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Abstract: The efficiency of fiscal support for electricity generation from renewable energy sources
(RES-E) is a multifaceted notion that cannot be adequately described by a single metric. Efficiency is
related to the ability of a policy measure to support deployment without creating negative feedback
effects. These negative effects may stem from saturation of the grid’s ability to absorb an increased
amount of RES-E power, the inability of regulatory bodies to cope with the larger workload due to
the increased number of projects requesting permits or from rent-seeking behavior. Furthermore,
the primary rationale for feed-in tariffs (FITs) and other fiscal support schemes is that increased
deployment of RES-E technologies will lead to reductions in costs and increases in efficiency. As a
result, the efficiency of an RES-E support policy should be also judged by its ability to capitalize on
cost reductions. Overall, we present an approach to facilitate ongoing assessments of the efficiency
of support measures for RES-E deployment. We demonstrate the proposed approach using the
FIT support policy in Greece as a case study. In particular, the RES-E support policy in Greece has
been recently revised through tariff cuts and a moratorium on new production licenses. We aim to
demonstrate that if publicly available data are appropriately monitored, a policy revision can take
place in a timelier and less disruptive manner.

Keywords: energy policy efficiency; energy policy assessment; renewable energy sources (RES)
support; feed-in tariffs (FITs)

1. Introduction

The European Union (EU) has set ambitious targets for increasing the share of electricity
generation from renewable energy sources (RES-E) since the late 1990s. To meet these targets, the
implementation of fiscal support measures has been envisaged. Fiscal support for RES-E can be
justified by environmental and socioeconomic reasons; RES-E decreases dependence on fossil fuels,
which translates into reductions in greenhouse gas emissions, as well as in emissions of local pollutants.
In addition, RES-E deployment provides several socioeconomic benefits, including diversification of
energy supply, increased regional and rural development opportunities, establishment of a domestic
industry and employment opportunities [1–3].

The experience accumulated so far suggests that fiscal support mechanisms, and in particular,
feed-in schemes, which are the most common support scheme in Europe, have been an effective policy
instrument. Ninety-three percent (93%) of all wind onshore capacity and nearly one hundred percent
(100%) of all photovoltaic (PVs) capacity installed by the end of 2010 in Europe were initiated by feed-in
tariff systems [4]. Effectiveness can be understood and measured as “the extent to which intended
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objectives are met, for instance the actual increase in the output of renewable electricity generated or
shares of renewable energy in total energy supplies within a specified time period” [5,6].

The usual approach to measuring the effectiveness of RES-E support policies is to measure
the extent to which pre-defined national goals have been achieved in an allotted period. This is
straightforward, since all EU Member States are obligated by Article 4 of the Renewable Energy
Directive (2009/28/EC) to publish a National Renewable Energy Action Plan (NREAP) that will present
a detailed roadmap including all necessary policies each member state should endorse to achieve all
its legally-binding 2020 goals for the share of renewable energy in its total energy consumption. If we
regard the NREAP goals as representative of the electricity generation potential in each Member State,
we can define the effectiveness of a Member State policy as the ratio of the change of the potential
during a given period of time to the additional realizable potential until 2020 [7].

The efficiency of a policy instrument is significantly more difficult to assess. According to the
general definition, efficiency is the ratio of outcomes to inputs, for example renewable energy targets
realized for public economic resources spent. One approach for efficiency assessment can be found
in Sgroi et al. [8], where the profitability of an investment in RES-E is estimated, and subsequently,
the minimum incentive tariff at which the entrepreneur has an economic advantage to realize the
RES-E system is determined. A significant gap between the actual and the theoretical minimum
incentive tariff reflects a potentially inefficient policy.

The point of departure for this paper is however that the efficiency of the RES-E fiscal support
measures, as well as the efficiency of any policy measure in general, is a multifaceted notion that
cannot be adequately described by a single metric, such as a cost-to-benefit ratio. In contrast, assessing
efficiency requires addressing (at least) the following additional questions:

(1) To what extent have the support measures overcompensated for induced inertia in the system?
An RES-E support policy should not only achieve a deployment rate that best utilizes the technical
potential of a country, but it should also support deployment without creating additional friction
and negative feedback effects. These negative effects may stem from saturation of the grid’s
ability to absorb an increased amount of the RES-E feed-in or the inability of the regulatory
bodies responsible for permitting to cope with increased workload due to the increased number
of projects requesting permits.

