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a b s t r a c t

Spain has shifted from a predominant position in the worldwide market according to the accumulated PV
power installed, to an irrelevant level where it is even no longer present at the PV market survey; but not
always this has been the situation.

The Spanish Government have promoted renewable energy policies which have turned very rapidly
from a promising scenario, especially in the 2004–2008 period, into an unstable situation not only for
future investors in this technology, but also for current owners that have been witnesses of a decrease in
their profitability expectations. Furthermore, although the retroactive measures that have been applied
to the owners of these PV plants could be, paraphrasing the Government words, “reasonable profitable”,
the problem arises when they may be unable to afford the annual liquid assets of the funding mechanism
chosen for their PV investments.

Therefore, in a scenario where in the last decade more than 12 laws and Royal Decrees have been
promulgated in Spain, it is interesting to review the effects in the profitability and cost parameters that
this legislation has had on the PV market, on the owners and also on prospective investors.

In this paper a complete economic profitability and cost analysis based on the NPV, IRR and LCOE has
been undertaken for the case of Spain since 1998, correlating it to the evolution of the legislative fra-
mework applicable to the photovoltaic technology.

& 2016 Elsevier Ltd. All rights reserved.
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Table 1
Feed-in Tariff for PV systems under RD 2818/1998 [7,8].

Power Feed-in tariff (€/kWh)
Period from 1998 to 2004a

Po 5 kW 0.36
P4 5 kW 0.18

a Only until first quarter of the year 2004.
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1. Introduction

In 2009, the worldwide PV capacity was around 24 GW,
meanwhile in 2010 and 2011 it reached 40 GW and 71 GW re-
spectively. The following years also experienced an incremental
trend, when in 2012 and 2013 an additional power of 102 GW and
139 GW was installed respectively. The PV technology is increasing
not only its cumulated capacity, but its annual installation rate is
also raising [1].

Historically, European countries have been the leaders in an-
nual installation rate, but although Europe is still the region where
there is more PV power installed with around 82 GW, China and
other Asian- Pacific countries are rapidly surpassing the European
annual increase rate in PV capacity [1]. During these European
boosting years, Germany was the first market for PV systems. This
country installed 7.5 GW in the period 2010–2012, summing up
32 GW of PV power capacity at the end of 2012. Regarding the
regulatory framework, this country has phased out feed-in tariff
supporting schemes, encouraging at the same time other sup-
porting mechanisms like the self-consumption, in addition to the
establishment of new incentives which facilitate the im-
plementation of distributed generation systems [2].

In the 2007–2012 period, throughout Europe existed some sort
of uncontrolled expansion of these systems, which turned into a
rationalization of new PV power installations through the pro-
mulgation of several policy measures to restrain their develop-
ment. Some of these actions have been retroactively applied,
producing a certain degree of instability in the sector and also a
potential danger for the viability of existing plants [3].

In the case of Spain, it could be assessed that this country was
the first boom and boost country in the European region. During
2007 and 2008, PV installations soared in the country when the
annual power installed reached 512 MW and 2700 MW respec-
tively. In those years Spain achieved a prevailing position in the
market, becoming the world leader in annual installation rate with
a total PV power capacity over 3.5 GW.

The boom of the Spanish PV industry was fostered by several
favorable renewable energy policies [4], but although the great
solar potential of Spain, the reality is that, on the basis on the
previous installation data, this country yielded its predominant
position in the worldwide PV market long time ago according to
the accumulated PV power installed and the annual installation
rate. As a consequence of this uncontrolled expansion, the Gov-
ernment started to promulgate different Royal Decrees in order to
rationalize the unexpected increase of the PV installed power, due
to a favorable Feed-in Tariff (FIT) regime in the 2004–2008 period.
The subsequent new frameworks implied a substantial reduction
of the previous FIT for new installations, but since late 2010, some
of these measures have been applied with retroactivity. Nowadays
there are almost no new PV plants and the existing ones have been
continuously affected by a changing regulatory framework. The
annual PV power installed in 2011 reached 423 MW, in 2012 it
lowered down to 273 MW and there were only 6 MW in 2014 [5].

From the PV promoter's standpoint, the apparently promising
policies that the Spanish Government legislated in the 2004–2008
period with the aim of fostering this technology have turned very
rapidly into an unstable situation. The excessively favorable mea-
sures of these policies, as some social agents denominated the
Spanish FIT, could represent a thread for the Government in terms
of the great amount of money subsidized. This instability was
perceived not only by future investors in this technology, but also
by current owners which have been witnesses of a decrease in
their profitability expectations, due to the retroactivity of these
laws. Furthermore, although these PV plants could still be, para-
phrasing the Government words, “reasonable profitable”, the pro-
blem arises when they may not be able to afford the annual liquid
assets of the funding mechanism chosen for their PV investments.
In this paper a complete profitability and cost analysis of the

photovoltaic grid-connected systems (PVGCS) in Spain has been
carried out in order to ascertain the influence of this continuously
changing and confusing regulatory framework has had on the in-
vestments in this technology. Additionally, the retroactive mea-
sures will also be addressed.

The criteria for the economic analysis used in this paper follows
similar studies found in the literature, that is, the Net Present
Value (NPV) and the net Internal Rate of Return (IRR). The PV
electricity cost production has been estimated through the wide-
spread concept of Levelised Cost Of Electricity (LCOE) in order to
compare the PV generation cost with other sources of electricity
and the retail electricity tariffs, with the aim of assessing the
feasibility of these systems, proving that, in this study, the grid
parity paradigm has been demonstrated to be possible and
profitable.
2. Review of the Spanish photovoltaic regulatory framework

In Spain, the National Energy Plan 1991–2000 was the first step
for the promotion of renewable energies. One of its main targets
was the promotion of the increase share of these energy sources to
the national electricity mix [6]. Nevertheless the first real sup-
porting mechanism was through the publication of the Royal De-
cree 2818/1998 in December 1998, which established the in-
centives for the electricity generated with photovoltaic systems
and fed into the grid [7,8]. The financial support was by means of
an advantageous FIT regime for every kWh generated with PVGCS,
differentiating this support according to their power size. For
systems smaller than 5 kW a FIT of 0.36 €/kWh was established,
meanwhile it decreased to 0.18 €/kWh for larger ones, in which
case a maximum installed power of 50 MW was allowed (see Ta-
ble 1). In this law the FIT mechanism could be revisable every four
years and the complete duration of the FIT subsidy was not es-
tablished. Although this RD apparently sets a good scenario for the
promotion of these renewable energy systems, the unitary prices
for their installation were still too high, so the installed PV power
did not increased much at all. In Table 2 there is a compilation of
the annual installed PV power which has been referenced to the
Royal Decree applicable in Spain at that time.

In 1999, after the faint results obtained, the government ap-
proved a new Energy Plan for the development of renewable en-
ergies for a 10 years period (2000–2010). This Plan encouraged the
introduction of financial incentives, such us the application of
subsidies of 30–35% of the initial investment cost, in addition to a
tax deduction for these systems, including grid-connected and off-
grid PV installations. This plan also fixed the expected target for
the installed PV power in 2010, rising up to 135 MWp [9].

In order to support the new Energy Plan, the Government ap-
proved the Royal Decree 1663/2000 [10] which established the
technical conditions for the grid connection of the photovoltaic
systems to the low voltage grid. Although it was not until 2004
when a new legislation came into effect, the RD 436/2004, which
represented the real driving supporting mechanism and produced



Table 2
Parallelism of the evolution of the installed PV capacity in Spain and the regulatory framework development in the period 1998–2014 [5].

Year Regulatory Framework Supporting mechanism and remarkable events Annual Power Accumulated Power

1998 RD 2818/1998 Feed-in tariff 1 1
1999 1 1
2000 RD 1663/

2000
Initial investment subsidy 1 2

2001 2 2
2002 Technical conditions for the PV connection to the low voltage grid 3 5
2003 6 11
2004 RD 436/2004 Feed-in tariff 10 21
2005 22 43
2006 82 125
2007 RD 661/2007 Feed-in tariff 512 637
2008 RD 1578/2008 Feed-in tariff (quarterly modified for the new installations) 2716 3353
2009 Annual cap 46 3399
2010 Feed-in tariff

RD 1565/2010 Annual cap 440 3839
RDL 14/2010 Operational hours limitation

2011 PV Self-consumption systems. Initial consideration (o100 kW) 420 4259
RD 1669/2011 Reduction of approval procedure for PVo10 kW

2012 RD-L 1/2012 Removal of FiT for new installations 300 4559
Law 15/2012 7% income tax on all electricity sales generated

2013 RD-L 2/2013 Updating revision of the retribution mechanism modified 107 4666
RD-L 9/2013

2014a RD 413/2014 Reclassification of existing PV plants 6 4672
OM IET/1045/
2014

New retribution mechanism (Investment and O&M costs fix tariff plus electricity sales
to market prices)

a In the year 2104, data are collected until November.

Table 4

D.L. Talavera et al. / Renewable and Sustainable Energy Reviews 66 (2016) 233–247 235
a significant boost to the renewable energy industry in general and
the PV technology in particular. The RD 436/2004 established a
different supporting tariff depending on if the PVGCS were larger
or smaller than 100 kWp, referred to the nominal power of the
inverters [11,12].

PV plants up to 100 kW could sell all the electricity generated
during the first 25 years after its commissioning at a fixed tariff of
575% of the average electricity tariff applicable in Spain and in the
following years, the percentage was reduced down to 460%. The
average electricity tariff is a data that was annually published by
the Spanish Government. For larger PVGCS (4100 kW) the tariff
was calculated as a 300% of the average electricity tariff during the
first 25 years, lowering it to 240% afterwards. In this Royal Decree a
fee for reactive power compensation was also included. These
percentages could be updated each four years and an annual FIT
update was also considered.

This RD also included a second option for the retribution of
these systems. It consisted on the sale of the electricity fed to the
grid directly to the electrical market, thus a different price was
applied instead of assigning the average electricity one. In this
option, a premium of the 250% of the average electricity tariff
during the first 25 years and 200% in the following ones was paid.
Additionally, an incentive of the 10% of the average electricity tariff
was also included plus a fee for the reactive power compensation.
In this study this second option for the retribution of the energy
generated is not considered. Table 3 shows the FIT assigned to
Table 3
Feed-in tariff assigned to PVGCS during the first 25 years of operation under RD
436/2004 [11,12].

