufi: threshold of Nh_insti for perceiving SR_Revenuei [h] 

Vajdmi,j: coefficient adjusting the deviations of Pmi from Pmfi 

VIa: standard value of the initial CSPP investment per unit of installed power [€/MW] 
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VNAj,a: net value per unit of installed power in a year i within j of a CSPP obtaining the operating 

permit in the year a [€/MW] 

VRj: remaining number of years at the beginning of j to the end of the facility VU [years] 

VU: regulatory lifetime [years] 

V_OMCi: variable operating and maintaining cost in the year i per unit of generated energy 

[€/MWh] 

V_OMCa+1: variable operating and maintaining cost within the year a+1 [€/MWh] 

Variable_OMCi: variable operating and maintaining cost in the year i [€] 

WACC: Weighted Average Cost of Capital (discount rate for the profitability analysis) [%] 

ΔIPCi: difference between the IPCi and the inflation rate at constant tax excluding unprocessed 

food and energy products [%] 

Δkd: differential added to the financial cost of the debt for determining the opportunity cost ratio 

of shareholders [%] 

Δtj: differential added to SBj for determining tj [%] 

Δ_Std_Cost: yearly increase in standard operating cost per unit of generated energy under the RD 

413/2014 [%] 

1. Introduction 

Cumulative global Concentrating Solar thermal Power (CSP) capacity reached 5.5 GW in 

2018, experiencing a growth of 11% over the previous year. It was the most important annual 

increase since 2014, evincing the vitality of the sector. Spain remained the global leader in 

cumulative CSP capacity with 2,304 MW at the end of 2018 (42.20% of the world total), followed 

by the United States, with over 1,738 MW. However, for the third consecutive year, new 
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capacity came online only in emerging markets such as China and Morocco, which led the CSP 

capacity gain, followed by South Africa and Saudi Arabia [1]. 

Just as the CSP market dynamism, and as denoted in the previous work of the authors [2], 

the research on CSP has gained much importance in the last decade. The analysis of the 

scientific literature indicates the predominance of the technical studies among those focused on 

a purely economic thematic area [3-23] or those that combine technical and economic 

considerations [24-42]. Thus, the articles related somehow to the economic field, including 

those devoted to the economic valuation of concentrating solar power plants (CSPP), represent 

only a tiny part of the whole CSP state of the art. 

The set of articles addressed to the economic appraisal of CSPP could be classified into 

two groups. In the first group there would be those articles that are based on deterministic 

analysis to carry out their economic assessment [3-4,7-14,16-17,24-30,32-35,37-39,41-42]. In 

most of these papers the deterministic analysis was based on the calculation of a single 

economic indicator. In this sense, the most used was the levelized cost of electricity (LCOE), 

followed by the net present value (NPV), the payback and the internal rate of return (IRR). 

Although to a lesser extent, it is also worth mentioning the use of other economic indicators 

such as the benefit-cost ratio, the profitability index and the return on investment. In addition, 

China was the country that attracted further attention [10-12,32-33], followed by Australia 

[9,26,30], United States [28-30], India [13-14], North Africa [16,35], Chile [17,38] and Spain 

[24,37], among others. 

In the same group, there would be as well those articles based on the what-if scenarios 

method as an approximation to the stochastic analysis. This kind of articles is located halfway 

between the deterministic and the probabilistic approach. The what-if scenarios analysis helps 

to assess the effects of discrete inherent risk by defining different potential future scenarios for a 

limited number of input parameters identified as uncertain. Usually, these scenarios represent 

the most likely case (base scenario), and extreme cases, i.e., the best-case scenario and the 
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worst-case scenario [43-45]. In most of the papers of the first group, scenarios were used in 

their economic valuations. Among the main input parameters used in these what-if scenarios 

were the discount rate, the direct normal irradiance, the capital cost and the operating costs. 

In the second group there would be those articles that treat the non-deterministic economic 

valuation of CSP assets using the discounted cash flow (DCF)-Monte Carlo (MC) method 

[18,20-23,31,36]. In all of these articles except [18], the MC analysis relied on the calculation of 

the LCOE. Likewise, the main stochastic input parameters were the fixed and variable operating 

costs, the capital and investment cost, the discount and inflation rates, the capacity factor and 

the asset lifetime. Moreover, from the location analysis point of view, the United States was the 

country that deserved more considerable attention among all these articles [20,22-23], followed 

by Chile [18], Australia [31] and Italy [36]. 

Some insights can be drawn through the state of the art analysis. First of all, it should be 

highlighted the limited number of studies analysing the regulatory framework applied to the 

CSPP and its economic implications [2,46-49]. This fact is at least surprising when considering 

the significant impact that regulatory frameworks have on the economic performance of 

renewable energy assets [2,50-52]. On this subject, the lack of attention to the regulatory 

framework when determining the economic valuation of CSPP might be pointed out as a 

relevant gap in the scientific literature. 

In this regard, and as far as the authors know, only the deterministic approaches in [2] and 

[49] have considered the regulatory framework in the economic valuation of a CSPP in Spain. 

This lack of studies is not aligned with the global CSP capacity leadership of Spain, with assets 

exceeding 13,000 M€ [2]. It also ignores the deep impact introduced by the drastic reform of the 

Spanish regulatory framework for renewable energy systems (RES), i.e., the Royal Decree (RD) 

413/2014, as a result of which no new CSP capacity has entered commercial operation in Spain 

since 2013. 
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Moreover, no studies have used a non-deterministic approach to undertake the economic 

valuation of the CSPP in Spain. This avoidance is relevant due to the inherent variability in 

many parameters affecting the assessment, and even more so if the complex legal and 

economic framework RD 413/2014 applied to the Spanish CSP sector (SCSPS) has to be taken 

into account [2]. 

Accordingly, this work is aimed to fill the three gaps mentioned above as it is the first one 

jointly combining the necessary analysis of the economic and regulatory framework by using a 

non-deterministic method in the valuation of Spanish CSP assets. 

To this end, the reason for the necessary probabilistic economic analysis of CSP assets 

under the RD 413/2014 framework is firstly described and justified. A description of the 

complexity and particularities of this economic framework is carried out identifying all the input 

parameters and intermediate calculation variables that define the economic model. In the same 

way, a brief comparison between the deterministic and the probabilistic approach is performed 

(Section 2). Then, it is proceeded with the description of the methodology for carrying out the 

stochastic economic valuation of CSP assets under the RD 413/2014 (Section 3). Thereupon, a 

case study representative of the SCSPS is defined and justified (Section 4). 

Next, it goes on to simulate the economic model and obtain results. To that end, a 

sensitivity analysis is firstly carried out for the selection of the input parameters to be considered 

as stochastic. Then, the characterization of the stochastic parameters is conducted, to 

subsequently perform the DCF-MC simulation of the case study and show a summary with the 

obtained results (Section 5). Afterward, these economic results are analysed and compared 

with those obtained in the deterministic case (Section 6). In closing, all the factors deemed 

relevant for the SCSPS are duly systematized and conclusions are raised (Section 7). 
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2. Problem statement 

The enormous complexity that the RD 413/2014 economic and regulatory framework has 

introduced in the Spanish concentrating solar power plants (SCSPP) remuneration mechanism 

significantly hampers their economic valuation. As evidenced in [2,50], the current remuneration 

scheme retroactively applied from 2013 on, requires a large number of input parameters as well 

as intermediate calculation variables, some of which of high complexity. Most of these 

parameters are of economic and financial nature with regulatory assigned values. 

Furthermore, as specified in the Law 24/2013 of the Spanish electricity sector [53], the 

remuneration parameters will be set for six-year regulatory periods, taking into account the 

cyclical situation of the economy, the electricity demand and the reasonable profitability for the 

activities of energy production from RES. Thus, with the exception of the standard value of the 

initial investment per unit of installed power (VIa) and the regulatory lifetime of the installation 

type (VU), all regulatory parameters can be reviewed and updated at the end of each six-year 

regulatory period by the Spanish Government. Among them, the standard estimated future 

market price per unit of generated energy (Pmfi), as well as the remuneration parameters 

directly related to this one, can even be reviewed at the end of every three-year regulatory half-

period j. 

In order to perform the economic valuation of the income statement of the CSP facilities 

under the RD 413/2014 framework, apart from the Revenuei’s calculation, which is the output 

variable of the remuneration scheme, additional economic-financial computations are required. 

In Fig. 1, the complete model for the economic assessment of the CSP facilities has been 

globally represented by means of a conceptual block diagram. For completeness, this model is 

also prepared to take into account the remuneration obtained by the CSP assets under the 

former regulatory frameworks in force prior to the RD 413/2014. 
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Fig. 1. Conceptual scheme of the income statement model for the economic valuation of Spanish CSP 

assets under the RD 413/2014 framework. Source: self-elaboration based on [2]. 

As observed in Fig. 1, the input parameters are classified according to their typology in 

different coloured boxes. The economic and financial parameters with regulatory assigned 

values are put into yellow-coloured boxes, those of economic and financial type with values not 

regulatory set are placed into grey-coloured boxes, while those of physical nature are put into 

blue-coloured boxes. In addition, those parameters presenting a greater uncertainty and 

unknown evolution over time are framed in red colour. The present probabilistic economic 

analysis is carried out focusing on these twenty-eight uncertain input parameters. 
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The general economic calculation scheme is divided into six sub-models represented in six 

different blocks, as seen in Fig. 1. The main sub-model is the “Remuneration model according 

to the Legal Framework”, which produces the annual income of the CSP facility (Revenuei). This 

remuneration scheme receives as inputs, on one hand, the regulatory remuneration parameters 

of both the current RD 413/2014 regulatory framework “2014 Regulatory Parameters” and the 

previous frameworks “Former Regulatory Parameters”. And, on the other hand, it also needs 

some physical variables calculated in the “Physical model according to the Legal Framework” 

block, among which the annual energy generated by the CSPP (Ei) and the annual number of 

operating hours (Nh_insti) stand out. The mathematical formulation defining this remuneration 

scheme is displayed in Appendix A. However, for a detailed explanation of each of the 

equations related to the RD 413/2014 remuneration model the interested reader is addressed to 

[2]. 