(2) How capable were the support measures in capitalizing on technology cost reductions?
The rationale behind feed-in tariffs (FITs) and other fiscal support schemes is that increased
deployment of RES-E technologies will lead to investment cost reductions and efficiency gains
as a result of knowledge accumulation, competition and economies of scale. At the same time,
there is always a concern among policy makers that falling technology prices may not carry
over to falling turnkey prices. Zhang [9] suggested that such a disconnect could indicate a
correlation between remuneration and investment costs: high remuneration allowing deployment
in high-cost locations (e.g., with poor wind conditions). Moreover, an International Energy
Agency (IEA) study [10] suggests that high remuneration may have encouraged rent-seeking
behavior: solar panel sellers pricing their products according to the incentive in a given country,
trying to take a share of any excess remuneration.

The first question is motivated by observing the findings in [11] that indicate a lack of strong
correlation between the effectiveness of RES-E support measures and the potential profit ranges
available for investors through these measures. This implies that when higher profitability does not
lead to higher deployment rates, fiscal support may be trying to compensate for “non-economic”
barriers, such as lengthy administrative processes or barriers to grid access. At the same time, these
barriers limit the market’s appeal to only very efficient investors in the first place (i.e., investors with
access to the best sites, adequate funds and know-how).

The second question relates naturally to the notion of policy adaptability. Policies must be
adaptive to uncertain and continuously changing conditions [12]. A policy is adaptive if: (1) there is
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monitoring capability or, equivalently, efficient ways to acquire data for the market’s current status;
(2) there is performance measurement capability, which implies indicators that can act as metrics to
assess policy performance; (3) there is the ability to identify policy inadequacy in a timely manner so
that changes can be made, and (4) the ability to change is not perceived by the involved actors as a
risk. Experience indicates that retroactive policy changes are highly damaging to investor confidence,
whereas regular reviews and adjustments are effective solutions [13].

In this paper, we present an approach for assessing the efficiency of support measures for RES-E
deployment. The approach is presented for the case of FIT support in Greece. Greece is an interesting
case study, since at a time of economic austerity, fiscal support is difficult to justify and maintain. As a
consequence, Greece faced a feed-in tariff deficit and resolved to cuts in subsidies, retroactive revenue
taxes, tariff reductions and halts to new renewable energy projects.

2. Approach and Main Assumptions

Due to the cost reductions caused by the increased deployment of an RES-E technology, it is
expected that an FIT scheme that maintains a constant tariff rate over time will essentially be providing
a growing real subsidy to the investors. In practice, regulators attempt to maintain the same level of
profitability by dynamically adjusting the tariffs offered to newly-commissioned projects. For example,
Germany’s Renewable Energy Source Act is established based on an approximate 7% rate of return for
well-operated installations [14]. The target profit margins in France are based on a profitability index
(PI), defined as the ratio between a project’s overall discounted payoffs and its total discounted cost [15].
This leads to a tariff structure that decreases over time, so as to reflect anticipated cost reductions.

A constant PI is not, however, the only policy choice. An ascending PI reflects a policy that starts
by limiting the appeal of the technology to very efficient investors first and gradually invites less
efficient developers to join in by making their investment financially viable [16]. On the other hand, a
descending PI reflects a policy that offers more aggressive tariffs early on to encourage rapid market
growth and then decreases profitability as time progresses to narrow the policy scope to only the most
efficient segments of the investor pool.

Since each PI policy implies a certain set of assumptions regarding its expected results, important
insight can be gained by comparing the PI to the actual demand for RES-E investments. The demand
for investments during any given period can be regarded as a function of their perceived value. In turn,
the perceived value can be regarded as a function of the PI, as well as of a series of unobservable
factors, such as perceived risk, soft costs and information spread. As a consequence, a comparison
of the evolution of the demand for RES-E capacity investments with the evolution of their PI would
help highlight the magnitude and the time evolution of the unobservable factors. This is important
because the unobservable factors are directly responsible for the efficiency of the provided financial
incentives. An alternative way to view these factors is that they represent the cost of the policy-induced
uncertainty or the cost of the delays caused by permitting and grid connection procedures.

2.1. Quantifying the Investment Profitability Index

Masini and Menichetti [17] employed a survey to examine the factors that influence the decisions
regarding renewable energy investments. Their study demonstrates the importance of clear policy
signals in driving investment; investors attach high premia to the certainty of the investment returns.
Commiting to predictable long-term policies is expected to be more effective and as a result more
appealing to investors, than excessive short-term fiscal incentives. Furthermore, investors find tariff
size and contract duration of FITs almost equally important. Based on these insights, one should expect
that the demand for investments is correlated with an index that incorporates both the tariff size and
the contract duration’s impact on the expected profitability of an RES-E project.

