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ABSTRACT

With 22 TWh of electricity generated in 2016, solar photovoltaic (PV) systems
contribute to meet more than 8% of Italian electricity demand, the third-highest share
in the world. Between 2006 and 2016, domestic PV capacity underwent a massive
scale-up, increasing from 37 to 19,300 MW. More than 90% of domestic PV
installations over the same period were supported by the feed-in tariff program Conto
Energia.

While the Conto Energia program was undoubtedly impactful in terms of
spurring domestic PV demand, the question of whether it was a cost-effective program
remained largely unanswered at the end of its implementation cycle. In 2016, annual
feed-in tariff payments for PV systems totaled approximately EUR 6 billion,
equivalent to about 0.4% of the Italian GDP. The estimated total cost of this incentive
scheme, throughout its full lifetime from 2006 to 2038, is about EUR 130 billion.
Given the scale of this financial burden, the possibility that Italy could have achieved
the same energy sustainability goals, but at lower subsidization costs and with higher
economic impacts, warrants serious investigation. The rationale for this analysis is not
only to conduct a posthumous assessment of sunken costs, but also to provide Italian
energy policymakers with useful methodological insights as they prepare to design
new policies to achieve the objectives set forth in the National Energy Strategy
published in 2017.

The methodological framework used in the present study is based on the

integration of three main methodologies: learning curves, energy scenarios, and input-
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output tables. The economic impact analysis was carried out within the frame of two
scenarios spanning the time period 2010-35. The reference scenario incorporates

historical PV deployment under the Conto Energia program between 2010 and 2016.
The counterfactual scenario assumes lower PV deployment between 2010 and 2020,
but higher energy-efficiency investments, so that the impact on reducing natural gas
demand and carbon emissions by 2020 is the same as in the reference scenario. Both
scenarios achieve the National Energy Strategy objective for PV generation by 2030.

Projections for PV system prices and their components for the two scenarios
were developed based on the historical relationship between prices and market, as
expressed by the learning-curve equation. Between 2002 and 2016, PV-system prices
in Italy observed a learning rate of 15%. A large part of the PV-system price reduction
can be explained by the reduction in module and inverter prices, two components that
are subject to global learning and economies of scale effects. However, local learning
effects also had a non-negligible impact on reducing PV system prices and in the
scenarios, and it is assumed that they will continue to do so.

Between 2010 and 2020, estimated subsidies paid to support PV deployment
under the Conto Energia program amount to EUR 73 billion in the reference scenario.
In the counterfactual scenario, estimated subsidies paid to support PV deployment and
the additional investments in energy-efficiency projects total about EUR 17 billion.
This suggests that a “wait and see” strategy, postponing support to PV deployment in
order to benefit from global learning effects and at the same time “free up” financial
resources to accelerate energy efficiency, would have probably had a significant effect

on reducing overall clean-energy subsidization costs in Italy between 2010 and 2016.
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The Input-Output methodology was used to estimate the gross output and
employment effects of the two scenarios. The calculation of output multipliers did not
show significant differences between the two scenarios in the three sectors analyzed
(PV Installation, PV Operation and Maintenance, and Energy Efficiency), while the
difference between employment multipliers was marked. The much higher
employment multiplier of the additional energy-efficiency investments in the
counterfactual scenario makes this scenario more efficient in terms of employment
mobilization. Averaging impacts in the three sectors, the employment multiplier for
the counterfactual scenario is about 15% higher than in the reference scenario.

Finally, the overall cost-effectiveness of the two scenarios was assessed by
dividing employment impacts by estimated subsidies. The twofold strategy underlying
the counterfactual scenario — to dilute support for PV technology over time and to
accelerate energy-efficiency investments — results in a ratio of employment impacts to
subsidies more than three times higher than in the reference scenario. This finding
suggests that at least part of the incentives disbursed to support PV deployment under
the Conto Energia program could have had a significantly more efficient impact in
terms of creating employment, while still having the same effect on contributing to
energy-sustainability objectives. It can be concluded that the Conto Energia program

had and still has a significant “opportunity cost” on the Italian economy.
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Chapter 1

INTRODUCTION

1.1 Problem Statement

By the end of 2016, the installed photovoltaic (PV) capacity in Italy totaled
19.2 GW1, generating about 22 TWh of electricity (GSE, 2017b). Over 2016, Italy
held the third highest share (8.4%) of PV generation of total electricity demand in the
world? , and the highest among G20 countries, also ranking fifth in the world for
installed cumulative capacity after People’s Republic of China, Germany, Japan, and
the United States (IEA-PVPS, 2017). PV generation and cumulative installed capacity
in Italy accounted respectively for about 9% of global PV electricity generation (285
TWh) and 8% of global PV cumulative capacity (228 GW) in 2015 (IEA-PVPS,
2017)3,

1 Electric power units that refer to photovoltaic systems are usually denoted by the “p”
subscript, e.g., KW,, MW,, GW, (Gigawatt-peak). This convention reflects the fact
that the power output of a PV module (the main component of a PV system) is a
function of solar irradiance and temperature, with the rated power of a PV module
achieved with standard test conditions (STC) of 1000 W/m? and 25°C. In the

remainder of this thesis, the “p” subscript will be omitted, and the power units used for
PV systems should always be intended as power obtained at STC.

