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Abstract
After three years of discussion, the regulation of photovoltaic self-consumption in Spain has been
finally passed on October 9th, 2015. We assess the impact of this regulation on the profitability (reflected
by Internal Rate of Return) of potential investors in three different segments: residential and small and
medium-size enterprises of the commercial and industrial sectors, paying special attention to the effect
of the backup charge and the effect of financing cost. We then analyse three alternative regulation
schemes focusing on the price at which the surplus electricity of the PV system is sold to the grid: mere
self-consumption, net metering and net billing. For each of the investing segments and regulation
schemes, we consider alternative configurations: with and without backup charge, and with own capital
versus 80% externally financed capital at market interest rates. The results show that the current
regulation will hinder the diffusion of self-consumption PV installations by making them economically
infeasible across all segments. We further identify that this regulation creates incentivizes for inefficient
behaviour, such as disconnection from the grid. According to our results and to the recommendations of
the European Commission, we find that a net billing scheme would be more suitable for promoting PV
diffusion at minimum cost for the system.
Key words: net metering, net billing, internal rate of return, Royal Decree 900/2015, PV
JEL: N74, O13, Q42, Q48,
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1.

Introduction.

After three years of discussion about the regulation of electricity self-consumption in Spain, the final
Royal Decree (RD) has been passed by the Council of Ministers on October 9th, 2015. This regulation is
particularly relevant for the case of photovoltaic (PV) technology, due to its major potential for the
generation of distributed electricity (EC, 2015; EPIA, 2014).
The aim of PV self-consumption installations is to generate electricity in the place where it is
consumed by the owner of the installation, rather than exporting and selling it to the grid. However, the
load profile of prosumers (consumers who also generate their own electricity) does not match with the
generation profile of the PV installation, so they must export the surplus electricity to the grid when
generation is higher than consumption, and buy it from the grid otherwise. This poses the problems of
how to value the electricity exported to the grid, and how prosumers should contribute to covering the
costs of the grid.
Many countries have established Net Metering (NM) schemes (EC, 2015; EPIA, 2013), through which
the electricity exported to the grid compensates the electricity consumed from it during a period of time;
usually a year. In this case, the electricity exported is valued at the same price than the electricity bought
from the grid. This entails a passive subsidy, as the retail price includes not only the cost of electricity,
but also the costs associated with the system and other taxes. The opposite situation is that in which the
electricity exported to the grid is not remunerated at all, which we will call Self-Consumption scheme
(SC). Finally, electricity might be valued at any price between 0 and the retail price, we will call this
scheme Net Billing (NB). Setting this price can be done directly or through the establishment of charges
and taxes on the market wholesale price, as we will see later on.
Regarding the contribution to the financial sustainability of the system, the discussion revolves
around the additional charges that prosumers should pay, if any; and whether their basis should be the
self-consumed electricity or the surplus electricity exported to the grid.
The aim of this paper is primarily to assess the impact of the new regulation in Spain on the
profitability of potential investors of different segments: residential, commercial and industrial small and
medium size enterprises (SME). We will quantify the average profitability of PV self-consumption
investments through the most widely used indicator: the Internal Rate of Return (IRR). We will study the
effect of financing the investment and the effect of the different charges and regulation schemes, and
finally we will discuss alternative configurations and their potential impact on the profitability for PV
investors, and therefore on the diffusion of the technology.
Section 2 analyses the basic features of the Spanish regulation, the context in which it has been
passed and the previous studies on the issue. Section 3 presents the methodology of the Internal Rate of
Return (IRR) and its application to PV investments, with special focus on the evaluation of the effect of
charges and taxes. Section 4 reviews the data and the assumptions for the calculation of the IRR. Section
5 discusses the results for the actual regulation, and other possible configurations. Finally section 6
concludes with some policy recommendations.
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2. Background and literature review.
2.1. Previous studies about profitability of PV self-consumption installations in Spain.
The Royal Decree 900/2015 has been passed after more than two years of discussion and three drafts
released during that time. Dufo-López and Bernal-Agustín (2015) analyse the first two drafts and two
reports of the National Energy Commission (CNE) on the issue, concluding that PV would be profitable
under the first proposed regulation, but not under the 2013 draft, where a backup charge (on selfconsumed electricity) is considered for the first time. This paper assesses profitability by comparing the
Levelized Cost Of Electricity (LCOE) of a PV system under the regulations proposed in the
aforementioned RD drafts with the net cost of buying electricity from the grid for a typical home located
in Zaragoza, where irradiation is close to the Spanish average.
Colmenar-Santos et al. (2012) assess the potential profitability of PV for household’s self-sufficiency,
concluding that self-sufficiency can be achieved at prices for exported electricity below the Feed-in
Tariffs (FiTs) available in that moment (FiTs for new installations were removed in 2012 through the
“Renewables Moratorium” established in L1/2012). Talavera et al. (2014) carried out a case study of the
profitability of the PV installed in the University of Jaén under the regulatory framework in vigor in 2013
obtaining also positive returns on investment and a pay-back time of between 17 and 18 years. We will
follow and develop the methodology used in those papers, as we will see in section 3.
2.2 Main features of the current regulation.
The main feature of the RD 900/2015 is that it does not establish a Net Metering (NM) scheme. On
the contrary, it creates two types of self-consumers. The type 1 has a limitation of 100kW power capacity
installed, it is legally considered as a mere consumer and the surplus electricity exported to grid by this
type of self-consumer is not remunerated. On the other hand, type 2 must have two legal personalities:
consumer, and producer. Therefore, the producer must become an entrepreneur and it is legally
considered like any other type of producer, considering in this case PV self-consumption as an economic
activity for which they have to tribute like any other entrepreneur.
Not recognizing a net metering scheme, the RD nor recognizes the figure of prosumer. Due to this
structure, it is unlikely that residential installations become type 2 and sell the surplus electricity to the
grid due to the administrative barriers established and the need to officially become an entrepreneur.
For commercial and industrial SME the opportunity cost of having two differentiated legal personalities
is negligible, as they already develop an economic activity. In conclusion, it is likely that most of
residential self-consumers become type 1 exporting their surplus electricity for free, whereas
commercial and industrial segments will become type 2 being able to sell the surplus electricity under
the same conditions as any other producer; that is, at wholesale price and paying the grid-access charge
for generators established in the RD 1544/2011 and the generation tax established in the Law 15/2012.
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The RD also establishes a backup charge1 divided in two parts: on the installed capacity (€/kW) on
one hand; and on the electricity self-consumed (€/kWh) on the other hand. This charge applies to both
types of self-consumers, but with an exemption to the type 1 installations below 10kW of installed
capacity and for the installations located in insular systems.
Another relevant feature of the RD is that it forbids that one installation supplies electricity for
several consumers, preventing thus the installations in buildings and hampering the diffusion of the
technology in urban areas.
2.3. System’s financial stability.
The main justification of this restrictive regulation is to ensure the financial stability of the system,
according to the Royal Decree-Law 97/2013 and the Law 24/2013, which state that “the selfconsumption installations must contribute to finance the costs and the services of the system in the
same amount than any other consumer”, as literally cited in the motivation of the RD 900/2015.
Indeed, only 38% of the retail electricity price for domestic consumers accounts for the cost of
electricity. VAT and energy tax account for other 21% of the final price, and the remaining 41% are
charges imposed to cover the incentives to renewable energies2 (RES, 17%), distribution (10%),
compensation for extra-peninsular systems ( ComEx, 4%), transport (3%), amortization of the so-called
“tariff deficit” (AmDef, 3%), payments for the right to interrupt energy-intensive industries in case of
peak demand higher than supply (Interrump, 1%), the so-called “Nuclear Moratorium” (1%) and other
costs (2%), as shown in figure 1.
Figure 1: Breakdown of the retail electricity price for domestic consumers in 2014:
Distribution
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Energy
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Charges
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Source: National Commission for Market and Competence (CNMC, 2014).