The cash flows of an RES-E investment at a future time (year) t can be written as:

Ct “ energy_incomet ´O & Mt ´ taxt (1)
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where:

energy_incomet represents the revenues from selling energy at time t;
O & Mt represents the operation and maintenance costs at time t;
taxt represents the corporate tax at time t.

The revenues from selling energy at time t can be written as:

energy_incomet “
`

1´ levyt
˘

¨ energy_yieldt¨ pt (2)

where:

levyt represents the special levy on RES-E operation in Greece at time t;
energy_yieldt represents the energy yield of the project at time t in MWh;
pt represents the remuneration of RES-E generation at time t in €/MWh.

The energy yield of a wind RES-E project can be written as:

energy_yieldt “ CFt¨ z¨ Pw
R ¨ 8760 (3)

where:

CFt represents the average capacity factor at time t;
z represents the number of the wind turbines;
Pw

R represents the rated power of each wind turbine.

The energy yield of a PV RES-E project can be written as:

energy_yieldt “ CFt¨degradation_indext¨ Ps
R¨ 8760 (4)

where:

degradation_indext represents the degradation index at time t;
Ps

R represents the rated power of the PV plant.

The degradation index at time t can be written as:

degradation_indext “ degradation_indext´1¨ p1´ annual e f f iciency decreaseq (5)

Since the annual efficiency decrease is zero in the beginning of the asset’s life time (t “ 0), we
take the degradation index to be equal to one:

degradation_index0 “ 1

The operation and maintenance costs at time t can be written as a fraction m of the initial capital
invested, also taking into account an annual increase of the cost g (i.e., the annual inflation rate):

O & Mt “ m¨ ICo¨ p1` gqt (6)

where: ICo represents the initial installation (turnkey) cost.
The corporate tax at time t is:

taxt “
`

energy_incomet ´O & Mt ´ depreciationt
˘

¨ tax_ratet (7)

depreciationt “
ICo

depreciationtime
(8)

where: tax_ratet represents the national tax rate on corporate profit.
Based on the above, we can adopt the after-tax-leveraged modified internal rate of return [18]

(MIRR) as the PI for the RES-E projects. Both the finance rate and the reinvestment rate for the
calculation of MIRR will be assumed to be equal to the investor’s weighted average cost of capital
(WACC). The WACC represents the weighted mix of debt and equity costs for the investor and is
calculated according to the following equation:
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WACC “ WE¨ rE ` p1´WEq ¨ rD¨ p1´ tax_ratetq (9)

where:

WE represents the percentage of financing that is equity, i.e., WE “
Equity

Equity`Debt
;

rE represents the equity cost or, alternatively, the desired annual return on investment;
rD represents the cost of debt before tax. The cost of debt is reduced by the tax rate, because it is
included in allowable costs against tax and, therefore, acts as a tax shield.

The index is calculated based on the cash flows Ctminus the debt service. Furthermore, the
initial investment cash flow in Year 0is assumed to be only the equity portion of the investment cost.
In general, the capital structure of an RES-E project includes the following capital sources: (1) equity;
(2) bank loan; and (3) investment subsidy.

The percentage contributions of each capital source vary according to the current financial market
conditions, the type of RES-E technology and the characteristics of the investor. For the Greek market,
they are usually formed as follows:

‚ Equity: 25%–70%;
‚ Bank loan: 40%–75% (up to 100% in the case of PV that fall within the scope of the special

development program for PV on roofs up to 10kW);
‚ Investment subsidy: 0%–40%.

2.2. The Demand for Investments

For the construction and operation of an RES-E project in Greece, the following licenses
are required:

‚ Electricity Production License;
‚ Grid Connection Offer from the System Operator;
‚ Decision of Approval of Environmental Terms;
‚ Installation License;
‚ Operation License: any project that is exempt from the requirement for an Electricity Production

License is also exempt from the requirement for an Operation License.

The licensing procedure for RES-E projects is summarized in Figure 1.
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projects in Greece (Source: [19]).RAE, Regulatory Authority of Energy.

Demand for production licenses can be used as a proxy for the demand for investments.
Alternatively, the demand for investments can be measured using the RES-E capacity actually installed.
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Both approaches, however, have their limitations: production licenses may not always lead to actual
RES-E projects, and on the other hand, there is a sometimes considerable time lag between an
investment decision and the capacity addition that corresponds to this decision; this time lag may span
over different levels of the PI. For the purpose of the present analysis, production licenses where used
for representing the demand for capacity investments. However, hindsight was utilized: the dataset of
production licenses that was used for the analysis includes only the ones that are still in effect.