Power Feed-in tariff (€/kWh)

2004a 2005 2006 2007c

Pr 100 kW 0.41 0.43 0.44 0.44
P4 100 kW 0.21 0.22 0.23 0.23

bIncluded first and second quarter of 2007 (until the approval of RD 661/2007).
a Excluded the first quarter of the year 2004.
these systems until the approval of the next Royal Decree.
Later on, in 2005, the Government approved a revision of the

existing Renewable Energy Plan for the period 2005–2010. This
plan fixed that by 2010, Spain should meet its primary energy
consumption and the total electricity consumption needs with
renewable energy sources in a percentage of 12% and 29.4% re-
spectively. Moreover, a target of 400 MW for PV installed systems
was also set [13].

The first legislation after the publication of this plan mod-
ification was the Technical Building Code (TBC), which came into
force under the Royal Decree 314/2006. Although it is not speci-
fically dedicated to Renewable Energy sources, in its HE5 section,
the “Minimum contribution of photovoltaic electricity” was con-
sidered, so this Code can be considered one of the first regulations
of solar PV energy in buildings [14].

The inflection moment in the supporting mechanisms for the
deployment of the PV technology in Spain was the Royal Decree
661/2007 which repealed the former one from 2004. This Decree
regulated the electricity production activity in the so-called “spe-
cial regime”, that is, systems based on renewable energy sources
and cogeneration. The photovoltaic installations, classified under
the nomenclature b.1.1, were assigned the FITs shown in Table 4,
differentiating their first 25 years of operation from the sub-
sequent ones. An annual tariff revision was also included, which
Photovoltaic's FIT according to RD 611/2007 [15,16].

Power Duration of the Support Feed-in tariff (€/kWh)
2007a – 2008b

Pr 100 kW 1–25 years 0.440381
From 25 years onwards 0.352305

100 kW oPr10 MW 1–25 years 0.4175
From 25 years onwards 0.3340

10oPr50 MW First 25 years 0.2297
From 25 years on 0.1838

a Only third and fourth quarter the year 2007 (since the approval of the RD).
b Excluded the fourth quarter of the year 2008 (RD1578/2008 came into force).
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was updated depending on the inflation rate minus a 25 basic
point until the year 2012 and 50 basic point afterwards [15,16].
Whilst the previous Decree clearly tried to promote installations
smaller than 100 kW, differentiating around 50% the tariffs in re-
gards to larger plants, in the RD 661/2007 the promotion limita-
tion is now set in 10 MW as Table 4 shows.

Although this Decree was enforced in May 2007, the forecast PV
power target of 371 MW of photovoltaic power installed was
achieved only 5 months later. In order to highlight the success of
this framework, the objectives set by the Spanish Government's
Renewable Energy Plan for the period 2005–2010 (400 MW) were
easily surpassed, because at the end of the year the annual PV
power installed was 512 MW. This unexpected fast achievement
and exceedance of the power target for the electricity production
with the photovoltaic technology caused that in the 2008–2013
period, the legislative framework in Spain was repeatedly re-
viewed and modified.

The first attempt to restrain the speed of the installation rate in
Spain was in September 2008, when the Government published
the Royal Decree 1578/2008. This document provided a new reg-
ulatory framework for the development of the photovoltaic sys-
tems in Spain. Among the measures approved, a reduction of the
FIT of around 30% was entailed including further progressive cuts
proportional to the achievement of quarterly targets of installed
capacity. In addition to that, an annual cap of 500 MW for the
period 2009–2011was established.

The photovoltaic installations were again regrouped under a
different classification, with the aim of promoting building in-
tegrated PV plants. Therefore, the new classification was: Type I.1:
building-integrated and roof-top systems up to 20 kWp; type I.2:
building-integrated and roof-top systems ranging from 20 kWp up
to 2 MW and type II: ground-mounted systems up to a maximum
size of 10 MW [17–20].

This RD 1578/2008 was applied until the first quarter of 2011,
when some modifications were introduced in the legislation. A
review of the FITs approved for each quarterly call depending on
the type of PV system is shown in the following Table 5.

At the end of the year 2010, two important changes that af-
fected the Spanish photovoltaic market were introduced. In No-
vember 2010 an additional reduction in FITs for new PV installa-
tions was included. The RD 1565/2010 meant a decrease of the
retribution of 5% for type I.1 systems, 25% for type I.2% and 45% for
type II, as Table 6 shows. This new RD intended to emphasize more
intensively than the previous RD the promotion of PV systems
integrated in buildings, either on façades or on top of roofs, at the
expense of the ground-mounted ones [21–23]. Concerning the PV
systems already in operation which were registered before Sep-
tember 30th, 2008, the FIT remuneration after the 25 years period
was removed, so it was one of the first retroactive measures
applied.

The second change produced in 2010 was through the Royal
Decree Law 14/2010, which established some urgent measures for
the adjustment of the electrical market's tariff deficit. Within these
measures, the annual operational equivalent hours were limited;
Table 5
Evolution of the FIT for those PV plants subscribed under RD 1578/2008 [11,15,20].

Power Duration of the
support

Feed-in tariff (€/kWh)

2008a 1st/2009 2nd/2

Type I.1 (BIPVr20 kWp)
25 years

0.3400 0.3400
Type I.2 (20 kWp
oBIPVr2 MWp)

0.3200 0.3200

Type II Ground r10 MWp 0.3200 0.3071 0.307

a Starting at the fourth quarter of the year 2008 (RD1578/2008 was published).
therefore, no FIT retribution would be paid to the energy gener-
ated once they have reached that limit. The definition of equiva-
lent hours is the coefficient between the annual net energy pro-
duction (kWh) and the nominal power of the installation (kW).
This number of hours limitation (see Table 7) depended on the
type of installation (fixed, one-axis or two-axis tracking) and the
climatic zone established by the Spanish Building Technical Code
law [15,23].

In a first approximation, the limitation established could seem
reasonable because a well-designed PV plant which has been op-
timally installed and properly maintained, it is unlikely to reach
this limitation. However, this RDL 14/2010 imposed an additional
temporary cap (scheduled until December 2013) on the total
number of hours per year for which existing solar PV systems are
eligible to receive FITs (see Table 8). In this new scenario, most PV
systems easily reached the limit, so this new law was a negative
retroactive measure which really affected the profitability of the
investment that PV owners planned under the legal guarantee
offered by the Government.

At the same time the economic supporting mechanism was
modified, some technical aspects were also reviewed. In December
2011, the Royal Decree 1699/2011 regulated the network connec-
tion of small power electricity production systems of less than
100 kW and the possibility of self-consumption (total or partial) of
the electricity generated by these systems was also considered
[24]. It also intended to reduce the approval procedure and bu-
reaucracy for systems smaller than 10 kW.

One month later, a moratorium for the installation of new PV
systems was introduced. The Royal Decree-Law 1/2012, published
in January 2012, suspended the pre-assignment procedure for the
remuneration of renewable systems and it also removed the FIT
incentives for the new electricity installations which either use
combined heat and power, renewable energy sources or waste,
among which there were the photovoltaic ones [25].

One year after the controversial retroactive action of limiting
the operational hours, in December 2012 the new Law 15/2012
was published by the Spanish Government, where an extra tax to
guarantee the energetic sustainability was included. In the case of
renewable energy sources, it implied the introduction of a 7% tax
on all electricity sales, with the excuse of covering the electricity
deficit [26].

Presumably justified by the Spanish economic crisis, in 2013
another Royal Decree Law was approved (RDL 2/2013) introducing
additional measures to reduce the imbalance between the elec-
trical systems costs and the incomes obtained through the regu-
lated electricity tariffs, which have presumably produced an
electricity deficit in Spain between the Government and the
Electrical companies. The first action consisted on the modification
of the updating mechanism of the regulated activities of the
electrical system, in other words, the updating of the tariffs ap-
plicable to the FIT of renewable energy sources. Instead of using
the Consumer Price Index, a new one was created, with no his-
torical series, based on basic inflation where the energy and un-
processed food were excluded. The immediate result was that the
009 3rd/2009 4th/2009 1st/2010 2nd/2010 3rd/2010 4th /2010 1st/2011

0.3400 0.3346 0.3305 0.3219 0.3135
0.3116 0.3030 0.2952 0.2868 0.2788

1 0.2991 0.2908 0.2810 0.2731 0.2655 0.2586 0.2517



Table 6
Different FIT applied with the RD 1565/2010 [11,15].

Power Duration of the support Feed-in tariff (€/kWh)

2nd/2011 3rd/2011 4th/2011 1st/2012 2nd /2012 3rd /2012 4th /2012–2013a

Type I.1 (BIPVr20 kWp) 25 years 0.2888 0.2812 0.2738 0.2662 0.2605 0.2540 0.2476
Type I.2 (20 kWp oBIPVr2 MWp) 0.2037 0.1983 0.1931 0.1931 0.1837 0.1791 0.1747
Type II Ground r10 MWp 0.1345 0.1303 0.1249 0.1217 0.1214 0.1183 0.1154

a In the year 2103 the Feed-in tariff is until July 14th, 2013.

Table 7
Limitation of the Annual Operational hours eligible for the FIT support established
in the RDL 14/2010.

PV installation type Operational hours per year

Area I Area II Area III Area IV Area V

Fixed installation (no tracker) 1232 1362 1492 1632 1753
1-axis tracking system 1602 1770 1940 2122 2279
2-axes tracking system 1664 1838 2015 2204 2367

Table 8
Additional Temporary Restriction (until December 2013) of the operational hours
eligible for the FIT established in the RDL 14/2010.

PV installation type Operational hours per year

Fixed installation (no tracker) 1250
1-axis tracking system 1644
2-axes tracking system 1707
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retribution to the PV systems should have raised around 3% but it
really was reduced to �0.03% [27]. As a result, the profitability of
existing photovoltaic systems was again decreased.

Under the scenario of a profound energy reform, in July 2013 an
additional the Royal Decree-Law 9/2013 defined the urgent mea-
sures to be taken in order to guarantee the financial stability of the
electrical system [28]. It also set out the principles of a new legal
and economic framework for production technologies of elec-
tricity from renewable energy sources, cogeneration and waste,
which entered into force on July 14th, 2013. This RDL repealed all
the previous regulations on economic incentives applicable to
special regime installations, including the PVGCS. In return, ac-
cording to the Government's words, the RDL 9/2013 ensured a
“reasonable” IRR based on the 10-year Treasury obligations plus
300 basis points. This is the equivalent to an IRR of around 7.5%.
These principles were collected afterwards in the new Electricity
Sector Law from December 2013 (Law 24/2013) [29] and they have
been detailed in the Royal Decree 413/2014 [30] and the Minis-
terial Order IET/1045/2014. This Ministerial Order is presumably
the largest one published in Spain regarding its volume and
longitude, as it has a total of 1,761 pages.

