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Abstract: The reduction in construction and maintenance costs per MW of renewable energy facilities,
together with low interest rates, have led to a significant growth in the purchase prices paid for these
facilities in the Spanish market. This trend is shared by other European countries, especially for
projects that hedge energy price risk incorporating power purchase agreements with third parties. In
this framework, questions arise about the economic rationale of the purchase prices paid for these
projects. Consequently, we develop a project evaluation model that forecasts expected cash flow and
time-varying required rates of return for a standard photovoltaic plant, in order to study the extent to
which foreseeable market conditions—interest rates and equity risk premia, among others—translate
into economically viable buyouts. Our results suggest that purchase prices paid for these initiatives
often lead to buyer returns below those that would be reasonable according to market conditions.
Indeed, we find that only facilities that reach a production 23% higher than the number of hours
considered in the base case provide returns that compensate long-term financing costs. However,
specialised investors can exploit their relatively low cost of financing to pay prices up to 73% higher
than those affordable by classic investors.

Keywords: financial planning; infrastructure financing; photovoltaic energy; renewable energy;
project finance; power purchase agreement; cost of equity; green bubble

1. Introduction

Renewable energy has become a key priority in many geographical areas as it provides
clean and sustainable energy, among other benefits, to companies and households [1–4].
Furthermore, investment in renewable energy is crucial to achieving the ambitious climate
targets outlined in the Paris Agreement, where large investments in infrastructure are
required to ensure growth and meet the basic needs of the population in developed
countries [5]. Hence, according to OECD estimates [6], economic growth requires an
investment in infrastructure (energy, transport, water or telecommunications) of around
95 trillion dollars from 2016 to 2030, that is, 6.3 trillion dollars per year, ignoring purely
climate considerations. Moreover, for the infrastructure supply to be consistent with the
2 ◦C global temperature target, investments of 6.9 trillion dollars per year are required,
although climate variability would persist [7]. All these elements make it essential to
properly organise and structure the financing circuit for the energy transition [8].

In this framework, recent trends in renewables depict a scenario that involves a race for
licenses and locations, where investors are willing to pay relatively high prices for projects
that are not under construction and, in some cases, not even ready-to-build (RTB) [9].
Low interest rates and cost reduction largely determine this fact. In the specific case of
the Spanish market, photovoltaic projects have experienced strong reductions in capital
expenditures (CapEx) and operational expenses (OpEx), with CapEx falling on average
from 6.000 € k/MW to around 500–600 € k/MW, and OpEx falling from 50 €/MWh to
20–25 €/MWh. This environment has allowed installed capacity to exceed 50,000 MW in
2019, with wind projects exceeding 25,000 MW and solar plants 11,000 MW [10].
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As a result, the Spanish renewable energy industry is attracting significant attention
from a wide range of investors willing to undertake new renewable energy projects. In
fact, in 2019, the sole transmission agent and operator of the national electricity system
in Spain—Red Eléctrica de España—received requests amounting to 125,200 MW, which
is well above the expected capacity for Spain until 2030, according to the forecasts of the
Spanish Government (48,550 MW of installed capacity for wind projects and 38,404 MW
for photovoltaic plants, according to the National Energy and Climate Plan 2021–2030).
This environment has led to an increase in purchase prices paid for RTB facilities—reaching
100–200 €/MW according to data from Mergermarket database—with large utilities, energy
providers and financial investors acting generally as buyers. This framework raises the
question of the economic rationale behind the prices paid for RTB projects.

Accordingly, based on the growing interest in promoting renewable energy within
the framework of the climate targets of the European Union, as well as the results of
previous literature that emphasises the existence of a green bubble [11–13], in this paper
we compare the internal rate of return (IRR) of a standard photovoltaic plant located in
Spain, with the cost of equity required by different types of investors who usually channel
funds to these projects, in particular, domestic utility companies and foreign solar funds.
Hence, using an approach similar to that followed by Martín et al. [14], we study the
existence of economic reasons that explain the purchase prices of photovoltaic projects.
Specifically, building on the fact that renewable energy projects should guarantee a net
present value (NPV) equal to or greater than zero to ensure their economic viability, we
study whether this is often the case under current market conditions or whether inflated
purchase prices consistently translate into negative NPV. Importantly, Martín, Coronas,
Alonso, de la Hoz and Matas [14] find that the onshore wind and photovoltaic auctions in
Denmark in 2019 require very specific scenarios to be viable, raising doubts about their
effective implementation. For example, in the specific case of photovoltaic energy in the
Danish market, the authors show that this energy source is not profitable for any WACC,
concluding that either a 60% discount on the investment cost or an annual increase of 6.8%
in the market price is required for the NPV to reach the breakeven point.