Once the Revenuei is obtained, the annual operating costs (Operating_Costi) are 

calculated through the “Operating cost model” block. This block receives as inputs the fixed 

(F_OMCa+1) and variable costs (V_OMCa+1) of the CSP facility within the year a+1, as well as 

the electricity taxes, i.e., the tax on the produced energy (Tax_E) and the tax on the 

remuneration of the produced energy (Tax_R) (see Appendix A for full details of the equations 

defining the operating cost scheme). Next, the depreciation (Depreciationi), the capital (Capitali) 

and the interests (Interesti) in the year i are computed by the “Depreciation and financial model” 

block, receiving as input parameters the investment cost (INV_Cost), the equity (Equity), the 

loan fixed interest rate (Int_Rate), the number of years to replace the debt (nyrd), the number of 

years for the depreciation of the asset (nd) and the debt opening cost (Debt_opening_cost). 

Likewise, the “Taxation model” block renders the Real_Taxesi, on the basis of the rate of 

corporate tax (Tax_Rate) and the earning before interests and taxes in the year i (EBITi). 

Finally, the output variables of these five sub-models, as well as parameters such as the 

financial cost of the debt (kd) and the differential added to the financial cost of the debt (Δkd), 

necessary for the calculation of the weighted average cost of capital (WACC), come together as 
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inputs into the “Income Statement model”. This last block is responsible for assessing the 

impact of the legal framework in the economic results of the CSP assets. Note that the RD 

413/2014 economic model uses a DCF scheme, that is, all the year-by-year cash flows 

calculated for the entire useful life of the CSP facility are updated to present values using a 

discount rate, which in this work is the WACC. 

This economic valuation is based on the analysis of four widely used economic indicators, 

such as the project net present value (Project_NPV), the project internal rate of return 

(Project_IRR), the project payback period (Project_Payback) and the project levelized cost of 

electricity (Project_LCOE). The Project_NPV indicates the difference between the monetary 

value and the cost of the CSP project throughout its useful life. As for the Project_IRR, it states 

the profitability of the CSP project at which the Project_NPV is zero. Likewise, it clearly denotes 

the limit profitability that this project can generate. The Project_Payback shows the time 

required to recover the initial investment made. Regarding the Project_LCOE, it reflects the 

price per unit of energy at which to sell the electricity produced to obtain a Project_NPV equal to 

zero at the end of the project useful life. For a detailed definition of the formulation of these 

economic indicators, see Appendix A. For reasons of brevity, however, the equations defining 

some of the above described variables has been here omitted for being widely well-known and 

easily drawn from the financial literature. 

Therefore, given the high uncertainty associated to the future evolution of many of the 

current economic regime parameters, and its effect on the income statement results of Spanish 

CSP facilities, there is a need to carry out a stochastic economic valuation taking into account 

the high inherent risk. Thus, providing a new insight that improves the deterministic approach 

deemed on the previous article of the authors [2]. 

The deterministic approach, which is the simplest method, shows a fixed output picture of a 

specific situation defined by constant input parameters throughout the analysis period. This 

method is very limited in terms of quantifying and assessing the possible impact of the risk 
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existing in the analysed system. Any deviation with respect to the fixed scenario defined in the 

deterministic scheme can lead to significant variations in the output results not properly 

foreseen, which can greatly hinder the decision-making process in the management of the 

system. By contrast, the probabilistic method incorporates a broader range of possible output 

results to know what can happen in the system under different plausible scenarios associated 

with its inherent risk. In this sense, this method is more complex and requires the execution of a 

much broader sequence of steps than the deterministic scheme. Furthermore, in the stochastic 

method, the probability density function (PDF) characterising each of the uncertain parameters 

must be defined as precisely as possible so that the subsequent analysis is valid and reliable in 

terms of decision-making [43]. 

Focusing on the Spanish CSP system under the RD 413/2014 framework discussed in this 

article, Fig. 2 depicts a visual comparison of the implications of carrying out a deterministic or a 

stochastic analysis. As stated above, a total of twenty-eight input parameters with a 

considerable degree of uncertainty have been identified in the Spanish CSP system under the 

current legal-economic framework. 

In this regard, as can be seen in Fig. 2, carrying out a deterministic analysis in this CSP 

system would imply considering the set of uncertain input parameters X={KR, Nh_insta+1, LR, Δtj, 

Δ_Std_Cost, KRR, Pmfi, LS2i,j, LS1i,j, LI1i,j, LI2i,j, SBj, IPCi, Pmi, V_OMCa+1, F_OMCa+1, Tax_E, 

Tax_R, Equity, Int_Rate, nyrd, Debt_opening_cost, Stakeholders_payment, kd, Δkd, INV_Cost, 

nd, Tax_Rate} constant throughout the analysis period. Consequently, this will always invariably 

produce the same set of output results Y for the Project_NPV, Project_IRR, Project_Payback 

and Project_LCOE. In the limit, a parameter with a fixed deterministic value can be interpreted 

as a parameter with a uniform PDF with a range of values starting and ending at the same value 

and with unit probability (P=1). Note that in the deterministic simulation, the values of the 

uncertain input parameters are the standard values defined by the Spanish Government for the 

chosen CSP case study. 
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On the other hand, the probabilistic analysis provides a way to examine the consequences 

of continuous risk, giving a more complete view of the risk impact on the model set of outcomes 

Y. Thus, while the deterministic method does not contemplate the existence of chance or 

uncertainty, the probabilistic method considers the degree of uncertainty of each stochastic 

input parameter by the use of a PDF. In the case of study, uniform and triangular PDF are 

considered. The stochastic model, which obtains the output results Y in a probability distribution 

form, is composed of a statistical sub-model to deal with the stochastic parameters defined by 

their PDF, apart from the deterministic model that is simulated in a loop structure until reaching 

the desired number of samples. 

 

Fig. 2. Conceptual comparison schema between the deterministic and the probabilistic analysis of the 

Spanish CSP system under the RD 413/2014 framework. Source: self-elaboration. 
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3. Methodology 

The present probabilistic economic assessment is carried out by using the DCF-MC 

approach. This method is one of the most active asset valuation approaches in practice, due to 

its relative simplicity compared to other methods (e.g. Real Options). In this regard, Fig. 3 

provides a flow chart with the application methodology of the DCF-MC analysis to carry out the 

stochastic economic valuation of SCSPP under the RD 413/2014 economic and regulatory 

framework. 
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Fig. 3. Methodology for the application of the DCF-MC analysis in the RD 413/2014 economic model. 

Source: self-elaboration. 

As observed in Fig. 3, the applied methodology consists of a sequence of four main steps. 

In the first step, all the input parameters required by the RD 413/2014 economic model (see Fig. 

1) are initially classified into two groups. The first group is named “Data” and includes those 

parameters whose value is known and constant throughout the analysis time. The second group 

is called “Uncertain” and initially contains those parameters in which a greater uncertainty and 

variability is observed in the evolution of its value throughout the useful life of the CSP asset. A 

total of twenty-eight parameters are included in this second group (see the input parameters 

highlighted in red colour in Fig. 1), either due to economic, financial and regulatory uncertainty 

or because of the reluctance of the SCSPS to provide certain data. 

All the input parameters sorted in the second group present an inherent risk associated 

with the existing uncertainty regarding the future evolution of their values. However, it cannot be 

assumed that these parameters will generate a significant impact on the output results of the 

economic model under study. Thus, as observed in Fig. 3, the second step has precisely as its 

main focus to discern which of the twenty-eight uncertain input parameters initially classified in 

the second group really represent a meaningful impact on the output of the RD 413/2014 

economic model. To do so, the sensitivity analysis mathematical technique is applied to these 

uncertain parameters using the deterministic model. Whereas the input parameters of the first 

group are directly introduced into the MC simulation model without the need for prior 

processing. 

In this way, the uncertain input parameters whose value variation does not represent a 

significant change in the output economic metrics are discarded and then, reclassified in the 

DCF-MC analysis as constant parameters of the first group. Note that the simulation values of 

these reclassified parameters of the second group, as well as of those of the first group, are the 

ones defined in the base scenario (see Tables 1-2). Hence, the DCF-MC analysis is focused on 
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the “Uncertain” parameters whose value variation over the analysis period has a considerable 

effect on the model outcomes, the henceforth so-called stochastic parameters (β). At that point, 

the characterization of these stochastic parameters is conducted through their PDFs, which 

define their range of possible values and their probability to arise. 

Then, in the third step, the DCF-MC simulation of the RD 413/2014 economic model is 

performed for a total number of samples (Nsamples). The DCF-MC model is basically formed by 

a statistical sub-model and the deterministic RD 413/2014 economic model shown in Fig. 1. As 

seen in Fig. 3, the statistical sub-model is responsible for calculating random scenarios for each 

of the existing stochastic parameters β in each sample(s). Thus, from the characteristics that 

define each of these stochastic parameters and a randomly generated number between zero 

and one for each stochastic parameter and each sample (αβ,s), the PDF model obtains a 

random sample of each of these parameters (βs). It is important to emphasize that, as 

mentioned in the previous section, the remuneration input parameters with regulatory assigned 

values can be reviewed either every three years or every six years. Similarly, other parameters 

of an economic nature, such as the average energy market price (Pmi), are updated annually. 

Thus, in the specific case of these type of stochastic parameters, more than one variation per 

MC sample s over the CSPP lifetime is performed. Subsequently, the random samples obtained 

for each stochastic parameter βs together with the known data (parameters of the first group 

and reclassified parameters of the second group) are entered into the deterministic RD 

413/2014 economic model. As a result, the outcomes of the four analysed economic indicators 

for a sample s are rendered (Project_NPVs, Project_IRRs, Project_Paybacks and 

Project_LCOEs). These output sample results are stored and this process is repeated iteratively 

until Nsamples is reached. 

