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Abstract

:

The latest trend of low record bid prices in renewable energy auctions has raised concerns on the effective deployment of the winning projects. A survey of recent auction data from several countries, technologies and remuneration designs is analysed and compared with the corresponding levelised costs of energy (LCOEs) to draw first insights on their viability. A critical assessment of the ability of the LCOE for determining the adequate bid level is then performed and the preliminary unviable results of selected mature technologies are further investigated using improved profitability metrics as the project and equity net present value (NPV) and internal rate of return (IRR). As representative examples, the analysed Danish 2019 onshore wind and photovoltaics (PV) auctions require very specific scenarios to become viable, which cast doubts on their effective implementation. Under the assumptions of a realistic base case, the sensitivity analysis revealed that either 59% of decrease in the weighted average cost of capital (WACC), or 37% of discount on the investment cost or a 3.6% annual increment in the mean market price is needed for achieving the NPV break-even in the onshore wind case. Likewise, the PV case is unprofitable whatever the WACC may be, and either a 60% discount on the investment cost or a 6.8% annual increment in the mean market price is needed for the NPV to break-even. Although some projects could be relying on indirect revenues or additional sources of incomes beyond the auction support, it remains to see if they are finally materialised.
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1. Introduction


1.1. Setting the Context


Auctions are progressively adopted as a support mechanism for utility-scale electricity from renewable energy sources (RES) by a growing number of countries. In the two-year period 2017–2018, 55 different countries auctioned around 111 GW of electrical capacity from RES. The more mature RES technologies accounted for the major share (97%) of the auctioned volume, namely, 52% for solar photovoltaics (PV), and 36% for onshore wind, along with a significant 9% for offshore wind [1].



The competitive nature of auctions has played a role in the consistent downward trend followed by the bid prices in the last years. In this sense, reductions near 76% and 17% from 2010 levels have been reported for 2018 global weighted average auction prices of solar PV and onshore wind, respectively (prices from feed-in-premium auctions are not considered in these numbers) [1]. Although results on a country-level may vary, these figures expose well the global shift towards reduced support levels. Even developing countries, with higher risks associated to RES investments, have joined this overall trend of low-price level auctions [2,3].



Moving beyond the mere progressive reduction in bid prices, recent years have seen the emergence of winning projects bidding at 0 €/MWh. Significantly, a number of these projects even correspond to offshore wind, which is not among the cheapest most mature RES technologies. Although it is not certainly the rule, this phenomenon has captured the attention of specialised media and begins to be addressed by the academic community. Frequently, these projects relying on the wholesale electricity price have been termed as “zero-subsidy” or “subsidy-free” [1,2].



This recent trend of low record bid prices or even unsubsidised winning bids has been enthusiastically commended and regarded as a sign that additional support for some technologies could be no longer necessary. However, at the same time it has also raised concerns about the final successful implementation of the projects, all the more so bearing in mind past failure experiences. Actually, cost-efficiency is not the only objective pursued by energy policies, but also effectiveness in capacity deployment for achieving RES and climate goals [4].




1.2. State-of-the-Art


Although there is a significant body of literature analysing the outcomes of the first auctions of electricity from RES, the most recent period witnessing record low bid prices and even “subsidy-free” winning projects has still received scarce attention from academia. Reasons for this could include the reluctance of developers to disclose details of the bidding projects and the fact that government institutions in charge of auctions do not always publish timely and complete information of all the relevant details. Frequently, the possibility of a thorough analysis relies on the periodic issuance of data by specific sectoral or energy agencies either at national or international levels [1,2].



In order to portray the current price trends, the state-of-the-art has been limited to those references including most recent data partly or totally related to the period of analysis starting at 2017. This lower time boundary is selected in line with the most updated reports by RES energy agencies currently publicly available [1]. In this sense, some references can be found dealing with auctions at particular countries [5,6,7,8,9,10,11,12,13,14,15,16] or for various country groupings [17,18,19].



The effect of the design of the Danish auctions is investigated in [5] and an overview of the RES auctions in Colombia is presented in [6]. The auction design and outcomes in the UK are discussed for offshore wind in [7] and for PV and onshore wind in [8]. The results for India of PV and onshore wind auctions are evaluated in [9] and for PV in [10]. The auction programs and outcomes in Germany are analysed for PV in [11], for onshore wind in [12,13] and for offshore wind in [14,15]. A technological comparison of different energy sources is made for the centralised expansion auctions in Brazil [16].



As regards analyses of several groups of countries, auctions are identified as the second most employed mechanism for the promotion of RES in Latin America, and relevant data is presented for 13 Latin American countries in [17]. The design of the auction frameworks in Germany, France and Italy is reviewed in [18] in order to determine how policy-induced uncertainty affects the cost of capital. Additionally, the risk arising from the different site selection methods in the PV auctions in Zambia and South Africa is analysed in [19].