From a methodological perspective, our approach combines classic methods com-
monly used to evaluate investments—i.e., the IRR and the NPV—with other models
provided by the asset pricing theory—e.g., the Vasicek [15] model or the Campbell and
Shiller [16] model—that allow us to account for the time-varying nature of discount rates.
Importantly, although constant discount rates are frequently used in practice to evaluate
new investment projects, abnormally high or low market returns can lead to underestimat-
ing or overestimating project performance, thereby hindering well-informed investment
decisions. Furthermore, time-varying discount rates are central to correctly evaluating
finite-life projects, given their lower indebtedness over time. Therefore, this paper con-
tributes to filling de gap between the classic project evaluation techniques and the recent
findings provided by the asset pricing theory. Moreover, we use our model to study the
average number of operation hours that allows the project to provide an IRR that covers
the implied cost of equity throughout the project life, as well as the maximum purchase
price affordable for a notional utility company located in Spain and a generic infrastructure
fund located in UK, under current market conditions. In this regard, it should be noted
that most of the infrastructure funds operating in the renewable energy industry in Spain
are located outside of this country and many of them are based in London. Consequently,
for the sake of simplicity, we use a generic UK investor to represent this investor typology.

Our paper contributes to the previous literature in the following terms. First, to the
best of our knowledge, this is the first study to analyse the rationale behind the purchase
price of RTB solar plants in Spain, using conditional discount rates to capture the effect of
the current level of interest rates and equity risk premia in the performance of the project.
Second, our results provide updated projections in the performance of Spanish photovoltaic
plants. These projections are fully consistent with the current regulatory framework in
this country, thus expanding our knowledge of current trends in renewables. Third, our
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model helps reconcile some widely recognised asset pricing models in the literature with
classic procedures used in practice to determine discount rates, allowing us to realistically
estimate the conditional cost of equity of photovoltaic projects. In particular, our approach
allows us to determine time-varying discount rates that are fully consistent with the current
conditions of financing markets. Furthermore, our model helps us control the NPV of
the project for the current level of both the risk-free rate and equity risk premium, which
allows us to avoid that our results artificially reject the market overvaluation, especially
given the low level of interest rates at the valuation date. Finally, our methodology helps
us to capture the effects of the purchase power of some international investors on project
prices, given their relatively low cost of capital.

The remainder of the paper is organised as follows. Section 2 describes the model.
Section 3 presents and discusses the empirical results. Finally, Section 4 concludes the paper.

2. Materials and Methods
2.1. Operational and Financial Assumptions

In this subsection we describe the operational and financial assumptions established
to evaluate the apparent overvaluation of the purchase prices paid for solar facilities
in Spain at the beginning of 2020. For that purpose, we study a generic photovoltaic
project that has not yet started construction, using information consistent with data from
different operations in the Spanish renewable energy market at the valuation date. The
main operational assumptions are summarised in Table 1.

Table 1. Operational assumptions.

Item Units Base Case Worst Case

Panel A: General assumptions
Purchase price € k 4000 4000

Purchase price/MW € k/MW 100.00 100.00
Production Hours 2200.00 2200.00
MW peak MW 45.00 45.00

MW nominal MW 40.00 40.00
Capacity % 90.00% 90.00%

Degradation % 0.10% 0.10%

Panel B: Timing
Valuation date Date 1 January 2020 1 January 2020

Start of the construction Date 1 September 2021 1 September 2021
Construction period Months 6 12

Commercial operation date—Start Date 1 March 2022 1 September 2022
Commercial operation date—End Date 1 March 2052 1 September 2052

Panel C: CapEx and depreciation
Industrial CapEx € k/MW 580 816
Industrial CapEx € k 26,100 36,720

Depreciation period Years 30 30

Panel D: OpEx
O&M expenses € k/MW 13.25 13.25
O&M expenses € k/year 596 596

Inflation O&M expenses % 1.50% 1.50%

Panel E: Working capital
Collection period Days 15.00 15.00
Payment period Days 30.00 30.00

At this point, it should be noted that the current regulatory framework for renewable
energies in Spain highlights different sources of uncertainty, such as the volatility in the
price of energy or pool price. This fact has greatly encouraged the use of power purchase
agreements (PPAs) to hedge buyers against energy price volatility both in wind and
solar projects [17,18], where PPA contractual terms are often protected by nondisclosure
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agreements, and publicly available corporate data is usually of limited utility. In this
context, our base case assumes a nominal installed capacity of 40 MW, with an operating
life of 30 years. Based on data from recent photovoltaic projects, we assume a production
level of 2200 net hours per year, with 90% of the production sold through a PPA contract
and the remaining production sold at the pool price. Figure 1 shows the price curve and
PPA prices that result from our assumptions.
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Figure 1. Expected solar price curve and PPA prices.

