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Abstract The management and exploitation of renewable
energy sources is now recognised as central to sustainable
development. Environmental concerns, recurring oil crises
and market weaknesses, combined with the availability of
power from natural resources and resulting possibilities for
job creation and energy independence, have all pushed
developed and developing countries towards new energy
strategies that include RES. This paper analyses the prof-
itability of potential investments in small, medium and
large RE electrical power facilities, applying a Net Present
Value (NPV) methodology. The proposed financial ana-
lysis permits strategic selection of an energy portfolio from
among available sources and plant sizes. The paper then
discusses potential constraints, and where possible applies
the NPV methodology for estimating the necessary changes
in decision-making. It defines the role of government
incentive schemes in the financial results and evaluates the
impact of variation in critical variables (subsidies, sale
price of electricity, investment cost, operating cost and
equivalent operating hours) on the estimation of NPV.
Finally, the paper analyses the environmental impact of all
the energy sources examined, examines the links with the
financial results and proposes socio-economic policy con-
siderations based on the entirety of the research results.
While the methodology is applied to the Italian case, it
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could be modified to serve in other nations by adapting the
input parameters to reflect the different regulatory and

market contexts.
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Terms

AiFiT All-inclusive feed-in tariff for energy from
Bi,Hy,Wi (€/kWh)

Bi Biomass source

Capex Total capital expenditure (€)

capexy Net capital expenditure per kW (€/kW)

C; Capacity of the installed facility (kW)

dEy Annual decrease in plant efficiency (%)

DTy, State duties on Net metered revenue from
PV (€)

DT g 1y,wi) State duties on Net metered revenue from
Bi,Hy,Wi (€)

DTy Unit duty for Net metered kW (%)

E¢ Embodied energy by RE facility (kWh)

FiPcg Premium Feed-in Tariff per kW from PV
O

FiPpy Total Premium Feed-in Tariff for PV(€)

FiT(gi 1y, wi) Feed-in tariff for Bi, Hy, Wi (€)

heq Equivalent hours of operation (h)

Hy Hydro source

Inf Inflation rate (%)

infe Energy inflation rate (%)

K Constant for Green Certificate

Lcs Loan capital share (%)

Lig Loan interest share (%)

Ngr Time for plant construction (years)

opex Total operating expenditure (€)
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opexy Operating expenditure per kW (€/kW)
PGe Price of Green Certificate (€/kWh)
PV Photovoltaic source

r Opportunity cost (%)

SP.i Biny,wiy Sales of electricity from Bi, Hy, Wi (€)

SPei pv) Sales of electricity from PV (€)

SPu. Sale price per kWh of electrical energy
(€/kWh)

Wi Wind source

Introduction

Renewable energy is derived from natural sources that are
replenished at a higher rate than they are consumed.
Planning for the use of renewable energy currently attracts
significant attention within the academic, managerial and
policy-making communities (Manzano-Agugliaro et al.
2013). The questions involved are multidisciplinary and
complex, and management must be timely and strategic.
The renewable sources that have shown the greatest
increase in recent years are biomass (Panepinto et al.
2014), wind (Fokaides et al. 2014) and solar (Ranjan and
Kaushik 2014). The diversification of electricity generation
portfolios is recognized as capable of influencing whole-
sale prices (Banal-Estafiol and Micola 2009). For fossil fuel
power plants, carbon capture and storage technologies offer
the potential for significant reductions in carbon dioxide
emissions (Reza et al. 2013). According to the White Paper
for a Community Strategy and the Action Plan, Renewable
Energy Sources, the goal of the European Union is to use
RES to reduce dependence on imports and increase supply
security. Other positive effects are the amelioration of
climatic problems and job creation. According to the
Renewable Energy Policy Network for the 21* Century
(REN 21) 2013 Global Status Report:

e Global investment in RE reached 244 G$ in 2012, down
12 % from the previous year’s record;

e Global renewable power capacity worldwide exceeded
1,470 GW in 2012, up about 8.5 % from 2011;

e Global demand for renewable energy was equal to
19 % of global final energy consumption in 2011;

e About 5.7 million people worldwide work -either
directly or indirectly in RE industries: 30 % of these
are in China, 22 % in the European Union; 42 % are
employed in bioenergy and 24 % in photovoltaic
industries.

The global electricity supply industry has been identified
as a major source of greenhouse gas (GHG) emissions.
Most nations are investing in RE technology to meet
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emission targets and increase the share of power from RES,
but the sector is not yet self-sustaining (Verma and Kumar
2013). One cause is that while the RE sector is potentially
appealing, private investment remains insufficient. An
analysis by Masini and Menichetti (2013) has revealed that
to the private investor, the technical adequacy of the
opportunity plays a much more important role than the
perceived effectiveness of existing policies. In fact the EU
capability to coordinate the member countries’ renewable
energy policies is low, while such coordination is necessary
to be competitive on the energy market (Krozer 2013). For
improved competitiveness, a useful strategy is the appli-
cation of “green” supply-chain management principles
(Cucchiella and D’ Adamo 2013). Distributed generation is
also emerging as a successful means to meet the increasing
demand for electricity (Planas et al. 2013). Under this
strategy, micro-grids and virtual power plants (clusters of
linked small plants) facilitate the cost-efficient integration
of distributed energy resources into the existing power
system (Strbac et al. 2008). In these systems, the various
small plants are interconnected and managed by an intel-
ligent network known as the smart grid. The smart grid
reduces the extent of intermittent RES power fed into the
main grid, achieving better stability, and also reduces the
total demand of electricity from the main grid, thus grad-
ually reducing the need for further investments in the
national distribution system (Barnham et al. 2013).

Concerning the residential sector, studies have defined
some of the determinants of consumer willingness to adopt
renewable energies in the residential sector: middle-aged
and highly educated people are more willing to adopt RES
for their homes, and a tax deduction is seen as more
attractive than an energy subsidy (Chen et al. 2011). Sev-
eral requirements are necessary in order to achieve
increased use of RES in the residential sector: (i) con-
struction or adaptation of houses and condominiums that
generate electricity using RE technologies; (ii) develop-
ment of appropriate storage systems with appropriate
technologies and sizes; and (iii) development of RE plants
that remain self-sufficient over a useful lifespan (Cucchi-
ella et al. 2013b).