2 The two countries with the highest shares of PV generation on total electricity
demand in the world in 2015 were Honduras and Kiribati (IEA-PVPS, 2017).

3 As a term of comparison, Italian electricity consumption is only equivalent to about
1.4% of global electricity demand (IEA, 2017).



These significant achievements in domestic PV deployment were the result of
support schemes introduced by the Italian Government, and in particular the feed-in
tariff (FIT) program called Conto Energia, which provided financial support for PV
installations from 2006 to mid-20134. As a result of the Conto Energia program,
domestic PV cumulative capacity increased from 25 MW (0.025 GW) at the end of
2005 to about 16.4 GW at the end of 2012 (an increase by a factor of 650). With
Conto Energia, annual installations grew from 6.5 MW (0.0065 GW) in 2006 to 3.64
GW in 2012, with a compound annual growth rate (CAGR) of 120%. Over the same
2005-12 time frame, global PV cumulative capacity grew by a factor of 23 (from 4.2
GW to about 99 GW), whereas global annual installations grew by a CAGR of 53%
(from 1.4 GW in 2005 to about 29 GW in 2012).

This pace of growth in domestic installations made the Italian PV market one
of the main drivers of global PV demand. In 2011, Italy had the highest annual
installations in the world (9.4 GW), while the Italian market accounted for about 17%
of cumulative global PV demand between 2006 and 2012.

This sustained market deployment was accompanied by a significant reduction
in PV system prices, particularly from 2008 onwards. As a result, electricity generated

from distributed PV systems® achieved grid parity® in the residential and commercial

4 The Conto Energia program ended in June 2013, but a residual quota of plants
admitted to the fifth FIT scheme was installed from July 2013 to 2016. See section
2.5.

5> The category “distributed PV systems” is defined by the IEA-PVPS as systems

“installed to provide power to a grid-connected customer or directly to the electricity
grid (specifically where that part of the electricity grid is configured to supply power
to a number of customers rather than to provide a bulk transport function®. The other
category of grid-connected PV systems defined by the IEA-PVPS is “centralized PV



sectors in southern Italy as early as 2013 (Politecnico di Milano, 2014), whereas
utility-scale systems achieved market parity’ in 2017 (Qualenergia.it, 2017).

While the success of Conto Energia in terms of supporting domestic PV
market deployment is indisputable, the costs and benefits of this FIT scheme, on the
other hand, have been subject to debate (see, e.g., Alesina and Giavazzi, 2013).

The benefits of PV or, more broadly, renewable-energy (RE) deployment that
are usually considered in cost-benefit analyses are: (a) economic impacts (output,
value added, and jobs created); (b) avoided emissions of carbon dioxide, other
greenhouse gases (e.g., NO2), and air pollutants (SOx, PM1y, etc.) as a result of the
“crowding out” of conventional electricity generation from fossil fuels; (c) improved
energy security due to avoided imports of natural gas; and (d) in the case of
renewables generating electricity, peak reductions in wholesale electricity prices that

are reflected in lower final electricity prices (IRENA, 2018).

power systems” which are defined as “PV power systems performing the function of a
centralized power station” (Castello et al., 2015: 211).

6 Grid parity for electricity generated from PV systems can be defined in different
ways. The conventional definition is “the moment when PV can produce electricity at
a price below the price of electricity” (IEA-PVP, 2016: 61). A “conservative”
application of this definition would only consider the equivalence between the LCOE
of PV systems and the variable component of the end-user price of electricity. The
grid parity definition used in the cited study from the Politecnico di Milano is based on
the equivalence between the actual rate of return of an investment in a PV system
(given current PV system prices) and a target rate of return (e.g., 4% for residential
systems). Grid parity achieved in Italy in 2013 was measured according to the second
approach (Politecnico di Milano, 2014).

7 Market parity for utility-scale PV systems is defined here as the ability to sell PV
electricity in the wholesale electricity market and compete with other generation
sources to an extent that the PV plant investment is economically viable without any
need of policy support.



An additional impact of a more qualitative nature that can be added to the
above-mentioned benefits is the policy compliance benefit, namely the higher
likelihood of achieving commitments undertaken within international energy and
climate policy frameworks as a result of the incentive-driven deployment of renewable
energy. For example, Italy was committed to the Kyoto Protocol target of reducing
greenhouse gas GHG emissions by 6.5% during the target period 2008-12, and the PV
deployment that took place after 2006 contributed significantly to the reduction of
carbon emissions in the electricity sector by displacing natural gas consumption. The
PV capacity installed under Conto Energia was also a significant factor that
contributed to putting the Italian energy system on track to achieve the 2020 target
(17% of gross internal consumption from RE sources by 2020) of the European Union
(EU) Renewable Energy Directive 2009/28/CE (GSE, 2017a). In fact, by 2017, the
2020 objective of the Directive was achieved in advance, in part due to the increase in
PV capacity between 2010 and 2013.