Finally, in the fourth step depicted in Fig. 3, once the DCF-MC iterative process has 

finished, the results obtained for the four economic indicators are collected, determining the 

probability distribution and frequency of occurrence of these output variables under the 
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associated uncertainties. Additionally, statistics of great relevance are calculated, such as the 

mean, the median, the variance, the standard error, the kurtosis, the asymmetry coefficient, the 

confidence interval, and maximum and minimum values, among others. 

4. Case study definition 

In order to cover the highest percentage of the Spanish CSP assets in the present 

stochastic economic valuation study under the RD 413/2014 framework, but providing a 

significant added value to this probabilistic analysis, it has been decided to select the most 

representative CSPP type with thermal energy storage (TES). Furthermore, it is important to 

highlight that since the approval of the retroactive and complex RD 413/2014 legal-economic 

framework in 2014, no new CSP capacity has been installed in Spain. Therefore, the analysis 

carried out in this work is based on a case study focused on the existing Spanish CSPP. 
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Fig. 4. Characterization of the SCSPS: (a) classification according to the total number of facilities, (b) 

classification according to the total installed capacity. Source: self-elaboration. 

In the SCSPS there are a total of fifty CSP facilities accounting for 2,304 MW of installed 

capacity. Fig. 4 depicts the characterization of the SCSPS through the use of multilevel circular 

charts. Specifically, three different levels are used. In the external level, the Spanish CSP 

assets are classified according to whether they have a thermal storage system (blue-coloured 

area) or not (green-coloured area). In the intermediate level, CSP facilities are sorted according 

to their technology: parabolic trough without TES (CCP), parabolic trough with TES (CPA), 

saturated steam tower (TOV), molten salt tower (TOA), Fresnel (FRE) and hybrid type II (HIB). 

Finally, in the internal level, CSPP are classified according to the year in which they obtained 

the operating permit. This characterization is carried out both considering the total number of 

existing CSP facilities (Fig. 4a) and the total installed capacity (Fig. 4b). 

Firstly, it can be observed that the SCSPS is divided into two almost equal parts between 

CSPP with and without TES. Specifically, 44% of the total number of CSPP in Spain correspond 

to facilities with TES, accounting for 40% of the total installed capacity; while the number of 

CSP facilities without TES represents 56% of the total, accounting for 60% of the global 

installed capacity (see external level of multilevel circular charts in Fig. 4). Secondly, it can be 

drawn the dominance of the parabolic trough technology in the SCSPS, representing 88% of the 

total number of CSPP in Spain and accounting for more than 95% of the total installed capacity. 

Going further, 34% of the total number of CSP facilities are of parabolic trough technology with 

TES, accounting for 37% of the total installed capacity in Spain; while CSP assets of parabolic 

trough technology without TES represent 54% of the total facilities and 59% of the global 

installed capacity (see intermediate level of multilevel circular charts in Fig. 4). 

For this reason, it has been chosen as a case study a 50 MW CSP asset of parabolic 

trough technology with a TES capacity greater than 5h and less than or equal to 8h, which 

obtained the operating permit in 2011. The Ministerial Order (MO) IET/1045/2014 sorted the 

http://creativecommons.org/licenses/by-nc-nd/4.0


This accepted manuscript does not include other publisher value-added contributions such as copy-

editing, formatting, technical enhancements and (if relevant) pagination. 

 

© <2021>. This manuscript version is made available under the CC-BY-NC-ND 4.0 

license http://creativecommons.org/licenses/by-nc-nd/4.0/                               26 

existing CSP plants into twenty different groups identified by consecutive type facility codes (t), 

ranging from IT-00601 to IT-00620, according to their technology subtype and the year in which 

they obtained the operating permit (at). In accordance with this classification, this CSP plant 

belongs to the type facility IT-00609. This type of CSP facility is the most numerous group 

among the CSP assets of parabolic trough technology with TES, representing 8% of the total 

number of CSPP in Spain and almost 9% of the total installed capacity (see internal level of 

multilevel circular charts in Fig. 4). Moreover, it is important to emphasise that parabolic trough, 

which represents around 70% of new capacity additions in 2018, and tower technologies 

continued to dominate the global CSP market [1]. 

Thus, although CSP assets with TES do not dominate the SCSPS, with the exception of 

integrated solar combined-cycle facilities, all CSP plants that entered operation in the world 

between the end of 2014 and the end of 2018 incorporated a TES system. In this sense, 16.6 

GWh of TES was operational in conjunction with CSPP by the end of 2018, with an increase of 

almost 30% over the previous year [1]. 

Once the most representative type facility IT-00609 was selected and justified, the values 

of its regulatory parameters were extracted from the MO IET/1045/2014 [54] and the MO 

ETU/130/2017 [55] and listed in Table 1. Accordingly, the case study here analysed is based on 

the values established by the Spanish Government for a hypothetical “efficient and well-

managed” CSP plant. 

Table 1. Values of the regulatory parameters for a CSP type facility IT-00609. Source: self-elaboration 

based on [54-56]. 

Note: Table 1 has been inserted on a separate page at the end of this document due to its large size so 

that the structure of the entire document is not modified. 
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5. Model simulation and results 

5.1. Sensitivity analysis 

As stated in Section 3, the sensitivity analysis is aimed at distinguishing how many of the 

twenty-eight uncertain input parameters initially classified in the second group transmit 

substantially their risk to the output variables of the RD 413/2014 economic model. Only these 

parameters are considered as stochastic ones in the DCF-MC simulation. Conversely, the rest 

of the input parameters initially considered as uncertain are reclassified as constant parameters 

of the first group. 

Prior to the execution of the sensitivity analysis simulation, the reference results for the 

Project_NPV, Project_IRR, Project_Payback and Project_LCOE are deterministically computed 

for a base scenario, defined in Tables 1-2, in accordance to the economic and regulatory reality 

of the SCSPS for a hypothetical “efficient and well-managed” CSP plant. 

Table 2. Base scenario values for the “Uncertain” parameters considered in the sensitivity analysis of a 

CSP type facility IT-00609. Source: self-elaboration. 

Parameters Reference values Source 

Physical parameters   

 Physical degradation rate (KR) 0.2% [54] 

 Initial equivalent operating hours (Nh_insta+1) 2,449 h [54] 

Regulatory parameters   
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 Reasonable profitability (LR) 7.398% [54] 

 Differential added to SBj (Δtj) 3% [54] 

 Increase in standard operating cost 

(Δ_Std_Cost) 

1% [54] 

 Standard degradation rate (KRR) 0.2% [54] 

 Future estimated average market price (Pmfi) 48.75 €/MWh [54-55] 

 Second upper limit related to the deviations 

adjustment of Pmi and Pmfi (LS2i,j) 

54.04 €/MWh [54-55] 

 First upper limit related to the deviations 

adjustment of Pmi and Pmfi (LS1i,j) 

50.29 €/MWh [54-55] 

 First lower limit related to the deviations 

adjustment of Pmi and Pmfi (LI1i,j) 

42.78 €/MWh [54-55] 

 Second lower limit related to the deviations 

adjustment of Pmi and Pmfi (LI2i,j) 

39.03 €/MWh [54-55] 

Economic parameters   

 Average yield of the 10-year Spanish bonds 

(SBj) 

3.94% [57] 

 Consumer price index (IPCi) 2.05% [57] 
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 Average energy market price (Pmi) 46.75 €/MWh [58] 

 Initial variable operating and maintaining cost 

(V_OMCa+1) 

2.57 €/MWh [59-61] 

 Initial fixed operating costs (F_OMCa+1) 59.89 €/kW [59-61] 

 Tax on the produced energy (Tax_E) 0.5 €/MWh [54] 

 Tax on the remuneration of the produced 

energy (Tax_R) 

7% [54] 

Financial parameters   

 Percentage of equity capital (Equity) 30% - 

 Value of the loan fixed interest rate (Int_Rate) 5.5% - 

 Number of years to replace the debt (nyrd) 15 years - 

 Percentage value of the debt opening cost 

(Debt_opening_cost) 

0.5% - 

 Percentage value of the stakeholders’ payment 

(Stakeholders_payment) 

0% - 

 Financial cost of the debt (kd) 6% - 

 Differential added to kd (Δkd) 0% - 
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 Investment cost (INV_Cost) 6.184027 €/W [54,60] 

 Number of years for the depreciation of the 

asset (nd) 

10 years - 

 Rate of corporate tax (Tax_Rate) 25% - 

Table 3 shows the values obtained for the four economic indicators under this base case 

study, acting as a reference against which the sensitivity analysis results can be compared to 

determine the influence of each uncertain parameter in the output variables of the economic 

model. 

Table 3. Deterministic economic results obtained under the base case scenario. Source: self-elaboration. 

Economic indicators Base case results 

Project_NPV  81.44 M€ 

Project_IRR 7.59% 

Project_Payback 15.60 years 

Project_LCOE 236.80 €/MWh 

Then, the interval of variation considered in the sensitivity analysis for each one of the 

“Uncertain” parameters is defined by upper and lower limits set at +10% and -10%, respectively, 

of its base scenario reference value (see Table 2), with intermediate steps set at ±5%. In each 

of the sensitivity analysis simulations, the value of a single input parameter is modified, while 

the rest of the parameters remain constant at the values set in the base scenario. 
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The results from the sensitivity analysis carried out on the twenty-eight initially identified 

“Uncertain” parameters are visualised in Figs. 5a-5d through four horizontal bar charts, one for 

each output economic metric. Warm-coloured horizontal bars represent the impact of positive 

variations in the input parameters with respect to the base scenario (orange-coloured for the 

+10% base case scenario and yellow-coloured for the +5% base case scenario). Likewise, the 

cold-coloured bars represent the impact caused by negative variations (dark-blue coloured for 

the -10% base case scenario and light-blue coloured for the -5% base case scenario)1. The 

economic impact is accounted for as a percentage of the reference results obtained in the base 

case study (see Table 3). 