As provided in these rules, the Ministerial Order IET/1045/2014
(June 16th, 2014) completes the regulatory development of the
new legal and financial regime applicable to the electricity gen-
erator facilities using renewable energy sources, cogeneration and
waste [31]. This Order collects the remuneration regime applicable
to all facilities that were entitled to perceive economic incentives
economic, like the PVGCS.

Regarding PV systems, there is a new classification in terms of
the tracking technology, power, year of commissioning and the RD
originally subscribed to. These facilities will receive remuneration
based on the sales of the electricity generated, valued at market
price, with an additional compensation for investment and oper-
ating costs not covered by these market prices. The profitability
before taxes for these existing installations will rotate on the
secondary market yield on medium term, ranging the ten years
prior to July 14th, 2013 of the State obligations to ten years
afterwards increased by 300 basis points (7.4%). Some reviewing
periods are also set to some parameters: the first regulatory half
period (three years) ranges from the July 14th, 2013 to December
31st, 2016, meanwhile the first full regulatory period (six years) is
set from of July 14th, 2013 to December 31st, 2019. Therefore,
besides the reduction in the profitability of their systems, an ad-
ditional uncertainty is added to current owners.

As a summary, Table 2 gathers the correlation of the different
regulatory frameworks approved in Spain with the evolution of
the annual power installed. At the beginning, the effect of a fa-
vorable legislation is clearly seen together with the slowdown of
the market produced by the latter retroactive measures. It is worth
mentioning that in 2008 the Spanish PV market was the largest
one worldwide because that year there was 2.7 GW of new capa-
city installed, summing an accumulated power of more than
3.3 GW. The effect of latest Royal Decrees in the descending trend
is evident because in 2013 only 107 MW were installed, while in
2014 there was an annual increment of 6 MW. Actually, many of
these 2014 figures correspond to systems authorized in 2012 be-
fore the moratorium but they were installed afterwards, so it can
be concluded that in 2014 there was practically a standstill of the
Photovoltaic sector.

This negative evolution has been produced as a consequence of
the successive reforms approved by the Government, combined
with the legal uncertainty created after the constant legislative
changes and, what it is more important, the retroactive character
of some measures, which in addition could be checkable each
three years, so these sorts of actions have blocked the develop-
ment and feasibility of the Spanish PV sector. It is important to
mention that there is an International litigation against the
Spanish Government as a consequence of these measures [32,33].
3. Economic and cost overview of installed pv plants: temporal
evolution

After reviewing the vast number of different policy regulations
approved in Spain since 1998, it is interesting to undertake a
temporal analysis of the evolution regarding the economic prof-
itability of PVGCS depending on the time when they were com-
missioned and the legislation applicable at that right moment.
However, the profitability index of PVGCS should be updated with
the retroactive effect that the last law from 2014 introduces in the
already installed PV plants.

At the same time that the economic profitability is analyzed, an
overview of the evolution of the PV electricity generation cost is
very clarifying. This analysis is through the concept: Levelised Cost
Of Electricity (LCOE). In order to compare these costs with the ones
produced by other generation technologies, the PV electricity
unitary price during the life-cycle of the system should be esti-
mated. In this long-term review analysis proposed in this paper,
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these unitary costs will depend on the point of time when the PV
installations were connected.

3.1. Economic analysis methodology

The economic analysis is based on the Net Present Value (NPV,
in €) and the Internal Rate of Return (IRR, in %). Likewise previous
works, a similar methodology has been followed [34,35], but in
order to cover more realistic scenarios, some improvements and
variables have been considered in the formulation, such as the
income tax rate and the tax depreciation.

3.1.1. Net present value
This first parameter used for the economic analysis stands for

the balance of the annual cash inflows and outflows during the
operational lifetime of the investment (N, in years) [36]. This
summation is translated to the year at which the investment is
done; therefore, the NPV is the difference of the present worth of
the cash inflows and the life-cycle expenditures. The following
expression reflects it:

= [ ( )] − ( )NPV N LCCPW CIF 1

Depending on the moment of time when the plant was com-
missioned and the applicable laws, different values of NPV should
be obtained, thus these values could be used for a comparison of
the different scenarios that have existed in Spain throughout the
period analyzed in this document.

Regarding the cash outflows, that is, the life-cycle cost of the PV
system (LCC), it will mainly depend on the initial investment
(PVIN), the present worth of the operation and maintenance cost
(PW[PVOM (N)]) and also the present worth of the tax deprecia-
tion (PW[DEP (Nd)]), where Nd is the period of time over which an
investment is amortized for tax purposes. Finally, as a novelty
regarding similar studies, the tax rate (T) applicable to this sort of
projects is also considered, which could mean a saving in the
annual cash outflow. According to the previous terms, LCC can be
expressed as follows:

= + [ ( )] − [ ( )]⋅ ( )LCC PV PW PV N PW DEP N T 2IN OM d

In this life-cycle cost equation, the initial investment of the PV
system (PVIN , in €), is financed either through long-term debt or
equity capital. In renewable energy projects, debt financing may
be chosen because the cost of debt is usually lower than the issue
of stocks from the equity capital [37]. The debt financing has also
some fiscal advantages aside from beneficing of a lower interest
rate. In those cases where PVIN is financed solely through long-
term debt, which will be composed of loan (PVl) and bonds (PVb)
terms, so that PVIN¼PVlþPVb. Therefore, the initial investment
may be expressed as:
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The term related to the loan (PVl) is an amount of the initial
investment that is borrowed at an annual interest (il) to be repaid
in Nl years, where the possible tax rate (T) influence is also in-
cluded. In this equation, PVIF is the Present Value Interest Factor
over the period considered, in this case it corresponds to the
number of years of the loan (Nl). This factor is related to the
nominal discount rate (d) according to the following equations:

( ) = ·( − ) ( − ) ( )PVIF N q q q1 / 1 4l
Nl

= ( + ) ( )q d1/ 1 5
The second term of the initial investment sum depicts bonds
(PVb). The payment of interest on bonds takes place on an annual
basis at an annual interest rate (ib). PVb must be completely paid at
the end of the stated life of the bonds (Nb, in years). It is worth
mentioning that the left-hand side of Eq. (3) only equals its right-
hand side if the selected value of d is equal to the weighted
average cost of capital (WACC) of the investment, that is, how
much does it cost the financing chosen.

Some of the first renewable energy policies applied in Spain
considered a subsidy for the initial investment. Although this
supporting mechanism was soon overruled, we should include it
in our analysis methodology to collect all the possible scenarios
that have existed in Spain. In those cases where an initial invest-
ment subsidy (PVIS, in €) is applicable, the amount to be financed
through long-term debt would be: PVIN�PVIS¼PVbþPVl. There-
fore, Eq. (3) must be rewritten as:
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It should be noted that PVIS was also taxable in a given period of
time over which the investment subsidy was amortized (NIS,
years) and that the amount of the investment subsidized is non-
repayable.

Additionally to long term debt, through loans and/or bonds,
there are other mechanisms for financing the initial investment.
The equity capital is another mechanism frequently used in PV
financing. In this new scenario where any possible investment
subsidy is considered, the amount to be financed including the
equity capital is: PVIN�PVIS¼PVbþPVlþPVec. If the initial invest-
ment cost of the PV system is financed with both mechanisms, Eq.
(6) can be rewritten just by adding a corresponding equity capital
term, with an annual payback in the form of dividends (dec), that
is, the return on equity, and it must be paid in full at the end of the
life cycle of the system (N, years).
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Resuming the life-cycle cost (LCC) of a PV system (Eq. 2), the
owner of the installation has to take into account the expenditures
related to the operation and maintenance cost PVOM of the devices.
This parameter is assumed constant over the useful life of the
PVGCS (N, years) and it should be translated to the present worth
of the analysis years chosen.

Therefore, the present worth of the operation and maintenance
cost of the life cycle system, (PW[PVOM (N)], in €) can be written as:

[ ( )] = ( − )⋅ ·( − )
− ( )
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In the previous equation, (PVAOM , €) is the annual operation
and maintenance cost, KPV is a factor which clusters the annual
escalation rate of the operation and maintenance cost of the sys-
tem (ƐPVOM) and the nominal discount rate (d), so KPV¼(1þƐPVOM)
/(1þd).

Likewise previous similar studies, the tax influence has been
considered for the life-cycle cost of the PV system (LCC). In this
case, the tax depreciation is assumed lineal over the period time
(Nd) at which a PV investment is amortized for tax purposes,
bearing in mind that it represents a saving in the cash outflow.
Therefore, the last term of the LCC summation, which stands for



Table 9
PV electricity yields at different Spanish locations and climate areas.

Location Climate area EPV (kWh/kWp) Latitude Longitude Hd (kWh/m2/day) (Radiation database)

Meteonorm data PVGIS Meteonorm

Santander I 1067 43.46° 3.81°W 4.13 3.90
Burgos II 1298 42.28° 3.64°W 4.88 4.74
Salamanca III 1388 40.89° 5.62°W 5.39 5.07
Madrid IV 1418 40.42° 3.70°W 5.64 5.18
Seville V 1508 37.42° 5.90°W 5.94 5.51
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the present worth of tax depreciation for the PV system (see Eq. 2),
is expressed as follows,

[ ] = ⋅ ( ) ( )DEP DEP PVIF NPW 9d

Where DEP is the annual tax depreciation for the PV system and
PVIF(Nd) is the Present Value of the Interest Factor which, similarly
to the previous ones, is set equal to:

( ) = ( − ) ( − ) ( )PVIF N q q q1 / 1 10d
Nd

Once cash outflows have been defined, for the proper calcula-
tion of the NPV, the present worth of the cash inflows should be
analyzed. The amount of money that the owner receives will
mainly depend on the PV electricity produced by the system (EPV,
in kWh) and the unitary price applicable to each unit of kWh
generated fed into the grid (pu, in €/kWh). This last variable
matches the FIT of the corresponding legislation applied. Nowa-
days, it should be recalled that there is no longer any retribution to
new PV systems. According to the previous factors, the annual cash
inflows may be calculated as follows:

[ ( )] = ( − ) × ( − )
− ( )

N p E T
K K
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1
1 11u PV
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Notice that the tax influence (T) is also considered and the
factor KPU considers the annual degradation rate of the PV modules
efficiency (rd), the annual increase rate of the PV electricity unitary
price paid to the owner (εpu) and the discount rate (d). This factor
can be estimated as follows:

( )ε= ( + )· − ( + ) ( )K r1 1 / 1 d 12PU Pu d

From an economic perspective, this NPV of an investment on
PVGCS could be eligible for its implementation provided that its
value is greater than 0, although this is not the unique criterion
that should be studied.