Residential prosumers are able to self-consume around 33% of the electricity they generate (PV
Parity, 2014), so, assuming that the charges are efficiently designed to cover the costs for which they are
designed we can make the following theoretical exercise.
1

The charge, officially called “charge for other system services” and established in article 21, is a “payment for the
backup function provided by the electric system as a whole to enable self-consumption” (RD 900/2015: 16).
2
This amount is destined to finance the so-called “Special Regime”, which do not only comprise renewable
energies (e.g. it also covers cogeneration), but of which RES represent the main component and motivation.
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Let’s define four agents: the prosumer, who generates electricity through a grid-connected PV system
and also consumes electricity from the grid; the consumer who only buys electricity from the grid; the
government which collects taxes and the electric system which generates, transports and distributes
electricity and collects charges.
Let’s assume that a PV installation generates 100 units of electricity, and that the price of electricity
is 1. Now let´s see the self-consumption flow (figure 2):
A. Self-consumption: of the 100 units of electricity generated, 33 units are self-consumed. Compared
with the situation where the electricity would be bought from the grid, this causes losses to the
government at the value of 7 (33*0.21) for the taxes avoided, and to the system at the value of 9.4,
which is the sum of the value of all the charges except for transport and distribution, times the 33 units.
Note that neither the 38% cost of energy nor the 13% cost of transport and distribution are losses, as
these costs are not being generated3.
B. Electricity surplus: The remaining 67 units are exported to the grid and sold to another consumer at
a price of 1. Under the current regulation, this electricity is exported for free, so the system has an
additional net income of 27: the value of energy (67*0.38=25) plus the savings in transport (67*0,03=2).
All the other costs of the system are covered in this case by the difference between the price paid to the
system by the final consumer, and the price paid by the system to the prosumer.
In conclusion, the government would accrue losses of 7.11 derived from the narrowing of the tax
base (equivalent to the amount of self-consumption). The system, under the current regulation, would
have a positive net position of 17.7 (income of 27 minus losses of 9.3). Accordingly, not remunerating the
residential prosumers is not economically justified.
In the panel C of figure 2 we show an alternative configuration, in which the prosumer would be
remunerated according to the cost of electricity. In that case, the charge corresponding to the subsidies
to renewables energies would not be covered. It seems reasonable that the support to RES is not
financed by RES themselves, but rather by conventional generators. The amortization of the deficit, the
payments for eventual interruptions to energy intensive industries and the nuclear moratorium (whose
debits expire in 2015) have been considered illegitimate by Cotarelo (2015), and some of those
expenditures are being investigated by the National Commission for Market and Competence and by the
Directorate-General for Competition of the European Commission, so it would be advisable to audit
these costs before imputing them to RES. Finally, the savings in transport would theoretically be enough
to compensate other costs and the compensation to the insular systems, although it would be more
efficient that the electricity prices in insular systems gradually reflected the real costs of generation and
transportation, to incentivize therefore private investment in renewable energies at zero cost for the
system.