1.3. Contribution


As shown above, the number of studies analysing the design and results of the last auctions held from 2017 onwards is still limited, even more taking into account the number of participant countries and the auctioned volumes. In addition, the existing literature frequently continues with the common practice of employing the levelised cost of energy (LCOE) for evaluating the revenue requirements of the bidding projects. Although providing some insight, the LCOE limitations are not usually acknowledged and this metric prevails to the detriment of other improved profitability indexes that take into account the stream of revenues of the projects. Furthermore, the possible underbidding behaviour of winning projects raising concerns on their effective deployment is sometimes speculated, but not quantitatively assessed by a thorough analysis.



This paper is aimed at filling this gap. It analyses the recent tendency of low record bid prices exhibited in the last years by the most mature RES technologies, providing a three-fold contribution.



First, it updates the body of literature by covering the most recent period starting at 2017, doing it from a more global perspective in considering several countries and technologies and inquiring into the causes of the near subsidy-free auction results.



Second, a critical assessment of the usual practice of taking the LCOE as a yardstick against which to judge the bid prices is substantiated, identifying the shortcomings of this metric.



Third, the project and equity net present value (NPV) and internal rate of return (IRR) improved metrics are determined for representative cases and a sensitivity analysis of the impact of relevant input parameters is performed, in order to gain insights on the viability of the projects and evaluating possible underbidding behaviours.



The paper is structured as follows. In Section 2, a multi-technology survey of representative auction data relying on different remuneration schemes is gathered. Likewise, the specific methodology followed for evaluating the LCOE is identified and the needed input parameters are collected. In addition, the economic and financial data corresponding to the benchmark base case for profitability appraisal is set. Section 3 presents the results of the comparison between the bid prices of the considered auctions and their corresponding LCOE. Additionally, the opposed bid behaviour between more mature RES technologies and others with less deployment that is made apparent in the former comparison is further assessed by calculating the NPV and IRR of selected cases. A sensitivity analysis of NPV and IRR profitability indicators is then performed so as to ascertain under which scenarios the assessed cases could prove viable. All the results presented in Section 3 are duly discussed in Section 4. Finally, in Section 5 conclusions are raised and additional information is supplemented in Appendix A.





2. Materials and Methods


A survey of data relative to 10 different countries that held auctions in the 2017–2019 period analysed has been compiled and presented in Table 1 [20,21,22,23,24,25,26,27,28,29].



The collected data belong to auctions with different remuneration types. On the one hand, there are examples of power purchase agreements (PPA), namely, Argentina [20], Chile [21] and Portugal [22]. For the cases of Argentina and Chile, both PPAs are denominated in United States dollars (USD) and have different periodical updates, while no adjustment for inflation is foreseen for the Portuguese support. Also, as an alternative to the guaranteed remuneration in the Portuguese auction, it was possible to opt for receiving a market price, but at the cost of bidding for a fixed contribution to the National Electrical System [22],



There is a case of fixed feed-in premium (FIP) corresponding to Denmark [23], to be received on top of the electricity market price.



The auctioned support is of sliding FIP type for Germany [24] and the Netherlands [25], whereby the positive difference between the bid strike price and a market-based reference price is obtained. In the end, the perceived remuneration is the highest of either the strike price or the market-based reference price. As a specialty, there is a floor to the sliding FIP in the Dutch case.



The auctioned support for Canada [26], Greece [27], Poland [28] and the United Kingdom (UK) [29] takes the form of two-sided contracts for differences (CfD) (also known as two-sided sliding FIPs). The difference with respect to the mechanism described for the sliding FIP is that market revenues exceeding the bid strike price must be returned to the government-owned auctioneer. The CfDs have been praised for shielding producers from wholesale electricity price volatility, in complementing the market revenue up to the strike price. At the same time, CfDs also avoid augmented costs to consumers when the electricity prices are high.



The date of the auction, the duration of the support, and the involved RES technologies are also depicted in Table 1. Moreover, the mean awarded bid prices expressed in USD/kWh are included, using for the conversion the mean equivalence of each currency with USD in the year of the auction.



Following a common practice, the mean awarded bid prices of the auctioned RES technologies in Table 1 have been here compared to their corresponding LCOEs. The necessary input data for the LCOE calculation has been collected in Table 2. All the data has been obtained from [30], except the fixed and variable operation and maintenance (O&M) costs, which have been collected from [31].



Based on the LCOE formula deduction process, it can be regarded as the constant remuneration per unit of energy that breaks-even the NPV of a project. LCOE is frequently employed by both investors and policymakers as a proxy of the economic feasibility of the RES projects and for evaluating revenue requirements [3,32]. Several references of its use in connection with auctions can be found in the literature. In this sense, the LCOE is cited as a way of determining the projects with lower generation costs that should be awarded support in well-designed auctions [33]. It is also mentioned as a tool for setting auction ceiling prices [34]. In the agent-based modelling of the Danish auction scheme in [5], the fixed FIP for break-even is calculated as the difference between the expected market price and the bidder LCOE.