 

 
1 Negative variations concerning the base scenario do not apply to the sensitivity analysis on 
two financial input parameters, Δkd and Stakeholders_payment. 
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Fig. 5a. Sensitivity analysis results. Impact of the parameters variation on the Project_NPV. Source: self-

elaboration. 

 

Fig. 5b. Sensitivity analysis results. Impact of the parameters variation on the Project_IRR. Source: self-

elaboration. 
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Fig. 5c. Sensitivity analysis results. Impact of the parameters variation on the Project_Payback. Source: 

self-elaboration. 

http://creativecommons.org/licenses/by-nc-nd/4.0


This accepted manuscript does not include other publisher value-added contributions such as copy-

editing, formatting, technical enhancements and (if relevant) pagination. 

 

© <2021>. This manuscript version is made available under the CC-BY-NC-ND 4.0 

license http://creativecommons.org/licenses/by-nc-nd/4.0/                               34 

 

Fig. 5d. Sensitivity analysis results. Impact of the parameters variation on the Project_LCOE. Source: self-

elaboration. 

As stated above, only the uncertain parameters with significant impact on the output 

economic indicators would be selected as stochastic parameters for the DCF-MC analysis. In 

this vein, an output/input variation ratio equal to or greater than 0.15/1 has been considered as 

a threshold limit value of selection. Thus, all the parameters that fulfil this selection criteria are 

framed in red colour in Figs. 5a-5d. 

According to the sensitivity results obtained (see Figs. 5a-5d), it can be concluded that the 

four economic indicators are quite sensitive under the defined threshold limit to variations of 

input parameters such as the initial number of equivalent operating hours (Nh_insta+1), which is 
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essential for obtaining the energy generated by the CSP asset, as well as the investment cost 

(INV_Cost), due to the high capital intensity of the CSP projects. It also applies to the two 

paramount parameters for the calculation of the financial discount rate (WACC). They are the 

financial cost of the debt (kd) and the differential added to kd for determining the opportunity cost 

ratio of shareholders (Δkd), except for the Project_IRR because of its calculation equation 

definition. At a second level, there are parameters such as the average energy market price 

(Pmi) and the future estimated average market price (Pmfi), as well as the initial fixed operating 

costs (F_OMCa+1), the variation of which greatly alter the output economic indicators, with the 

exception of Project_LCOE. Finally, other parameters variation such as the reasonable 

profitability (LR) and the rate of corporate tax (Tax_Rate) have a considerable effect on 

Project_NPV and Project_IRR output variables, but not on Project_Payback nor on 

Project_LCOE. 

In short, it has been verified the different sensitivities of each of the four economic 

indicators with regard to the twenty-eight “Uncertain” input parameters. On one hand, the 

Project_NPV is the one that presents a remarkable sensitivity to a greater number of 

parameters, specifically to thirteen of them (see Fig. 5a), since by definition its calculation 

implies a greater number of input parameters and intermediate calculation variables. On the 

other hand, the Project_LCOE is the least sensitive to the variation of the analysed input 

parameters, because of the reduced number involved in its estimation. In particular, it is only 

sensitive to four parameters under the set threshold value (see Fig. 5d). The sensitivity results 

for the Project_IRR and the Project_Payback are located halfway between the Project_NPV and 

the Project_LCOE, presenting an important impact in seven of the uncertain input parameters 

considered (see Fig. 5b and Fig. 5c, respectively). 
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5.2. Selection and characterization of stochastic parameters 

Due to the substantial difference in the sensitivity of the four economic indicators with 

respect to the analysed “Uncertain” parameters (see the parameters framed in red colour in 

Figs. 5a-5d), the worst-case scenario is considered in the selection of the stochastic parameters 

to be taken into consideration in the DCF-MC analysis. That is, the thirteen parameters to which 

the Project_NPV is sensitive have been selected to perform the probabilistic economic analysis. 

In turn, the thirteen stochastic parameters are classified into the following categories: financial 

(38%), economic (31%), regulatory (23%), and physical (8%) (see Table 4). 

Table 4 depicts the characterization of the stochastic parameters by means of the base 

scenario value, which is the most probable value (mode), and its variation range (minimum and 

maximum expected values). The definition of the variation interval has been carried out on the 

basis of the historical trends of each of the parameters, as well as on the evolution perspectives 

in the coming years. 

Table 4. Characterization of the selected stochastic parameters for a CSP type facility IT-00609. Source: 

self-elaboration. 

Parameters 
Base scenario 

values 

Intervals of 

variation 

Physical parameters   

 Initial equivalent operating hours (Nh_insta+1) 2,449 h [1550, 3950] h 

Regulatory parameters   

 Reasonable profitability (LR) 7.398% [1, 8] % 
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 Differential added to SBj (Δtj) 3% [0, 5] % 

 Future estimated average market price (Pmfi) 48.75 €/MWh [40, 60] €/MWh 

Economic parameters   

 Average yield of the 10-year Spanish bonds 

(SBj) 

3.94% [1, 7] % 

 Average energy market price (Pmi) 46.75 €/MWh [35, 65] €/MWh 

 Initial fixed operating costs (F_OMCa+1) 59.89 €/kW [40, 80] €/kW 

 Tax on the remuneration of the produced 

energy (Tax_R) 

7% [0, 10] % 

Financial parameters   

 Percentage of equity capital (Equity) 30% [0, 50] % 

 Financial cost of the debt (kd) 6% [5, 15] % 

 Differential added to kd (Δkd) 0% [0, 10] % 

 Investment cost (INV_Cost) 6.184027 €/W [3.5, 10.5] €/W 

 Rate of corporate tax (Tax_Rate) 25% [15, 35] % 

In detail, the variation range for Nh_insta+1 has been defined between a minimum number 

of 1,550 h and a maximum value of 3,950 h. The minimum value corresponds to the equivalent 

operating hours within the year i that does not entail an economic penalty in SR_Revenuei for a 

http://creativecommons.org/licenses/by-nc-nd/4.0


This accepted manuscript does not include other publisher value-added contributions such as copy-

editing, formatting, technical enhancements and (if relevant) pagination. 

 

© <2021>. This manuscript version is made available under the CC-BY-NC-ND 4.0 

license http://creativecommons.org/licenses/by-nc-nd/4.0/                               38 

IT-00609 CSP facility type [56]. Whereas the maximum value corresponds to the limited number 

of reference equivalent operating hours in a year i established by the RD 1614/2010 [62] for the 

CSP facilities of parabolic trough technology with a thermal storage capacity of 7h. This value 

was calculated as the ratio between the annual net production in kWh and the rated power of 

the facility in kW. 

Regarding LR, the variation interval ranges from a practically negligible value of 1% to a 

maximum value of 8%, quite close to the current value. On one hand, it is not expected that in 

the coming years the regulatory assigned value for LR can increase much more; in fact, for the 

next regulatory period a LR value of 7.09% is expected [63]. On the other hand, it has been 

considered the worst case as the lower limit, which would result in a LR close to zero set by the 

Government. Likewise, the variation range of Δtj, a regulatory parameter that is closely linked to 

LR, has been adjusted in the same sense. 

The intervals of variation of economic parameters such as Pmi, Pmfi and the average yield 

during determined period of the 10-year Spanish bonds in the secondary market within j (SBj), 

have been established based on the analysis of the historical trends (maximum and minimum 

values) of these parameters in the last decade. 

As for F_OMCa+1 and INV_Cost, their variation ranges have been set based on the 

maximum and the minimum values extracted from the literature analysing the evolution of the 

solar thermal sector costs [59-61]. 

Lastly, the variation intervals of financial parameters as Equity, kd, Δkd and Tax_Rate, as 

well as of the economic parameter with a regulatory assigned value Tax_R, have been defined 

based on the possible evolution of the Spanish economic-financial reality and, specifically, of 

the SCSPS in the forthcoming years. 
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5.3. Case study results 

Once completed the selection and characterization of the stochastic parameters, the next 

step is the DCF-MC probabilistic simulation of the RD 413/2014 economic model. It consists in 

simultaneously varying the thirteen selected stochastic parameters in a random manner, as 

specified in Section 3 (see Fig. 3), using two different PDFs, i.e., uniform and triangular. In this 

particular case study, a total of 10,000 samples is assessed since, as observed in Fig. 6, with 

this number of samples the stabilization of the output results is ensured. In that way, it is 

guaranteed that even if the DCF-MC simulation is performed more than once, the output 

economic results obtained do not differ greatly from those achieved in the previous simulations. 

Thus, giving validity to the stochastic analysis carried out. 
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Fig. 6. Stabilization of the output variables according to the number of MC simulations. Source: self-

elaboration. 

On one hand, a uniform PDF is contemplated for all the stochastic parameters, where all 

the values in the variation range have the same probability of occurring. On the other hand, it is 

also considered a triangular PDF defined by a maximum and a minimum value (extremes of the 

variation interval), as well as by the most probable value (mode), corresponding to the base 

scenario value. 
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The uniform distribution implies that there is no knowledge about the probability of each 

value within the defined variation range (the worst case). The triangular distribution incorporates 

a certain judgment owing to the experience, and indicates the most probable value (mode) 

assuming a linear decrease to zero of the probability of the rest of the range values as we move 

away from the mode. 

For a detailed summary of the results obtained for each of the four economic indicators 

when stochastically analysing the RD 413/2014 economic model under both uniform and 

triangular PDFs, see Appendix B. 

6. Analysis of results 

6.1. Economic valuation of the case study: MC analysis 

As seen in Fig. 7, this economic analysis is performed using box diagrams. These box 

plots allow to analyse the probability distribution of the results in a clearer way that streamline 

the drawing of conclusions. 