The development of RES and the objectives of envi-
ronmental protection requires the achievement of sustain-
ability in the development of RES power plants and
systems (Cucchiella et al. 2012). Investments in RES must
be financially profitable (Bader et al. 2005). For the
investor, the definition of performance and risk is crucial in
identifying the optimal energy portfolio (Cucchiella et al.
2012). The aim of the current paper is to support the
decision-maker by illustrating an analytical methodology
for examining such potential performance and risks. The
context is the Italian national energy system, with its rel-
ative incentive and sales systems. An essential part of the
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methodology used is discounted cash flow analysis, using
the indicator of Net Present Value (NPV) (Vanhoucke et al.
2001). The specific objectives of the paper are as follows:

1. To define a methodology for the assessment the
financial profitability of investment in different RE-
source electrical plants, given a series of potential
plant dimensions

2. To compare the profitability of investment in different
potential RE sources for a given plant size

3. To compare all the facilities examined (all combina-
tions of sources and plant size)

4. To discuss and identify changes in decision-making
due to the presence of constraints

5. To identify the incidence of incentives on the financial
results achieved

6. To analyse the environmental impact of all the RE
sources examined

7. To identify some socio-economic policy consider-
ations arising from the analyses.

While the methodology is applied to the Italian case, it
could be modified to serve in other nations by adapting the
input parameters to reflect the different regulatory and
market contexts.

Methodology

The next section of the paper provides a brief review of the
Italian energy system, which is the context for the study.

The actual methodology of the paper then involves
several steps. “Mathematical model and input parameters
for the Italian context” section continues with the detailed
presentation of the mathematical model and the relative
environmental and economic data for the different types of
RE generation facilities, with these data in some cases
being specific to the Italian context. We consider four RE
sources: (i) solar, particularly photovoltaic generation,
which is the most widespread technology in Italy; (ii) wind,
specifically on-shore generation; (iii) bioenergy, where
biomass is the most common source, having higher elec-
trical production than bio-liquids and biogas; and (iv)
hydro, which represents the most mature technology.
Geothermal energy is used in only one region (Tuscany)
and thus is not considered. The input data for the NPV
model are developed in function of a series of plant sizes
for each of the four sources: 10, 100 kW, 1, 5, 10 and
100 MW. The consideration of this range of sizes permits
analysis of economies of scale and the impact of several
incentive schemes.

In “NPV analysis: financial profitability of investments
in RES” section of the paper, we calculate the NPV of all
the potential RE facilities (four sources and six plant sizes),

to define the financial profitability of investment in the
various forms and sizes of RES. For each potential plant
size, we identify the RES that generates the best financial
outcome. We examine the decision-making implications of
these results in some detail.

In “Effects of real-world constraints on managerial
decision-making” section some we identify potential con-
straints on managerial decision-making: (i) the availability
of the RE source; (ii) the possibility of obtaining the initial
investment amount; (iii) the need to provide sufficient
energy to meet a specific demand; (iv) the changing cost of
the plants in function of market conditions; (v) changes in
subsidies arising from incentive scheme; and (vi) local
conditions specific to the nature of the individual RE
sources. The paper discusses the influence of these con-
straints on decision-making, and where relevant it applies
the NPV model to calculate their effects.

The development of RE is strongly characterized by
incentive policies. Thus in “The role of incentives” section
we examine the impact of subsidies on the financial results
and evaluate the role of several incentive schemes. In
“Sensitivity analyses” section we use sensitivity analysis
to determine how changing values for the independent
variables (costs, revenues and operating hours) impact on
NPV for the various RE sources and their plant sizes.

Section “Environmental impact analysis and policy
considerations” analyses the environmental benefits
resulting from the utilization of RE plants, and finally
proposes several socio-economic policy considerations
regarding the entire sector of renewable energy. “Conclu-
sions and future directions” section notes the paper’s
conclusions in terms of decision-making at the investor and
policy levels and suggests some further research directions.

The mix of energy sources in Italy

The Italian energy sector is strongly dependent on imported
crude oil and gas, thus exposing national energy security to
vulnerability. Over the past decade, the use of oil has
decreased significantly (down 11 %), with replacement by
natural gas (4+3.5 %) and renewable sources (+6 %). The
Italian state has promoted development of RE sources as a
strategy to increase generating capacity and decrease
electricity imports. Hydro power provides the most rele-
vant contribution, while wind and bioenergy have shown
strong growth over the years. Solar was almost completely
neglected, until 2006 but has shown a remarkable growth
trend over the more recent 2010-2012 period (Table 1).
The expectation of the EU is that in Italy, RE should
achieve a 17 % share of national electricity production by
2020: equal to 28.4 Mtoe (Million tons of oil equivalent)
compared to an expected energy demand of 167 Mtoe. The
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Table 1 Mix of electrical

% of national energy mix % change
energy sources in Italy,
2006-2011 2006 2007 2008 2009 2010 2011 2011-2010
0Oil 43.4 42.6 41.4 40.6 38.4 37.6 -0.8
Natural gas 355 35.9 36.3 354 36.2 34.6 —1.6
Coal 8.7 8.9 8.8 7.3 8.0 9.0 1.0
Renewable 7.3 74 8.9 11.2 12.2 13.3 1.1
Imports 5.0 53 4.6 55 5.2 5.5 0.3
Total (Mtoe) 196.2 194.2 191.3 180.3 187.8 184.2 —-1.9 %
Available renewable energy (Mtoe) A change
Hydro 8.14 7.22 9.16 10.81 11.25 10.08 —-1.17
Geothermal 1.22 1.23 1.21 1.18 1.18 1.24 0.06
Wind 0.65 0.89 1.07 1.44 2.01 2.17 0.16
Solar 0.0004 0.01 0.04 0.15 0.42 2.38 1.96
Bioenergy 4.31 5.02 5.55 6.61 8.05 8.63 0.58

latest estimates by the Italian Ministry of Economic
Development show a decrease in energy consumption in
2012 (178 Mtoe) compared to 2011 (184 Mtoe) and an
yearly increase (1.8 %) of energy produced by renewable
sources, achieving a national share of 15.1 %. Italy is thus
on track towards the EU targets.

Given this context in the subsequent sub-sections, we
begin the analysis of the investments process for the four
RE sources considered. We consider the first year of
potential project start-up as 2011. Each renewable system
requires different time for its installation: 1 year for pho-
tovoltaic and wind, 1.5 years for biomass and hydro
(Munoz et al. 2009). As a consequence, photovoltaic and
wind systems will operate in the first semester of 2012,
while biomass and hydro will start to operate at the end of
the same year. According to the EU planning guidelines,
the project lifetime is 20 years, and opportunity cost is
5 %. We assume 100 % funding of the initial investment
based on a 15 year loan with a three-monthly rate, esti-
mated with the simple capitalization method. The spread is
equal 1.75 % and the 3 month Euribor is 1.14 %. The
following sub-sections show the methodology used, and
the input data needed in order to establish the future cash
flows.