2.3. The Evolution of the Electricity Generation from Renewable Energy Sources Support Incentives in the
Greek Market

The evolution of FIT prices for mainland onshore wind and PV RES-E projects in Greece is
summarized in Tables 1–3. The index of each table (i.e., the first column) represents the year when the
FIT size (€/MWh) was fixed. The tables for PV do not contain data until 2005, since before this year,
capacity installations were practically zero, due to low tariff and short guaranteed periods, complex
and long-lasting licensing procedures and regulatory and technical obstacles regarding the access to
the grid.

Table 1. Feed-in tariffs (FITs) for onshore wind from 2001 to 2013.

Year
Feed-in Tariffs (FITs) for Onshore Wind from 2001 to 2013 (€/MWh)

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

2001 70 70 70 70 70 70 70 70 70 70 70 70 70
2002 - 70 70 70 70 70 70 70 70 70 70 70 70
2003 - - 68.68 68.68 68.68 68.68 68.68 68.68 68.68 68.68 68.68 68.68 68.68
2004 - - - 68.68 68.68 68.68 68.68 68.68 68.68 68.68 68.68 68.68 68.68
2005 - - - - 72.87 72.87 72.87 72.87 72.87 72.87 72.87 72.87 72.87
2006 - - - - - 73 73 73 73 73 73 73 73
2007 - - - - - - 74.87 74.87 74.87 74.87 74.87 74.87 74.87
2008 - - - - - - - 76.6 76.6 76.6 76.6 76.6 76.6
2009 - - - - - - - - 80.14 80.14 80.14 80.14 80.14
2010 - - - - - - - - - 105.42 105.42 105.42 105.42
2011 - - - - - - - - - - 106.66 106.66 106.66
2012 - - - - - - - - - - - 107.95 107.95
2013 - - - - - - - - - - - - 107.95

Table 2. FITs for small photovoltaics (PVs) (up to 10 kWp) from 2006 to 2013.

Year
FITs for Small PVs (up to 10 kWp) from 2006 to 2013 (€/MWh)

2006 2007 2008 2009 2010 2011 2012 2013

2006 450 461.52 472.19 487.87 492.59 511.15 524.77 531.07
2007 - 461.52 472.19 487.87 492.59 511.15 524.77 531.07
2008 - - 472.19 487.87 492.59 511.15 524.77 531.07
2009 - - - 487.87 446.88 411.95 367.58 327.61
2010 - - - - 446.88 411.95 367.58 327.61
2011 - - - - - 411.95 367.58 327.61
2012 - - - - - - 226.87 210.84
2013 - - - - - - - 210.84

Table 3. FITs for large PVs (>100 kWp) from 2006 to 2013.

Year
FITs for Large PVs (>100 kWp) from 2006 to 2013 (€/MWh)

2006 2007 2008 2009 2010 2011 2012 2013

2006 400 400 400 400 400 400 400 400
2007 - 410.24 410.24 410.24 410.24 410.24 410.24 410.24
2008 - - 419.72 419.72 419.72 419.72 419.72 419.72
2009 - - - 433.65 433.65 433.65 433.65 433.65
2010 - - - - 397.22 397.22 397.22 397.22
2011 - - - - - 366.18 366.18 366.18
2012 - - - - - - 238.01 238.01
2013 - - - - - - - 168.66
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Furthermore, subsidies on capital investment costs were foreseen according to the National
Development Law 2601/1998. Investments in RES-E installations have a special status under Law
2601/1998. More specifically:

‚ 40% public subsidy (grant) on the total eligible RES-E investment cost plus 40% subsidy on the
interest of loans obtained for the purpose of financing the RES-E investment; alternatively, 40%
subsidy on the loan interest plus 100% tax deduction on the RES-E investment cost;

‚ The grant is paid in two equal installments; the first after the implementation of 50% of the
investment and the second with the certification of the completion and commissioning of
the investment;

‚ RES technology and geographical region do not affect the level of subsidy (40%);
‚ Required own capital: 40% (min) of the total investment cost;
‚ Minimum investment cost required: 176 k€;
‚ Maximum subsidy granted: 14.7 M€;
‚ Maximum investment cost subsidized: 36.7 M€.