3

Note that we assume optimal design of charges, so charges on energy should cover only the variable cost of the
grid, whereas the fixed cost of the grid should be financed by the fixed grid-access charge in the electricity bill.
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Figure 2. Theoretical simulation of energy and income flows under the current regulatory framework
A. Self-Consumption:
Sun

Government

Taxes: 33.27*0.2138= 7.11

100 units of energy

Prosumer

System

Self-consumption: 33.27

Energy: 0.37
Distribution: 0.1
Consumer
Transport: 0.03
RES: 33.27*0.1722= 5.73
ComEx: 33.27*0.0414= 1.38
AmDef: 33.27*0.0284= 0,94
Others: 33.27*0.0211= 0.7
Interrump: 33.27*0.0094= 0.31
Nuclear 33.27*0.0089= 0.3
Total: 9.36

B. Electricity surplus:
Sun

Government

Taxes: 66.73*0.2138= 14.27

100 units of energy
Surplus: 66,73

66,73

Prosumer

System

Consumer

66,73
Energy not remunerated: 66.73*0.3748=25.01
Transport: 66.73*0.0296= 1.98
RES: 66.73*0.1722= 5.73
ComEx: 66.73*0.0414= 1.33
Amort.Def: 66.73*0.0284= 1
Others: 66.73*0.0211= 0.67
Net position of the system:
Interrump: 66.73*0,0094= 0.33
26.99-9.36 = 17.67
Nuclear: 66.73*0,0089= 0.33
Total: 26.99

C. Alternative configuration:
Sun

Government
100 units of energy
66,73

Taxes: 33.27*0.2138= 7.11
Taxes: 66.73*0.37= 24.69
66,73

Prosumer

System
66.73*0.37=25

Self-consumption: 33.27

Consumer
66,73

RES (5.73) should be financed by conventional generators.
Transport (2) savings more than compensate Other costs (0.67) and ComEx (1.33).
Amort.Def (1) and Interrump: (0.33) should be audited and reduced, as according to
Cotarelo (2015) some of these costs are due to windfall profits and illegitimate payments.
Nuclear Moratorium (0.33) expires in 2015.

Source: own elaboration based on CNMC data. Note: solid lines represent energy flows, dashed lines represent monetary flows.
Red represents loss, green represents gain, black represents costs covered and black crossed out means cost not realised.
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3. Methodology

The internal rate of return (IRR) is the discount rate at which the net present value (NPV) of the
investment (i.e. of the revenues and expenditures it triggers) equals zero. Applying this concept to PV
investments has some particularities pointed out by Nofuentes (2002). Thus, the net present value
(NPV), which is the present worth of the cash inflows (PW[CIF(N)]) minus the life cycle cost of the system
from the user standpoint (LCCusp) must equal zero.

(1)

𝑁𝑃𝑉 = 𝑃𝑊[𝐶𝐼𝐹(𝑁)] − 𝐿𝐶𝐶𝑢𝑠𝑝 = 0

Our main contribution to the development of the IRR methodology is the implementation of the
effect of charges and taxes. There are two types of taxes/charges: those imposed on the electricity
exported to the grid: grid-access charge for generators (RD 1544/2011) and generation tax (L 15/2012);
and the charge imposed on self-consumption (RD 900/2015): the backup charge. Likewise, the backup
charge has two components, one variable imposed on the electricity self-consumed (€/kWh), and a fixed
part on the capacity installed (€/kW). We consider the variable charges on energy as a lower price of
electricity, and the fixed backup as an additional cost.
Costs therefore include the initial investment (PVin) in which we need to take into account the
financial conditions (share externally financed (α), interest rate (i) and maturity of the loan (Nl)); the
operation and maintenance costs (PVom), and the fixed part of the backup charge (δc):

(2)

𝐿𝐶𝐶𝑢𝑠𝑝 = 𝑃𝑊[𝑃𝑉𝐼𝑁 ] + 𝑃𝑊[𝑃𝑉𝑂𝑀 ] + 𝑃𝑊[𝛿𝑐]
(1+𝑖)𝑁𝑙

𝑃𝑊[𝑃𝑉𝐼𝑁 ] = (1 − 𝛼) ∗ 𝑃𝑉𝐼𝑁 + 𝑃𝑉𝐼𝑁 ∗ 𝛼 ∗ 𝑖 ∗ (1+𝑖)𝑁𝑙 −1 ∗
𝑞=

1

𝑃𝑊[𝛿𝑐] = 𝛿𝑝 ∗

1−𝑞

(3)
(4)

1+𝑑

𝑃𝑊[𝑃𝑉𝑂𝑀 ] = 𝑃𝑉𝑂𝑀 ∗

1−𝑞 𝑁𝑙

𝑁
𝐾𝑃𝑉 ∗(1−𝐾𝑃𝑉
)

1−𝐾𝑃𝑉

𝑁
)
𝐾𝛿𝑐 ∗(1−𝐾𝛿𝑐

(5)
(6)

1−𝐾𝛿𝑐

𝐾𝑃𝑉 and 𝐾𝛿𝑐 are the discount factors of the O&M costs and of the fixed backup charge
respectively, which depend on the their respective escalation rates. We assume an escalation
rate of 1% for both parameters, so both discount factors have the same value in our case.
𝐾𝑃𝑉 =

(1+ε𝑃𝑉𝑜𝑚 )
1+𝑑

= 𝐾𝛿𝑐 =

(1+ε𝛿𝑐 )
1+𝑑

(7)