Mathematical model and input parameters
for the Italian context

Mathematical model

It is standard practice to use NPV for the financial evalu-
ation of long-term plant investments, measured in terms of
the difference between incomes and costs. For a detailed
description of the model applied to energy plants see
Cucchiella et al. (2012).
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For all energy plants, costs are linked to size. Moreover,
for all renewable energy sources, with varying plant sizes,
there are also variations in government financial support
systems (in Italy, specifically Feed-in Tariff—FiT and
Premium Feed-in Tariff—FiP). Equations [1] and [2]
define the NPV, respectively, from a photovoltaic (PV)
renewable resource and from biomass, hydro or wind (Bi,
Hy and Wi) sources. In this case, it is not possible to use a
single equation, since PV investments can benefit from FiT
financial support, while the other renewable sources benefit
from FiP support (quantified, respectively, at formulas [3]
and [4]). The subsequent equations [5], [6] and [7] quantify
the input parameters for government financial support for
energy produced from RES plants (E—see equations [8]
and [9]). The different subsidies change in function of two
variables: equivalent hours of operation (h.q) and installed
capacity facility (Cj,).

The second potential source of income for investment in
RE sources is revenue from the sales of electricity (SPe))
injected into the national grid. SP, is related to several
variables, with all the cases described by equations [10],
[11] and [12].

Costs are defined under equations [13] and [14]. Since
the projects are not definitive, it is necessary to gather
benchmarks on project costs for renewable sources. This
includes information on capital expenditure (capex—see
equation [17]) and operating expenditure (opex—see
equation [18]). In the case of external financing, additional
costs must be accounted for rates on capital (Lcs—see
equation [15]) and interest (Ljs—see equation [16]). For
this, we assume a 15 year loan with three-monthly rate.

NPV, as described above, is the indicator of financial
profitability. The economic model is described in the fol-
lowing formulae:
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Revenue estimations

The potential revenues from RE plants are from two
sources:

e Feed-in Tariff (FiT) incentives and
e Sales of energy.

The revenues vary with installed plant size and production
levels, as summarised in Table 2

In Italy, a specific tariff (“Premium” Feed-in Tariff) is
paid only for electricity generated by ground-mounted
photovoltaic plants (PV). The tariff applies for a period of
20 years and we assume that the rate remains fixed. For
investment in other RE sources (excluding PV), govern-
ment support is given by an “all-inclusive” Feed-in Tariff,
but this support is only available for plants with a nominal
power of less than 1 MW, with the exception of on-shore
wind, where the tariff is available for plants of up to
200 kW. This tariff is granted for a period of 15 years
based on the amount of electricity fed into the grid, and we
assume that the rate remains fixed. In addition, RES plants
receive a number of “Green Certificates” equal to the
product of their potential net electricity generation and a
multiplication factor differentiated by RE source: a factor
of 1 for wind and hydroelectric plants and 1.8 for “short-
chain” biomass. This support is granted for 15 years, and
the reference price is 74.72 €/ MWh. The data on these
tariffs, as indicated in our tables, are derived from data sets
presented in government institution Web sites, particularly
the site of GSE (Gestore dei Servizi Energetici), the state-
owned company that promotes and supports renewable
energy in Italy.

Revenues from the sale of electricity injected into the
grid are calculated based on the minimum price guaranteed
by the Italian Authority for Electricity and Gas for 2012.
This income occurs only after the closure of the incentive
period for plants that access the all-inclusive feed-in tariff,
while in other cases for the full duration of the useful life of
the plants. We assume the energy price inflation rate at
2.40 %.

Cost estimations

Costs can be summarized as:

e Capital expenditure (capex);
e Operating expenditure (opex); and
e Taxes.

The costs vary with plant size, as summarised in
Table 3:

Costs are linked to the system size. A full analysis of the
entire range of potential system sizes is unfeasible;
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Table 2 Subsidies and sale Power (kW)

Subsidies (€/kWh)  Production (MWh/y)  Sale price (€/kWh)

price for renewable resources
3<P <20

20 < P < 200
200 < P < 1,000

Photovoltaic

1,000 < P < 5,000

P > 5,000
P < 1,000
P > 1,000
P <200

P > 200

P < 1,000
P > 1,000

Biomass

Wind

Hydro

*decrease of 2 % for each
doubling of production

0.219 0 <375 0.1027
0.206 375<Q <25 0.0924
0.172 25 < Q < 2,000 0.0783
0.156 2,000 < Q < 4,000  0.0767*
0.148
0.280 0 < 2,000 0.1161
0.1345 2,000 < Q < 4,000  0.1138*
0.300 0 < 2,000 0.0783
0.0747 2,000 < Q < 4000  0.0767*
0.220 0 < 250 0.1541
0.0747 250 < Q < 500 0.0976
500 < Q < 1,000 0.0842
1,000 < Q < 2,000  0.0783
2,000 < Q < 4,000  0.0767*

Table 3 Capital and operating costs for RE plants

Size (kW) Capex + VAT  Opex(€/kW)*
(E/kW)*
Photovoltaic P < 50 3,608 20
50 < P < 5,000 2,473 19
5,000 < P < 10,000 2,226 18
P > 10,000 2,077 17
Biomass P <50 5,530 227
50 < P < 5,000 4,702 166
5,000 < P < 50,000 3,443 148
P > 50,000 2,982 127
Wind P <50 3,679 40
50 < P < 5,000 1,550 46
5,000 < P < 50,000 1,519 51
P > 50,000 1,488 54
Hydro P < 1,000 3,694 25
1,000 < P < 5,000 3,200 48
P > 5,000 1,912 29

* conversion factor applied: 1€/0.8717 US$

however, it has been hypothesized that capital costs remain
constant within some size classes (Cucchiella et al. 2012;
Department of Energy and Climate Change 2011), there-
fore we take the approach of considering such size classes
in the cost calculations. In the photovoltaic and wind sec-
tors, there is a 31 % reduction in cost for 50 kW-5 MW
plants, and a 59 % reduction for <50 kW plants. We
consider these two classes for these RE sources, and two
other size ranges for photovoltaic and wind plants: for
PV, 5-10 MW and >10 MW; for wind, 5-50 MW
and >50 MW. In the biomass, there is a reduction of cost
equal to 13 % for >50 MW plants compared to 5-50 MW

ones. Smaller sized biomass plants (50 kW-5 MW
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and <50 kW) can be configured as Combined Heat and
Power (CHP), therefore we also consider these classes. For
hydro resource, we consider only three size clas-
ses: > 5 MW plants achieve cost reductions of 40 and
48 % compared to 1-5 MW and <1 MW ones.

Based on the available literature, we also hypothesise
that operating costs remain constant within some size
classes. While photovoltaic plants have the lowest values,
biomass plants have costs much higher than other RE
sources. We assume the inflation rate at 2 %. FiT incen-
tives are considered lost funds and thus are not subject to
direct taxation. The sale of energy, being instead classified
as other income, is subject to taxes (average 33 %).