At the other end, there is a current set of literature identifying the LCOE shortcomings. Among others, it can be cited its different definitions [35] and the usual lack of transparency in the needed assumptions heavily impacting the LCOE outcomes [36]. Consequently, the use of more sophisticated metrics is advocated [36,37]. Mid way between these points, a comparison of auction prices with LCOEs can be found in [30], although a warning is issued on the implicit limitations.



The employed definition for the calculation of the LCOE following the methodology of [30] is provided in Appendix A, along with other assumptions.



The limited ability of the LCOE for assessing the viability of winning bids requires the use of discounted cash-flow metrics such as NPV and IRR for reliable project appraisal. For adding further value to the performed LCOE-based preliminary assessment, the project NPV and IRR, and the equity NPV and IRR of representative auctions with opposite valuation results are determined. Additionally, a sensitivity study is conducted on the impact of relevant parameters on the NPV and IRR indexes of the auctions obtaining negative profitability outcomes for its base case. The adopted base case assumptions are listed in Table 3.




3. Results


In this section the comparison between the LCOE of each of the auctioned RES technologies listed in Table 1 and an approximation to the mean remuneration that they could receive in the first year of operation is presented. Next, the project and equity NPV and IRR are presented for auctions of technologies with different maturities exhibiting completely opposed viability outcomes.



Finally, the unprofitable appraisal of some auctions under the base case assumptions is then further assessed by a sensitivity analysis, in order to explore the range of values of the input parameters that could make the investments profitable.



3.1. Auction Prices and LCOE Comparison Results


The comparison of the mean awarded PPA prices and the computed LCOEs for the countries under this remuneration scheme in Table 1 is portrayed in Figure 1, using bars in grey and yellow colour, respectively. Each of the bars representing the mean awarded prices is labelled at the top of the figure with the indication of the minimum, the mean and the maximum values of the winning bids. Figure 2, Figure 3 and Figure 4 also incorporate this information.



In Figure 2, the mean awarded bid prices for the fixed FIP Danish auctions listed in Table 1 are represented by grey bars. It is also displayed by blue bars the sum of the mean awarded bid prices and the mean wholesale electricity price, taken as a proxy of the mean remuneration to be received in the first year. Likewise, the corresponding LCOEs are depicted by yellow bars.



Figure 3 displays the mean awarded bid or strike price under the sliding FIP scheme (grey bars), along with the mean wholesale electricity price in the first year (blue bars) and the LCOEs (yellow bars), for the auctions from Germany and the Netherlands listed in Table 1. In line with what was commented on the “subsidy-free” winning projects at the introductory section, the minimum 0 €/MWh awarded bid price for the German 2017–2018 offshore wind auction stands out.



Additionally, Figure 4 shows the mean awarded bid or strike price under the CfD scheme (grey bars), jointly with the mean wholesale electricity price (blue bars), the resulting mean difference to receive from or pay to the auctioneer (orange bars), and the LCOE (yellow bars), in the first year for the auctions from Canada, Greece, Poland and UK listed in Table 1. As mentioned in Section 2, the generator cannot retain the surplus of the market remuneration over the strike price, which must be returned to the auctioneer. This event can be appreciated in some of the auction outcomes represented in Figure 4, in the form of orange negative bars.




3.2. NPV and IRR Results for Opposed Cases


The determination of the project and equity NPV and IRR for selected technologies that exhibited opposed results in the comparison made in Section 3.1 is now performed. Specifically, the cases of the German auction for biomass and the Danish auction for onshore wind and solar PV render the results collected in Table 4, under the assumptions in Table 3.




3.3. NPV and IRR Sensitivity Results for the Danish Case


In order to gain insight about the effect on the NPV and IRR results of the variation of relevant parameters of the base case assumptions, a sensitivity analysis is conducted and presented in Figure 5, Figure 6, Figure 7 and Figure 8.



Figure 5 shows the evolution of the project and equity NPV percentage variations with the WACC percentage variations, where after tax WACC has been taken as a proxy of the discount rate. The employed colour coding is dark blue for the onshore wind project NPV, light blue for the onshore wind equity NPV, brown for the PV project NPV and yellow for the PV equity NPV. The same colour coding has been used for framing the NPV values per unit of power corresponding to the different calculated points of each trend, placed at the top of the figure. The same organizational scheme and colour coding applies to Figure 6, Figure 7 and Figure 8.



In the upper subplot of Figure 6, the evolution of the project and equity NPV percentage variations with the investment cost percentage variations is represented, while the lower subplot is devoted to the project and equity IRR percentage variations with the investment cost percentage variations.



Figure 7 depicts in the upper subplot the evolution of the project and equity NPV percentage variations with the annual market price percentage variations, while the lower subplot represents the project and equity IRR percentage variations with the same annual market price percentage variations.



Additionally, Figure 8 represents the evolution of the project and equity NPV percentage variations with the lifetime in the upper subplot, and the project and equity IRR percentage variations with the same lifetime in the lower subplot. It is assumed that at the end of the 20-year fixed FIP support, only the wholesale market price is received.