3.1.2. Internal rate of return
Another criterion traditionally used for the economic analysis is

referred to the Internal Rate of Return (IRR) of an investment. It is
defined as the value of the discount rate d that leads to NPV¼0, so
modifying Eq. (1), the following expression is obtained:

= [ ( )] − ( )N LCC0 PW CIF 13

At this point it is important to differentiate between nominal
and real IRR. If the parameters involved in the estimation of the
IRR are expressed in current currency which considers the effect of
the inflation, the equation above yields the nominal IRR. On the
other hand, if the parameters have been expressed in constant
currency, which means that the effect of the inflation is not taken
into account, Eq. (13) yields the real IRR, but this is not the case of
the analysis of our paper.

From an economic standpoint, if the IRR is over the Weight
Average Cost of Capital (WACC), the implementation of the in-
vestment on PVGCS is feasible. Although the minimum profit-
ability may be achieved, the final decision is also dependent
whether this criterion also exceeds a profitability threshold arbi-
trarily fixed by the future investor or owner.

3.2. Estimation of the factors involved in the economic analysis

Prior to the analysis of the influence of each Royal Decree in the
IRR and NPV results, a review of the values for the parameters
involved in their estimation will be carried out in this section. It
should be noted that figures presented here referred to costs, in-
centives and electricity yields, are all normalized per unit of power
(kWp). The symbols used for these factors are the same for those
not normalized, except that they are shown in brackets with the
subscript ‘kWp’.

Previously to the analysis of the purely economic related fac-
tors, a parameter needed for the calculation of the economic cri-
teria is the annual PV electricity yield (EPV, in kWh/kWp). In this
paper, an average value has been estimated for five representative
cities matching different climate areas existing in Spain, which are
classified according to the Spanish Building Technical Code [14].
The purpose of extending the study to several cities is to widen the
sensitivity of the analysis and consider good and bad energy yield
scenarios.

The annual electricity generated in each zone has been esti-
mated assuming a flat-plane silicon PV fixed system of 1 kW,
which it is optimally tilted and oriented and whose performance
ratio (PR) have been assumed equal to 0.75. For the radiation data,
the daily average annual radiation available on two distinguished
and well extended databases has been used [38–40]. The elec-
tricity yield results are summarized in Table 9. In order to be re-
latively conservative in this studio, the worst scenario has been
chosen related to the amount of average daily radiation.

The energy generated by any PV system is not only affected by
the stochastic behavior of the radiation available at a certain lo-
cation but it is also under the influence of the intrinsic degradation
that modules suffer throughout its lifetime, therefore the PV
electricity yield generated by the system is assumed to decrease
every year. In this study an annual degradation rate in the effi-
ciency of the PV panels of 0.5% is considered [41,42]. Finally, the
lifetime of the systems will be assumed to be N¼25 years, al-
though nowadays, flat PV systems have a life cycle that can go
beyond this figure. The horizon of this economic analysis is then
established in 25 years.

The combination of the energy yield and the PV electricity unitary
price has a direct influence on the annual cash inflows of our in-
vestment. According to the focus of this study, historically in Spain
the PV electricity unitary price per kWh (pu, in €/kWh) has been
fixed by different regulatory frameworks (Royal Decrees) through a
FIT supporting mechanism. The already described Tables 1–6 from
Section 2 gather all the possible FIT scenarios that PV investors have
encountered in Spain depending on the moment these installations
were connected to the grid and the Royal Decree applicable. There-
fore, the PV electricity unitary price paid to the user (pu) comes from
assigning the FIT which correspond to the power and type of the
installation and the commissioning year.
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Nevertheless, this tariff was not constant over the specific
supporting period as an annual increase rate of the PV electricity
unitary price (εpu) was considered. In this sense, the Royal Decree
661/2007 defined this increment according to the following rule:
until 2012, εpu is equal to the inflation rate (g) minus 0.25% and
beyond 2012 it would match the inflation minus 0.5%. As it was
mentioned in previous section, those installations under the RD
1578/2008 and 1565/2010 have the same updating mechanism.
However, in all the cases it changed since the enforcement of the
decree published in 2013.

In order to define these increments, a historical review of the
inflation rate in Spain has been done averaging the data obtained
for the complete period considered [43,44]. A value for the infla-
tion rate of g¼3.3% can be assumed for the economic analysis in
the period 1998–2006, meanwhile there was a decrement in this
variable in the period 2007–2013 as a consequence of the Spanish
crisis, so in this last period g¼2.2% will be considered [45]. Ac-
cording to these inflation values, the annual increase rate pro-
posed is εpu¼1.95% for the period 2007–2012 and εpu¼1.7% on-
wards. The reality is that beyond 2013 the different Royal Decrees
Laws approved in that year modified the methodology for the
calculation of this increment and in practice εpu¼0% since 2013.

Additionally to the energy yield and the remuneration of each
unit of PV energy generated, the next most influencing parameter
in the cash flow of a particular system is the PV unitary price per
kilowatt installed (€/kWp) [46], or in other words, the initial in-
vestments cost (PVIN) of a system. It is important to mention that
for this study, a salvage value of the system at the end of their life-
cycle (SV) equal to zero has been considered.

This installation unitary price is very variable depending on the
country, the module stocks existing and also it is influenced by
some business strategies that certain countries, like China, are
taking in order to have a dominant position in the market [47–56].
Regardless any business and market strategy, the maturity of the
technology has helped to reduce the manufacturing costs as Ta-
ble 10 shows, where the evolution of the PV price in Spain is
analyzed. The maximum reached in 2007 is remarkable, when the
Spanish Government approved the most favorable legislative fra-
mework that this technology has had in the country. In this period,
the lack of modules stock forced the prices to surge. In the sub-
sequent years, the Chinese industry boosted, the manufacturing
technique was highly improved and some European countries also
reduced the speed of PV implantation so the large stock available
needed to be released. All these factors induced a dramatic de-
crease in the photovoltaic unitary prices [49].

Regarding the definition of the parameters involved in the fi-
nancing tools considered, it was stated above that the initial in-
vestment cost may be financed by means of debt or equity capital.
Due to the cost of debt is usually lower than the issue of stocks,
long-term loan (PVl) has been chosen, where it has been assumed
that 80% of this amount is borrowed at an annual loan interest (il)
that will vary depending of the period of time considered (1998–
2006: il¼5%; 2007–2013: il¼6%) [57]. The loan term (Nl) will al-
ways be 20 years in this paper.

The remaining investment amount, 20%, will be the issues of
stock, that is, equity capital. In all the periods analyzed in this
Table 10
Average evolution in PVGCS unitary prices in Spain (completely installed) [2,18,22,48–5

Power PVIN (current currency for each year) (€/kWp)

Year 1998 1999 2000 2001 2002 2003 2004 20

Po10 kW 9.5 9.2 9.2 8.8 8.8 8.0 7.0 7.0
P410 kW 9.0 8.8 8.8 8.5 8.5 7.5 6.5 6.
paper, the annual payment of dividend (di), that is, the return on
equity, will be assumed equal to 6% and they will be payable
completely at the end of the life time of the system (N).

At the beginning of the PV sector regularization, initial invest-
ment subsidies (PVIS) were considered because several Spanish
Autonomous Regions developed specific programs to support
photovoltaic solar energy. These programs subsidized PV in-
stallations, both off-grid and grid connected. These subsidies
ranged around 30–35% of the initial investment [58], but they are
no longer available since mid-2000. Nowadays some regions
consider economic support for those PV systems under the self-
consumption and net-balance category, but since it is a recent fi-
nancial mechanism and the regulatory framework of these in-
stallations is not clear, it will not be in the scope of this paper. In
those initial cases where PVIS exists, the fragmentation of the fi-
nancing is as follows: 60% loan, 10% issues of stock and 30%
subsidies.

The influence of a tax rate (T) for the organization or taxpayer
is also considered and it changes depending on each country
regulations. For the case of Spain, the value assumed equals to 30%
until the year 2013, when the Government introduced an addi-
tional tax (7%) for the incomes obtained in the electricity gen-
eration sales with renewable energies [26]. The tax depreciation
has been considered using a maximum linear coefficient of 5%,
with a tax life for depreciation of 20 years [59–61].

Another parameter used for the economic analysis is the
nominal discount rate (d), which in this study will be assumed
equal to the weighted average capital of cost (WACC) in order to
estimate the profitability of the system [37]. This cost of capital has
not been constant in the period analyzed as it will vary depending
on the capital resources chosen to finance the initial investment. In
the period 1998–2003, as a result of the subsidies available (30% of
PVIN), the discount rate after taxes is 1.6%. In the following period
(2004–2006) it raises up to 4.3%, meanwhile d¼3.8% for the years
2007–2012. Since 2013, the WACC is assumed to be 3.6%.

Lastly, the operation and maintenance costs have to be con-
sidered. According to the bibliography existing on this issue, an
estimation of 1% of the initial investment dedicated for these op-
eration and maintenance cost is normally considered annually
[62]. Additionally, these costs will also be influence by an escala-
tion rate (εPVOM). In this paper, this increment is going to be as-
sumed equal to the value of the annual inflation rate, so ε
PVOM¼3.3% and 2.2%, for the periods 1998–2006 and 2006-on-
wards, respectively. A summary of the aforementioned assump-
tions together with the values assigned to each factor is gathered
in Table 11.

For our analysis purposes of the already installed PV systems,
the previous values could have been assumed to remain constant,
considering the annual variations proposed, throughout the op-
erational time of the plant. Nevertheless, since the Royal Decree 9/
2013 and the formulas defined in the subsequent ones, which
modified retroactively the economic scenario of these systems, the
unitary price received for the energy generated has been divided
in several terms to accomplish the “reasonable” internal rate of
return of a PV plant defined by the Government. According to this
modification, the previous values defined should be adapted to
6].