A box plot is defined by a square representing the interquartile range (IQR), that is, the 

distance between the first quartile (Q1 – 25th percentile) and the third quartile (Q3 – 75th 

percentile), and two arms called “whiskers”, which contain all the possible values of the 

analysed output variables. Within the box, the median (Q2 quartile – 50th percentile) is 

represented through a horizontal line, while the mean is marked with a cross. Regarding the 

whiskers, the upper whisker extends from Q3 to the upper limit (Ls), while the lower whisker 

extends from Q1 to the lower limit (Li). The limits Li and Ls delimit the results obtained within the 

range of typical observations of the sample considered. Specifically, Li is defined as the 

difference between the value of Q1 and 1.5 times the IQR value, while Ls is calculated as the 
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sum of the Q3 value and 1.5 times the IQR amplitude. The results that are outside the typical 

observations range, called “outliers”, are considered as atypical observations and are 

represented, if any, with small circles (see Fig. 7). 

 

Fig. 7. MC analysis results. Impact of the stochastic parameters variation on: (a) Project_NPV, (b) 

Project_IRR, (c) Project_Payback, (d) Project_LCOE. Source: self-elaboration. 

So, from the interpretation of these quartile-based graphs and the consideration of the 

most representative statistics obtained for each of the economic indicators (see Tables B.1-

B.4), it is aimed to provide a set of conclusions concerning the current Spanish regulatory 

framework and its economic impact on the analysed energy CSP asset. 
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6.1.1. Regarding the project IRR and NPV 

As described in [2], the retroactive RD 413/2014 regulatory framework is based on “a 

hypothetical efficient and well managed plant” with its “hypothetical costs”. According to this, the 

facility here analysed has these hypothetical terms defined by the standard installation type IT-

00609. The standard parameter values (see Tables 1-2), which allegedly depict the physical 

and economic behaviour of an “efficient plant” with the same characteristics of the CSP asset 

under study, are responsible for the economic results of the base case scenario (see Table 3). 

Namely, according to the current regulatory framework, these “efficiently managed” 

facilities would see rewarded their efforts with a Project_IRR of 7.59%. Nevertheless, as an 

arbitral Award stated [64], this might be considered a fictitious value, since this regime paid no 

regard to “actual cost (including loan services) or actual efficiencies of specific existing CSP 

plants”. In this regard, any deviation from these standard and unrealistic2 values would result in 

a deviation in the value of the main economic indicators of the base case scenario depicted in 

Table 3. 

In terms of Project_IRR value, there is an essential difference in the results obtained for 

both considered PDFs (see Table B.2 and Fig. 7b). On one hand, the mean of the Project_IRR 

obtained under the uniform and the triangular PDFs is 5.92% and 6.41%, respectively. In this 

sense, the standard deviation of the Project_IRR results related to the mean is 4.37% for the 

uniform PDF and 2.98% for the triangular one, obtaining more than 50% of the total output 

observations at a distance of one standard deviation from the mean. Moreover, with a 95% 

confidence level, it can be assured that the mean of the Project_IRR will be in a range between 

5.83% and 6.01% for a uniform PDF, while for a triangular one, the confidence interval of the 

mean will be determined by the limits 6.35% and 6.47%. 

 
2 They could appropriately be termed as unrealistic, as it is proved in [64], because most of the 
standard parameters diverge from the actual parameters of CSP assets. 
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When comparing these results with the Project_IRR of the base case scenario, it can be 

observed that with a 50% probability the Project_IRR value can suffer both negative and 

positive variations depending on the evolution of the stochastic parameters. Thus, it is observed 

that the Project_IRR may vary from -63% to +16% for a uniform PDF, and from -45% to +10% 

for a triangular one. More specifically, looking at the 95% confidence interval of the mean, it can 

be seen reductions of between 21% and 23% under a uniform PDF, and between 15% and 16% 

under a triangular one. 

As for the Project_NPV, its base case scenario value is 81.44 M€, as stated in Table 3. In 

turn, the values of the mean Project_NPV in the DCF-MC simulation for a uniform and triangular 

PDFs are, respectively, -88.48 M€ and -43.13 M€. In this sense, the standard deviation of the 

Project_NPV results regarding the mean is 112.33 M€ for the uniform PDF and 83.99 M€ for the 

triangular PDF. Besides, with a 95% confidence level it can be affirmed that the mean of the 

Project_NPV will be between -90.68 M€ and -86.28 M€ for a uniform PDF, while for a triangular 

one, the confidence interval of the mean will be set by the limits -44.78 M€ and -41.48 M€ (see 

Table B.1 and Fig. 7a). Namely, the Project_NPV obtained at the end of the VU of the CSP 

facility can be reduced between 206% and 211% under a uniform PDF, and between 151% and 

155% under a triangular PDF. These results are consistent with those obtained from the 

analysis of Project_IRR, as it can be seen that a decrease in the evolution of the Project_IRR 

results in a decrease of the Project_NPV. 

The obtained results demonstrate the importance of formulating in detail the regulatory 

framework and characterising the stochasticity associated with the parameters involved in the 

economic valuation of an energy asset. In this regard, the stochastic economic valuation has 

allowed quantifying how different the economic results can be in terms of project IRR and NPV 

between actual facilities and "standard installations" when the current Spanish regulatory 

framework is applied. 
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6.1.2. Regarding the project payback 

The value of the base case scenario for the payback is 15.60 years, as depicted in Table 3. 

Nevertheless, the values of the Project_Payback mean in the DCF-MC simulation for a uniform 

and triangular PDFs are, respectively, 22.13 and 21.81 years. In this sense, with a 95% 

confidence level, it can be said that the mean of the Project_Payback will be in a range between 

22.02 years and 22.24 years for a uniform PDF, while for a triangular one the confidence 

interval of the mean will be set by the limits 21.71 years and 21.91 years (see Table B.3 and 

Fig. 7c). Namely, it can be observed on one hand, that with a 75% probability, the payback may 

increase by 60% under a uniform PDF concerning the output value obtained in the base case 

scenario. On the other hand, under a triangular PDF, the Project_Payback may increase in a 

range between 18% and 60%. More specifically, looking at the 95% confidence interval of the 

mean of the Project_Payback, there are increases between 41% and 43% under a uniform 

PDF, and between 39% and 40% under a triangular one. 

As previously mentioned, the regulatory framework states a 25-year regulatory life VU for 

the CSPP under study, which may be considered the time limit. In this regard, the results 

obtained stress the differences between the expectations of a "standard" and an actual CSP 

facility. 

6.1.3. Regarding the project LCOE 

As for the Project_LCOE, while the mean of the results obtained from the DCF-MC 

simulation considering a uniform PDF and a triangular one is, respectively, 338.57 €/MWh and 

297.50 €/MWh, the value of the base case scenario for this economic metric is 236.80 €/MWh, 

as stated in Table 3. In this sense, the standard deviation of the Project_LCOE results 

concerning the mean presents a value of 142.60 €/MWh for a uniform PDF and 90 €/MWh for a 

triangular PDF. At a distance of one standard deviation from the mean, we have more than half 
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of the output observations. In addition, with a 95% confidence level it can be stated that the 

mean of the Project_LCOE will be in a range between 335.78 €/MWh and 341.37 €/MWh for a 

uniform PDF, while for a triangular PDF the confidence interval of the mean will be established 

by the limits 295.73 €/MWh and 299.26 €/MWh (see Table B.4 and Fig. 7d). 

Considering the base case scenario as a reference, with 50% of probability it can be seen 

that the Project_LCOE may suffer both positive and negative variations from the value obtained 

in the case of a "standard" facility. In this sense, the Project_LCOE can vary from -1% to +75% 

under a uniform PDF, and from -2% to +47% under a triangular one. More specifically, looking 

at the 95% confidence interval of the mean, it can be observed increases between 42% and 

44% for a uniform PDF, and between 25% and 26% for a triangular one. Thus, when 

considering the actual values related to the real CSP facilities, the results prove that it is 

necessary to perceive a higher remuneration from the electricity market. 

6.1.4. Final remarks and energy policy implications 

Under the base case scenario, in which the input parameters values are aligned with the 

hypothetical “efficient and well-managed” CSP type facility IT-00609 set by the Government, the 

CSP project is economically viable at the end of its VU (see Table 3). By contrast, the 

probabilistic economic analysis (see Tables B.1-B.4 and Fig. 7) denotes great uncertainty and 

variability about the economic viability of the CSP asset subject to the evolution taken by the 

stochastic parameters. Even so, in general terms, there is a greater probability of having such 

profitability considerably reduced to the point that the CSP project turns out to be unprofitable at 

the end of the VU. 

As noted, there is a strong probability that the Project_NPV may be unfavourable 

(Project_NPV<0). In the same way, as the obtained Project_NPV mean values are negative, it 

will be necessary to reduce the discount rate (WACC) of the project, resulting in smaller 
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Project_IRR results, in order to increase the Project_NPV to positive values. In the same vein, 

the obtained Project_Payback indicates a late and complicated recovery of the initial investment 

by the CSPP in case of obtaining it, both considering a uniform PDF and a triangular one. In the 

majority of the output samples, the investment cannot be recovered or it is carried out in the last 

years of VU of the CSP facility. Finally, the estimated Project_LCOE goes in the same way as 

the other analysed economic indicators, stressing the need to perceive a higher remuneration 

from the Spanish electricity market for the sale of the energy produced. This implies obtaining 

higher selling prices than those of the current Spanish electricity market, but taking into account 

the corresponding constraint. In the Spanish market there is a ceiling on the market price set at 

180 €/MWh by the regulator above which energy offers cannot be made. Even so, in the last 

decade the average market price has been located around 50 €/MWh with maximum market 

prices not exceeding 160 €/MWh [58], far below the mean Project_LCOE values obtained in the 

analysis. No CSP asset would invest in the SCSPS with the economic results obtained under 

the current regulatory framework. 

Ultimately, it can be concluded that the current RD 413/2014 framework, applied 

retroactively to all the existing CSPP prior to its enactment, has introduced great uncertainty 

and complexity into the SCSPS through the current remuneration scheme applied, as 

demonstrated in this analysis. This is corroborated by the fact that since the approval of this 

legal-economic framework, no new CSPP has been put into operation in Spain. The Spanish 

Government is aware of the negative impact that the current regulatory framework has had in 

the renewable energy sector. Consequently, it knows of the urgent need to promote the 

development of new renewable projects to fulfil the community and international 

decarbonisation commitments assumed by Spain in this matter as a part of the Paris Agreement 

and a Member State of the European Union [65-66]. 