4. Discussion


4.1. Analysis of Auction Prices and LCOE Comparison Results


The examination of Figure 1, Figure 2, Figure 3 and Figure 4 allows to distinguish two different outcomes of the comparison between the auction prices and the LCOEs. On the one hand, most mature RES technologies as PV and onshore wind as well as the case of offshore wind, almost systematically present lower proxies of the mean remuneration level than their corresponding LCOEs. On the other hand, for other technologies the situation is reversed (see small hydro in Figure 1 and Figure 4, biomass in Figure 1, Figure 3 and Figure 4, and biogas in Figure 1 and Figure 4). The reasons for such uneven performance should be sought both in the LCOE input data as well as in the technology-dependent bidding approach.



As regards the LCOE and following [30], a 7.5% discount rate has been applied to all the countries belonging to the Organization for Economic Co-operation and Development (OECD) and China, whereas a 10% has been employed for the rest of the world (see Table 2). These different discount rates find their justification in the lower borrowing costs and more stable energy policies that usually correspond to the OECD countries. Likewise, the same discount rates have been applied to all RES technologies in a country, making no distinction between their respective maturity levels.



The high impact of discount rates on the LCOE has been widely assessed in the literature. It has been qualified as major LCOE-determining factor, even above other parameters related to the system performance [36,38]. It is common to find studies applying discount rates varying in the range 5–10% [35], where the higher values acknowledge an increased risk perception [32]. While the use of a same discount rate for a broad group of countries can be justified for ease of comparison, other works argue for country-specific values [38]. This choice could channel to the LCOE different exposures to risk stemming from varied governmental policies and other macro-economic parameters. Consequently, the use of discount rates less than the uniform values applied to most cases in Table 1, could level down the LCOE outcomes to be more aligned with the consistently decreasing bid prices observed for certain countries and technologies.



Furthermore, the comparison between auction prices and LCOEs, although being a common practice, must be taken with caution. As mentioned in Section 2, LCOE can be regarded as the constant remuneration per unit of energy that breaks-even the NPV of a project. Consequently, a fair comparison would require the same constant over time behaviour of the contrasted quantity. Nevertheless, most bid and market prices presented in Figure 1, Figure 2, Figure 3 and Figure 4 as a proxy of project remuneration do not meet this specification. The PPA prices shown in Figure 1 for Argentina and Chile correspond to the first year of operation and are subject to uncertain periodical adjustments. Likewise, the average market price shown in Figure 2, Figure 3 and Figure 4 for the year of the auction will fluctuate over time and at least the CfD for the Canadian, Polish and British cases will experience periodical updates. So, the comparison performed in Figure 1, Figure 2, Figure 3 and Figure 4 is a fixed picture that will evolve in time in an uncertain manner. Although valuable insights can be drawn, not taking into account the time varying nature of revenue streams can be misleading.



Even allowing room for future increases of remuneration, the width of the gaps between the LCOEs and the income proxies for some of the presented cases (see i.e., the offshore wind auctions of Germany and the UK in Figure 3 and Figure 4) demands further substantiation.



For projects with planned entry into operation for several years ahead, developers may be relying on new reductions in investment and O&M costs and increases in energy production [7,12]. In this case, what is being evaluated is not the current LCOE but its possible future reduced value [3].



Low bid prices could well not be the only source for support under certain auction designs. Indirect ways of support could take the form of avoidance of determined costly and time-consuming administrative processing steps or the provision of grid connection capacity, as has been the case for certain offshore wind auctions in Denmark, Germany and the Netherlands [2,7]. Regarding the last investment cost estimates in [30] for German offshore wind, the contemplated exemption of grid connection costs could stand in a range around 20% of the investment cost [14]. Other envisaged forms of indirect support could be fiscal incentives and several tax benefits, as reported for Argentina [20].



The projects may also rely on additional sources of revenue outside the auction scheme, such as the provision of ancillary services [3], carbon market mechanisms [32] or energy sold either in private PPAs or in the wholesale market after the end of support.



There is also the possibility of additional streams of revenue from the extension of the conventional lifetime of the projects. As for PV, 40-year lifetimes have been reported and even 50 years have been speculated for certain PV technologies [36].



After reviewing other sources of additional incomes not reflected in the bid price, there remains the possibility of strategic or speculative underbidding for obtaining market power undermining other players [18,39] or securing grid connection [7], even renouncing normal financial returns [36]. Underbidding may also be due to not reliable estimations of the financial and technical capabilities to undertake the project development [33].




4.2. Analysis of NPV and IRR Results for Opposed Cases


The opposed profitability results shown in Table 4 for the most mature solar PV and onshore wind technologies regarding the biomass case confirm the preliminary appraisal already apparent in Figure 2 and Figure 3, respectively.