Technical parameters

The profitability of RES plants also depends on their pro-
duction of electricity, which is in turn determined by three
parameters:

e Equivalent operating hours: a measure of the efficiency
of the plant, given by the ratio between gross produc-
tion and gross efficient power. The values, we identify
are derived from those identified by the GSE (Gestore
dei Servizi Energetici- Italian Electrical Services
Authority): 1,650 h/y for photovoltaic resource,
1,900 h/y for wind power resource, 2,900 h/y for hydro
resource and 3,550 h/y for biomass;

e The size of the plants, which we have chosen as 10,
100 kW, 1, 5, 10 and 100 MW. These values are
identified by two aspects: size classes characterized by
different unitary cost and power range divided by
different unitary incentive;

e Annual decrease in system efficiency caused by dete-
rioration of the RES plants. Based on published



Financial analysis for investment and policy decisions

893

research, we assume a value of 0.70 % (Cucchiella and
D’Adamo 2012b).

Considering all the combinations of the four RE sources
(solar, wind, hydro and photovoltaic) and the six plant sizes
(10, 100 kW, 1, 5, 10 and 100 MW), we obtain 24 possible
investment cases.

Environmental considerations

In the national context, environmental pollution, premature
mortality, lost workdays and overall healthcare costs could
all be reduced by the substitution of fossil fuels with RE
sources (Machol and Rizk 2013). GHG covers six cate-
gories of gases (CO,, CHy, N,O, HFC, PFC and SFg) and is
measured in terms of CO, equivalents (COeq), a metric
used to compare the emissions from the various greenhouse
gases based upon their global warming potential. The
ranges of values of GHG/kWh for RE technologies are
much lower than for fossil fuel sources. The International
Panel on Climate Change provides figures for GHG
emissions from electricity generation technologies based
on the aggregated results of Lifecycle analysis (LCA), as
published in the literature (Edenhofer et al. 2012). In
Table 4 a further detailed analysis of GHG in the PV life
cycle is presented, the analysis is based on the type of solar
cells and the location where the system is installed (pub-
lished in Cucchiella and D’ Adamo 2012a).

The issues of water and land use have not yet been well
analysed for the RE sector, but they are becoming
increasingly significant (Arent et al. 2014). For a correct
sustainability assessment model, it is necessary to consider
the impact of RE development on these resources, in terms
of both direct water and land usage and any transforma-
tions caused by direct and indirect releases of pollutants
(Vinodh et al. 2014). Dai (2011) has examined the range of
water-related impacts on future electricity production (Dai
2011). For wind and solar energy, the use of water is not
essential; however, biomass and geothermal plants require
water for cooling. In addition, hydro facilities have a direct

Table 4 Lifecycle GHG emissions for kWh produced

Fossil fuels 2C0O,eq/kWh Renewable 2C0O,eq/kWh
energy

Natural Gas 290-930 Ocean 2-23

Oil 510-1,170 Hydro 1-43

Coal 675-1,689 Geothermal 6-79
Wind 2-81
Concentrated 7-89

solar power

Photovoltaic 5-92
Biomass 18-360

impact on the river ecosystems both upstream and down-
stream of the dam. Overall for the RE sector, the largest use
of land is associated with biomass crops. Energy-producing
crops are grown in an intensive manner, with application of
pesticides and fertilizers (Singh et al. 2011). Hand et al.
(2012) have defined land use factors for renewable tech-
nologies as follows: for biopower, 25,800 GJ/kmz; for
hydropower 1,000 MW/kmz; on-shore wind 5 MW/kmz;
utility-scale PV 50 MW/kmz; distributed rooftop PV
0 MW/ka; and Geothermal 500 MW/km?.

NPV analysis: financial profitability of investments
in RES

The choice of the most appropriate indicator for assessing
the profitability of a potential investment depends on the
aims of the project. If the decision-maker is a private
operator, the goal is the maximization of profit and the
methodology used is a financial analysis. In the case of a
public decision-maker, the aim is the maximization of
social welfare, and the appropriate methodology is eco-
nomic analysis. The transition from a financial to an eco-
nomic analysis requires transformation of market prices
into accounting prices that avoid market imperfections, as
well as the valuation of externalities, particularly the social
cost of carbon (Cucchiella et al. 2013a). For financial
evaluation of investments in renewable energy, the most
widely used methodology is NPV (Golusin et al. 2012).
Under this type of analysis, the investment project is
defined as acceptable if the present value of all the cash
inflows from the project is equal to or greater than the
present value of all cash outflows. Given the assumptions
and input data presented in the previous section, we cal-
culate the NPV estimates as seen in Fig. 1. The analysis of
the values demonstrates that all 24 case studies are profit-
able. It is not possible to define any one of the renewable
resource as consistently more advantageous, since the
result depends on the plant size considered, with different
sources resulting in the highest NPV at different plant
sizes: hydro at 10 kW plant size, wind at 100 kW, photo-
voltaic for 5 MW plants and biomass for 1, 10 and
100 MW plants.

An important observation is that biomass plants are
those that most often have the highest profitability, despite
their greater capital and operating costs. This result derives
from a mix of factors in our model, including: (i) the
optimistic choice to consider that biomass plants operate on
a “short-chain” feed and supply system; (ii) the high value
of equivalent operating hours for biomass; and (iii) the
structure of the Italian FiT scheme, in which biofuel plants
receive the highest unit tariff value for 1 MW facilities,
while for plants >1 MW the only incentive scheme that
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Fig. 1 Net Present Value (k€)
per RE source and plant

s ool 2000
& ‘ & S O & ' & > O
3 &° &8 ®5 T ¥ & Qﬁb
1 MW
3,0m8
’ 2,987 6,127
1,561 763 . 3,069 3,395 2,533
el QO Q & . & & &L
QS Q)\o\ $& Qﬁb & Q)\o $® ®b
10 MW 8100 MW
27,882
’ 19,138 138.628 176.087
13,044 . 6,115 I:I 52.492
0‘..- . &..' S o & . @." > ©
S Q)\o @\*‘ «2\“\6 W® Q,xo &0 de

offers a higher unit value is the “Premium” feed-in tariff
(available only for PV).

However, instead of the more optimistic assumption of a
short-chain system, the model also permits consideration of
long-chain biomass. In this case, the multiplicative factor
for Green Certificates is 1.30, and there is a substantial
decrease of NPV for 5, 10 and 100 MW biomass plants:
these now achieve NPV values of 3,348, 15,048 and
203,401 k€. Given these considerations, the public deci-
sion-maker is in fact encouraging investment in biomass
plants when the proposed power output is equal to 1, 10
and 100 MW. In these cases, biomass is favored by the fact
that the value of incentives is 80 % higher than for wind
and hydro plants, while the guaranteed minimum prices for
sales of for energy from biomass are also almost always
higher than for wind and hydro energy.