We use data provided by independent experts to configure the price curve projections
shown in Figure 1, assuming a capture rate of 100.36%, consistent with Spanish regulation
(Orden TED/17/2000). Regarding PPA prices, interestingly, Miller et al. [19] and Mendicino,
Menniti, Pinnarelli and Sorrentino [17] analyse their relationship with the levelised cost of
energy (LCOE) for estimation purposes. However, for the sake of simplicity, we use data
from BloombergNEF [20] to set the PPA price to 35.30 €/MWh in January 2020. It should be
noted that this price is consistent with the capacity, the term and the contractual structure
of the project under study. Additionally, prices in Figure 1 assume an annual price increase
of 1.5% to reflect inflation in the projections, according to CPI long term estimations for the
Spanish Economy provided by the EIU Global Forecasting Service at the valuation date.

Regarding operational costs, heterogeneity in disclosure levels across companies
and sources of data translates into significant barriers to establishing a standard base
for comparison. Hence, Tegen et al. [21] report an average annual operational cost of
11 $/MWh for the US market, while Giberson [22] reports an annual operational cost for
wind projects of 21 $/MWh. Consistent with the strong cost reduction experienced by
renewable projects in Spain since 2016, we set operational expenses to 8.25 €/MWh or,
equivalently, 13.25 € k/MW. Regarding CapEx, it should be mentioned that investment
costs have experienced a sharp decrease in the last decade, with the prices of solar modules
declining from 3.000–3.500 € k/MW in 2010 to less than 500 € k/MW in 2019 [23]. Using
these data and including other supplementary costs (inverters, grid connection, cabling
wiring, mechanical and electrical installation), we assume that CapEx in construction
amounts to 580 €/MW in the base case, while it increases to 816 €/MW in the worst-case
scenario, that is, a price increase of 40%, according to the volatility of the construction costs
of solar projects in Spain in recent years.

Table 2 summarises the main financial assumptions established in our model. Re-
markably, although bond financing, and in particular green bonds, is gaining increasing
importance in funding sustainable projects [24–26], traditional project finance structures
remain the most widely used financing instrument for individual energy projects. Accord-
ingly, based on data from previous operations, we assume a debt-to-equity ratio of 70/30,
where the principal is reimbursed according to a debt service coverage ratio (DSCR) of 1.25,
and interest rate amounts to 2.50%, increasing 25 basis points every 5 years.
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Table 2. Financial assumptions.

Item Units Value

Panel A: Funding
% Bank loan % 70.00%

% Shareholders % 30.00%

Panel B: Interest rates and commissions of debt
Bank loan—Interest rate % 2.50%
Bank loan—Upfront fee % 1.80%

Panel C: Debt repayment
Term of debt Years 15

Debt service coverage ratio Units 1.25

As noted in the following section, we determine discount rates using return data
for different types of investors who typically channel funds to renewable energy projects.
However, while those companies usually invest in turnkey facilities, the project under
study is in the RTB stage, thus assuming construction risk. Importantly, the allocation of
construction risk is key issue for infrastructure projects. Thus, Vassallo et al. [27] highlight
the fact that pension funds, unlike commercial banks, are unwilling to bear construction
risks given their lack expertise to properly assess them. On the other hand, quantitative pro-
cedures, such as stochastic simulation methods and computational intelligence techniques,
are useful tools for analysing the uncertainty surrounding forecasts [28,29]. In this regard,
for the purpose of our study, we assume that the sponsor bears all the construction risk,
which translates into a higher cost of equity. To determine the expected increase in the cost
of equity that results from construction risk, we use the scenarios shown in Table 1—i.e.,
the base case and the worst-case scenario—to run a Monte Carlo simulation that accounts
for the main construction risks, namely: (i) the potential increase in construction costs, and
(ii) the potential delay in the construction period. For that purpose, the worst-case scenario
assumes that CapEx increases by 40% with respect to base case, while the construction
delay comprises 6 months. Assuming that both CapEx and the construction period are
uniformly distributed, the difference between the IRR for shareholders in the base case
and the average IRR for shareholders provided by the Monte Carlo simulation results in a
construction risk premium of 2.06%. Below we use this result to correct the estimated cost
of equity for construction risk.