Support awarded to Danish onshore wind and solar PV would need discount rates of 2.90% and −0.72% (see Table 4), respectively, to break-even the project NPV under the base case assumptions of Table 3. The onshore wind project IRR is less than half the base case WACC, and the negative solar PV project IRR means that even without discounting the cash-flows, the investment cannot be recovered.




4.3. Analysis of the NPV and IRR Sensitivity Results for the Danish Case


Figure 5 shows the expected downward evolution of the percentage variations of NPV with those of WACC. Several points of interest can be identified in the figure.



On the one hand, the NPV results presented in Table 4 can be seen in Figure 5 in the labels corresponding to the base case point. In addition, the WACC percentage variations needed for NPV break-even, i.e., those corresponding to the IRR values in Table 4, have been highlighted in Figure 5. Thus, a red point on the onshore wind project NPV characteristic indicates that a decrease in the base case WACC of around 59% is needed to break-even. The corresponding point for the equity NPV break-even has been marked with a red cross.



The impact of the WACC variations on the NPV variations appears more pronounced for onshore wind, as both positive and negative WACC variations produce greater changes in NPV than in the solar PV case, which is simply unprofitable under the base case assumptions, whatever the WACC may be.



As regards Figure 6, the almost linear downward evolution of the percentage variations of NPV with those of investment cost can be observed in its upper subplot. The NPV results presented in Table 4 can be seen in this subplot in the labels corresponding to the base case point. Compared to Figure 5, the lower impact of the investment cost variations on NPV compared to the WACC variations can be observed. The onshore wind project NPV characteristic is more sensible than that of solar PV, but neither one of them achieves a positive project NPV even with a 25% discount on investment cost. Outside the displayed range, the project NPV break-even investment costs stand around 1016 USD/kW for onshore wind and around 414 USD/kW for solar PV. This values almost represent 37% and 60% of discount for onshore wind and solar PV, respectively, over the base case investment cost in Table 3, when the base case WACC is employed.



The lower subplot of Figure 6 shows the approximately linear downward evolution of the percentage variations of IRR with those of investment cost. The IRR results presented in Table 4 can be seen in this subplot in the labels corresponding to the base case point. The project IRR solar PV characteristic appears more sensible than that of onshore wind. It can also be noted that while the percentage investment cost variations tend towards the abovementioned 37% and 60% discounts compared to the base case, the project IRR tends to match the base case WACC.



The upper subplot of Figure 7 shows the expected upward evolution of the percentage variations of NPV with those of the mean annual wholesale market price. Again, the NPV results presented in Table 4 can be seen in this subplot in the labels corresponding to the base case point. When compared to Figure 5, it can also be noticed the lower impact of the mean annual wholesale market price variations on NPV than WACC variations. The onshore wind project NPV characteristic is more sensible than that of solar PV, but neither one of them achieves a positive project NPV even with sustained annual increments of 2.25% in the mean market price. Beyond the plotted range, the project NPV break-even cost for sustained annual increments in the mean market price is around 3.6% for onshore wind and around 6.8% for solar PV, when the base case WACC is employed.



As demonstrated by the lower subplot of Figure 7, there is a quite linear upward evolution of the percentage variations of the IRR compared with those of the mean annual wholesale market price. The IRR results presented in Table 4 can also be seen in this subplot in the labels corresponding to the base case point. The project IRR solar PV characteristic is more sensible than that of onshore wind. It can be seen that as the percentage variations in the annual mean market price tend to the aforementioned 3.6% for onshore wind and 6.8% for solar PV, the project IRR tends to reach the base case WACC.



Regarding Figure 8, its upper subplot shows a saturating upward evolution of the percentage variations of NPV with the lifetime or useful life. As in the former figures, the NPV results presented in Table 4 can be seen in this subplot in the labels corresponding to the base case point. Compared to Figure 5, the lower impact on NPV in terms of extending lifetime relative to WACC variations can be seen. The onshore wind project NPV characteristic is more sensible than that of solar PV, but neither one of them achieves a positive project NPV even receiving the mean market price during 20 additional years after the end of the fixed FIP support, under the base case assumptions in Table 3. In fact, the negative project NPVs of onshore wind and solar PV in the base case only improve a tiny 15% and 9% after the lifetime extension to 40 years, respectively.



The lower subplot of Figure 8 also illustrates a saturating upward evolution of the percentage variations of IRR with the lifetime. The IRR results presented in Table 4 can be seen in this subplot in the labels corresponding to the base case point. The project IRR solar PV characteristic is again more sensible than that of onshore wind.




4.4. Final Remarks


The extensive sensitivity analysis performed in Section 4.3 has confirmed the great impact of the discount rate on the profitability results. For the onshore wind case, a reduction in the discount rate by more than half of the base case value led to the achievement of break-even conditions in the project NPV. Nevertheless, the solar PV case was revealed to be unprofitable under the base case assumptions for whatever positive discount rate.