05 2006 2007 2008 2009 2010 2011 2012 2013

7.2 8 7 3.9 2.8 2.9 2.5 2.4
5 5.9 6.3 5.8 3.6 2.6 2.6 2 1.4



Table 11
Values assumed for the financing factors in PV systems for the periods among 1998
and 2013.

Factors Units 1998–2003 2004–2006 2007–2012 2013/07/14a

[EFV]kWp kWh/kWp/year (see Table 9)
[PVIN]kWp €/kWp (see Table 10)
pu €/kWh (see Tables 1–5)
Ɛpu % Not applicable 1.95 0
PVOM % 1
rd % 0.5
ƐPVOM % 3.3 2.2
T % 30 37
g % 3.3 2.2
[PVIS]kWp €/kWp 30% of PVIN Not applicable
d % 1.6 4.3 3.8 3.6
il % 5 4
Nl years 20
di % 6
N years 25

a In the year 2103, the date is until July 14th, 2013.

Table 12
Financing factors in PV systems starting the 14th of July of 2013.

Factors Units 2013/07/14 - onwardsa

[EFV]kWp kWh/kWp/year (see Table 9)
[PVIN]kWp €/kWp (see Table 10)
Incomes € (see RD 413/2014 and IET/1045/2014)
PVOM % 1
rd % 0.5
ƐPVOM % 2.2
Ti (income) % 30
Tg (generation) % 7
g % 2.2
[PVIS]kWp €/kWp Not applicable
d % 3.6
il % 4
Nl years 20
di % 6
N years 30

Fig. 1. IRR for a PV system located in the North of Spain (Santander, Area I).
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take into account the later variations. In Table 12 there is a brief
summary.

With the values defined previously for each period identified
and the equations proposed in the economic methodology used,
the figures for the IRRN and the NPV results will be obtained for
each location chosen in this study.

3.3. Economic analysis and results

Once the diverse scenarios resulting from the changing reg-
ulatory frameworks existing in Spain have been defined, it is in-
teresting to review the different profitability results that a certain
investor may have encountered in Spain depending on the type of
PV plant, its location, the unitary price per kWp, and the most
important fact, the commissioning year, which it is translated into
the retribution received according to the Royal Decree applicable.

The results shown in this section do not represent the trend
that a particular PV investment on a precise moment has experi-
enced in time, as it was supposed that the aforementioned legal
frameworks guaranteed the unitary price per electricity generated
over a long period of time (mostly 25 years). On the contrary, these
results show that depending on the year the system was com-
missioned, and thus, subscribed to a specific Royal Decree, the
profitability result from one owner to another may have differed,
even in a period of time of months. Therefore, this section is a
review of the different profitability scenarios that have merged in
Spain influenced by the unitary cost per kWp evolution, and the
retribution applicable to each unit of photovoltaic electricity
generated and fed into the grid.

This analysis has been extended to different locations using the
same economic scenario in order to assess that the availability of
the solar resource has a great influence in the profitability results.
This analysis reinforce the idea of equimarginality that some au-
thors claim, as they assert that the installation of PV plants, among
other renewable energy technologies, should be optimized with
the best renewable energy resource available in a location [63].

According to the economic analysis, in the following results the
prices used for the calculation are expressed in current or nominal
terms, that is, they are actual prices paid in the stated year, so the
effect of the inflation is already considered. On the other hand, the
constant or real prices shown in the figures are adjusted for an
inflation indexed to the year 2013 (€2013), when the average value
of the inflation rate is assumed equal to 2.8%.

The first economic indicator used in this analysis to assess the
profitability of a certain PV plant investment is the Internal Rate of
Return. In a first approximation, if this value is greater than 0%, it
may indicate that the investment could be profitable. However,
only in the case where IRR is greater than the WACC used for fi-
nancing the investment, the PV plant will be viable.

Figs. 1–3 show the IRR results for three arbitrary locations in
Spain, which have been selected because their differences in the
availability of Sun are significant.

From these figures and under the assumptions made in this
study, the first result is that all PV systems larger than 5 kW in-
stalled under the first Royal Decree (1998-Q1, 2004) are not
profitable in any location, as the IRR is negative. On the contrary,
although the IRR is not too high in the locations III and V, for any
year of this period, and PV plants smaller than 5 kW these plants
are profitable enough because IRR is higher than the Weighted
Average Cost of Capital. Regarding the Northerner sites, only the
systems in the last period of this RD 2818/1998 could be con-
sidered feasible. The main reason of this small or, in some cases,
none profitability of these PVGCS installed under the RD 2818/
1998 is caused by the large installation prices in those days.

As mentioned in previous sections, the beginning of the real
supporting mechanisms for the deployment of the PV technology
in Spain started in 2004 with the enforcement of the RD 436/2004.
However, there is a clear distinction in the FIT applicable between
systems greater or smaller than 100 kW. In the first case
(4100 kW), IRR figures show that none of the locations are
profitable as they are either negative or below the WACC, which
was much higher than in the previous period considered. This fact



Fig. 2. IRR for a PV system located in the Middle of Spain (Salamanca, Area III).

Fig. 3. IRR for a PV system located in the sunny South of Spain (Seville, Area V).
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could explain the reason why many owners decided to split their
systems into 100 kW ones in order to have a higher retribution.
During this period (Q1,2004–Q2,2007), PVGCSo100 kW are al-
ways profitable in Areas III and V, with the exception of Area I,
where only at certain years these systems could be feasibly in-
stalled. It can be considered that the 100 kW limit imposed by this
RD was the starting point for the standardization of the Balance of
System (BoS) elements according to this size of power.

Although the RD 4336/2004 meant a progression in the pro-
motion of these systems, the latter one, RD 661/2007, was the real
boosting legislation for the PV technology in Spain, when all the
expectations for power installed were soon surpassed. In the
period comprised between Q3,2007–Q3, 2008, only large systems
ranging from 10 MW up to 50 MW are not profitable in any region,
while the rest of systems and locations show feasible figures with
some exception for small ones (o100 kW) at the North of Spain.
Table 13
Main characteristics of a representative PV installation (Climatic Area V) translated to R

Original RD subscription

RD 661/2007

Group size or type of system 100 kWoPr10 MW 10 MWoPr50 MW r1
Inscription call
Nominal power of the system 1 MW (Fixed) 10 MW 90
Operational year authorization 2008 2008 200
NEW ID code of the plant IET1045/
2014

IT-78 IT-90 IT-
Nevertheless, it is outstanding that although systems larger that
10 MW were supposed to be non-profitable in Spain, the reality is
that several of these systems were installed. Once more, the main
explanation is that these large plants were artificially divided into
100 kWp systems, where the higher FIT was assigned.

In the years thereafter 2008, there was certain controversy
related with the enforcement of RD 1578/2008 and the latter RD
1565/2010, as they reduced substantially the retribution tariff,
especially for ground-mounted PV plants as well as an annual
power cap was also introduced. However, it was the period of time
when these systems generated higher IRR figures. The excess of
stock generated in the highly demand period should be released
and the deployment and highly automation of the manufacturing
process, boosted mainly by China, contributed, in the following
years starting in the late 2008, to a dramatic collapse in prices. In
spite of the FIT reduction, the favorable unitary price scenario
contributed to the most profitable period of time for the installa-
tion of these systems in Spain.

Additionally to the comparison of the profitability of several PV
systems depending on the specific moment of time they were
installed, an interesting analysis for any owner of a PV system
subscribed under one of the previous Royal Decrees, is focused on
whether their investments have suffered a substantial change in
profitability terms with the retroactive measures adopted in the
ruling legislation approved in July 2014. In order to cover this is-
sue, some general PV examples, subscribed to each of the last RD,
analyzed and the economic parameters from Table 12, have been
chosen in this document. According to the sort of systems planned,
each PV plant corresponds to a specific identification code in the
last Ministerial Order, where there is a fixed assignation of in-
comes and also new unitary prices for the electricity generated is
also defined (see Table 13).

After the recalculation of the Internal Rate of Return of the
already installed PV plants, with the new legislation applied, the
results are revealing as Table 14 shows. The dramatic reduction of
the IRR value in all types of PV plants in each Royal Decree sce-
nario possible is outstanding. Although these investments are still
economically feasible, under the so-called “reasonable profit-
ability” defined by the Government, because their values are
higher than the WACC used in the cases analyzed in this paper, the
inflexion point is whether the owners could face the annual liquid
assets under this new financial scenario. Despite the economic
analysis could result positive at the end of the lifetime of the in-
vestment, if the financial feasibility is not accomplished, the
owners will be forced to sell their PV properties notwithstanding
they could afford the annual liquid assets under the Royal Decrees
they were subscribed to. This reality is already happening in Spain
to a vast number of small/medium PV investors [64].

Likewise the results shown for the IRR, NPV figures, under the
assumptions and circumstances considered in this document,
show the same expected trend (see Figs. 4–6). The previous effect
of the last framework approved in Spain over the IRR prediction of
the owners is expected to be repeated. A temporal analysis of the
D 413/2014 and IET 1045/2014.

RD 1578/2008 RD 1565/2010

00 kW Type I.1 Type I.2 Type II Type I.1 Type I.2 Type II
Q1st 2009 Q1st 2009 Q1st 2009 Q4th 2011 Q4th 2011 Q4th 2011

kW 15 kW 100 kW 1 MW 15 kW 100 kW 1 MW
8 2009 2009 2009 2011 2011 2011

30 IT-100 IT-239 IT-424 IT-228 IT-366 IT-487



Table 14
IRR values (%) before and after the enforcement of the RD 413/2014 and IET 1045/
2014.

Type RD 661/2007 RD 1578/2008 RD 1565/2010

Before After Before After Before After

r100 kW 7.0 5.1
100 kWoPr10 MW 8.5 7.1
10 MWoPr50 MW 2.3 4.7
Type I.1 10.9 7.0 12.3 9.0
Type I.2 11.1 6.8 9.2 6.0
Type II 10.3 6.7 4.6 2.8

Fig. 4. NPV results for a PV system located in the North of Spain (Santander, Area I).

Fig. 5. NPV results for a PV system located in the Middle of Spain (Salamanca, Area
III).

Fig. 6. NPV results for a PV system located in the sunny South of Spain (Seville,
Area V).