In February 2011, the new Development Law for supporting private investment for economic
growth, Entrepreneurship and regional cohesion (Law 3908/2011) was introduced in order to improve
the tax benefits for investors selecting this option of investment support. According to the law, investors
can select one of three forms of investment support:

‚ Cash grants/leasing subsidies: The amount of subsidy varies according to the size of the
enterprise and the prefecture where the investment plan will be implemented. In any case,
the subsidy cannot exceed 50% of the qualifying cost of the investment;

‚ Wage subsidies for new employment created by the investment of up to 60% of the overall
investment cost;

‚ Non-taxable income of up to 100% of the investment at a 25% tax rate. This translated to a tax
benefit of up to 25% of the investment.

The subsidy is paid in three installments, according to the state of implementation of the project.
Investors may receive an advance payment of up to 25% of the granted subsidy, if they are able to
produce a guarantee of a bank based in Greece. Another 25% is paid after the implementation of 50%
of the investment and the remaining 50% with the certification of the completion and commissioning
of the investment.

2.4. The Evolution of Onshore Wind and Photovoltaic Electricity Generation from Renewable Energy
Sources Costs

The capital costs of a wind RES-E project can be broken down into the following major categories:

‚ The turbine cost;
‚ Civil works including construction costs for site preparation and tower foundations;
‚ Grid connection costs, including transformers and sub-stations, as well as the connection to the

local distribution or transmission network;
‚ Planning and project costs;
‚ Other capital costs, which may include the construction of roads, buildings, control systems, etc.

According to the International Renewable Energy Agency (IRENA) report [20], the average capital
cost for onshore wind power systems in Greece was as below.

The capital cost for onshore wind power systems in Greece for the years 2011, 2012 and 2013 is
assumed to be 1200 €/kW. The operation and maintenance costs can be written as a fraction of the
initial capital invested according to Tables 4 and 5.
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Table 4. Average capital cost for onshore wind power systems in Greece from 2003 to 2010. Note
here that for the year 2009, the original number in the report was “1628”; however, it is regarded as a
skewed result.

Cost (€/kW)

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

1000 1000 849 694 766 1136 1159 1120 1164 1207

Table 5. Operation and maintenance costs for onshore wind power systems in Greece.

Operation and Maintenance Costs

i. Cost coefficient for electro-mechanical equipment maintenance 2%
ii. Cost coefficient for civil works maintenance 0.5%
iii. Cost coefficient for electro-mechanical equipment insurance 0.6%
iv. Cost coefficient for civil works insurance 0.6%

According to the national survey reports of the IEA Co-operative Program on PV Power
Systems [21], the PV module prices, as well as the system prices for small roof-mounted systems in
Italy (Italy was chosen because of data unavailability for Greece) from 2001 to 2012 were as follows in
Tables 6 and 7.

Table 6. PV module prices for Italy from 2001 to 2012.

Module Price (€/Wp)

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

4.25 3.8 3.5 3.3 3.6 3.4 3.8 3.3 2.2 1.5 1.0 0.7

Table 7. System prices for small roof-mounted PV systems in Italy.

System Prices for Small Roof-Mounted PV Systems (€/Wp)

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

7.4 7.5 7.3 6.8 7.0 6.4 6.5 6.0 4.5 4.0 3.2 2.4

During 2013, the cost range for a small roof-mounted PV system in Greece was between 1300 €/kW
and 1700 €/kW.

3. Results and Discussion

3.1. Sensitivity of Investment Demand to Feed-in Tariffs Prices for Onshore Wind Electricity Generation from
Renewable Energy Sources Projects

The analysis begins by quantifying the corresponding PI, using the set of parameters and equations
defined in Section 2.1. The benchmark project for this section concerns an interconnected (mainland)
wind farm with an installed capacity of 3.6 MW (e.g., consisting of two wind turbines with a nominal
capacity of 1.8 MW, each). The contributions of each capital source to the initial investment expenditure
are assumed as follows:

‚ Until 2006: A 40% public subsidy (grant) of the total eligible RES-E investment cost, equity
capital equal to 40% of the total investment cost and 40% subsidy of the interest of the loan (20%)
obtained for the purpose of financing the investment;

‚ From 2006 to 2010: A 40% public subsidy and equity capital equal to 25% of the total
investment cost;
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‚ From 2010 onwards: The equity capital covers 25% of the total investment cost. The rest is
covered by a loan (75%), and the FIT are increased by 20%

It is also assumed that the investors secure a loan with a 10 year duration and a 7% interest rate.
The cost of equity is 10%. According to data from the Greek operator of electricity market [22], the
average annual capacity factor for interconnected wind RES-E farms is 25%. Furthermore, the operating
and maintenance cost is assumed to be equal to 3.7% of the total investment cost per annum. The
depreciation expense is assumed to be equal to 5% of the total investment cost per annum. We assume
that the corporate tax rate remains at 25% during the project’s operation and that inflation rises at the
rate of 2% annually. The project duration is 20 years, and the salvage value is assumed to be zero.