We will focus now on the present worth of the cash inflows. The electricity generated by a
self-consumption PV system (Epv) is divided into the electricity self-consumed (β*Epv) and the
surplus electricity exported to the grid ((1-β)*Epv), with β representing the share of selfconsumed electricity. The profits from a self-consumption PV installation come therefore from
7

the savings derived from self-consumption plus the revenues received for the surplus electricity
exported to grid. These two categories correspond with the two addends in eq. 8.
The electricity self-generated and self-consumed is valued at the price that would be paid if
that electricity was bought from the grid, i.e. retail price (ps), minus the variable part of the
backup charge (δe). The price of surplus electricity exported to the grid (pg) can range from 0
(Self-consumption scheme) to retail price (Net Metering scheme), minus the grid-access charge
for generators (𝛾). Likewise, we must subtract the effect of the 7% generation tax (λ). Note that
even these revenues might be translated into savings when the amount received for the
exported electricity is directly discounted from the electricity bill, having therefore fiscal indirect
benefits, since revenues are charged through income taxation, but not savings. This is not the
case of the current regulation, but it would be the case under an Net Metering or Net Billing
scheme.
Therefore, regulation shapes profitability by reducing the savings of self-consumption
through backup cost, and by setting the price at which surplus electricity is sold to the grid and a
grid-access charge and generation tax on this price. Note that by altering relative prices of selfconsumed and exported electricity, behavioural incentives are also altered. Thus, whilst a Net
Billing scheme encourages self-consumption and therefore demand-side adjustment, Net
Metering is neutral since both prices are established at the same level.
𝑃𝑊[𝐶𝐼𝐹(𝑁)] = 𝛽 ∗ 𝐸𝑃𝑉 ∗ (𝑝𝑠 − 𝛿𝑒) ∗ 𝐴𝑠 + (1 − 𝛽) ∗ 𝐸𝑃𝑉 ∗ [(𝑝𝑔 − 𝛾) ∗ (1 − 𝜆)] ∗ 𝐴𝑔

(8)

As and Ag are the discount factors for electricity saved and injected respectively. They depend on the
lifetime of the system (N), the degression rate at which the system loses efficiency (dg) and the
escalation rate of electricity prices; both price of saved electricity (ps) and price of exported electricity
(pg). We consider the escalation price of electricity prices after charges. By doing this, we assume that
the charge increases at the same rate than electricity prices. As we assume escalation rate of electricity
prices (pu) to be the same for self-consumed and exported electricity As equals Ag:

𝐴𝑠 = 𝐴𝑔 =

𝑁
𝐾𝑃𝑢 ∗(1−𝐾𝑃𝑢
)

1−𝐾𝑃𝑢

;

𝐾𝑃𝑢 =

(1+ε𝑃𝑢 )∗(1−𝑑𝑔)
1+𝑑

(9)

This methodology has two limitations. On one hand, we do not consider hourly price discrimination,
but only average wholesale price. Provided that the price is usually higher at noon when most of the
electricity is exported, is likely that the real price paid to PV generators is higher than the wholesale
yearly average. On the other hand, we do not consider the decreasing trend of peak prices caused by
higher PV penetration. Those two effects are opposite to each other, so by ignoring both we are
assuming that they offset each other.
4. Data.
The main factors determining the profitability of PV installations are the climatic conditions, share of
electricity self-consumed, installation costs, financing costs and electricity prices.
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4.1. Climatic conditions.
Solar irradiation depends on the location and the orientation of the system. The average yearly global
irradiation on a horizontal surface ranges in Spain between 1,211 (Asturias) and 1,711 kWh/m2
(Andalucía); that is, the sunniest place has 41% more yearly irradiation than the least sunny, but only 8%
more than the Spanish average (1,582 kWh/m2). Mounted at optimal orientation and tilt, the energy
potential could reach 1,475 kWh/kWp. However, self-consumption installations are usually rooftop
rather than ground-mounted, and those roofs are not usually designed to optimize the solar potential, so
we assume the PV yield of a horizontal installation under average radiation conditions, provided by PV
GIS: 1165 kWh/kWp (Šúri M. et al. 2007).
4.2. Share of self-consumed electricity.
One of the most critical parameters assessing profitability of PV systems is the percentage of selfconsumed electricity over the total electricity generated by the system. This value depends on the load
profile of the consumer as well as on the capacity of the system in relation to the total consumption. As
it varies across installations, we carry out a sensitivity analysis at the end of this paper. For the
calculation of the average results we make the following assumptions:
- For Residential and Commercial segments, we assume the average values for Spain provided by the
PV parity project, based on standardized load profiles for these segments: 33 and 41% respectively.
- For the industrial segment we assume that 75% of the generated electricity is self-consumed, as
indicated by EPIA (2011).
4.3. Costs: installation and financial.
For installation costs we estimate the final system price (modules, balance of systems and taxes)
according to IEA (2014) and UNEF (Spanish PV industry association; previously called ASIF). We assume
the same price for C and I segments of 1,499 €/kWp and a higher price for R segment of 2,463 €/kWp.
For financing costs we evaluate two cases: own capital investment; and 80% externally financed for
ten years at market interest rates (average of the last 10 years). These are the typical financial conditions
taken so far for PV investors according to UNEF. We assume the interest rates to be 6.7% for the
residential segment, 4.9% for the commercial segment and 3.4% for the industrial segment. These values
correspond to the average annualized agreed rate (AAR) for house purchase loans in the residential
segment, and for small (<1M€) and large loans (>1M€) in the commercial and industrial segments
respectively, provided by the European Central Bank. Although we consider financial conditions as a cost,
financing the investment is profitable when the interest rate of the loan is lower than the internal rate of
return, as we will see in section 5.
4.4. Revenues and savings: electricity prices.
Electricity prices are the principal focus of this article, since they are the main factor affected by the
regulation. For a self-consumption installation there are two prices we are interested in: the retail price
at which the electricity is bought from the grid, and the price at which the surplus electricity is sold to
9