2.2. Discount Rates

Discount rates constitute a key element for most investment valuation models, as
they represent the minimum expected rate of return required for the project throughout its
operating life. From a practical perspective, the capital asset pricing model (CAPM) [30–32]
is by far the most widely used model for determining discount rates, satisfying:

E
(

Ri
t+1

)
= ki

e = R f +
[

E
(

Rm
t+1
)
− R f

]
βi (1)

where E
(

Ri
t+1
)

is the unconditional expected return for asset i, ki
e is the unconditional cost

of equity, R f is the risk-free rate, E
(

Rm
t+1
)

is the expected return of the wealth portfolio—
usually proxied by a broad-based market portfolio—and βi is the slope coefficient that
results from the regression of Ri

t+1 on Rm
t+1. Accordingly, Expression (1) implicitly assumes

that the wealth portfolio perfectly captures investor preferences and that expected returns
are linearly related to betas.

However, despite its practical success, the CAPM has traditionally performed poorly
in empirical research, providing beta coefficients weakly related to expected returns and
near-zero cross-sectional R2 statistics [33–36]. The fact that the portfolios used as a proxy
for the wealth portfolio are often far from being mean-variance efficient and, especially, the
forecastable nature of expected returns cause significant differences to emerge between the
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conditional and unconditional versions of the model [37–40]. Accordingly, the time-varying
nature of the risk-free rate, the equity risk premium and beta coefficients largely explains
the poor performance of the CAPM in practice.

Given the aforementioned limitations and the fact that Tables 1 and 2 comprise early
2020 market data, we estimate the conditional cost of equity on an annual basis using the
conditional version of Expression (1), which allows us to account for the time-varying
nature of the CAPM components, as follows:

E
(

Ri
t+j

)
= ki

e,t+j = R f
t+j +

[
Et

(
Rm

t+j

)
− R f

t+j

]
βi

t+j (2)

where Et

(
Ri

t+j

)
is the expected return for asset i for the period from t + j − 1 to t + j

conditional on time-t information, ki
e,t+j is the conditional cost of equity, R f

t+j is the risk-

free rate from t + j − 1 to t + j, Et

(
Rm

t+j

)
is the expected return of the market portfolio

conditional on time-t information, and βi
t+j is the conditional beta coefficient.

To estimate future risk-free rates, we exploit the accuracy and tractability of the
Vasicek [15] model to forecast the one-year Treasury Bill rate throughout the life of the
project. Accordingly:

dR f
t = a

(
b − R f

t

)
dt + σdMt (3)

where a is the speed of reversion of the current interest rate to its long-term mean level,
b is long-term mean interest rate, σ is the instantaneous volatility, and Wt is a Weiner
process. Therefore, below we use the Euler approximation of Expression (3) to determine
the expected pattern of the risk-free rate throughout the project file.

We determine the term structure of expected equity market returns Et

(
Rm

t+j

)
using

the Campbell-Shiller present value decomposition, which allows us to consistently estimate
the equity risk premium over time. Specifically, following Campbell and Shiller [16] and
using lowercase letters to denote logs:

dpt ≈
∞

∑
j=1

ρj−1rt+j −
∞

∑
j=1

ρj−1∆dt+j (4)

where dpt is the dividend yield in logs at time t, rt+j is the log return, ∆dt+j is log dividend
growth, and ρ = 1/(1 + DP). The terms on the right-hand side of Expression (4) can be
written as a function of the dividend yield, as follows:

∞

∑
j=1

ρj−1rt+j = brdpt + εr (5)

∞

∑
j=1

ρj−1∆dt = bddpt + εd (6)

where br and bd are regression coefficients, and εr and εd are error terms. In the next
section, we use Expression (5) in levels instead of logs, together with the AR(1) process
of the dividend yield, to determine the expected pattern of the market return Et

(
Rm

t+j

)
,

thus exploiting the persistent nature of the dividend yield over time, as well as its strong
predictive power. This allows us to explicitly consider the term structure of expected
returns—and consequently the predictability pattern of stock returns—in our analysis.

Regarding betas, unlike companies operating on an ongoing basis, project finance
investments are characterised by indebtedness that decreases sharply over time. Since this
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fact can give rise to important effects on levered betas, we account for their time-varying
nature using the Hamada [41] model, which satisfies:

βL,t = βU,t

[
1 +

Lt·(1 − Tt)

Et

]
(7)

where βL,t and βU,t are levered and unlevered betas, respectively, Lt is the value of debt, Et
is the equity value, and Tt is the tax rate.

As shown in the following section, all the previous models allow us to reliably estimate
the annual cost of equity for the investment under analysis and, consequently, the implied
cost of equity throughout the life of the project.