Relying exclusively on investment cost reductions for project NPV break-even required of unrealistic investment costs around 1016 USD/kWh for onshore wind and 414 USD/kWh for solar PV, under the rest of the base case assumptions. Likewise, depending solely on increases in the mean market price for achieving positive NPV values, sustained annual increases of around 3.6% for onshore wind and 6.8% for solar PV are needed. On the other hand, the extension of the useful life by up to 20 additional years after the end of the fixed FIP support only caused a minor 15% and 9% improvement over the negative base case project NPVs.



Between these bounding scenarios, there could be found combinations of input parameters yielding positive project NPVs, but their feasibility is subject to significant uncertainty.



Envisaged reductions in the investment costs could not materialise due to increased demand putting pressure on prices, imposition of safeguards to imports [9] or changes of exchange rates [3].



If forecasting how the market price will evolve in the short term is not without risk, it is even more challenging making predictions 20 to 40 years ahead from the end of support. In this sense, concerns have been expressed on several factors potentially affecting the evolution of market prices in diverse ways, as the decreasing effect on clearing prices of increasing volumes of RES integration [40], or the phasing-out of conventional and nuclear capacity, among others [14].



The abovementioned sources of uncertainty along with the perception of increased risk due to reduced support may increase the cost of capital, thus tightening the access to the cheap financing needed to improve profitability [32].



Taking into account the uncertainty affecting the market revenue as well as other input parameters, a probabilistic approach is advisory for determining the viability of the projects bidding at low record prices. In this sense, the next envisaged research step is the probabilistic valuation of representative “subsidy-free” RES projects, in order to better capture the impact of randomness in their economic performance and obtaining a measure of the associated risk.





5. Conclusions


This paper contributes to the analysis of the continued descending trend observed in RES bid prices in the last years. To this end, a survey of recent multi-country and multi-technology auction data representative of the various existing types of support has been gathered, as well as the necessary input parameters for calculating their corresponding LCOEs.



Following a usual practice, the LCOEs have been compared to a proxy of the remuneration of the projects, in order to gain some insights on their profitability. At the same time, a critical assessment has been provided on the ability of the LCOE for serving as the reference for determining the adequacy of the support awarded in auctions.



Having identified consistent opposed outcomes in the comparison between LCOEs and bid prices for RES technologies with different maturity and deployment levels, the subject is further investigated by determining more suitable profitability metrics as the project and equity NPV and IRR in a sound base case.



In view of the unviable obtained results, a sensitivity analysis is performed in order to determine which variations in the input parameters could lead to NPV break-even.



The higher impact of the discount rate on the profitability of the projects is confirmed, while the contribution of the other parameters more limited. In any case, for the analysed solar PV case it is found that NPV break-even cannot be reached in realistic scenarios. This illustrates that the low record bid prices achieved in recent years could rely on specific assumptions concerning the input parameters that could well be unrealistic.



Although some projects may also be counting on receiving indirect support for achieving profitability, the concerns raised about their effective deployment seem justified, although only time will tell.
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Acronyms




	CfD
	contract for differences



	PI
	consumer price index



	FIP
	Feed-in premium



	IRR
	internal rate of return



	LCOE
	levelised cost of energy



	NPV
	net present value



	OECD
	Organization for Economic Co-operation and Development



	O&M
	operation and maintenance



	PPA
	power purchase agreement



	PV
	solar photovoltaics



	RES
	renewable energy sources



	UK
	United Kingdom



	US
	United States



	USD
	United States dollar



	WACC
	weighted average cost of capital








Appendix A


The LCOE is calculated following the methodology of [30]:


  LCOE =     IE  0  +   ∑   t = 1  T      IE  t  + O &  M t  +  F t       (  1 + r  )   t        ∑   t = 1  T     E t       (  1 + r  )   t       



(A1)




where:



IE0, IEt are the investment expenditures in the year 0 (previous to the entry in operation) and in the year t, respectively, O&Mt is the sum of fixed and variable O&M in the year t, Ft is the fuel expenditure, Et is the generated energy in the year t and r is the discount rate.



The IE0 values taken from [30] include financing costs, and the fixed and variable O&Mt costs have been considered constant for all the lifetime T of the projects. It has been applied a 0.5% annual degradation for the calculation of Et in the PV case.
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Figure 1. LCOE (yellow bars) versus power purchase agreements (PPA) price (grey bars) for the auctions from Argentina, Chile and Portugal listed in Table 1. Source: self-elaboration. 
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[image: Energies 13 03383 g001]







[image: Energies 13 03383 g002 550] 