For photovoltaic plants, the Premium feed-in tariff is a
very profitable incentive scheme; however; the reduced
value of equivalent operating hours still determines a less
profitable performance. Only in the case of plants of 5 MW
dimension does photovoltaic have the highest NPV because
for hydro and biomass resources, to difference to 1 MW
ones, the minor convenient Green Certificates are applied.
It is also important to highlight that in the case of biomass
and hydro, the profit produced from a 1 MW plant is
greater than the values obtained for certain larger plants,
specifically of 5 MW size.

Wind facilities achieve excellent financial results in the
50-200 kW plant range due to economies of scale, which
serve to reduce capital costs 58 % (see Table 3), and from
an all-inclusive tariff that is greater than for other resources
(recognized for wind plants with a capacity of up to
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Table 5 Net Present Value/Unit of installed power output by
renewable resource and plant size

NPV/ NPV/

Power Power

(€/W) (€/W)
Wind 100 kW 3.87 Hydro 10 MW 1.91
Biomass 100 kW 3.63 Hydro 100 MW 1.76
Biomass 1 MW 3.62 Photovoltaic 1.56

1 MW

Biomass 100 MW 3.32 Photovoltaic 10 kW 1.50

Hydro 10 kW 3.30 Photovoltaic 100 MW  1.38

Photovoltaic 10 MW 1.30

Photovoltaic 1.23

5 MW

Hydro 100 kW 2.99 Wind 1 MW 0.76
Hydro 1 MW 2.99 Wind 5§ MW 0.68
Biomass 10 MW 2.79 Biomass 5 MW 0.61
Photovoltaic 100 kW  2.12 Wind 10 MW 0.61
Wind 10 kW 2.10 Wind 100 MW 0.52
Biomass 10 kW 2.00 Hydro 5 MW 0.51

200 kw). However, when plant size reaches >1 MW, this
situation no longer holds true. Although hydro and wind
have the same unit value of subsidies and sale price of
energy in the larger plants, hydro now achieves higher
NPV: hydro plants consistently benefit from greater
equivalent operating hours than wind plants, and at larger
plant size, the lower capital costs of wind are no longer
sufficient to balance out this advantage.
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Finally, we compare all 24 investments by dividing the
NPV of the plant by its relative size (Table 5). An
important and useful observation is that the gain in NPV
per unit of plant capacity is greatest in those plants that
benefit from the all-inclusive feed-in tariff, and in biomass
plants in general. In particular, the highest of all NPV
values are achieved by 100 kW wind and biomass plants
(respectively, 3.87 and 3.63 €/W), while the lowest values
are observed for 5 MW hydro (0.51 €/W) and 100 MW
wind (0.52 €/W).

Effects of real-world constraints on managerial
decision-making

The previous section assesses the financial profitability of
RE plants without taking into account the types of con-
straints that influence individual projects in the real world
(for a consideration of the potential constraints see As-
cough et al. 2008). To continue our analysis, we thus dis-
cuss a series of limiting factors, including indications of
where the decision-maker can draw support by applying
the NPV methodology.

a. Availability of the energy sources

This is obviously the first consideration in real-world
decision-making, since only those resources that are actu-
ally available in the local context can be considered for
potential investment. In the current paper, we analyse only
four RE sources, which is already a limitation. In the
absence of one of these four sources, investors might be
forced to opt for an available RES that is less profitable.

b. The initial amount available for investment

A private decision-maker invests when two simultaneous
conditions occur: first a need to expand the firm, and second
the availability of the necessary financial capital. In the
energy sector, the need to expand occurs when a specific
energy demand develops (this case is analysed in the fol-
lowing c. bullet point), while the availability of capital
depends in part on the nature of the investment (strategic or
speculative). However, regardless of the strategic/specula-
tive issue, if capital is restricted then the available options
will change. If the available capital is for example, 350,000 €
and the project envisioned is a 100 kW plant, it will not be
possible to invest in the more expensive sources of hydro and
biomass: in applying NPV analysis only the more econom-
ical choices of wind and solar can be considered.

c. The quantity of energy required to meet a specific
demand

When the energy produced is required for the investor’s
own consumption, the need defines the size of the plant.

For example, the annual need is 200 MWh, 100 kW wind
and solar facilities will be insufficient, and the decision-
maker’s analysis can consider only the choices of biofuel
and hydro. On the other hand, if the decision-maker intends
to sell the energy then the constraint of a specific need does
not occur. It should also be noted that photovoltaic and
wind sources are intermittent and in some cases the specific
demand would then require a storage system, which could
present a still further constraint.

d. The changing cost of plants in function of market
conditions

As indicated in the existing literature, the capacities of
investment installed power, economies of scale and econ-
omies from ongoing learning all affect the costs of RE
sources, and these vary over time (Cucchiella et al. 2012;
Department of Energy and Climate Change 2011). The
model can respond to these changes. For example, an
increase or decrease of 20 % of capital expenditure due to
changing economies of scale for 10 kW photovoltaic
would determine that NPV for such a plant would become,
respectively, 9 or 22 k€. Variations in the required capital
expenditures would also reflect directly on the issue of
initial capital constraints, discussed above.

e. Changes in subsidies from incentive schemes

The role of incentive schemes is primary in RES
investment. The unit value of tariffs is set by state
authorities and is distinguished by RE source and size. The
actions of policy makers in setting the incentives may
impact in such a way as to favour one or another plant size
of a particular source. As an example of the effects of
changing incentives, a decrease or increase of 20 % in the
subsidies for a 10 kW photovoltaic would determine that
NPV becomes, respectively, 8 or 22 k€. In the next section,
we provide a detailed analysis of the issues of subsidies, in
which we see that the choices of different subsidies for RE
sources, and plant sizes have a series of implications for
both the investor and policy maker.

f. Constraints due to the nature of the specific RE sources
used

These constraints depend on local factors and the tech-
nical characteristics of the RE source. For example, in an
earlier work (Cucchiella and D’Adamo 2012a), it emerged
that the photovoltaic sector shows a greater return on
investment in the regions of southern Italy than in northern
regions, due to differences in annual irradiation. In mod-
elling this example, if equivalent operating hours are
increased or decreased by 400 h due less irradiation, the
NPV becomes, respectively, 27 or 3 k€.

In a decision-making context the optimum choice is one
that is simultaneously effective and efficient. The
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application of decision-making models with increasing
levels of input data (more precise consideration of con-
straints) tends to achieve more reliable predictive results;
however; this strategy can also lead to concurrent increases
in planning costs. On the other hand, the use of simpler
models is less costly but may omit information useful to
improving the prediction. Thus in evaluating the individual
cases that contribute to planning an optimal energy port-
folio, it is necessary proceed by identifying only those
constraints that require more thorough analysis (Cucchiella
et al. 2012; Kontogianni et al. 2013).