Thus, in order to improve predictability and stability in income and financing of new 

electricity production facilities from renewable energy sources, the Spanish Government is 
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trying to change this situation developing another remuneration system, additionally to the 

existing one, as stated in the Royal Decree-Law (RDL) 23/2020 [67]. This new remuneration 

scheme, based on the long-term recognition of a fixed price for energy generated, will be 

granted through competitive auctions [65-66]. 

6.2. Comparative economic valuation: uniform PDF vs. triangular PDF 

It can be concluded the important variability in the four analysed economic indicators 

according to the variation of the input stochastic parameters in the DCF-MC simulation (see Fig. 

7). This indicates the great impact of these uncertain parameters on the economic results of the 

CSP assets. Moreover, an important difference is observed between the results obtained when 

considering a uniform PDF or a triangular one (see Tables B.1-B.4 and Fig. 7). Taking into 

account a triangular PDF, the estimated economic results are more compact, due to the greater 

knowledge about the evolution of the stochastic parameters. On the other hand, considering a 

uniform PDF the dispersion is much greater, with more extreme output results. In addition, quite 

negative results are observed for the CSP assets analysed, particularly under the uniform PDF, 

but also under the triangular one. 

Accordingly, the use of a triangular PDF to define the stochastic parameters contributes to 

carry out a probabilistic analysis based on a greater knowledge of the SCSPS, giving a greater 

probability of occurring to those scenarios more closely reflecting the current reality of this 

sector (namely the ones located around the mode). Whereas using a uniform PDF implies the 

consideration of a greater number of scenarios, including extreme cases far from the current 

reality of the SCSPS, with the same probability of occurring in the DCF-MC analysis. With the 

ultimate goal of taking into account more extreme scenarios based on historical data, to analyse 

what would happen under these extreme situations. 
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All in all, while there is a probability greater than 75% that the estimated Project_NPV will 

be negative considering a uniform PDF, this probability is reduced to 68% if the considered PDF 

is triangular. In both cases, the distribution of Project_NPV results is platykurtic (negative 

kurtosis) and slightly negative asymmetric, with the results quite scattered in general and more 

concentrated in the upper quartiles. As for the Project_IRR, there is almost a 6% probability that 

the obtained values for this economic indicator will be negative considering a uniform PDF, 

while taking into account a triangular PDF the loss probability is practically null. In both cases, 

the distribution of the Project_IRR results is slightly positive asymmetric, with the results more 

concentrated in the lower quartiles, but in the uniform PDF it is platykurtic (negative kurtosis), 

while in the triangular PDF it is leptokurtic (positive kurtosis). Thus, while under the uniform PDF 

the Project_IRR results are quite scattered, in the triangular PDF the results are more 

concentrated around the Project_IRR mean. With regard to the Project_Payback, there is a 

probability greater than 75% that the obtained payback period will be 25 years (or higher) 

considering a uniform PDF, and almost 68% if the PDF considered is triangular. In both PDFs, 

the distribution of the Project_Payback is negative asymmetric leptokurtic, with the results 

widely concentrated at the top of the box diagram (around the VU of the CSP asset) and quite 

scattered for small Project_Payback values. Finally, regarding the Project_LCOE, the 

distribution of this output economic indicator results is positive asymmetric and leptokurtic 

(positive kurtosis), with the results more concentrated around the Project_LCOE mean (at the 

bottom of the box diagram) and quite scattered for high values of Project_LCOE (see Tables 

B.1-B.4 and Fig. 7). 

7. Conclusions 

The economic feasibility of an existing CSPP in Spain has been here analysed in a 

probabilistic way, placing the focus on the significant impact of the uncertainty associated with 

the current RD 413/2014 regulatory framework on its income statement. The probabilistic 
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analysis has been applied to the most representative case study in the Spanish CSP sector, 

i.e., a 50 MW CSP asset of parabolic trough technology with a TES system which obtained the 

operating permit in 2011. Although the results of this case study cannot be directly extrapolated 

to the entire SCSPP, they give an overview of the impact of the uncertainty in the mid and the 

long term economic valuation of these renewable energy assets. In addition, this paper provides 

a methodology easily replicable to other CSP technologies or renewable energy assets. 

To this end, the current legal-economic framework has been firstly analysed in detail, thus 

demonstrating the great complexity and uncertainty that it has introduced in the economic 

assessment of these CSP facilities. After that, a sensitivity analysis has been carried out to 

determine the uncertain input parameters with more impact on the output variables of the RD 

413/2014 economic model; the so-called stochastic parameters in the DCF-MC model. In this 

study, the Project_NPV, Project_IRR, Project_Payback and Project_LCOE have been 

computed as the four output variables of the model to carry out an adequate economic valuation 

of the CSP assets. 

The sensitivity analysis simulation has disclosed the important sensitivity of the RD 

413/2014 economic model to certain input parameters such as the initial number of equivalent 

operating hours (Nh_insta+1), the investment cost (INV_Cost), and the two paramount 

parameters in the calculation of the financial discount rate (WACC), that is, the financial cost of 

the debt (kd) and the differential added to the financial cost of the debt (Δkd). Obtaining for these 

uncertain parameters output/input variation ratios well above the defined threshold limit of 

0.15/1 in most of the economic indicators analysed. Specifically, output/input variation ratios 

between 0.4/1 and 4/1 are obtained for these parameters, even reaching ratios of 6/1 and 11/1 

for Δkd. 

Then, DCF-MC approach has been used to perform the stochastic economic assessment 

of the CSP case study under the Spanish RD 413/2014 framework taken into account its 

inherent risk. The conducted probabilistic assessment reveals considerable variability in the 
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results, denoting a substantial uncertainty about the economic viability of these CSP facilities 

under the current legal-economic framework. Besides, this variability depends largely on the 

knowledge about the possible evolution of the stochastic parameters. Thus, it has been verified 

the acquisition of a more compact probability distribution of the results under a triangular PDF 

(which incorporates a certain judgment related to experience), than under a uniform PDF 

(without any knowledge about the evolution of the parameters, giving the same probability of 

occurring to all the values of the considered variation range). Therefore, it is vitally important to 

properly characterise the stochastic parameters when performing a probabilistic analysis. 

Furthermore, it has been found a significant difference in the output economic metrics 

between the base case study here analysed based on the values established by the Spanish 

Government for a hypothetical “efficient and well-managed” CSP plant (deterministic case) and 

the reality once applying the inherent risk of the RD 413/2014 framework in the simulation 

(probabilistic case). Thus, under the deterministic case the CSP project is economically viable at 

the end of its useful life with the following values obtained for the four economic indicators: 

Project_NPV of 81.44 M€, Project_IRR of 7.59%, Project_Payback of 15.60 years and 

Project_LCOE of 236.80 €/MWh. Whereas, the results obtained under the probabilistic analysis 

show quite substantial profitability reductions in the income statement of the CSP case study 

with both considered PDFs. By way of example, the mean values of the four economic 

indicators analysed may vary with respect to the deterministic case results in the following way 

considering a uniform and a triangular PDF respectively: -209% and -153% for Project_NPV, -

22% and -16% for Project_IRR, +42% and +40% for Project_Payback, and +43% and +26% for 

Project_LCOE. Accordingly, there is a high probability of obtaining negative Project_NPV 

values, specifically 75% under a uniform PDF and 68% under a triangular PDF, seriously 

affecting the Project_IRR results. This in turn results in high values of Project_Payback (very 

close or higher than the useful life of the CSP facility) as well as of Project_LCOE. 

http://creativecommons.org/licenses/by-nc-nd/4.0


This accepted manuscript does not include other publisher value-added contributions such as copy-

editing, formatting, technical enhancements and (if relevant) pagination. 

 

© <2021>. This manuscript version is made available under the CC-BY-NC-ND 4.0 

license http://creativecommons.org/licenses/by-nc-nd/4.0/                               52 

In short, this paper has firstly demonstrated that the economic valuation models cannot be 

turned away from the existing country-specific regulatory reality and its possible inherent risk. In 

the Spanish case, it is clear that the RD 413/2014 framework, which regulates the CSP sector 

as well as the other renewable energy sectors, must move towards a more simplified, stable 

and predictable model providing the maximum legal-economic security to investors. 

Moreover, it has been verified the high relevance of carrying out a probabilistic study for 

improving the decision-making process in the management of the CSPP under legal-economic 

frameworks with a high degree of uncertainty and inherent risk, as in the Spanish case. Solely 

by carrying out a deterministic analysis, it would not have allowed to take into account and 

assess the enormous impact of the uncertainty associated with the RD 413/2014 stochastic 

parameters in the income statement of the SCSPP. Obviously, each country has its own 

regulation regarding renewable energy. Here is the difficult of analysing the legal-economic 

reality of each country and adapting the models to the country-specific energy policy. 
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Appendix A. Economic model formulation 

Physical and remuneration scheme 

𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑖 = 𝑀𝑎𝑟𝑘𝑒𝑡_𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑖 + 𝑆𝑅_𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑖   (A.1) 

𝑀𝑎𝑟𝑘𝑒𝑡_𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑖 = 𝐸𝑖 ∙ 𝑃𝑚𝑖   (A.2) 

𝐸𝑖 = 𝑃𝑛 ∙ 𝑁ℎ_𝑖𝑛𝑠𝑡𝑖   (A.3) 

𝑁ℎ_𝑖𝑛𝑠𝑡𝑖 = 𝑁ℎ_𝑖𝑛𝑠𝑡𝑎+1 ∙  1 − 𝐾𝑅 ∙  𝑖 −  𝑎 + 1   ,      𝑖 ≥ 𝑎 + 1  (A.4) 

𝑆𝑅_𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑖 =  𝑂𝑝_𝑅𝑖 + 𝐼𝑛𝑣_𝑅𝑖 ∙ 𝑑𝑖   (A.5) 
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𝑑𝑖 =