the system. Thus, profitability is determined by the value of the self-consumed electricity (implying a
saving), and the price of the surplus electricity exported to the grid (representing a revenue).
The regulation affects those prices in two ways: on one hand, the backup charge reduces the savings
derived from self-consumption (which would be otherwise equivalent to the retail price). On the other
hand, regulation can establish the price at which surplus electricity is sold to the grid, setting also the
grid-access charge and generation tax on this price.
Figure 2 shows the retail price (RP) for each segment and the cost structure of the electricity bill:
energy and supply, network costs and Value Added Tax (VAT); and the savings potential derived from the
PV system (PV). The savings potential equals retail price minus backup charge in the residential (R)
segment. Savings correspond to retail price minus backup charge and minus VAT for commercial (C) and
industrial (I) segments, since VAT is always paid by the final consumer, so input VAT is deducible for
companies.
Figure 3. Retail prices (RP) and savings structure derived from PV self-consumption (SC) for residential
(R), commercial (C) and industrial (I) segments (€/kWh).

Electricity price (€/kWh)

0,25
0,20
Backup

0,15

Savings
0,10

VAT

Network
0,05

Energy&Supply

0,00
RP

PV
R

RP

PV
C

RP

PV
I

Source: Eurostat and RD 900/2015.
Note: this figure considers only the variable backup on energy. The savings potential is also eroded by the fixed backup imposed
on the capacity installed, which is not shown in this figure. See technical annex for more details.

5. Results and discussion
5.1 Profitability under the current regulation.
We analyse the three most likely cases under the present regulation. On one hand, Residential (R)
segment is likely to adhere to type 1. Installations under 10kW capacity enjoy a backup charge
exemption, but none of type 1 installations can sell the surplus electricity to the grid. On the other hand,
type 2 installations can sell the surplus electricity to the grid at wholesale price, but they must pay the
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backup charge on the electricity self-consumed; and the grid-access charge for generators and
generation tax on the electricity sold to the grid. Under type 2 we study the Commercial (C) and
Industrial (I) segments.
We calculate the Internal Rate of Return (IRR) for the three segments and for four cases: with and
without backup charge; and with own capital investment versus 80% financed at 10 years and market
(average of the last ten years) interest rates. Results are shown in table 1.
Table 1. Internal Rate of Return (IRR, %) for the three segments (Residential, Commercial and
Industrial) with four possible configurations: with and without backup charge; and with own capital
investment versus 80% financed at 10 years and market (average of the last ten years) interest rates.
Effect of the backup and effect of financing expressed in percentage points. Shaded cells indicate the
relevant scenarios under the current Spanish regulation.
IRR (%)
and effects:
percentage points

Own capital
Financed (80%)
Effect of financing
Effect of backup (oc)
Effect of backup (f)

Type 1
Residential
Backup
No Backup
-4.93
-1.58
-8.55
-4.57
-3.62
-2.99
-3.35
-3,98

Type 2
Commercial
Industrial
Backup
No Backup
Backup
No Backup
-1.22
4.32
1.04
5.5
-3.49
3.61
-0.06
6.07
-2.27
-0.71
-1.1
0.57
-5.54
-4.46
-7.1
-6.13
Source: own elaboration.

Residential installations are not economically feasible in any case under the current regulation. The
main cause is that the load profile of domestic consumers significantly differs from the generation profile
of the PV system, so most of the electricity generated (~67%) is exported to the grid. Provided that under
the type 1 the electricity exported to the grid is not remunerated, residential installations are not
profitable under the current economic circumstances. Besides, most of R self-consumers must finance
their investment, which further decreases profitability between 3 and 3.6 percentage points. The
exemption of the backup charge has a positive effect of between 3-4 percentage points, but it is not able
to solve the main problem for residential users, which is the impossibility to sell the surplus electricity to
the grid.
Commercial and Industrial segments enjoy lower installation costs, and can easily access to the type
2 category, which allows them to sell the surplus electricity at wholesale price (minus the grid access
charge established in the RD 1544/2011 and the generation tax (7%) established in the Law 15/2012.
Besides, they are able to self-consume a higher share of the electricity generated (~41 and 75%
respectively), so they are in the best conditions to make the most of the PV technology. However, due to
the backup charge, PV is not profitable for the C segment. This segment is the most damaged by the
backup charge, as it causes profitability to become negative from otherwise positive values causing a
drop in profitability of between 5.5 and 7 percentage points.
Finally, I segment is the only one which can achieve positive returns on PV investments. However,
the positive returns can only be achieved with own capital investment and at a very low rate (~1%),
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which is unlikely to cover the opportunity cost of capital. In case of financing, the internal rate of return
moves around zero. Without backup charge, I segment could reach between 5.5 and 6.1% return on
investment.
The backup harms the profitability of PV investments between 3.4 and 7.1 percentage points,
making those investments economically infeasible in average conditions. If we consider that most of
those investments must be financed, the combination of both factors (financial costs and backup charge)
increases their negative effect making profitability negative in all segments.
Finally, we compute the profitability for the best-case location for each segment; i.e. sunniest region
and optimal tilt (Andalucía, 1,406kWh/kWp). In this case, R installations would still get negative or
negligible returns (0.18% for installations below 10kW –i.e. without backup charge– and own capital). C
segment could reach up to 0.95% return on investment with own capital, and I segment would get
returns between 0.83 and 3.32%.
In conclusion, the current Spanish regulation will hinder the diffusion of the PV technology in selfconsumption applications, by making it economically infeasible. Only a few will be able to take
advantage of the abundant solar resource in Spain, the Industrial segment in the sunniest places, or
those able to self-consume most of the electricity generated. This regulation will also encourage
disconnection from the grid, since isolated system are not committed to pay the backup charge and, as
we will see in the next section, for both C and I segments it is more profitable to waste the surplus
electricity and not paying backup charge, than paying the backup charge and selling the surplus
electricity to the grid (see figure 4).
5.2. Alternative regulation schemes.
5.2.1. Definitions and general remarks
In this section we will see alternative configurations for the regulation of PV self-consumption in
Spain. There are significant differences between on the one hand the residential segment, and on the
other hand the commercial and industrial segments. First, the residential segment is more sensitive to
administrative barriers and requirements as, for instance, becoming an entrepreneur (requirement to
access type 2 of the current Spanish regulation; see section 2.2), so any regulation that aims at
incentivizing PV must try to simplify as much as possible the requirements for residential prosumers; that
is why the Net Metering scheme has become so popular in Europe and worldwide (EC, 2015; EPIA, 2013).
On the other hand, the load profile of most domestic consumers differs significantly from the generation
profile of the PV installation, and their chances to adjust the demand, although possible, are still limited.
The C and I segments are in better conditions to self-consume a higher share of the electricity generated
and to manage the demand to adapt it to the generation profile.
For the analysis of the alternative regulation schemes we will assess, as in the previous section,
profitability in four different scenarios: with and without backup charge; and with own capital
investment versus 80% externally financed at 10 years and market interest rates. Then we will estimate
the IRR as a function of the price of the electricity exported to the grid. This price can be either received
as income by the generators (as the current regulation establishes for type 2 producers), or discounted in
12