Figure 2. LCOE (yellow bars) versus mean awarded bid price under the fixed feed-in premium (FIP) scheme (grey bars) and mean awarded bid price added to the mean wholesale electricity price in the first year (blue bars) for the auctions from Denmark listed in Table 1. Source: self-elaboration. 
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Figure 3. LCOE (yellow bars) versus mean awarded bid price under the sliding FIP scheme (grey bars) and mean wholesale electricity price in the first year (blue bars) for the auctions from Germany and the Netherlands listed in Table 1. Source: self-elaboration. 
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Figure 4. LCOE (yellow bars) versus mean awarded bid price under the CfD scheme (grey bars), mean wholesale electricity price (blue bars) and the resulting mean difference to receive or pay in the first year (orange bars) for the auctions of Canada, Greece, Poland and UK listed in Table 1. Source: self-elaboration. 
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Figure 5. Project and equity NPV percentage variation with WACC percentage variation for the Danish case. Source: self-elaboration. 
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Figure 6. Project and equity NPV percentage variation (upper subplot) and project and equity IRR percentage variation (lower subplot) with investment cost percentage variation for the Danish case. Source: self-elaboration. 
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Figure 7. Project and equity NPV percentage variation (upper subplot) and project and equity IRR percentage variation (lower subplot) with annual market price percentage variation for the Danish case. Source: self-elaboration. 
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Figure 8. Project and equity NPV percentage variation (upper subplot) and project and equity IRR percentage variation (lower subplot) with the useful life for the Danish case. Source: self-elaboration. 
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Table 1. Data of renewable energy sources (RES) auctions held in the 2017–2019 period in selected countries. Source: Self-elaboration based on [20,21,22,23,24,25,26,27,28,29].
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Country

	
Support

	
Date

	
Duration

[Years]

	
Technology

	
Mean Awarded

Bid Price [USD/kWh]






	
Argentina

	
PPA

(in USD)

annually adjusted

	
July 2019

	
20

	
Onshore wind

	
0.0580




	
Solar PV

	
0.0576




	
Small hydro

	
0.1034




	
Biomass

	
0.1062




	
Biogas

	
0.1586




	
Landfill biogas

	
0.1295




	
Chile

	
PPA (in USD)

US CPI updated

	
November 2017

	
20

	
Onshore wind

	
0.0341




	
Solar PV

	
0.0336




	
Geothermal

	
0.0347




	
Portugal

	
PPA

	
July 2019

	
15

	
Solar PV

	
0.0227




	
Denmark

	
Fixed FIP

	
September–November 2019

	
20

	
Onshore wind

	
0.0022




	
Solar PV

	
0.0028




	
Germany

	
Sliding FIP

	
April 2017–April 2018

	
20

	
Offshore wind

	
0.0323




	
October–November 2019

	
Onshore wind

	
0.0693




	
Solar PV

	
0.0548




	
Biomass

	
0.1394




	
Netherlands

	
Sliding FIP

	
Spring 2019

	
15

	
Onshore wind

	
0.0458




	
Solar PV

	
0.0782




	
12

	
Biomass

	
0.0391




	
Canada

	
2-sided CfD

periodically adjusted

	
December 2018

	
20

	
Onshore wind

	
0.0297




	
Greece

	
2-sided CfD

	
December 2019

	
20

	
Onshore wind

	
0.0645




	
Solar PV

	
0.0670 (≤20 MW)




	
Poland

	
2-sided CfD

CPI updated

	
2018

	
15

Or

until

31–12–35

	
Onshore wind

	
0.0541 (≥1 MW)




	
Offshore wind

	
0.1281 (≥1 MW)




	
Solar PV

	
0.0966 (<1 MW)




	
Small hydro

	
0.1281 (≥1 MW)




	
Geothermal

	
0.1281 (≥1 MW)




	
Biomass

	
0.1103 (≥1 MW)




	
Agricultural biogas

	
0.1559 (<1 MW)

0.1394 (≥1 MW)




	
UK

	
2-sided CfD

periodically adjusted

	
May 2019

	
15

	
Offshore wind

	
0.0507 (delivery 2023–24)

0.0532 (delivery 2024–25)








Acronyms in Table 1: CfD: contract for differences, CPI: consumer price index, FIP: feed-in premium, PPA: power purchase agreement, UK: United Kingdom, US: United States, USD: US dollars.
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Table 2. Levelised cost of energy (LCOE) input data for the RES technologies of the analysed auctions. Source: self-elaboration based on [30,31].






Table 2. Levelised cost of energy (LCOE) input data for the RES technologies of the analysed auctions. Source: self-elaboration based on [30,31].





	
Country

	
Technology

	
Investment Cost [USD/kW]

	
O&M Costs

	
Capacity Factor [pu]

	
Lifetime [Years]

	
Discount Rate [pu]




	
Fixed

[USD/kW]

	
Variable

[USD/kWh]






	
Argentina

	
Onshore w.

	
1529.34

	
31.72

	
0.00766

	
0.3380

	
25

	
0.100




	
Solar PV

	
1433.00

	
30.00

	
0.00000

	
0.1820

	
25




	
Small hydro

	
2215.39

	
23.20

	
0.00095

	
0.6680

	
30




	
Biomass

	
1501.21

	
99.40

	
0.00420

	
0.4930

	
20




	
Biogas

	
2074.56

	
99.40

	
0.00420

	
0.5640

	
20




	
Chile

	
Onshore w.