3. Results and Discussion

In this section, we study the consistency between the expected IRR for shareholders
of the photovoltaic project under analysis, according to assumptions in Tables 1 and 2,
and the cost of equity that results from the methodology described in the previous section.
To analyse the extent to which the specific nature of the investor can result in significant
variations in discount rates, we determine the cost of equity from two different perspectives.
First, we use an equal-weighed portfolio comprising Spanish utility companies to estimate
the cost of equity from the perspective of a Spanish notional investor. Second, using an
analogous approach, we use an equal-weighed portfolio comprising shares issued by UK
solar funds to estimate the cost of equity from the perspective of a UK notional investor.

On this basis, we use the assumptions in Tables 1 and 2 to perform the calculations
shown in Tables 3–5. Specifically, Tables 3 and 4 show the pro forma balance sheet and
profit and loss account, while Table 5 shows the cash flow waterfall of the project. Figure 2
depicts the main items of the cash flow waterfall in Table 5. All projections correspond to
the base case, as defined in Tables 1 and 2. As shown in Table 3, once project construction
is completed in 2022, fixed assets amount to 25,371 thousand euros, while bank debt
amounts to 18,872 thousand euros (17,777 thousand euros at the end of the year, after debt
repayments). As usual in this type of project, the profit and loss accounts in Table 4 show
that revenue grows at a steady rate from 2023 onwards, and financial expenses decrease
as indebtedness is reduced. Tables 3 and 4 show that bank charges at the beginning of
the project life give rise to deferred taxes amounting to 79 thousand euros in 2021, which
reduce the tax burden of the firm in 2022.

Table 3. Pro forma balance sheet for the base case.

2020 2021 2022 2023 2024 2025 2026 . . . 2050 2051 2052

Total non-current assets - 17,672 25,371 24,501 23,631 22,761 21,891 1011 141 -
Fixed assets - 17,592 25,371 24,501 23,631 22,761 21,891 1011 141 -

Deferred taxes - 79 - - - - - - - -
Total current assets - - 556 653 264 139 141 10,404 11,336 8634
Accounts receivable - - 112 135 137 139 141 271 275 46

Cash - - 444 517 127 - - 10,133 11,060 8588
Total assets - 17,672 25,927 25,153 23,894 22,900 22,032 11,415 11,476 8634

Shareholders’ equity - 5203 8407 8876 8927 9259 9767 11,300 11,360 8615
Capital - 5441 8049 8049 8049 8049 8049 8049 8049 8049

Reserves - - (238) - - 309 764 - - -
Profit and loss account - (238) 596 827 877 900 953 3251 3311 565

Liabilities - 12,468 17,520 16,277 14,968 13,641 12,265 115 116 20
Bank loan - 12,697 17,777 16,500 15,167 13,817 12,417 - - -

Bank loan—Upfront fee - (229) (316) (293) (270) (248) (225) - - -
Accounts payable - - 58 70 71 72 73 115 116 20

Total equity and liabilities - 17,672 25,927 25,153 23,894 22,900 22,032 11,415 11,476 8634
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Table 4. Pro forma profit and loss statement for the base case.

2020 2021 2022 2023 2024 2025 2026 . . . 2050 2051 2052

Revenue - - 2721 3293 3341 3390 3436 6599 6699 1133
Operating expenses - - (515) (623) (633) (642) (652) (932) (946) (160)

Power generation taxes - - (190) (231) (234) (237) (241) (462) (469) (79)
EBITDA - - 2016 2439 2475 2510 2544 5205 5284 894

Depreciation - - (729) (870) (870) (870) (870) (870) (870) (141)
EBIT - - 1286 1569 1605 1640 1674 4335 4414 753

Financial expenses - (317) (470) (444) (412) (417) (380) - - -
Upfront fee amortisation - - (23) (23) (23) (23) (23) - - -

Income before taxes - (317) 794 1102 1170 1201 1271 4335 4414 753
Income taxes - 79 (199) (276) (292) (300) (318) (1084) (1104) (188)
Net income - (238) 596 827 877 900 953 3251 3311 565

Table 5. Cash flow waterfall for the base case.

2020 2021 2022 2023 2024 2025 2026 . . . 2050 2051 2052

Revenue - - 2721 3293 3341 3390 3436 6599 6699 1133
Operating expenses - - (705) (854) (867) (880) (893) (1394) (1415) (239)

Income taxes - - (119) (276) (292) (300) (318) (1084) (1104) (188)
CapEx - (17,592) (8508) - - - - - - -

Changes in working capital - - (54) (11) (1) (1) (1) (3) (2) 132
CFADS - (17,592) (6665) 2152 2182 2209 2225 4118 4178 838

Financial expenses - (317) (470) (444) (412) (417) (380) - - -
Commissions - (229) (110) - - - - - - -

Principal repayment - - (1005) (1277) (1333) (1350) (1400) - - -
Cash flow after debt service - (18,138) (8249) 430 436 442 445 4118 4178 838

Contributions—Capital - 5441 2608 - - - - - - -
Contributions—Bank debt - 12,697 6085 - - - - - - -

Cash flow for shareholders - - 444 430 436 442 445 4118 4178 838
Dividends - - - (358) (827) (569) (445) (3170) (3251) (3311)

Capital reimbursement - - - - - - - - - -
Surplus cash flow - - 444 73 (390) (127) - 948 927 (2473)
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Figure 2. Main aggregates of the cash flow waterfall for the base case.