Table 15
Net Present Value (€2013) effect after the enforcement of the RD 413/2014 and IET
1045/2014.

Type RD 661/2007 RD 1578/2008 RD 1565/2010

Before After Before After Before After

r100 kW 3493 930
100 kWoPr10 MW 4165 2395
10 MWoPr50 MW �336 517
Type I.1 4115 1565 3526 1860
Type I.2 3943 1300 1968 687
Type II 3497 1307 447 �275
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NPV will also provide evidence of the decrease as Table 15 shows
for the systems defined in Table 13.

3.4. Levelised cost of electricity analysis and results

Nowadays it is quite often to discuss whether the prices of the
electricity generated with PV technology can compete with the
electricity retail tariffs, whose concept in the photovoltaic argot is
known as grid parity. Therefore grid parity is defined as the mo-
ment when photovoltaic grid-connected system's unitary price
equals the retail electricity price. In this direction, complementary
to the economic analysis from previous sections, an overview of
the evolution of the PV electricity generation costs is very
clarifying.

In this paper, likewise similar studies [65], the analysis is based
on the estimation of the cost of producing PV electricity through
the concept levelised cost of electricity (LCOE), which could be
defined as the constant and theoretical cost of PV electricity pro-
duction over its entire lifecycle. If the annual PV electricity gen-
erated (EPV) is assumed to remain constant over the system's
lifecycle, LCOE may be calculated as:
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where Kpl equals to (1�rd)/(1þd).
Assuming the same values for the parameters proposed in

the economic section (see Tables 11,12), Figs. 7–9 show the evo-
lution of the LCOE depending on the moment of time when these
PV installations were commissioned. It is important to mention
that the LCOE calculations have been referred to the year 2013
(€2013).

In the period of the first RD, 1998–2004, PV plants larger than
5 kWp have LCOE values comprised between 0.27 €/kWh up to
0.64 €/kWh according the location, meanwhile those installations
smaller than 5 kW, their LCOE is between the range 0.3–0.67
€/kWh. Obviously, those costs cannot compete with the retail
electricity tariffs. At that moment, the concept of grid parity was
still unknown.

From the second quarter of the year 2004 until the enforce-
ment of the RD 661/2007 (Q2–2007), LCOE values in Spain ranges



Fig. 7. LCOE evolution for a PV system located in the North of Spain depending on
the commissioning year.

Fig. 8. LCOE results dependent on the commissioning year for a PV system located
in the middle of Spain (Salamanca, Area III).

Fig. 9. LCOE evolution dependent on the commissioning year for a PV system lo-
cated in the South of Spain.

Table 16
Average retail electricity prices (€/kWh) in the commercial/industrial sectors for
some selected EU countries between 2010 and 2013. Taxation is not included
[66,67].

Country Year

2010 2011 2012 2013

Germany 0.092 0.09 0.082 0.091
Italy 0.092 0.117 0.112 0.112
Spain 0.108 0.108 0.114 0.114
France 0.066 0.072 0.068 0.066
United Kingdom 0.095 0.094 0.091 0.116
Portugal 0.088 0.09 0.101 0.101
Greece 0.087 0.094 0.098 0.102
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from 0.35 to 0.56 €/kWh and 0.27–0.52 €/kWh depending on the
location and whether the systems were smaller or larger than
100 kW respectively. In the period of the favorable RD 661/2007,
PV systems greater than 100 kW show the best LCOE results.
Regarding the location, LCOE changes from 0.42 €/kWh down to
0.24 €/kWh.

Since 2008, when the unitary prices of PV systems experienced
a great decrement, the LCOE has been continuously decreasing. In
the most unfavorable location in this study, the North of Spain,
LCOE results to change from 0.38 to 0.48 €/kWh in 2008 to 0.08
€/kWh in the best case in 2013. Better results are obtained in the
South of Spain where, at the end of the period of this analysis,
LCOE values of 0.07 €/kWh have been obtained.

Resuming the discussion regarding the grid parity in Spain,
Table 16 shows the average retail electricity prices in the com-
mercial/industrial sector in some EU countries in the period from
2010 to 2013 [66,67]. In light of the LCOE figures obtained in Spain
in the last years, grid-parity is a reality since 2013, at least in the
commercial/industrial sector and for most of the types of PV sys-
tems studied in this paper.
4. Conclusions

The analysis presented in this paper highlights the economic
profitability and the generation electricity cost of different in-
vestments in PVGCS in Spain, comprising the period ranging from
1998, when the promotion policies began, to 2014, when there
have been applied some regulatory frameworks that affect not
only new PV installations, but the existing ones too.

One main conclusion is that supporting measures to the pho-
tovoltaic sector in Spain, through laws and Royal Decrees, lacked of
long-term vision. In this direction, continuous legislative changes
were introduced periodically, which turned to produce instability
to the owners of these installations in the last years in relation to
the economic profitability of their investment. Furthermore, a le-
gal uncertainty was created to prospective investors.

The economic analysis based on the NPV and IRR shows that
the profitability of a certain PV plant is location-dependent, as it
was expected, because the radiation levels decrease with the la-
titude. Variations in the IRR up to 6% are found in this study when
a general case PV system located in Seville (South) is compared
with another one from the North of Spain. This location de-
pendency comes to reinforce the idea of some policy makers, who
affirm that the installation of PV plants (among other renewable
energy technologies) should be optimized with the best renewable
energy resource available in a location. The term used to define
this suitability is equimarginality [63].

Additionally to the influence of the solar resource of the re-
presentative locations chosen, the figures of this study clearly
show the way an investment of a certain PV system (the general
case considered in this study) changes depending of the moment
of time it was installed and commissioned. One may think that the
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economic situation can have a main influence, as the financing of
the investment affects the cash flows. Nevertheless, this paper
shows that the different policies are the critical influencers in the
profitability of a PV system.

In a first approximation, the development of the several Royal
Decrees should not have any effect in the LCOE, as it is only in-
fluenced by the LCC of the system, whereas the legislative fra-
mework only affects the cash inflows. The only exception is related
to the taxes imposed by the government. However, a favorable
promoting regulatory framework can favor the technological ma-
turity of a certain industry, and in consequence, it is immediately
translated into a reduction of the unitary cost, therefore, the initial
investment.

The promotion policies in Spain in the years 2004–2008, al-
though they have not reduced the LCOE of the systems installed
during this period, they have had a tremendous effect on the
maturity of the photovoltaic technology which afterwards it was
reflected in the dramatic reduction in the unitary prices of in-
stalled PVGCS in Spain. In this sense, it is revealing that the great
surge in the IRR and NPV has occurred in the period 2009–2013, as
a consequence of a great decrease in the unitary PV prices. This
reduction has been greatly caused by the promoting regulatory
frameworks of 2004–2008, whose policies implied many
d
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investments in R&D focused on the improvement and lowering the
cost of the PV manufacturing process.

Nowadays, when the technology is mature enough and the
grid-parity has been reach, as this technology can compete with
other energy sources regarding the retail electricity tariffs, alter-
natives such as the self-consumption or net–metering represent an
excellent opportunity to develop a cost-effective and sustainable
PV market. The question is whether the Government will legislate
to promote this sort of distributed energy solutions.

This document also tends to shed light regarding how the
profitability of photovoltaic systems has been affected according to
the last regulatory framework changes in 2014 (RD 413/2014 and
Ministerial Order IET 1045/2014). The indirect effect these laws
produce, the ones with retroactive character, is whether the lack of
feasibility to support the annual liquid assets due to the change of
the “reasonable profitability” could mean the renegotiation of the
initial investment financing or just the sale of the PV plant to
foreign investment groups.

Additionally, this study can also be used for consulting pur-
poses by institutions or governmental organisms in order to pos-
sibly plan any further legislative framework regarding this tech-
nology in those countries where there is an Institutional support
to this sort of renewable energy source.
Appendix Terminology
Nominal discount rate (%).

EP
 Tax depreciation.

r
 Real discount rate (%).

PV
 Annual PV yield injected into to the grid by user (kWh).

PV]kWp
 Normalized per-kWp annual PV electricity yield (kWh/(kWp∙year)).
Annual inflation rate (%).

Annual loan interest.

Annual bonds interest.
R
 Internal rate of return.

Rn
 Net internal rate of return.

CC
 Life - cycle cost of the PVGCS (€).

COE
 Levelised cost of electricity (€/kWh)
Useful life of the PVGCS, equal to analysis period (years).

b
 Time duration of bonds (years).

d
 Period of time over which an investment is amortized (years).

IS
 Period of time over which an initial investment subsidy is amortized (years).

l
 Time duration of loan (years).

u
 PV-electricity unitary price into to the grid by the user (€/kWh).

VAOM
 Annual operation and maintenance cost of the PVGCS (€).

VIN
 Initial investment cost on the PVGCS (€).

VIN]kWp
 Normalized per-kWp initial investment cost (€/kWp).

VIS
 Initial investment subsidy (€).

VIS]kWp
 Normalized per-kWp initial investment subsidy (€/kWp).

Vl
 Amount equal to the portion of the initial investment financed with loan (€).

Vb
 Amount equal to the portion of the initial investment financed with bonds (€).

VIF
 Present value interest factor

W[CIF(N)]
 Present worth of the cash inflows from a PVGCS system through its useful life (€).

W[PVOM (N)]
 Present worth of the PVGCS system operation and maintenance cost (€).
Annual degradation rate of the PV modules efficiency (%).

Income tax rate (%).
V
 Salvage value of the system at the end of their life-cycle (€).

ACC
 Weighted Average Cost of Capital (%).
PVOM
 Annual escalation rate of the operation and maintenance cost of the CPV system (%).
pu
 Annual increase rate of the electricity price into to the grid by user (%).
ε



D.L. Talavera et al. / Renewable and Sustainable Energy Reviews 66 (2016) 233–247246
References

[1] European Photovoltaic Industry Association (EPIA). Global Market Outlook for

Photovoltaics 2014–2018 June 2014; (Available at): 〈http://www.cleanenergy
businesscouncil.com/site/resources/files/reports/EPIA_Global_Market_Out
look_for_Photovoltaics_2014–2018_-_Medium_Res.pdf〉 [accessed April 2016].

[2] International Energy Agency (IEA). Trens 2013 in Photovoltaic Application:
Survey Report of Selected IEA Countries between 1992 and 2012; 2013. Report
IEA-PVPS T1–23:2013.