The role of incentives

Many nations have determined to favour a more “green”
energy mix, and the development of renewable energy is
now heavily influenced by incentive policies (Shen et al.
2010). The focus of the literature tends to be on govern-
ment choice of the incentive schemes most appropriate for
achievement of the intended objectives (Zhou et al. 2011)
and on reviews of the different schemes and their results
(Cansino et al. 2010). This objective of this section is to
provide a detailed analysis that quantifies the weight of
subsidies in the revenues from potential investment in the
specific plant projects (Table 6).

In applying our model, we observe that in a scenario
without subsidies all the RE sources considered would have
a negative NPV, regardless of plant size. This implies that
in a context without subsidies, no private decision-maker
would invest in RES. Of the sources considered, biomass
plants would in particular have the worst financial returns,
due to higher expenditures.

Our analysis permits us to compare the effects of the
Premium feed-in tariff (only for photovoltaic) to those of
Green Certificates (for 1 MW wind, 5, 10 and 100 MW
wind, hydro and biomass). The analysis reveals that the
FiT subsidies represent a 59 to 65 % share in revenues
from photovoltaic plants, while the weight of subsidies
decreases to 17-20 % for wind and hydro facilities and
to 13—14 % for biomass. Thus current Italian legislature
encourages the development of photovoltaic source for

Table 6 Percentage of subsidies on revenues of RE facilities

Wind Hydro Biomass Photovoltaic
10 kW 93 84 90 62
100 kW 93 89 90 65
1 MW 40 91 90 60
5 MW 41 41 46 60
10 MW 42 42 47 59
100 MW 43 44 48 60
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these larger size classes: the unit value of the Premium
feed-in tariff (PV only) is higher than for the other
incentive schemes.

Considering the all-inclusive feed-in tariff (applicable to
10, 100 kW wind, hydro and biomass, 1 MW hydro and
biomass), the model does not permit a direct comparison
with the Premium feed-in tariff since these plants also
achieve revenue from the sale of energy. For such a
comparison, we must reduce the percentage obtained in
Table 6 in function of the numerical relation between the
sale of energy and the subsidies (derived from Table 3).
Such an analysis demonstrates: (i) that the “revised value”
of the all-inclusive feed-in tariff is greater for wind plants
(67 %) than for solar ones; (ii) that biomass facilities have
a revised value of all-inclusive tariff amounting to a 48 %
share (constant for 10, 100 and 1 MW plants); (iii) 10 kW
hydro plants gather the bulk of their revenues (86 %) from
the sale of energy, while such sales revenues decrease to 55
and 44 % for larger 100 and 1 MW plants, in favour of
increasing income from subsidies.

Finally, the results highlight that the percentage of
subsidies compared to other revenues remains the same
for photovoltaic and biomass plants regardless of the
potential project size considered. The same happens for
those hydro and wind facilities eligible for Green Cer-
tificates. The government’s decision to tailor incentive
schemes relative to several classes of power has resulted
in higher tariff unit values for plants of small and
medium size. This choice is important, particularly given
the current economic situation where the proper use of
public funds is necessary. The tariff structure in effect
favours investment in smaller plants by decision-makers
such as families, condominium corporations, firms and
local public administrations, with potentially lower cap-
ital resources, as opposed to offering further funds to
speculative investors that may already have greater
resources for larger projects.

Sensitivity analyses

In this section, a sensitivity analysis is presented to show
how different values of the independent variables (costs
and revenues) impact on the estimation of the financial
indexes as shown in the base scenario of Fig. 1. Previous
qualitative and quantitative analyses (Chatzimouratidis and
Pilavachi 2009; Cucchiella and D’Adamo 2012a; Vikash
and Atul 2010) have identified the critical variables in
energy plant projects as being: FiT incentives, sales of
energy, selling price of electricity, initial investment costs,
operating costs and equivalent operating hours. We divide
the sensitivity analysis in two sections: first for the eco-
nomic variables, then the technical variables.
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Variation of the economic variables

We develop two positive and two negative scenarios with
respective increases/decreases in costs and revenues: of
10 % and by 20 %. The analysis demonstrates that in
almost all RE and plant-size scenarios the profitability of
the investment is verified.

As shown in Table 7, there are only five cases where the
NPV has a negative value, all of which occur in cases of
5 MW plant sizes. More specifically, negative results are
obtained for 5 MW biomass plants with a pessimistic 20 %
variation of all the variables (FiT incentives, selling price,
initial investment cost and operating cost). A negative NPV
is also observed for a 5 MW hydro plant in the case of a
20 % increase in investment cost. The sensitivity analysis
shows that the financial performance of biomass projects is
in general higher compared with those of other types of RE
plants. In this comparison of biomass and other sources,
some important observations are as follows:

e In all scenarios where there are optimistic variations of
critical variables, biomass is the best solution for all
plant sizes from 10 to 100 MW;

e For a 100 kW plant, biomass is the best source in all
scenarios where there are optimistic variations of vari-
ables, except for positive variation in the selling price.

e For a 5 MW plant under the optimistic scenarios of all
four variables, the higher NPV of biomass requires that
the baseline choice (which favoured the solar energy
source) must be changed to a biomass choice, under the
hypotheses that costs are decreased of 20 % and
revenues of the project are increased of the same 20 %;

e For 10 kW plants the best NPV under the base scenario
is achieved with hydro, but with a 20 % FiT incentive
increase the best source becomes biomass;

e For 1 MW plants the best NPV under the base scenario
is achieved with biomass, but with a 20 % FiT
incentive increase the best source becomes hydro;

The sensitivity analysis results, in keeping with previous
studies (Cucchiella and D’Adamo 2012a), indicate that the
impact of operating costs and selling price variables on
NPV is marginal compared to that of investment costs and
FiT incentives (except for 5 MW hydro projects). Thus,
observing changing economies of scale and learning,
government could define FiT subsidies in order to incen-
tivize the development of one renewable resource rather
than another, according to the objectives of its long-term
energy policy (Zhang et al. 2011).

Variation of the technical variable

We now carry out the sensitivity analysis for the effect of
equivalent operating hours. This variable depends

primarily on specific local conditions and on the technical
nature of the RE source. We hypothesise two positive and
two negative scenarios, with respective increases/decreases
of 200 and 400 h.

As shown in Table 8, the analysis verifies the profit-
ability of investment in almost all the scenarios (96.9 %).
The NPV values are negative in only three cases: 100 MW
wind and 5 MW hydro and biomass, under the most pes-
simistic scenarios. This result is due to two effects: the
incentive mechanism and the investment costs. In partic-
ular, when the investments are supported by Green Cer-
tificates and not by Feed-In Tariff it is possible to gain a
lower profitability. This effect is not offset by the scale
economy that can be recorded on investment costs.