The values of the PI for the years from 2001 to 2012 are presented in Table 8 (note: the value 12.7
in 2001 means that the MIRR was 12.7%).

Table 8. The profitability index (PI) for an interconnected onshore wind farm from 2001 to 2012.

Profitability Index (PI) for an Interconnected on Shore Wind Farm from 2001 to 2012

Year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
PI 12.7 12.7 13.7 15.0 14.8 13.5 13.6 14.0 14.1 14.9 15.0 15.1

The evolution of demand, measured both in terms of the number of projects requesting a
production license and in terms of the corresponding cumulative capacity, and the PI (as a piecewise
linear curve) for interconnected wind RES-E investments from 2001 to 2012 are depicted in the
next figure.

It is evident that the PI becomes relevant only after the enactment of Law 3468/2006 (June 2006),
which set new administrative procedures for the promotion of RES-E and simplified the licensing
procedures, and Law 3522/2006 (December 2006), which allowed investors to receive an upfront
payment of up to 50% of the granted subsidy.

At the same time, the years 2011 and 2012 are an interesting case, since although the PI was higher
than ever, the demand for new investments was very low. Furthermore, production licenses for wind
RES-E projects of a total capacity of 260 MW were unilaterally cancelled by the investors who owned
them; the French utility, electricite de France (EDF) alone owned and cancelled production licenses for
100MW of wind RES-E. The main reason for this loss of interest has been the low rate of the actual
capacity additions. Although many of the projects that have acquired a production license would not
materialize for various reasons (licensing, financial, etc.), the allocated grid connectivity offers had
covered in many areas the limit for the safe operation of the grid.

The data suggest that increased financial incentives were utilized to counterbalance institutional
deficiencies in permitting and interconnecting wind RES-E projects. An RES-E support policy measure
is efficient if it induces a strong demand for investments in RES-E deployment with the minimum level
of public expenditures. However, the rate of actual capacity additions has a reinforcement effect on the
willingness to invest. No matter how attractive the PI is, if the success rate of the RES-E projects that
acquire a production license is significantly low and/or the lead time to obtain all necessary permits is
significantly high, either the willingness to invest diminishes or the size of the pool of the potential
investors reduces to only the most capable to handle the authorization procedures.

A higher than necessary PI negatively affects the efficiency of the support measures in proportion
to the number of projects that manage to receive the fiscal support. Consequently, an alternative way
to explore the data is to examine the actual weighted monthly average price of wind RES-E generation.
In order to quantify the FIT cost per RES-E unit installed, we must know both the time evolution of the
RES-E capacity additions, as well as the time when each RES-E installation in operation attained its
connection offer.

Due to data unavailability regarding the dates when RES-E projects in operation actually attained
their connection offers, i.e., the dates when the FIT size was fixed, the analysis in this paper was
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based on the realistic assumption that after the enactment of Law 3851/2010, the average time elapsed
between the attainment of the connection offer and the attainment of the operation license for a wind
RES-E project was 9 months, whereas before Law 3851/2010, it was 18 months, since large-scale RES-E
plants required permissions from 32 public-sector entities on a central, regional, prefectural and local
level, leading to a licensing procedure that could exceed in practice 24 months.

The estimated evolution of the generation-weighted (in €/MWh) monthly average wind power
price for the same period is presented in Figure 2.Energies 2016, 9, 38 
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2012; and (b) capacity that corresponds to the operation license requests for interconnected onshore
wind RES-E during January 2001 to December 2012.

An increasing cost for RES-E remuneration makes sense only if financial incentives start at a
significantly low level and become progressively stronger so that less efficient sites are explored.
However, the difference between the planned, according to the Greek NREAP, and the actual installed
capacity suggests that this does not characterize the case of Greece. In particular, from 2010to 2013,
the installed capacity increased from 1320 MW to 1784 MW, whereas the NREAP goal envisioned an
increase from 1327 MW to 3112 MW.