the electricity bill for the energy consumed from the grid (these are known as Net Metering or Net Billing
schemes). The main difference is that in the first case prosumers receive an income, whilst in the second
case profitability comes from the savings in the electricity bill. Besides, in the Net Metering (NM) or Net
Billing schemes (NB), the rolling credit of the electricity sold has a certain validity (day, month or year),
and the profit is limited to the savings prosumers can get from their electricity bill. In the case of selling
the electricity directly to the market, the amount of profit is not limited. The last difference is that selling
directly to the grid would entail paying the generation tax and the grid-access charge for generators
previously mentioned, whilst in the NM/NB schemes the transaction is simply made at a pre-established
or spot market price.
There are many different definitions of NM and NB schemes from technical and economical
perspectives (Bernal-Agustín and Dufo López, 2006). For the sake of clarity, we will define these different
regulation schemes simply as a function of the price at which the surplus electricity is sold to the grid,
assuming a one-year rolling credit which compensates the seasonal of effect4:
-

-

Net Metering (NM): both self-consumed electricity and surplus electricity are valued at the same
price: retail price (represented by a triangle in fig. 4.)
Net Billing (NB): surplus electricity is valued at a lower price than the price at which it is bought
from the grid. We highlight the wholesale price (solid square) and the average price between
wholesale and retail price (transparent square).
Self-consumption (SC): we refer to SC when the surplus electricity is not remunerated at all (dot).

Note that the NM scheme is a passive subsidy to PV generators, as they are paid for the electricity
they sell to the grid a much higher price than other generators5. On the opposite, under a SC scheme the
prosumer is financing the grid, as he is giving electricity, which is later sold at retail price, for free to the
system. Finally, a NB scheme at wholesale price would entail a competition in equality of conditions with
the rest of producers, as prosumers are selling the surplus electricity at pool price6.
Finally, we do not consider the grid-access charge for generators and the generation tax. Their
eventual effect is represented in the figures by a lower effective price of the electricity exported to the
grid.

4

As the PV system generates more electricity during summer than during winter, a monthly rolling credit would
entail that prosumers would save a lot during the summer but almost nothing during winter.
5
To see this, imagine the situation in which you produce the same amount of electricity during the year than you
consume. However, you export the surplus electricity at noon and import from the grid during the night. Under a
NM scheme, you would pay 0 € for your electricity bill, whilst you are using the services and the backup of the grid.
6
Two notes must be made at this point. First, if in a NB scheme electricity is valued at hourly wholesale price, the
prosumer is a better condition that other generators as he is not paying the generation tax and the grid-access tax
for generators. However, note that, as we mentioned before, we use the yearly average wholesale price, which is
usually lower that the hourly price of the electricity at noon when most of the electricity is exported to the grid, so
in the case a yearly fixed price was established at this rate, this difference would probably offset the amounts paid
in concept of generation tax and grid-access charge, at least in the short term at current levels of PV penetration.
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5.2.2. Segments analysis.
The first feature we can observe is that the R segment, while being the one with more potential
savings derived from self-consumption due to the higher retail prices paid for the electricity bought from
the grid, is also the most sensitive segment to the price at which the surplus electricity is sold to the grid.
This is due to the fact that the demand does not match with the generation profile of the PV system,
resulting in a low share of self-consumed electricity and consequently a large proportion of surplus
electricity exported to the grid (~66%). On the opposite, as the I segment is able to self-consume most of
the electricity generated (75%), the sensitivity (and therefore the slopes of the curves in fig. 4.) of the IRR
to the price of the electricity exported to the grid is much lower.
The maximum price at which each segment can sell the electricity to the grid is equal to the
potential savings of self-consumption, which is determined by the retail price of the electricity.7 That
would be the case of the NM scheme without any additional charge. The backup charge reduces these
potential savings and likewise lowers the maximum price at which surplus electricity can be sold to the
grid; that is why the curves with backup charge are shorter than the ones without it. The backup charge
has therefore two effects, on one hand it reduces profitability by raising the costs of PV, and on the
other hand decrease the maximum price at which electricity can be sold to the grid in case of a NM
scheme, as shown in fig. 4 panel C. Finally, the backup charge has also a behavioural impact, since by
diminishing the difference between the potential savings and the revenue of exporting the electricity (if
it is remunerated), it reduces the economic incentives to self-consumption.
Regarding financing, it entails a cost when the internal rate of return is lower than the interest rate.
On the opposite, leveraging the investment is profitable when the return is higher than the interest paid
for the external capital. As R faces high interest rates, financing is always a cost. On the other hand, the I
segment can easily take advantage of leverage to boost profitability when the latter is higher than the
market interest rate (3.4%).
The dots in the R segment in fig. 4 represent the situation under the current regulation, without
backup charge for installations below 10kW capacity and with backup charge for installations between
10-100kW. As we have already mentioned, none of them is profitable. PV investments for R consumers
would be between 5 and 7% in two cases: under a NB scheme without backup at the average price
between wholesale and retail, and under a NM scheme with the current backup charge.
For C and I segments we need to remember that we are not considering the generation tax and the
grid-access charge for generators; that is why these results do not match with those of section 5.1.
commercial segment would enjoy moderate positive profitability of between 2.8-4.5% on both NB
wholesale price and NM with backup charge. The C segment is the one most hurt by the backup charge,
and also the one which could make the most of PV technology; in the best case scenario (NM without
backup charge externally financed) it could get up to 14.6% return on investment.