[3] Foresight Group. “The bigger picture - What is the future of large-scale solar in
Europe?” Green Power conferences September 2014; (Available at): 〈http://
www2.greenpowerconferences.co.uk/EF/?sSubSystem¼Prospectus&sSessio
nID¼utp67mlr3lvrka2rboeoudr0t5–
19376809&sEventCode¼SP1411IT&sDocument¼Webinar1_Download〉 [ac-
cessed November 2014].

[4] del Río González P. Ten years of renewable electricity policies in Spain: an
analysis of successive feed-in tariff reforms. Energy Policy 2008;36:2907–19.

[5] Red Eléctrica de España (REE). Power of installled photovoltaic systems.
Available at: 〈http://www.ree.es/es/publicaciones/estadisticas-del-sistema-
electrico-espanol/indicadores-nacionales/series-estadisticas〉 [accessed De-
cember 2014].

[6] Ministry of Industry S. National Energies Plan 1991–2000. PEN-1991/2000 19
September 1991.

[7] Ministry Industry and Energy, Spain. Royal Decree 2818/1998 December 1998;
BOE number 312:44077–44089.

[8] National Commission of the Energy, Spain. Annual Reports 2004. Available at:
〈https://www.cnmc.es/es-es/energ%C3%ADa/documentaci%C3%B3n/doc
umentoscne.aspx〉 [accessed April 2016].

[9] Ministry of Science and Technology. Plan de Fomento de las Energías Re-
novables en España 2000�2010. PFER 2000�2010 December 1999;Available
at: 〈http://www.idae.es/index.php/mod.documentos/mem.descarga?file¼/
documentos_4044_PFER2000–10_1999_1cd4b316.pdf〉 [accessed December
2014].

[10] Ministry of Economic S. Royal Decree 1663/2000 29 September 2007;BOE
núm. 235:33511–33515.

[11] del Río P, Mir-Artigues P. Support for solar PV deployment in Spain: some
policy lessons. Renew Sustain Energy Rev 2012;16:5557–66.

[12] Ministry of Economic S. Royal Decree 436/2004. March 2004; BOE number
75:13217–13238.

[13] Ministry of Industry, Tourism and Trade, Spain. Plan de Energias Renovables
en España 2005�2010. PER 2005–2010 August 2005;Available at: http://
www.idae.es/uploads/documentos/documentos_PER_2005–2010_8_de_gosto-
2005_Completo.(modificacionpag_63)_Copia_2_301254a0.pdf [accessed July
2014].

[14] Ministry of Housing S. Royal Decree 314/2006; March 2006.BOE number
74:11816–11831.

[15] Suelosolar. Feed-in tariff for photovoltaic solar energy. Available at: 〈http://
www.suelosolar.com/tarifa.asp〉 [accessed April 2016].

[16] Ministry of Industry, Tourism and Trade, Spain. Royal Decree 661/2007; May
2007. BOE number 126:22846–22886.

[17] International Energy Agency (IEA). Annual Report 2009, Photovoltaic Power
Systems Programme; 2010. Available at: 〈http://www.iea-pvps.org/index.php?
id¼6〉 [accessed April 2016].

[18] International Energy Agency (IEA). Trens in Photovoltaic Application: Survey
Report of Selected IEA Countries between 1992 and 2009; August 2010. Report
IEA-PVPS T1- 19:2010.

[19] International Energy Agency (IEA). Annual Report 2008, Photovoltaic Power
Systems Programme; 2009. Available at: 〈http://www.iea-pvps.org/index.
php?id¼6〉 [accessed April 2016].

[20] Ministry of Industry, Tourism and Trade, Spain. Royal Decree 1578/2008;
September 2008. BOE number 234:39117–39125.

[21] International Energy Agency (IEA). Annual Report 2010, Photovoltaic Power
Systems Programme; 2011. Available at: 〈http://www.iea-pvps.org/index.php?
id¼6〉 [accessed April 2016].

[22] International Energy Agency (IEA). Trens in Photovoltaic Application: Survey
Report of Selected IEA Countries between 1992 and 2010; August 2011. Report
IEA-PVPS T1–20:2011.

[23] Ministry of Industry, Tourism and Trade, Spain. Royal Decree 1565/2010; 23
November 2010. BOE number 283:97428–97446.

[24] Ministry of Industry, Tourism and Trade, Spain. Royal Decree 1699/2011; De-
cember 2011. BOE number 295:130033–130064.

[25] Goverment Spain. Royal Decree Law 1/2012, Goverment Spain. RD-L 1/2012;
January 2012. BOE number 24:8068–8072.

[26] Goverment Spain. Law 15/2012, Goverment Spain; December 2012. BOE
number 312:88081–88096.

[27] Goverment Spain. Royal Decree Law 2/2013, Goverment Spain. RD-L 2/2013;
February 2013. BOE number 29:9072–9077.

[28] Goverment Spain. Royal Decree Law 9/2013; July 13, 2013. BOE number
167:52106–52147.

[29] Goverment Spain. Law 24/2013, Electric sector law; December 27, 2013. BOE
number 310:105198–105294.

[30] Ministry of Industry, Energy and Tourism, Spain. Royal Decree 413/2014; June
10, 2014. BOE number 140:43876–43978.

[31] Ministry Industry, Energy and Tourism, Spain. Ministerial Order IET/1045/
2014; June 20, 2014. BOE number 150:46430–48190.

[32] Forbes. Stampede Of Investors Sue Spain Over Cuts In Solar Subsidies.
Available at: 〈http://www.forbes.com/sites/williampentland/2014/02/19/stam
pede-of-investors-sue-spain-over-cuts-in-solar-subsidies/#333017dc5a29〉
[accessed May 2016].

[33] Reuters. Exclusive: Foreign investors set to sue Spain over energy reform;
Available at: 〈http://www.reuters.com/article/us-spain-renewables-idUS
BRE91D1A020130214〉 [accessed May 2016].

[34] Talavera DL, Muñoz-Cerón E, De La Casa J, Ortega MJ, Almonacid G. Energy and
economic analysis for large-scale integration of small photovoltaic systems in
buildings: the case of a public location in Southern Spain. Renew Sustain
Energy Rev 2011;15:4310–9.

[35] Talavera DL, Nofuentes G, De La Casa J, Aguilera J. Sensitivity analysis on some
profitability indices for photovoltaic grid-connected systems on buildings: the
case of two top photovoltaic European Areas. J Sol Energy Eng, Trans ASME
2013;135.

[36] Lasnier F, Ang T. Photovoltaic Engineering Handbook Adam Hilger: Bristol,
England and New York; 1990. p. 371–399.

[37] Short W, Packey DJ, Holt T. A manual for the economic evaluation of energy
efficiency and renewable energy technologies. NREL/TP-462-5173. National
Renewable Energy Laboratory,; 1995. p. 1–120.

[38] European Commission, Joint Research Centre, Institute for Energy and Trans-
port. Photovoltaic Geographical Information System (PVGIS) - Interactive
Maps; 10 February 2012. 〈http://rejrceceuropaeu/pvgis/〉 [accessed June 2014].

[39] METEOTEST. Meteonorm (global meteorological database). Meteonorm 6 1
2009;6.1.

[40] National Renewable Energy Laboratory (NREL). PVWatts Calculator. Available
at: 〈http://pvwatts.nrel.gov/〉 [accessed April 2016].

[41] Jordan DC, Kurtz SR. Photovoltaic degradation rates – an analytical review.
Prog Photovolt Res Appl 2013;21:12–29.

[42] Branker K, Pathak MJM, Pearce JM. A review of solar photovoltaic levelized
cost of electricity. Renew Sustain Energy Rev 2011;15:4470–82.

[43] European Central Bank. Inflaction in the Euro area; 2014. Available at: 〈http://
www.ecb.europa.eu/stats/prices/hicp/html/inflation.en.html〉 [accessed July
2014].

[44] Global rates.com. Inflation – summary of current international inflation fig-
ures; 2013. 〈http://www.global-rates.com/economic-indicators/inflation/infla
tion.aspx〉 [accessed April 2016].

[45] Global-rates.com. Inflation Spain – consumer price index (CPI); 2013. 〈http://
www.global-rates.com/economic-indicators/inflation/consumer-prices/cpi/
spain.aspx〉 [accessed April 2016].

[46] Muñoz-Cerón E. New trends in Photovoltaic Economy and development of a
different technological spectral approach in Concentrator Photovoltaics.Spain:
University of Jaen; 9788484398851.

[47] International Energy Agency (IEA). PVPS Annual report 2013: Implementing
agreement on Photovoltaic Power Systems; May 2014. Available at: file:///C:/
Users/UJA/Downloads/IEA-PVPS-AR2013_web.pdf (accessed May 2015).

[48] International Energy Agency (IEA). Trens 2014 in Photovoltaic Application:
Survey Report of Selected IEA Countries between 1992 and 2013. 2014. Report
IEA-PVPS T1–25:2014.

[49] International Energy Agency (IEA). Trends in Photovoltaic Applications Survey
report of selected IEA countries between 1992 and 2011; 2012. Report IEA-
PVPS T1–21:2012.

[50] International Renewable Energy Agency (IRENA). Renewable Power Genera-
tion Costs in 2012: An Overview 2013; IRENA report. Available for download
from 〈www.irena.org/Publications〉 [accessed April 2016].

[51] Arvizu D, Balaya P, Cabeza L, Hollands T, Jäger-Waldau A, Kondo M, et al.
Direct Solar Energy. In: Edenhofer O, Pichs-Madruga R, Sokona Y, Seyboth K,
Matschoss P, Kadner S, Zwickel T, Eickemeier P, Hansen G, Schlömer S, von
Stechow C, editors. IPCC Special Report on Renewable Energy Sources and
Climate Change Mitigation. Cambridge University; 2012. p. 333–400.

[52] D Feldman, G Barbose, R Margolis, R Wiser, N Darghouth, A. Goodrich Pho-
tovoltaic (PV) Pricing Trends: Historical, Recent, and Near-Term Projections;
November 2012. Technical Report DOE/GO-102012–3839. (Available electro-
nically at) 〈http://www.osti.gov/bridge〉 [accessed April 2016].

[53] International Energy Agency (IEA). Trends in Photovoltaic Application: Survey
Report of Selected IEA Countries between 1992 and 2005; 2006. Report IEA-
PVPS T1–15:2006.