3.2. Sensitivity of Investment Demand to Feed-in Tariff Prices for Photovoltaic Electricity Generation from
Renewable Energy Sources Projects

The analysis begins by quantifying the corresponding PI, using the set of parameters and equations
defined in Section 2.1. In this subsection, two benchmark projects will be employed: one for an
interconnected (mainland) utility-scale project and one for a residential system installation. The first
benchmark project concerns a 1MW installation. The initial investment expenditure corresponds to:

‚ Until 2006: A40% public subsidy (grant) of the total eligible RES-E investment cost, equity capital
equal to 40% of the total investment cost and 40% subsidy of the interest of the loan (20%)
obtained for the purpose of financing the investment;
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‚ From 2006 to 2010: A40% public subsidy and an equity capital equal to 25% of the total
investment cost;

‚ From 2010 onwards: The equity capital covers 25% of the total investment cost. The rest is covered
by a loan (75%), since PV plants were excluded from the national investment incentive law.

Fantidis et al. [23] have calculated the long-term monthly mean values of solar radiation and
the monthly average daily clearness index over 46 areas in Greece. For the profitability calculations,
the average annual capacity factor is taken to be 22%, and the annual efficiency decrease is 0.5%.
Furthermore, the operating and maintenance cost is assumed to be equal to 1% of the total investment
cost per annum, and the depreciation expense is assumed to be equal to 5% of the total investment
cost per annum. We assume that the corporate tax rate remains at 25% for the duration of the PV’s
operation. The cost of equity is 10%, and the price level (inflation) rises at the rate of 2% per annum.
It is also assumed that the initial installation cost (€/Wp) is 1.5times the PV module price for the
corresponding year. Finally, it is assumed that the investors secure a loan with a 10year duration and a
7% interest rate. The values of the PI for the years from 2005 to 2012 are presented in Table 9.

Table 9. The PI for a 1MW PV plant from 2005 to 2012.

PI for a 1 MW PV Plant from 2005 to 2012

Year 2005 2006 2007 2008 2009 2010 2011 2012
PI 3.9 15.3 14.8 15.8 18.6 19.6 21.7 21.2

The evolution of demand, measured both in terms of capacity and in terms of the number of
projects requesting a production license, and the PI for PV investments of capacity equal to or greater
than 1MW from 2006 to 2012 investments is depicted in Figures 3 and 4.
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The FIT scheme that was established in Greece in 2006 provided strong price incentives for PV
RES-E investments. However, in order to make the grid restrictions explicit, but also to control the
overall cost for the consumers, the national RES implementation program set an upper limit on the
PV capacity per administrative region. The surge of applications for operation licenses exceeded by
far the limits set by the program, leading to a halt of any further submission of PV applications to the
regulatory authority of energy (RAE) in 2008.

In light of these developments, the scheme voted on in January 2009 provided for the capacity
limits to be scrapped. At the same time, Law 3734/2009 did not allow buying or selling production
licenses or approvals prior to the grid connection of a PV station. This led to the deterioration of
hundreds business plans of PV investors, who, eventually, lost their interest. In fact, the trading
of licenses was one of the most determinant factors of the PV market development until then [24].
The demand for investments increases considerably only during 2010 and 2011 due to the Law
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3851/2010, which provided for a highly improved permitting procedure. It also provided a signal of
increased market share for new RES-E investments by stating that the contribution of the electrical
energy produced by RES-E to the gross electrical energy consumption should reach a share of at least
40% by 2020. However, time-consuming grid connection procedures a result of the limited capacity of
the grid, have been a major barrier for PV deployment in Greece.Energies 2016, 9, 38 
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The assumption behind the estimation of the annual FITs paid for PV RES-E production is that
capacity additions that took place before 2011 had locked their remuneration in 2007 FITs, whereas for
capacity additions that took place from 2011 onwards, the average time elapsed between the attainment
of the connection offer and the attainment of the operation license was 24 months. According to LAGIE
data [25], approximately 40% of the PV installations with a capacity greater than 10 kWp are also
less than 100 kWp. It is assumed that this percentage remained steady throughout the horizon of the
analysis. The estimated evolution of the generation-weighted (in €/MWh) monthly average PV power
price is presented in Figure 5.
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Figure 5 represents a case of overshooting, where very attractive support was provided for the
diffusion of PV, leading to the actual installed capacity being far higher than that planned; from 2010 to
2013, the installed capacity increased from 184 MW to 2055 MW, whereas the NREAP goal envisioned
an increase from 153 MW to 836 MW. A side effect of the target overshooting was locking the electricity
system with older PV technological options that were (cost-wise) inferior; a significant number of
PV installations attained their connection offer until 2010, but they were actually built during 2012
and 2013.