With respect to the base scenario, the analysis reveals
the following useful information:

e For facilities between 10 and 100 MW in all the
optimistic scenarios, the original best base choice for
biomass, it is always confirmed;

e For some cases of 10 kW facilities, wind achieves an
NPV greater than the base choice of hydro;

e For 1 MW facilities the financial returns for hydro are
better than for the base choice of biomass;

e For some cases of 5 MW facilities, wind and biomass
would achieve a higher NPV than the base choice of
photovoltaic; and

e For 100 kW facilities, wind and hydro can sometimes
achieve higher profitability than the base choice of
wind resource.

Table 8 and 7 also identify the positive and negative
scenarios that stimulate the maximum and minimum NPV
for the various RE sources and plant sizes, as well as the
variable that has the greatest impact on NPV:

e For PV systems, the most significant NPV variations
are due to variation of equivalent operating hours: for
PV, NPV is more sensitive to operating hours than to
any other potential variable;

e For wind power facilities of 10 and 100 kW size, the
most significant NPV variations are due to variation in
the Feed-in tariff variable: for these smaller sizes, NPV
is more sensitive to incentives than to any other
potential variable;

e Biomass facilities also have a strong sensitivity to the
feed-in tariff variable. Especially for plants up to
1 MW, NPV variation is much more sensitive to FiT
than to equivalent operating hours; and

e As seen for biomass, hydro facilities up to I MW again
have a strong sensitivity to FiT, while for the other
dimensions there are varying results. For 5 MW plants
the maximum and minimum, NPVs are observed with
variation in investment costs, for 10 MW the extremes
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Table 8 NPV (k€) under Source Equivalent hours Plant
sensitivity analysis for
Equivalent operating hours 10 kW 100 kW 1 MW 5 MW 10 MW 100 MW
Wind 1,500 8 262 166 498 378 -3,272
1,700 14 325 464 1,946 3,247 24,610
1,900 (base) 21 387 763 3,395 6,115 52,492
2,100 27 450 1,029 4,844 8,984 80,375
2,300 33 512 1,324 6,292 11,852 108,257
Hydro 2,500 23 233 2,078 —-301 13,526 122,076
2,700 28 253 2,533 1,116 16,332 149,082
2,900 (base) 33 299 2,987 2,533 19,138 176,087
3,100 38 345 3,442 3,951 21,944 203,093
3,300 43 391 3,896 5,135 23,010 230,099
Biomass 3,150 8 246 2,449 —557 19,377 242,457
3,350 14 305 3,033 759 23,303 287,096
3,550 (base) 20 363 3,616 3,069 27,882 331,735
3,750 25 422 4,199 5,379 32,460 376,375
3,950 31 480 4,783 7,689 37,039 421,014
Photovoltaic 1,250 3 100 576 1,702 4,570 51,905
1,450 9 156 1,069 3,974 8,926 94,139
1,650 (base) 15 212 1,561 6,127 13,044 136,373
1,850 21 268 2,053 8,384 17,371 178,607
2,050 27 324 2,513 10,642 21,698 220,841
Table 9 NPV variations in optimistic scenarios of the paper, we analyse the environmental benefits
Variable Wind Photovoltaic Hydro Biomass  resulting from the use of renewable energy plants and
Feed In Tariff Y a4 38 % A% 70% propose some socio-economic policy considerations.
Investment costs I 35% 31% 35% 40 % . . .
Equivalent operating T 75 % 66 % 5% 41 % Environmental impact analysis

hours

are observed with variation in FiT, for 100 MW plants
with varying equivalent operating hours.

Finally, Table 9 provides a form of sensitivity compar-
ison to the economic and technical variables. It presents the
average NPV for the six potential facility sizes analysed
under the most optimistic scenarios for each variable (20 %
FIT incentive increase, 20 % investment cost decrease,
400 h equivalent operating hours increase). We observe
that equivalent operating hours tends to have the most
significant impacts on NPV.

Environmental impact analysis and policy
considerations

The results of the previous sections have shown that
investing in renewable energy is profitable, and have
demonstrated a methodology for choosing among various
options in developing an energy portfolio. In the final part

@ Springer

The market for renewable energy technologies has con-
tinued to grow, showing substantial potential to contribute
to sustainable development and also achieve significant
environmental benefits. Renewable energy is typically
environmentally friendly, especially with regard to air
emissions. In this section, the emissions and pollutants
released from renewable plants are compared to those
produced from fossil fuels. In order to estimate the
reduction of pollutant gases, we consider the Italian 2011
national energy mix regarding the portion composed
exclusively of fossil fuels (46 % natural gas, 43 % oil and
11 % coal). Applying the averages values for GHG emis-
sions per fuel source (Table 4), and excluding renewable
energy and imports, the total of Italian emissions is equal to
771 g of COyeq per unit of -electricity generated
(610*0.46 + 840*0.43 + 1182*0.11 = 771).  Referring
again to Table 4, we observe that average emissions from
renewable sources are, respectively 22, 41.5, 48.5 and
189 gCO,eq/kWh for hydro, wind, solar and biomass.
These emissions are low compared to those from fossil fuel
plants. We can in fact calculate the savings: for example, a
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Table 10 Reduction in GHG 10 kW 100 kW 1 MW 5 MW 10 MW 100 MW
emissions (tCO,eq/year) using
RE sources (base scenario) Wind 14 139 1,387 6,934 13,868 138,682
Photovoltaic 12 119 1,193 5,964 11,928 119,279
Hydro 22 217 2,173 10,866 21,733 217,327
Biomass 21 207 2,068 10,338 20,675 206,753
Table 11 Reduction in GHG emissions (tCO,eq/year)-Lifecycle GHG emissions for kWh
10 kW 100 kW 1 MW 5 MW 10 MW 100 MW
Min Max Min Max Min Max Min Max Min Max Min Max
Wind 13 15 131 146 1,312 1,462 6,559 7,309 13,118 14,619 131,177 146,187
Photovoltaic 11 13 112 126 1,121 1,265 5,605 6,323 11,210 12,646 112,102 126,457
Hydro 21 22 211 223 2,112 2,234 10,562 11,171 21,124 22,342 211,237 223,417
Biomass 15 27 146 267 1,460 2,675 7,302 13,373 14,605 26,746 146,048 267,458
Table 12 Reduction in GHG emissions (tCO,eq/year)-Equivalent operating hours
10 kW 100 kW 1 MW 5 MW 10 MW 100 MW
Min Max Min Max Min Max Min Max Min Max Min Max
Wind 11 17 109 168 1,095 1,679 5,474 8,394 10,949 16,788 109,486 167,878
Photovoltaic 9 15 90 148 904 1,482 4,518 7,410 9,036 14,820 90,363 148,195
Hydro 19 25 187 247 1,874 2,473 9,368 12,365 18,735 24,730 187,351 247,303
Biomass 18 23 183 230 1,835 2,300 9,173 11,502 18,346 23,005 183,457 230,050

hydro plant allows a saving per energy unit of 771—
22 = 749 gCO,eq/kWh. As seen in Table 10, the absolute
levels of savings are related to the plant size and its
operating hours. For example, a 10 kW wind plant, which
generates 19,000 kWh annually, allows a saving estimated
at 14 tCO,eq and a 10 kW biomass plant (which has an
output of 35,500 kWh) a saving of 21 tCO,eq.