7

That is because if the price for the exported electricity was higher than the potential savings from selfconsumptions, generators would obviously sell all the electricity generated directly to the grid instead of
consuming it. That was the case of the Feed-In Tariff system, when PV electricity had not reached socket parity yet.
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The Industrial segment, as we have already mentioned, is the least sensitive to the price of exported
electricity. Profitability in a NB scheme at wholesale price is around 6%, but it drops to between 0 and
1% when the backup charge is applied. In the best case, this segment could achieve up to 9%
Another relevant feature, common for C and I segments, is that profitability in the case of selfconsumption without backup is always higher than the profitability in the case of NB at wholesale price
with backup, and therefore higher than under the current regulation (which is slightly lower that NB
wholesale price with backup due to the effect of the grid-access charge for generators and the
generation tax). That means that it is more convenient for C and I segments to disconnect the PV system
from the grid, even wasting the surplus electricity, to avoid paying the backup charge (as it only applies
to grid-connected systems), than exchanging electricity flows with the grid. Indeed, only by doing this
they could achieve positive returns on investment.
In a context of a transition to a distributed energy system, with more prominence of nondispatchable energy sources, demand adjustment and therefore incentives gain relevance. That is why it
is important to assess not only the economic effects of a regulation, but also the incentives it sets. In this
case, NB schemes seem more appropriate than NM, as there is a price signal to encourage demand-side
adjustment. On the opposite, a charge on self-consumption conveys the opposite idea, making demand
adjustment less attractive. Finally, the combination of high backup charges with no remuneration (or too
high administrative barriers) of the surplus electricity encourage disconnection from the grid, which is
globally an inefficient response.
Figure 4. Analysis of the Internal Rate of Return (IRR, %) as a function of the price at which surplus
electricity is exported to the grid for Residential (R), Commercial (C) and Industrial (I) segments under
different regulation schemes: Self-Consumption (dots), Net Billing (squares) and Net Metering (triangles).
Under Net Billing scheme two prices are highlighted: average yearly wholesale price (filled square), and
the average between wholesale and retail price (transparent square). Four different configurations are
presented: with and without backup charge, and own capital investment versus 80% financed at 10 years
and market interest rates (average of the last 10 years).
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5.3 Sensitivity analysis
We carry out a sensitivity analysis on two of the main parameters determining profitability: the
share of electricity self-consumed and the installation cost. On both cases we use as a base case the
situation under the current regulation: self-consumption without backup charge for residential
installations (below than 10kW), and electricity exported at wholesale price with backup charge for
commercial and industrial segments.
The sensitivity of profitability on the percentage of electricity self-consumed depends basically on
the difference between the retail price (the savings of self-consumption, eventually reduced by the
backup charge), and the price of the surplus electricity exported to the grid. The R segment has the
highest sensitivity, as the surplus electricity is exported for free. C and I segments present virtually the
same sensitivity, which is low because the backup charge decreases the potential savings and therefore
the difference between the price of the electricity saved and the electricity exported. Thus, if any charge
should be implemented, it would be more efficient, from the point of view of the incentives, to set it on
the electricity exported, since it would entail a higher difference between the price of the electricity
saved and the electricity exported, and consequently a higher economic incentive to self-consume most
of the electricity possible.
Regarding the installation cost, with the current regulation cost would need to fall by 20 and 40% in
C and R segments only for reaching a zero net position of the investment, ceteris paribus. In order to
reach a 5% return on investment, which is the typical cost of capital assumed in Levelized Cost Of
Electricity (LCOE) analysis, costs should drop by 30% in the I segment, 45% in the C segment, and 60% for
R segment. According to estimations by the International Energy Agency, costs could halve between
2025 and 2040 in the Hi-Ren Scenario (IEA, 2014).
Figure 5: sensitivity analysis. Base case: self-consumption without backup for Residential segment (R),
and surplus electricity exported at wholesale price and backup charge for commercial (C) and industrial
(I) segments.
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b) installation cost
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6. Conclusions and policy implications
The current regulation will hinder the diffusion of PV grid-connected systems for self-consumption
applications, as it makes them economically infeasible for all segments.
For the residential segment, the impossibility to sell the surplus electricity to the grid, even with the
backup charge exemption for systems below 10kW installed capacity, makes the amortization of the
investment impossible at current installation cost, as the load profile of the average domestic consumer
significantly differs from the generation profile of the PV system, being forced to give away for free most
of the electricity generated (~67%).
Commercial and industrial segments, which are in a better condition to take advantage of PV
technology, thanks to the better matching of their load to the generation profile of the system, and due
to their higher capacity to adjust their consumption to it, cannot economically benefit from PV selfconsumption systems due to the economic burden imposed by the backup charge. Return on investment
is negative for commercial applications, and negligible (~1%) or zero for the industrial segment.
From the point of view of incentives, the current regulation encourages inefficient behaviour, both
from the physical and economical perspective, as it is more profitable for commercial and industrial
segments to disconnect the PV system from the grid to avoid the backup charge, even wasting the
surplus energy, than exchanging the energy flows with the electric system. Return on investment of offgrid applications could reach up to 4.4% in the industrial segment, much higher than grid-connected
systems under the current regulation. Besides, a charge on self-consumption discourages demand-side
adjustment; and non remuneration of surplus electricity, in combination with the backup charge,
encourages disconnection from the grid, which is generally an inefficient behaviour both for the
prosumers and for the system as a whole.
According to the Royal Decree-Law RD-L 9/2013 and the Royal Decree RD 413/2014, the “reasonable
profitability” for PV investments should be at least the average 10-year Spanish bond yield plus 300
basic points; that is, around 7.5%. The current Spanish regulation is far from that prescription. According
to the previous analysis, and with the aim of providing a stable, clear and simple regulation to allow the
diffusion of the PV technology in the context of the necessary decarbonisation of the energy system, in
accordance with the “Best practices on renewable energy self-consumption” released by the European
Commission (EC, 2015) we would recommend:
- Establishing a Net Billing scheme (with one year rolling credit) for PV self-consumption in which
surplus electricity exported to the grid is valued at a lower price than retail price, removing any
additional charge on self-consumed electricity. Through this scheme, the process would be simpler,
encouraging demand-side adjustment and discouraging disconnection from the grid. At the same time,
as the maximum profit is limited by the electricity bill, investors would be prevented to oversize the
capacity of their systems in order to get higher revenues.
- The value of the surplus electricity exported to the grid should lie somewhere between wholesale
price and the average between wholesale and retail price. This would allow positive profitability for all
segments (see figure 4), yet incentivizing demand-side adjustment. As that electricity is then sold to
18