The benchmark project for the calculation of the residential systems’ PI is based on a system
with capacity equal to 9 kWp. The initial investment expenditure corresponds to the equity capital,
covering 50% of the total investment cost. The rest is covered by a loan with a 10 year duration and
a 7% interest rate. The cost of equity is assumed to be 15%. The operating and maintenance cost is
assumed to be equal to 2% of the total investment cost per annum. According to data from LAGIE, the
average annual capacity factor for rooftop PV installations is 15%. The annual efficiency decrease has
been assumed to be 0.5%. Until 2010, 20% of the total PV cost (capped at 700€) is deducted from the
investors’ annual taxable income. From 2010 onwards, the FIT for small rooftop PV systems of up to
10 kWp is guaranteed for 25 years, and the revenues from selling electricity are tax free. The values of
the PI for the years from 2007 to 2013 are presented in Table 10.

Table 10. The PI for rooftop PV systems of up to 10 kWp from 2006 to 2013.

PI for Rooftop PV Systems of up to 10 kWp from 2006 to 2013

Year 2007 2008 2009 2010 2011 2012 2013
PI 9.1 9.8 12.3 14.7 16.1 15.4 15.5

Since residential installations do not require the attainment of production licenses, the requests for
grid connection were used as a proxy for demand. The demand for investments, measured both in terms
of capacity and in terms of the number of projects requesting grid connection, is depicted in Figure 6.
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Regarding residential systems’ installations, PV investors, even if they were private owners, were
fiscally considered as enterprises and had therefore to submit value added tax declarations periodically,
while at the same time, the revenues from solar electricity were taxed as regular income, i.e., in the
order of 25%–40%. This led practically to zero residential system installations until 2010.

An interesting observation is that although the expected profitability of the rooftop PV installations
remained constant during 2012 and 2013, the rate of deployment in 2013 was significantly lower.
Following the line of thought that searches in unobservable factors for explanations for such
discontinuities, one should consider that 2013 was a year when a discussion began about the need to
tax the revenues from rooftop PV installations (this discussion was fueled by a series of press articles
that highlighted that the PV deployment rate was very high in particularly high-income areas of
Greece), and rooftop PV owners were asked to pay a retrospective levy on their revenues; it is likely
that these events increased the perceived risk of investing in rooftop PV.

4. Conclusions

The main lesson derived from the analysis is that the PI for a given RES-E technology and the
demand for investments in this technology should be monitored for the ongoing evaluation of the
corresponding support measures. Fiscal support measures dictate the PI profile of an RES-E technology
(i.e., the evolution of its PI). At the same time, the profitability profile implies a set of expectations
regarding the policy measure’s impact: an ascending PI is efficient if actual demand corresponds first
to the most efficient plants (locations with the best wind or solar potential, closer to the grid, etc.),
while a descending index is efficient if cumulative capacity additions, used as proxy for information
spread, actually have a significant impact on demand for new RES-E investments, accounting for
the PI levels. A divergence between the expected and the actual characteristics of the demand for
investments may indicate sources of inefficiency (i.e., spending more money than is necessary to
achieve the desired result).

A useful metaphor is in regard to fiscal support as a force that overcomes issues that create
resistance for the diffusion of a given technology option: some aspects of this resistance should
be addressed by affecting the technology’s profitability levels, whereas others should not. A naive
approach to FIT design is that low profitability is the reason for low levels of technology investments,
and equivalently, increasing profitability will increase deployment. Such an approach is potentially
false and, in the case of Greece, very inefficient, since it ignores the impact of soft costs created by
ineffective governance. A counterargument for the case of wind investments in Greece could be that
policy makers accepted that the governance limitations will lead to only very efficient investors being
able to enter the market, and as a result, they designed for an ascending PI. However, such an approach
is efficient only if governance issues are resolved, rather than escalated, through time.

A descending PI reflects a policy that offers more aggressive tariffs early on to encourage rapid
market growth. However, a caveat exists: high initial tariffs may lead to locking the electricity system
with older technological options that are cost-wise inferior. This means that specific targets for the
cumulative installed capacity must be set a priori and utilized as an upper limit that triggers the
evaluation of the FIT levels.

As further research, we would suggest to apply the presented approach to a number of European
case studies comparing results regarding the RES-E deployment rates around Europe, following the
same rationale with similar studies published on this front as Sarasa-Maestro et al. [26].
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