 
 

 
1 𝑁ℎ_𝑖𝑛𝑠𝑡𝑖 > 𝑁ℎ_𝑚𝑖𝑛𝑖

𝑁ℎ_𝑖𝑛𝑠𝑡𝑖 − 𝑈𝑓𝑖
𝑁ℎ_𝑚𝑖𝑛𝑖 − 𝑈𝑓𝑖

    𝑈𝑓𝑖 ≤  𝑁ℎ_𝑖𝑛𝑠𝑡𝑖 ≤ 𝑁ℎ_𝑚𝑖𝑛𝑖

0 𝑈𝑓𝑖 >  𝑁ℎ_𝑖𝑛𝑠𝑡𝑖

 

 

(A.6) 

𝑂𝑝_𝑅𝑖 =  
𝐸𝑖 ∙ 𝑅𝑜𝑖 , 𝐸𝑖 ≤ 𝐸_𝑚𝑎𝑥𝑖

𝐸_𝑚𝑎𝑥𝑖 ∙ 𝑅𝑜𝑖 , 𝐸𝑖 > 𝐸_𝑚𝑎𝑥𝑖  
 
 

(A.7) 

𝐸_𝑚𝑎𝑥𝑖 = 𝑃𝑛 ∙ 𝑁ℎ_𝑚𝑎𝑥(𝑅𝑜)𝑖  

 

(A.8) 

𝑅𝑜𝑖 = 𝐶_𝐸𝑒𝑥𝑝𝑓𝑖 − 𝑃𝑚𝑓𝑖   (A.9) 

𝐶_𝐸𝑒𝑥𝑝𝑓𝑖 = 𝐶_𝐸𝑒𝑥𝑝𝑓2014 · (1 + ∆_𝑆𝑡𝑑_𝐶𝑜𝑠𝑡)(𝑖−2014 )  (A.10) 

𝐼𝑛𝑣_𝑅𝑖 = 𝑃𝑛 ∙ 𝑅𝑖𝑛𝑣𝑗 ,𝑎   (A.11) 

𝑅𝑖𝑛𝑣𝑗 ,𝑎 =  
𝐶𝑗 ,𝑎 ∙ 𝑉𝑁𝐴𝑗 ,𝑎 ∙ 𝐾𝑗 , 𝑃𝑇_𝐼𝑅𝑅𝑖 ≤ 𝐿𝑅

0, 𝑃𝑇_𝐼𝑅𝑅𝑖 > 𝐿𝑅
 
 

(A.12) 

𝐶𝑗 ,𝑎 =

𝑉𝑁𝐴𝑗 ,𝑎 −  
 𝐼𝑛𝑔𝑓𝑖 − 𝐶𝑒𝑥𝑝𝑓𝑖 

 1 + 𝑡𝑗 
𝑖−𝑝+1

𝑎+𝑉𝑈
𝑖=𝑝

𝑉𝑁𝐴𝑗 ,𝑎

 

 

(A.13) 

𝐼𝑛𝑔𝑓𝑖 =  𝑃𝑚𝑓𝑖 + 𝑅𝑜𝑖 ∙ 𝑁ℎ𝑖 ,𝑗   (A.14) 

𝐶𝑒𝑥𝑝𝑓𝑖 = 𝐶_𝐸𝑒𝑥𝑝𝑓𝑖 ∙ 𝑁ℎ𝑖 ,𝑗    (A.15) 

𝑁ℎ𝑖 ,𝑗 = 𝑁ℎ2014 · (1 − 𝐾𝑅𝑅)(𝑖−2014 )  (A.16) 
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𝑉𝑁𝐴𝑗 ,𝑎

=

 
 
 

 
 

𝑉𝐼𝑎 ∙  1 + 𝑡𝑗  
𝑝−𝑎−1

−   𝐼𝑛𝑔𝑖 − 𝐶𝑒𝑥𝑝𝑖 ∙  1 + 𝑡𝑗  
𝑝−𝑖−1

𝑝−1

𝑖=𝑎+1

, 𝑗 = 1

𝑉𝑁𝐴𝑗−1,𝑎 ∙  1 + 𝑡𝑗−1 
𝑠𝑚

−   𝐼𝑛𝑔𝑓𝑖 ,𝑗−1 − 𝐶𝑒𝑥𝑝𝑓𝑖 ,𝑗−1 − 𝑉𝑎𝑗𝑑𝑚𝑖 ,𝑗−1 ∙  1 + 𝑡𝑗−1 
𝑝−𝑖−1

𝑝−1

𝑖=𝑝−𝑠𝑚

,  𝑗 > 1

 

 

(A.17) 

𝐼𝑛𝑔𝑖 = 𝑃𝑚_𝑒𝑖 ∙ 𝑁ℎ_𝑒𝑖   (A.18) 

𝐶𝑒𝑥𝑝𝑖 = 𝐶_𝐸𝑒𝑥𝑝_𝑒𝑖 ∙ 𝑁ℎ_𝑒𝑖   (A.19) 

𝑉𝑎𝑗𝑑𝑚𝑖 ,𝑗 =

 
 
 

 
 
𝑁ℎ𝑖 ,𝑗 ∙ 0,5 ∙  𝐿𝑆1𝑖 ,𝑗 − 𝐿𝑆2𝑖 ,𝑗  + 𝑁ℎ𝑖 ,𝑗 ∙  𝐿𝑆2𝑖 ,𝑗 − 𝑃𝑚𝑖 , 𝑃𝑚𝑖 > 𝐿𝑆2𝑖 ,𝑗

𝑁ℎ𝑖,𝑗 ∙ 0,5 ∙  𝐿𝑆1𝑖 ,𝑗 − 𝑃𝑚𝑖 , 𝐿𝑆1𝑖 ,𝑗 ≤ 𝑃𝑚𝑖 ≤ 𝐿𝑆2𝑖 ,𝑗

0,

𝑁ℎ𝑖 ,𝑗 ∙ 0,5 ∙  𝐿𝐼1𝑖 ,𝑗 − 𝑃𝑚𝑖 ,

𝑁ℎ𝑖 ,𝑗 ∙ 0,5 ∙  𝐿𝐼1𝑖 ,𝑗 − 𝐿𝐼2𝑖 ,𝑗 + 𝑁ℎ𝑖 ,𝑗 ∙  𝐿𝐼2𝑖 ,𝑗 − 𝑃𝑚𝑖 ,

𝐿𝐼1𝑖 ,𝑗 ≤ 𝑃𝑚𝑖 ≤ 𝐿𝑆1𝑖 ,𝑗

𝐿𝐼2𝑖 ,𝑗 ≤ 𝑃𝑚𝑖 ≤ 𝐿𝐼1𝑖 ,𝑗

𝑃𝑚𝑖 < 𝐿𝐼2𝑖 ,𝑗

 

 

(A.20) 

𝑡𝑗 = 𝑆𝐵𝑗 + ∆𝑡𝑗   (A.21) 

𝐾𝑗 =
𝑡𝑗 ∙  1 + 𝑡𝑗  

𝑉𝑅𝑗

 1 + 𝑡𝑗  
𝑉𝑅𝑗 − 1

 

 

(A.22) 

Operating cost scheme 

𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔_𝐶𝑜𝑠𝑡𝑖 = 𝐹𝑖𝑥𝑒𝑑_𝑂𝑀𝐶𝑖 + 𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒_𝑂𝑀𝐶𝑖 + 𝐸𝑇𝑎𝑥_𝐶𝑜𝑠𝑡𝑖 + 𝑅𝑇𝑎𝑥_𝐶𝑜𝑠𝑡𝑖  

 

(A.23) 

𝐹𝑖𝑥𝑒𝑑_𝑂𝑀𝐶𝑖 = 𝐹_𝑂𝑀𝐶𝑖 · 𝑃𝑛   (A.24) 

𝐹_𝑂𝑀𝐶𝑖 = 𝐹_𝑂𝑀𝐶𝑎+1 · (1 + 𝐼𝑃𝐶)𝑖−(𝑎+1)  (A.25) 
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𝑉𝑎𝑟𝑖𝑎𝑏𝑙𝑒_𝑂𝑀𝐶𝑖 = 𝑉_𝑂𝑀𝐶𝑖 · 𝐸𝑖   (A.26) 

𝑉_𝑂𝑀𝐶𝑖 = 𝑉_𝑂𝑀𝐶𝑎+1 · (1 + 𝐼𝑃𝐶)𝑖−(𝑎+1)  (A.27) 

𝐸𝑇𝑎𝑥_𝐶𝑜𝑠𝑡𝑖 = 𝑇𝑎𝑥_𝐸 · 𝐸𝑖 ,      2011 ≤ 𝑖 ≤ 𝑎 + 𝑉𝑈  (A.28) 

𝑅𝑇𝑎𝑥_𝐶𝑜𝑠𝑡𝑖 = 𝑇𝑎𝑥_𝑅 · 𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑖 ,      2013 ≤ 𝑖 ≤ 𝑎 + 𝑉𝑈  (A.29) 

Income statement scheme 

𝑃𝑟𝑜𝑗𝑒𝑐𝑡_𝑁𝑃𝑉 = −𝑃𝑛 · 𝐼𝑁𝑉_𝐶𝑜𝑠𝑡 +  
𝑃𝑟𝑜𝑗𝑒𝑐𝑡_𝐶𝑎𝑠ℎ𝐹𝑙𝑜𝑤𝑖

(1 + 𝑊𝐴𝐶𝐶)𝑖−𝑎

𝑎+𝑉𝑈

𝑖=𝑎+1

 

 
(A.30) 

−𝑃𝑛 · 𝐼𝑁𝑉_𝐶𝑜𝑠𝑡 +  
𝑃𝑟𝑜𝑗𝑒𝑐𝑡_𝐶𝑎𝑠ℎ𝐹𝑙𝑜𝑤𝑖

(1 + 𝑃𝑟𝑜𝑗𝑒𝑐𝑡_𝐼𝑅𝑅)𝑖−𝑎

𝑎+𝑉𝑈

𝑖=𝑎+1

= 0 

 
(A.31) 