Based on the projections shown in Table 5 for equity contributions and the dividends
paid to shareholders, Table 6 shows the detail of the calculations used to determine the
implied cost of equity of the project considering a time-varying discount rate.
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Table 6. Equity valuation and implied cost of equity for the base case.

2020 2021 2022 2023 2024 2025 2026 . . . 2050 2051 2052

Proceeds for shareholders (0) (5441) (2608) 358 827 569 445 3251 3311 8615
Bank debt - 12,697 17,777 16,500 15,167 13,817 12,417 - - -

Panel A: Spanish sponsor
Risk-free rate 0.42% 0.73% 1.00% 1.23% 1.43% 1.61% 1.77% 2.82% 2.83%

Equity risk premium 1.75% 2.86% 3.61% 4.11% 4.44% 4.65% 4.77% 4.45% 4.45%
Levered beta 0.2643 0.6040 0.5930 0.5499 0.5184 0.4828 0.4472 0.2643 0.2643

Cost of equity: Impl. ke 10.70% 7.91% 9.48% 10.16% 10.52% 10.76% 10.88% 10.93% 11.03% 11.03%
Equity value 1822 7407 10,717 11,449 11,826 12,530 13,449 9970 7759

Panel B: UK sponsor
Risk-free rate 1.58% 1.90% 2.18% 2.41% 2.60% 2.76% 2.89% 3.59% 3.59%

Equity risk premium 9.48% 9.37% 9.25% 9.12% 9.01% 8.90% 8.80% 8.21% 8.20%
Levered beta −0.3058 −0.6375 −0.6468 −0.6108 −0.5841 −0.5511 −0.5157 −0.3058 −0.3058

Cost of equity: Impl. ke 9.82% 9.25% 6.50% 6.77% 7.41% 7.91% 8.43% 8.93% 11.65% 11.65%
Equity value 3057 8782 11,961 12,412 12,505 12,925 13,569 9875 7715
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As noted in the previous section, we estimate the risk-free rate in Panels A and B in
Table 6 using the Euler approximation of the Vasicek [15] model and one-year Treasury Bill
rate data for Spain and UK, respectively, as provided by the OECD Statistics section, for
the period from January 1989 to December 2018. We assimilate the long term mean interest
rate—b in Expression (3)—to the average Treasury Bill rate for each country in the period
1994–2018. Table 7 shows the regression results provided by the Vasicek [15] model, while
Figure 3a plots the interest rate estimates for Spain and UK, for the period 2020–2053.

Table 7. Forecasting regressions.

Panel A: Spain

Rf DP Rm

Slope −0.125 0.724 4.296
(0.043) (0.140) (3.360)

t-statistic −2.879 5.174 1.279
R2 0.228 0.498 0.057

Panel B: UK

Rf DP Rm

Slope −0.161 0.712 11.474
(0.058) (0.129) (4.170)

t-statistic −2.772 5.497 2.752
R2 0.215 0.528 0.219

1 The table shows the regression results of the following models: (i) the discrete version of the Vasicek (1977) model

∆R f
t = a

(
b − R f

t

)
+ εt, where a is the speed of reversion of the current interest rate to its long-term mean level, and

b is long-term mean interest rate, (ii) the AR(1) process of the dividend yield DPt = a + bDPt−1 + εt, and (iii) the
forecasting regression of the market return on the lagged weighted average dividend yield, Rm

t = a + bDPt−1 + εt,
consistent with Expression (5). Standard errors are in parentheses.
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To estimate the expected equity risk premium for Spain and UK, we compile return
data for all stocks traded on the Madrid Stock Exchange and the London Stock Exchange
from the Datastream database, for the period from January 1989 to December 2018. Specif-
ically, we compile the following data series: (i) total return index (RI series), (ii) market
value (MV series), and (iii) dividend yield (DY series). Hence, our data series comprise 398
and 4385 stocks for Spain and UK, respectively.