[54] International Energy Agency (IEA). Trends in Photovoltaic Application: Survey
Report of Selected IEA Countries between 1992 and 2006; 2007. Report IEA-
PVPS T1–16:2007.

[55] International Energy Agency (IEA). Trens in Photovoltaic Application: Survey
Report of Selected IEA Countries between 1992 and 2007; 2008. Report IEA-
PVPS T1–17: 2008.

[56] International Energy Agency (IEA). Trens in Photovoltaic Application: Survey
Report of Selected IEA Countries between 1992 and 2008; 2009. Report IEA-
PVPS T1–18:2009.

[57] Instituto Nacional de Estadistica (INE). Tipos de interés legales, del mercado
hipotecario y del mercado financiero. Available at: 〈http://www.ine.es/jaxi/
Tabla.htm?path¼/t38/p604/a2000/l0/&file¼0902001.px&L¼0〉 (accessed
April 2016).

[58] International Energy Agency (IEA). Annual report 2001, Photovoltaic Power
Systems Programme. 2001;Available at: 〈http://www.iea-pvps.org/index.php?
id¼6〉 [accessed April 2016].

[59] Ministry Economic Spain. Royal Decree 1777/2004; 2004.BOE number
189:28377–28429.

http://www.cleanenergybusinesscouncil.com/site/resources/files/reports/EPIA_Global_Market_Outlook_for_Photovoltaics_2014-2018_-_Medium_Res.pdf
http://www.cleanenergybusinesscouncil.com/site/resources/files/reports/EPIA_Global_Market_Outlook_for_Photovoltaics_2014-2018_-_Medium_Res.pdf
http://www.cleanenergybusinesscouncil.com/site/resources/files/reports/EPIA_Global_Market_Outlook_for_Photovoltaics_2014-2018_-_Medium_Res.pdf
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://www2.greenpowerconferences.co.uk/EF/?sSubSystem=Prospectus&sSessionID=utp67mlr3lvrka2rboeoudr0t5-19376809&sEventCode=SP1411IT&sDocument=Webinar1_Download
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref1
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref1
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref1
http://www.ree.es/es/publicaciones/estadisticas-del-sistema-electrico-espanol/indicadores-nacionales/series-estadisticas
http://www.ree.es/es/publicaciones/estadisticas-del-sistema-electrico-espanol/indicadores-nacionales/series-estadisticas
http://https://www.cnmc.es/es-es/energ%C3%ADa/documentaci%C3%B3n/documentoscne.aspx
http://https://www.cnmc.es/es-es/energ%C3%ADa/documentaci%C3%B3n/documentoscne.aspx
http://www.idae.es/index.php/mod.documentos/mem.descarga?file=/documentos_4044_PFER2000-10_1999_1cd4b316.pdf
http://www.idae.es/index.php/mod.documentos/mem.descarga?file=/documentos_4044_PFER2000-10_1999_1cd4b316.pdf
http://www.idae.es/index.php/mod.documentos/mem.descarga?file=/documentos_4044_PFER2000-10_1999_1cd4b316.pdf
http://www.idae.es/index.php/mod.documentos/mem.descarga?file=/documentos_4044_PFER2000-10_1999_1cd4b316.pdf
http://www.idae.es/index.php/mod.documentos/mem.descarga?file=/documentos_4044_PFER2000-10_1999_1cd4b316.pdf
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref2
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref2
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref2
http://www.suelosolar.com/tarifa.asp
http://www.suelosolar.com/tarifa.asp
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.forbes.com/sites/williampentland/2014/02/19/stampede-of-investors-sue-spain-over-cuts-in-solar-subsidies/%23333017dc5a29
http://www.forbes.com/sites/williampentland/2014/02/19/stampede-of-investors-sue-spain-over-cuts-in-solar-subsidies/%23333017dc5a29
http://www.reuters.com/article/us-spain-renewables-idUSBRE91D1A020130214
http://www.reuters.com/article/us-spain-renewables-idUSBRE91D1A020130214
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref3
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref3
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref3
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref3
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref3
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref4
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref4
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref4
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref4
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref5
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref5
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref5
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref5
http://rejrceceuropaeu/pvgis/
http://pvwatts.nrel.gov/
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref6
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref6
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref6
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref7
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref7
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref7
http://www.ecb.europa.eu/stats/prices/hicp/html/inflation.en.html
http://www.ecb.europa.eu/stats/prices/hicp/html/inflation.en.html
http://www.global-rates.com/economic-indicators/inflation/inflation.aspx
http://www.global-rates.com/economic-indicators/inflation/inflation.aspx
http://www.global-rates.com/economic-indicators/inflation/consumer-prices/cpi/spain.aspx
http://www.global-rates.com/economic-indicators/inflation/consumer-prices/cpi/spain.aspx
http://www.global-rates.com/economic-indicators/inflation/consumer-prices/cpi/spain.aspx
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref8
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref8
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref8
http://www.irena.org/Publications
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref9
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref9
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref9
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref9
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref9
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref9
http://www.osti.gov/bridge
http://www.ine.es/jaxi/Tabla.htm?path=/t38/p604/a2000/l0/&file=0902001.px&L=0
http://www.ine.es/jaxi/Tabla.htm?path=/t38/p604/a2000/l0/&file=0902001.px&L=0
http://www.ine.es/jaxi/Tabla.htm?path=/t38/p604/a2000/l0/&file=0902001.px&L=0
http://www.ine.es/jaxi/Tabla.htm?path=/t38/p604/a2000/l0/&file=0902001.px&L=0
http://www.ine.es/jaxi/Tabla.htm?path=/t38/p604/a2000/l0/&file=0902001.px&L=0
http://www.ine.es/jaxi/Tabla.htm?path=/t38/p604/a2000/l0/&file=0902001.px&L=0
http://www.ine.es/jaxi/Tabla.htm?path=/t38/p604/a2000/l0/&file=0902001.px&L=0
http://www.ine.es/jaxi/Tabla.htm?path=/t38/p604/a2000/l0/&file=0902001.px&L=0
http://www.ine.es/jaxi/Tabla.htm?path=/t38/p604/a2000/l0/&file=0902001.px&L=0
http://www.ine.es/jaxi/Tabla.htm?path=/t38/p604/a2000/l0/&file=0902001.px&L=0
http://www.ine.es/jaxi/Tabla.htm?path=/t38/p604/a2000/l0/&file=0902001.px&L=0
http://www.ine.es/jaxi/Tabla.htm?path=/t38/p604/a2000/l0/&file=0902001.px&L=0
http://www.ine.es/jaxi/Tabla.htm?path=/t38/p604/a2000/l0/&file=0902001.px&L=0
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6
http://www.iea-pvps.org/index.php?id=6


D.L. Talavera et al. / Renewable and Sustainable Energy Reviews 66 (2016) 233–247 247
[60] Ministry Economic Spain. Royal Decree 1793/2008; 2008. BOE number
278:45770–45786.

[61] Thonson Reuters. Consulta A.E.A.T. 128308,. IS. Central fotovoltaica. Amorti-
zación; 2014. Available at: 〈http://portaljuridico.lexnova.es/doctrinaadminis
trativa/JURIDICO/77405/consulta-aeat-128308-is-central-fotovoltaica-amorti
zacion〉 [accessed April 2016].

[62] Danchev S, Maniatis G, Tsakanikas A. Returns on investment in electricity
producing photovoltaic systems under de-escalating feed-in tariffs: the case of
Greece. Renew Sustain Energy Rev 2010;14:500–5.

[63] Del Río P, Cerdá E. The policy implications of the different interpretations of
the cost-effectiveness of renewable electricity support. Energy Policy
2014;64:364–72.

[64] Asociación Nacional de Productores Fotovoltaicos (ANPIER). Más de un tercio
de los productores fotovoltaicos soporta rentabilidades negativas; March 9,
2015. Available at: 〈http://anpier.org/comunicacion/noticias/post/titulo/mas-
de-un-tercio-de-los-productores-fotovoltaicos-soporta-rentabilidades-negati
vas〉 [accessed May 2015].

[65] Talavera DL, Pérez-Higueras P, Ruíz-Arias JA, Fernández EF. Levelised cost of
electricity in high concentrated photovoltaic grid connected systems: spatial
analysis of Spain. Appl Energy 2015;151:49–59.

[66] WIP – Renewable Energies (WIP). PV parity project. Electricity prices scenarios
until at least the year 2020 in selected EU countries. Deliverable 2.2 January
2012;(IEE/10/307 / SI2.592205).

[67] European Commission e. Electricity and natural gas price statistics 2014;
Available at: 〈http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/
Electricity_and_natural_gas_price_statistics〉 [accessed September 2014].

http://portaljuridico.lexnova.es/doctrinaadministrativa/JURIDICO/77405/consulta-aeat-128308-is-central-fotovoltaica-amortizacion
http://portaljuridico.lexnova.es/doctrinaadministrativa/JURIDICO/77405/consulta-aeat-128308-is-central-fotovoltaica-amortizacion
http://portaljuridico.lexnova.es/doctrinaadministrativa/JURIDICO/77405/consulta-aeat-128308-is-central-fotovoltaica-amortizacion
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref10
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref10
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref10
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref10
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref11
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref11
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref11
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref11
http://anpier.org/comunicacion/noticias/post/titulo/mas-de-un-tercio-de-los-productores-fotovoltaicos-soporta-rentabilidades-negativas
http://anpier.org/comunicacion/noticias/post/titulo/mas-de-un-tercio-de-los-productores-fotovoltaicos-soporta-rentabilidades-negativas
http://anpier.org/comunicacion/noticias/post/titulo/mas-de-un-tercio-de-los-productores-fotovoltaicos-soporta-rentabilidades-negativas
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref12
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref12
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref12
http://refhub.elsevier.com/S1364-0321(16)30426-9/sbref12
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Electricity_and_natural_gas_price_statistics
http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Electricity_and_natural_gas_price_statistics

	Evolution of the cost and economic profitability of grid-connected PV investments in Spain: Long-term review according to...
	Introduction
	Review of the Spanish photovoltaic regulatory framework
	Economic and cost overview of installed pv plants: temporal evolution
	Economic analysis methodology
	Net present value
	Internal rate of return

	Estimation of the factors involved in the economic analysis
	Economic analysis and results
	Levelised cost of electricity analysis and results

	Conclusions
	Appendix Terminology
	References