𝑃𝑟𝑜𝑗𝑒𝑐𝑡_𝑃𝑎𝑦𝑏𝑎𝑐𝑘 = 𝑙𝑝 +

𝑃𝑛 · 𝐼𝑁𝑉_𝐶𝑜𝑠𝑡 −  
𝑃𝑟𝑜𝑗𝑒𝑐𝑡_𝐶𝑎𝑠ℎ𝐹𝑙𝑜𝑤𝑖

(1 + 𝑊𝐴𝐶𝐶)𝑖−𝑎
𝑙𝑝
𝑖=𝑎+1

𝑃𝑟𝑜𝑗𝑒𝑐𝑡_𝐶𝑎𝑠ℎ𝐹𝑙𝑜𝑤𝑖𝑟

(1 + 𝑊𝐴𝐶𝐶)𝑖𝑟−𝑎

 

 

(A.32) 

𝑃𝑟𝑜𝑗𝑒𝑐𝑡_𝐿𝐶𝑂𝐸 =

𝑃𝑛 · 𝐼𝑁𝑉_𝐶𝑜𝑠𝑡 +  
𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔_𝐶𝑜𝑠𝑡𝑖
(1 + 𝑊𝐴𝐶𝐶)𝑖−𝑎

𝑎+𝑉𝑈
𝑖=𝑎+1

 
𝐸𝑖

(1 + 𝑊𝐴𝐶𝐶)𝑖−𝑎
𝑎+𝑉𝑈
𝑖=𝑎+1

 

 

(A.33) 

𝑊𝐴𝐶𝐶 = 𝐸𝑞𝑢𝑖𝑡𝑦 ·  𝑘𝑑 + ∆𝑘𝑑 +  1 − 𝐸𝑞𝑢𝑖𝑡𝑦 · 𝑘𝑑 · (1 − 𝑇𝑎𝑥_𝑅𝑎𝑡𝑒)  (A.34) 
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Appendix B. Detailed results obtained from the Monte Carlo 

simulation of the case study 

Project_NPV 

Table B.1. Representative statistics from the Project_NPV MC simulation with uniform and triangular 

PDFs. Source: self-elaboration. 

 

Probability Distribution 

Statistics – Project_NPV [€] Uniform Triangular 

Mean [M€] -88.48 -43.13 

Typical error [M€] 1.12 0.84 

Median [M€] -82.61 -39.11 

Mode [M€] - 2.41 

Standard Deviation [M€] 112.33 83.99 

Variance [M€2] 12,618,714,145.29 7,053,488,650.05 

Kurtosis -0.65 -0.25 

Asymmetry -0.07 -0.19 

Range [M€] 667.57 558.75 

Minimum [M€] -386.23 -350.77 

Maximum [M€] 281.34 207.97 

Sample Total number 10,000 10,000 

Loss probability [%] 76.27% 67.85% 

Confidence interval 
(acceptance level 95%) [M€] 

2.20 1.65 

Project_IRR 
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Table B.2. Representative statistics from the Project_IRR MC simulation with uniform and triangular PDFs. 

Source: self-elaboration. 

 

Probability Distribution 

Statistics – Project_IRR [%] Uniform Triangular 

Mean [%] 5.92 6.41 

Typical error [%] 0.04 0.03 

Median [%] 5.17 6.15 

Mode [%] - 9.42 

Standard Deviation [%] 4.37 2.98 

Variance [%2] 0.19 0.09 

Kurtosis -0.13 0.07 

Asymmetry 0.51 0.43 

Range [%] 26.68 20.94 

Minimum [%] -6.56 -2.73 

Maximum [%] 20.12 18.21 

Sample Total number 10,000 10,000 

Loss probability [%] 5.94 0.72 

Confidence interval 
(acceptance level 95%) [%] 

0.09 0.06 

Project_Payback 

Table B.3. Representative statistics from the Project_Payback MC simulation with uniform and triangular 

PDFs. Source: self-elaboration. 

 

Probability Distribution 

Statistics – Project_Payback [years] Uniform Triangular 

Mean [years] 22.13 21.81 
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Typical error [years] 0.06 0.05 

Median [years] 25.00 25.00 

Mode [years] 25.00 25.00 

Standard Deviation [years] 5.56 5.20 

Variance [years2] 30.96 27.02 

Kurtosis 0.89 0.05 

Asymmetry -1.60 -1.27 

Range [years] 19.20 18.69 

Minimum [years] 5.80 6.31 

Maximum [years] 25.00 25.00 

Sample Total number 10,000 10,000 

Loss probability [%] - - 

Confidence interval (acceptance level 
95%) [years] 

0.11 0.10 

Project_LCOE 

Table B.4. Representative statistics from the Project_LCOE MC simulation with uniform and triangular 

PDFs. Source: self-elaboration. 

 

Probability Distribution 

Statistics – Project_LCOE [€/MWh] Uniform Triangular 

Mean [€/MWh] 338.57 297.50 

Typical error [€/MWh] 1.43 0.90 

Median [€/MWh] 309.70 283.35 

Mode [€/MWh] - 222.82 

Standard Deviation [€/MWh] 142.60 90.00 

Variance [(€/MWh)2] 20,335.67 8,100.56 
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Kurtosis 1.39 1.23 

Asymmetry 1.09 0.91 

Range [€/MWh] 1,004.32 740.22 

Minimum [€/MWh] 94.67 106.80 

Maximum [€/MWh] 1,098.99 847.01 

Sample Total number 10,000 10,000 

Loss probability [%] - - 

Confidence interval (acceptance level 
95%) [€/MWh] 

2.80 1.76 

Figure list 

Figure 1. Conceptual scheme of the income statement model for the economic valuation of 

Spanish CSP assets under the RD 413/2014 framework. Source: self-elaboration based on [2]. 

Figure 2. Conceptual comparison schema between the deterministic and the probabilistic 

analysis of the Spanish CSP system under the RD 413/2014 framework. Source: self-

elaboration. 

Figure 3. Methodology for the application of the DCF-MC analysis in the RD 413/2014 economic 

model. Source: self-elaboration. 

Figure 4. Characterization of the SCSPS: (a) classification according to the total number of 

facilities, (b) classification according to the total installed capacity. Source: self-elaboration. 

Figure 5a. Sensitivity analysis results. Impact of the parameters variation on the Project_NPV. 

Source: self-elaboration. 
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Figure 5b. Sensitivity analysis results. Impact of the parameters variation on the Project_IRR. 

Source: self-elaboration. 

Figure 5c. Sensitivity analysis results. Impact of the parameters variation on the 

Project_Payback. Source: self-elaboration. 

Figure 5d. Sensitivity analysis results. Impact of the parameters variation on the Project_LCOE. 

Source: self-elaboration. 

Figure 6. Stabilization of the output variables according to the number of MC simulations. 

Source: self-elaboration. 

Figure 7. MC analysis results. Impact of the stochastic parameters variation on: (a) 

Project_NPV, (b) Project_IRR, (c) Project_Payback, (d) Project_LCOE. Source: self-elaboration. 
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Table B.2. Representative statistics from the Project_IRR MC simulation with uniform and 

triangular PDFs. Source: self-elaboration. 

Table B.3. Representative statistics from the Project_Payback MC simulation with uniform and 

triangular PDFs. Source: self-elaboration. 

Table B.4. Representative statistics from the Project_LCOE MC simulation with uniform and 

triangular PDFs. Source: self-elaboration. 
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Table 1. Values of the regulatory parameters for a CSP type facility IT-00609. Source: self-elaboration based on [54-56]. 

Code a VU  

[years] 

VIa  

[€/MW] 

C1.a Rinv2013 

[€/MW] 

Rinv2014-2016 

[€/MW] 

Rinv2017-2019 

[€/MW] 

Nh_max(Ro)2013 

[h] 

Nh_max(Ro)2014-2016 

[h] 

Nh_max(Ro)2017-2019 

[h] 

Nh_min2013 

[h] 

Nh_min2014-2016 

[h] 

Nh_min2017-2019 

[h] 

Uf2013 

[h] 

Uf2014-2016 

[h] 

Uf2017-2019  

[h] 

IT-00609 2011 25 6,184,027 1 261,271 557,683 559,440 1,274 2,720 2,704 326 1,632 1,622 190 952 946 

Year Pm_ei  

[€/MWh] 

C_Eexp_ei  

[€/MWh] 

Pmfi  

[€/MWh] 

C_Eexpfi 

[€/MWh] 

Nh_ei  

[h] 

Nhi.j  

[h] 

LS2i.j 

[€/MWh] 

LS1i.j  

[€/MWh] 

LI1i.j  

[€/MWh] 

LI2i.j  

[€/MWh] 

Roi  

[€/MWh] 

     

2011 ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶ ̶      

2012 299.30 85.34 ̶ ̶ 2,449 ̶ ̶ ̶ ̶ ̶ ̶      

2013 302.46 105.67 52.35 89.09 1,172 1,274 ̶ ̶ ̶ ̶ 36.742      

2014 ̶ ̶ 49.21 87.21 ̶ 2,720 56.21 52.21 44.21 40.21 38.003      

2015 ̶ ̶ 50.55 87.96 ̶ 2,715 57.52 53.52 45.52 41.52 37.418      

2016 ̶ ̶ 50.78 88.83 ̶ 2,709 57.75 53.75 45.75 41.75 38.055      

2017 ̶ ̶ 44.96 89.74 ̶ 2,704 49.81 46.33 39.35 35.87 44.777      

2018 ̶ ̶ 43.60 90.60 ̶ 2,698 48.30 44.92 38.16 34.78 47.006      

2019 ̶ ̶ 43.94 91.48 ̶ 2,693 48.68 45.28 38.46 35.06 47.533      

2020 ̶ ̶ 54.57 92.36 ̶ 2,688 60 56 48 44 ̶      
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