In Table 4, we have observed that biomass plants have
an average level of emissions per unit of electricity that is
higher than for other renewable sources. However, since
the total annual GHG savings are linked to the number of
operating hours (Table 8), biomass plants actually achieve
total annual environmental performances that are “better”
than from wind and solar power. Only hydro exceeds the
performances of biomass plants: for these two sources the
difference in operating hours is less marked, thus hydro
achieves a greater reduction in emissions (Table 10).

We conduct a further sensitivity analysis to estimate the
reductions of emissions under different scenarios. The refer-
ence values are the extremes (min and max) identified in
Table 4 and Table 8, with respect to the lifecycle GHG emis-
sions (Table 11) and the equivalent operating hours (Table 12).

The purpose of the analysis is not to determine, whether
one renewable source is better than the others from an
environmental perspective. In fact, it is not possible to
identify such conclusions, since the various scenarios are

not associated with probability values, and we cannot
define which of them are most likely. However, the policy-
maker could use such analyses to carry out dynamic
assessments that further strengthen the results of the other
modelling, particularly by quantifying the reaction of
emission reductions to variations in plant energy produc-
tion capacities and operating hours. The sensitivity analysis
in regards to GHG emissions in fact highlights that under
varying contexts, biomass can achieve very significant
changes compared to the baseline scenario, while this does
not happen with the other renewable sources examined.

Policy considerations

Our comparisons of financial and environmental perfor-
mance allow a number of socio-economic policy consid-
erations regarding the use of renewable energy sources:

e The use of renewable energy protects the atmosphere
and produces climatic improvements, but when con-
sidering public policy on incentives, it is necessary to
conduct more precise analyses of the true environmen-
tal benefits. Biomass now provides the best perfor-
mance in terms of financial returns, but it also tends to
be the RE source that has the highest level of
atmospheric emissions per unit of installed capacity.

@ Springer
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e For policies intended to promote the development of
“distributed generation” systems, the attractiveness of
small installations is crucial. Incentive structures should
support choices to construct small installations, thus
promoting private-citizen investment in self-sufficient
energy. Incentives should also be designed to promote
investment in larger systems and not only for end user,
for example, on the part of businesses, industries and
public administrations.

e Incentive schemes should facilitate the development of
“industrial-level” supply and distribution chains. The
resulting competition between firms can push improve-
ments in quality of service and stimulate more afford-
able prices. This approach can eventually enable RES
industry to gain independence in the national energy
market even in the absence of incentive structures, and
in fact this scenario is now developing in many
countries as the result of long-term policies.

e National energy policies must be integrated with local
ones. In this way each territory provides supports that
are designed to maximize the social benefit for its
community, and thus for the nation overall.

Conclusions and future directions

The paper has demonstrated that investments in renewable
energy permit reliable and healthy long-term financial
returns with low levels of risk, and in fact guarantees of
future revenues are determined by subsidies. The trend for
the future is that such subsidies will be reduced; however;
the effects will be balanced by considerable reductions in
expenditure costs, determined both by the level of installed
power in each investment and by the increasing numbers of
firms entering the sector, thus favouring competitiveness.
In the current paper, we have relied on existing literature
and market reports to define the values applied in our
models; however, a further interesting approach would be
to develop predictive models that define the probability of
an outcome. In this way, it would be possible to provide
detailed analyses of one or more alternative scenarios other
those developed from the base observations.

In order to achieve efficient and effective incentive
schemes, the policy-maker must necessarily evaluate
several factors: the levels of technology costs, the types of
investors, environmental impacts and the benefits to the
whole economic chain. Many variables are subject to
change, and thus it is important to continuously monitor
the financial performance of renewable sources, both in
mature markets and in the case of those undergoing rapid
growth. Sustainability will only sustainable if it is also
profitable.

@ Springer

The results of the NPV analysis feed into the decision-
making process. The paper highlights the relevance of
properly sized facilities for the optimization of the
investment. Depending on size, any one of the different
sources analysed (biomass, hydro, photovoltaic and wind)
could be the more profitable project, while the limits on
size depends on the potential presence of constraints. Thus
an investor must complete an accurate definition of the
financial performance of the individual resources prepara-
tory to defining their optimal energy portfolio. At the level
of the local context, the geographic location and specific
sites for the generating plants play a major role in their
sustainability. With such context known, the investor can
define the technical, environmental and economic variables
with a high degree of precision.

The financial analysis has highlighted that the gain per
unit of planned capacity is greatest in facilities that benefit
from Italy’s “all-inclusive” Feed-in tariff and in biomass
plants in general. In a base scenario closely resembling the
current context, the plants with the greatest return per unit
of capacity (between 3.3 and 3.9 €/W) are 100 kW wind,
10 kW hydro, 100 kW, 1 and 100 MW biomass, while all
5 MW plants and several wind plants present low values, in
the range of 0.5-1.2 €/W.

The sustainability analysis highlights that the instances
of positive financial and environmental assessments do not
necessarily coincide. In fact biomass facilities not only
achieve greater profitability, but also cause greater pollu-
tion per unit of energy than do other renewable sources
(hydro, wind and photovoltaic produce average values of
22-49 gCO,eq/kWh, while biomass produces 189 gCO,.
eq/kWh). However, the total annual energy units produced
by biomass and hydro facilities are greater than the totals
from wind and solar plants of the same dimension, due to
higher values of equivalent operating hours, and thus result
in corresponding increases in total GHG savings, even with
the use of “dirtier” biomass. (For the example of the
smallest plant size, of 10 kW, biomass and hydro provide
reductions of greenhouse gases of 21-22 tCO,eq, while
wind and photovoltaic provide total annual reductions of
only 12-14 tCO,eq, compared to fossil fuels.)

In conclusion, our analyses support the general argu-
ment that the renewable energy sector is indeed strategic
for a sustainable future: renewable sources currently have
valid financial, environmental and social roles and will
continue to fill important roles under changing conditions.
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