Using these data, we determine the value-weighted market return and the value-
weighted dividend yield for the period under consideration. These series allow us to
estimate the AR(1) process for the dividend yield and run the forecasting regression defined
in Expression (5) (all data are publicly available at [42]). Table 7 shows the regression results
for these models, while Figure 3b depicts the expected equity risk premiums that result
from Expression (5) for Spain and UK, for the period 2020–2053. Importantly, the estimates
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in Table 7 show that the dividend yield is highly persistent over time and exhibits a strong
predictive power in forecasting the return of the market portfolio, consistently with the
results achieved for other countries and markets [43]. Moreover, the predictive power of
the dividend yield increases significantly with the horizon, as is often the case with most
business cycle predictors (not shown in Table 7).

To estimate beta coefficients, we form two equal-weighed portfolios that allow us
to determine the cost of equity for a Spanish and a UK notional investor, respectively.
Specifically, these portfolios comprise the following securities: (i) Endesa, S.A. and Iberdrola
common stocks, traded on the Madrid Securities Exchange, and (ii) Foresight Solar Fund
Ltd. and Bluefield Solar Income Fund Ltd. shares, traded on the London Stock Exchange.
Importantly, in order to partially overcome the limitations of the CAPM in determining
discount rates, we increase the cost of equity that results from Expression (2) by the
alpha coefficients provided by the time-series regressions of portfolio returns on the market
portfolio, thus accounting for the pricing errors delivered by the model. Table 8 shows alpha
and beta estimates, where unlevered betas are determined using the average equity value,
debt and effective tax rate for the companies considered, as provided by the Datastream
database, on the Hamada [41] model.

Table 8. Alpha and unlevered beta estimates.

Benchmark Country Alpha Unlevered Beta

Average—Spain Spain 7.03% 26.43%
Average—UK UK 10.57% −30.58%
Endesa, S.A. Spain 7.63% 37.64%

Iberdrola, S.A. Spain 6.43% 20.98%
Foresight Solar Fund Ltd. UK 8.40% −24.26%

Bluefield Solar Income Fund Ltd. UK 12.75% −36.91%

We use the risk-free rates and equity risk premiums in Figure 3, together with alpha
and beta estimates in rows labelled ‘Average—Spain’ and ‘Average—UK’ in Table 8, to
estimate the time-varying cost of equity of the project for a notional sponsor in Spain or
UK, respectively, as shown in Table 6. Specifically, each year we simultaneously determine
the equity value and the cost of equity using the equity value itself and the bank debt of
the period to estimate the levered betas according to the Hamada [41] model. As a result,
the NPV of the project amounts to 1822 thousand euros when we use the cost of equity of
a Spanish notional sponsor, and 3057 thousand euros when we use the cost of equity of
an UK notional investor, as shown in Panels A and B in Table 6, respectively. To estimate
the implied cost of equity throughout the life of the project, we determine the IRR for
shareholders that results from subtracting the NPV of the project from the proceeds for
shareholders, according to the following expression:

T

∑
t=1

PFSt

(1 + ke)
t − NPV = 0 (8)

where PFSt denotes the proceeds for shareholders in the period from t − 1 to t, and ke is
the implied cost of equity. Table 6 shows that the implied cost of equity of the Spanish
notional sponsor amounts to 10.7%, while it falls to 9.82% for the UK notional investor.

In any case, the results in Table 6 completely ignore the fact that the companies
considered to estimate alphas and betas usually invest in turnkey facilities, thus ignoring
construction risk. As noted in the previous section, in order to consider the increase in the
implied cost of equity that results from construction risk, we use the assumptions shown
in Table 1 for the base case and the worst-case scenarios to run a Monte Carlo simulation
on the projections shown in Tables 3–5. As a result, we obtain a construction risk premium
of 2.06%.
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To compare the cost of equity of the project with the IRR for shareholders and, conse-
quently, analyse the economic rationale behind the purchase prices paid for ready-to-build
solar farms in Spain, Table 9 summarises the main results of our study under different
scenarios. Specifically, column I in Table 9 comprises the results achieved for our base case,
according to the projections shown in Tables 3–6. Importantly, while the IRR for sharehold-
ers in column I is determined using the proceeds for shareholders shown in Table 6, the IRR
for the buyer subtracts a purchase price of 100 € k/MW from the proceeds for shareholders
in Table 6, which is consistent with the current prices paid for these transactions in Spain, as
noted above. On the other hand, column II in Table 9 comprises the results obtained when
we set the production of the solar farm to match the IRR for the buyer to the cost of equity
increased by the construction premium. Hence, the required hours of operation should
increase from 2200—as considered in the base case—to 2718 for that purpose, as labelled in
column II. Finally, columns III and IV in Table 9 show the results of the model when we set
the purchase price to match the IRR for the buyer to the cost of equity of a Spanish notional
investor (45 € k/MW) and an UK notional investor (78 € k/MW), respectively.