other consumers at retail price, the difference between these two prices should contribute to covering
the system costs.
- The value of the electricity exported to the grid should be revised every year for new installations,
and adjusted to the evolution of the PV costs to avoid windfall profits and to let them increasingly
contribute to the financial sustainability of the electric system. Only when PV costs decreased
substantially, and PV penetration increased considerably, a backup charge could be established to
finance the increasing costs of using the grid as a storage facility.
- The charges corresponding to the remuneration of renewable energies (the so-called “special
regime”), should not be paid by renewable energies themselves (i.e. PV self-consumption applications),
but by conventional generators instead.
- Finally, the prohibition of sharing one installation between several consumers should be removed,
as it is neither technically nor economically justified, to allow the diffusion of PV in buildings and urban
areas.
Although the specific results are only valid for Spain, the general conclusions are applicable for the
regulation of PV self-consumption applications globally. In any case, regulators should carry out
profitability analysis with the methodology developed in this paper to assess the impact of such
regulations on potential investors and therefore on the diffusion of the technology. Further research
should focus on solving the two main limitations of this methodology: considering the hourly price of
electricity and the different seasons, and implementing the estimations regarding the effect on
electricity prices of higher PV penetration.
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Technical annex
The retail prices from Eurostat for the different segments correspond to the following categories:
- Residential (R): Band DC : 2 500 kWh < Consumption < 5 000 kWh.
- Commercial (C): Band IB : 20 MWh < Consumption < 500 MWh.
- Industrial (I): Band IC : 500 MWh < Consumption < 2 000 MWh.
The backup charge for the different segments is assumed to be, according to the RD 900/2015 First
Transitory Provision:
- Residential (R): 2.0 A (Pc ≤ 10 kW)
- Commercial (C): 2.1 A (10 < Pc ≤ 15 kW)
- Industrial (I): 3.0 A ( Pc > 15 kW) (average of the first two periods)
a) Fixed part: Charge on the capacity installed

b) Variable part: charge on the self-consumed electricity

Source: RD 900/2015 First Transitory Provision.
Note: BT stands for “low tension” whilst AT stands for High tension.
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Summary of input data: Parameters and assumptions for the calculation of the Internal Rate of Return.
Retail
electricity
prices
(€/KWh)

Installation
cost
(€/kWp)

Interest
rates
(%)

% of
energy
selfconsumed

Residential

0.2367

2,463

6.71

33.27

Commercial

0.1558

4.88

41.36

3.36

75

ECB

PV Parity

1,499

Value
Source

Industrial

0.116767

Source

Eurostat

Escalation
rate of
energy
prices
2%
Talavera et
al. 2010 &
EPIA 2011

IEA & UNEF

PV yield
(kWh/kWp)

Degradation
rate (%)

Lifetime of the
system (years)

Maturity of
the loan
(years)

1165

0.8
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10

PVGIS

Dirk (2012)

Manufacturer’s
guaranty

UNEF

Source: own elaboration.
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Maximilian Gödl, Christoph Zwick: Stochastic Stability of Public Debt: The
Case of Austria

01–2015

Gabriel Bachner: Land Transport Systems under Climate Change: A
Macroeconomic Assessment of Adaptation Measures for the Case of Austria

10–2014
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