	
1529.34

	
31.72

	
0.00766

	
0.3380

	
25

	
0.075




	
Solar PV

	
1210.20

	
30.00

	
0.00000

	
0.1820

	
25




	
Geothermal

	
3976.34

	
112.16

	
0.00506

	
0.8390

	
25




	
Portugal

	
Solar PV

	
1210.20

	
30.00

	
0.00000

	
0.1820

	
25

	
0.075




	
Denmark

	
Onshore w.

	
1891.21

	
31.72

	
0.00766

	
0.3940

	
25

	
0.075




	
Solar PV

	
1210.20

	
30.00

	
0.00000

	
0.1820

	
25




	
Germany

	
Onshore w.

	
1833.17

	
31.72

	
0.00766

	
0.2900

	
25

	
0.075




	
Offshore w.

	
4353.42

	
90.00

	
0.01970

	
0.4250

	
25




	
Solar PV

	
1113.02

	
30.00

	
0.00000

	
0.1820

	
25




	
Biomass

	
3373.45

	
99.40

	
0.00420

	
0.8200

	
20




	
Netherlands

	
Onshore w.

	
1949.58

	
31.72

	
0.00766

	
0.3090

	
25

	
0.075




	
Solar PV

	
1210.20

	
30.00

	
0.00000

	
0.1820

	
25




	
Biomass

	
3373.45

	
99.40

	
0.00420

	
0.8200

	
20




	
Canada

	
Onshore w.

	
1711.78

	
31.72

	
0.00766

	
0.3460

	
25

	
0.075




	
Greece

	
Onshore w.

	
1949.58

	
31.72

	
0.00766

	
0.3380

	
25

	
0.075




	
Solar PV

	
1210.20

	
30.00

	
0.00000

	
0.1820

	
25




	
Poland

	
Onshore w.

	
1949.58

	
31.72

	
0.00766

	
0.3380

	
25

	
0.075




	
Offshore w.

	
4353.42

	
90.00

	
0.01970

	
0.4250

	
25




	
Solar PV

	
1210.20

	
30.00

	
0.00000

	
0.1820

	
25




	
Small hydro

	
4802.37

	
23.20

	
0.00095

	
0.4720

	
30




	
Geothermal

	
3976.34

	
112.16

	
0.00506

	
0.8390

	
25




	
Biomass

	
3373.45

	
99.40

	
0.00420

	
0.8200

	
20




	
Agr. Biogas

	
3341.46

	
99.40

	
0.00420

	
0.8390

	
20




	
UK

	
Offshore w.

	
4353.42

	
90.00

	
0.01970

	
0.4250

	
25

	
0.075








Investment costs taken from [30] include financing costs. Acronyms in Table 2: O&M: operation and maintenance, pu: per unit.













[image: Table] 





Table 3. Base case assumptions for the determination of the project and equity net present value (NPV) and internal rate of return (IRR) of the German biomass and the Danish onshore wind and solar photovoltaics (PV) auctions listed in Table 1. Source: self-elaboration.






Table 3. Base case assumptions for the determination of the project and equity net present value (NPV) and internal rate of return (IRR) of the German biomass and the Danish onshore wind and solar photovoltaics (PV) auctions listed in Table 1. Source: self-elaboration.





	Base Case Assumptions
	Germany
	Denmark





	Investment cost [USD/kW]
	2888.23 biomass
	1619.18 onshore wind, 1036.130 solar PV



	Loan duration [years]
	15
	15



	Loan amortisation
	linear
	linear



	Equity [pu]
	0.3
	0.3



	Equity Cost [pu]
	0.18
	0.18



	Loan fraction [pu]
	0.7
	0.7



	Loan interest [pu]
	0.03
	0.03



	Corporate tax [pu]
	0.2987
	0.2200



	WACC before tax [pu]
	0.075
	0.075



	2019 mean market price [USD/kWh]
	0.0411
	0.0438



	Annual market price variation [pu]
	0
	0







Financing costs determined according to the base case data in Table 3 have been subtracted from the investment costs values shown in Table 2, so as to not take them into account twice in the cash-flows for the NPV and IRR calculation. The discount rate shown in Table 2 has been equated to the weighted average cost of capital (WACC) before taxes in Table 3. Cash-flows have been discounted using the after tax WACC calculated with the assumptions in Table 3.
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Table 4. Project and equity NPV and IRR for the German biomass and the Danish solar PV and onshore wind auctions under the base case assumptions in Table 3. Source: self-elaboration.
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Country

	
Technology

	
Project NPV [USD/kW]

	
Equity NPV [USD/kW]

	
Project IRR [%]

	
Equity IRR [%]






	
Germany

	
Biomass

	
4301.54

	
4871.74

	
23.66%

	
65.01%




	
Denmark

	
Onshore wind

	
−547.50

	
−233.15

	
2.90%

	
3.55%




	
Solar PV

	
−586.86

	
−385.70

	
−0.72%

	
−2.70%












© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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