Table 9. IRR for shareholders and cost of equity.

Column I II III IV

Price: 100 €
k/MW

Price: 100 €
k/MW

Price: 45 €
k/MW

Price: 78 €
k/MW

Prod.: 2200 h Prod.: 2718 h Prod.: 2200 h Prod.: 2200 h
IRR for sh. 12.4% 16.4% 12.4% 12.4%

IRR for sh.—Buyer 9.2% 12.4% 10.7% 9.8%
ke Spain 10.7% 10.4% 10.7% 10.7%

ke Spain + Constr. prem. 12.8% 12.4% 12.8% 12.8%
ke UK 9.8% 10.4% 9.8% 9.8%

ke UK + Constr. prem. 11.9% 12.4% 11.9% 11.9%

The results in Table 9, column I show that, although the IRR for the shareholders in
the base case (12.4%) exceeds the cost of equity for both a Spanish notional investor (10.7%)
and an UK notional investor (9.8%) when we ignore the construction risk, if we include
the construction premium, the project provides a near-zero NPV, with the cost of equity
for a Spanish investor (12.8%) slightly exceeding the IRR for shareholders. However, it
should be noted that the cost of equity is clearly above the IRR for the buyer (9.2%) either
including or ignoring the construction premium, which suggests that current purchase
prices of RTB solar plants are overvalued in the Spanish market. In any case, column I in
Table 9 shows that the cost of equity of a UK notional investor amounts to 9.8% when we
ignore construction risk, meaning that foreign solar funds can exert upward pressure on
purchase prices of solar farms, exploiting their lower cost of equity.

On the other hand, column II in Table 9 shows that the breakeven point of operation
hours that equals the IRR for the buyer with the increased cost of equity for both a Spanish
notional investor and an UK notional investor amounts to 2718 h, that is, 23.53% more than
the number of hours assumed in the base case, which is not easy to achieve under current
technological conditions. In this second scenario, the IRR for the buyer amounts to 12.4%,
suggesting that the current prices of solar farms are economically viable only for the most
efficient parks.

Consistent with the results shown in columns I and II, column III in Table 9 shows that
the purchase price that equals the IRR for the buyer with the cost of equity for a Spanish
notional investor amounts to 45 € k/MW, that is, 55% less than the purchase price assumed
in the base case. On the other hand, the lower cost of equity of UK solar funds allows
these investment vehicles to reach a purchase price of 78 € k/MW. In any case, it should
be noted that the production assumed in the base case (2200 h) prevents the project from
providing an IRR for the buyer that simultaneously compensates for the cost of equity and
the construction premium.
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4. Conclusions

Based on updated data from the Spanish renewable energy market in early 2020, and
using return data from both the Spanish and the UK equity markets to determine condi-
tional discount rates, the forecasts shown in the previous section for a generic photovoltaic
plant located in Spain provide us with three major findings. First, although the expected
IRR for shareholders largely compensates for the implied cost of equity that results from
conditional discount rates both ignoring and including construction risks, prices paid at the
valuation date for RTB facilities translate into an IRR for the buyer that is clearly below the
implied cost of equity. Consistent with previous literature on the topic [11–14], these results
suggest that, although Spanish RTB photovoltaic plants provide on average a near-zero
NPV for shareholders, the NPV for buyers paying purchase prices equal to or greater than
100 € k/MW for these facilities—as is often the case at the valuation date—is likely to fall
below zero, which is consistent with an apparent overvaluation of the market.

Second, on average, the purchase prices paid at the valuation date for RTB photovoltaic
plants only compensate the implied cost of equity in the case of the most efficient projects.
In particular, our results show that only facilities that exceed a production of 2718 h—that
is, 23.53% more than the number of hours considered in the base case—provide an IRR for
shareholders that compensate the cost of equity. That production translates into an IRR for
shareholders equal to 16.4% (see column II in Table 9), which would realistically require
not only an increase in production hours, but also a further decrease of investment and
operation costs. Remarkably, for that number of hours, both the IRR for the buyer and the
implied cost of equity amount to 12.4%.

Third, notwithstanding the above, specialised investors, such as international invest-
ment vehicles investing in projects globally, can exploit their lower cost of equity to pay
prices significantly higher than those affordable by domestic investors in non-financial
industries. Specifically, our results show that, while the purchase price that allows large
domestic utilities to compensate their cost of equity amounts to 45 € k/MW, this price rises
to 78 € k/MW in the case of UK solar funds, that is, 73.33% higher. These results suggest
that specialised international investors can exert upward pressure on purchase prices of
solar plants, exploiting their lower cost of equity.
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