As far as its costs are concerned, at the end of 2016, FIT payments to owners
of PV systems installed under Conto Energia were estimated to be about 6 billion
Euros (EUR) (GSE, 2017a), equivalent to about 0.4% of Italian GDP. FIT Payments
for PV systems installed under Conto Energia will end in 20388, when the cumulative

costs of Conto Energia will reach an estimated EUR 130 billion®.

8 FIT payments were originally guaranteed for the first 20 years of operation of the PV
systems. The FIT scheme was retroactively modified by the Italian government in
2014, and as a result of one specific provision of this policy change, FIT payments for
PV systems larger than 200 kW were extended to 24 years. The last FIT payments are
expected to occur in 2038 (GSE, 2017).

9 Estimate from the author. Unless otherwise specified, monetary figures in this
chapter are in nominal terms.



The salient issue on Conto Energia is therefore whether or not the benefits
from the incentive program have been large enough to justify its costs to final energy
users, who pay for the incentives through a levy in their electricity bill. As of early
2018, this question remains largely unanswered. In particular, with the exception of a
single study (Cai et al., 2016), there is a distinct lack of scholarly, peer-reviewed
analyses looking ex post at the economic impacts of Conto Energia, carrying out such
analysis through the whole life cycle of the incentive program (until 2038), and
finally, comparing its impacts with a counterfactual scenario that can present
policymakers with useful insights.

Ultimately, notwithstanding the wide range of potential benefits related to PV
diffusion, the limited contribution from peer-reviewed literature on fundamental
aspects like economic impacts has constrained the policy debate on what the future of

PV technology in Italy could be to meet ambitious long-term decarbonization goals.

1.2 Rationale for Research

Seeing as the Conto Energia program was discontinued in June 2013, from the
point of view of Italian policymakers and the overall domestic economy, the costs
related to the implementation of this FIT scheme can now be considered “sunk
costs™10, Hence, at this stage, any “posthumous” economic-impact analysis (EIA) of

Conto Energia might be conceived as having limited value to decision makers. In fact,

10 In microeconomic theory, a sunk cost is a cost “that has already been paid, or must
be paid, regardless of any future action considered”. In theory, “sunk costs should not
be considered when making decisions” (Hall and Lieberman, 2012: 8).



from July 2013, the diffusion of PV technology in Italy has been supported by other
measures, such as tax deductions for residential systems and net metering, and
currently, no plans have been announced to reintroduce FITs for supporting PV
electricity generation in Italy.

However, an assessment of the economic impacts, such as employment
generated by PV deployment spurred by Conto Energia, both seen in the past and
expected in future years, can bring scholarly insights to the scientific community and,
most importantly, provide operational added value for policymakers. Research on the
economic impacts of PV deployment under Conto Energia, both historically and over
the years to come, can be of value to policymakers insofar as it can contribute to the
design of future energy policies. In the new, recently published Italian National
Energy Strategy (NES) (MSE, 2017), national policymakers (the Ministry of
Economic Development and the Ministry of the Environment) have set strategies to
achieve RE generation and energy efficiency (EE) targets for 2030 in compliance with
the relevant European Directives. The objective for solar PV set in the NES is a
generation of about 70 TWh in 2030, which would likely require an installed PV
capacity of approximately 57 GW1L. The ministries will need to implement specific
energy and climate policy measures to achieve the 2030 targets in the frame of the so-
called National Energy and Climate Plans.

In general, the rationale for conducting academic research on past and future

economic impacts of PV and, broadly speaking, clean-energyl2 technology (CET)

11 Assuming a “PV yield” of 1,225 kWh/KW (see Chapter 4).

12 In the context of this thesis, clean energy is defined to include RE and energy
efficiency.



diffusion in Italy is to advance scholarly knowledge on the methodological approaches
that can be used to conduct ex ante-economic assessments of alternative energy
policies aimed at pursuing a specific energy sustainabilityl3 goal. For example, a
targeted share of energy from renewable sources by a given future date can be
achieved with different mixes of renewable electricity sources, renewable heat
sources, biofuels, and energy efficiency. Energy efficiency can be a critical component
of such a policy mix, since it would reduce the magnitude of energy demand and thus
“amplify” the contribution of absolute increases in renewable generation to achieve a
targeted RE share on energy consumption. In a similar way, objectives to reduce
carbon emissions from the energy sector can be achieved through a least-cost low-
carbon mix by using so-called marginal abatement curves (Nauclér & Enkvist, 2009).
Therefore, ex ante-analyses can, in theory, help identify clean-energy policy mixes
that can bring maximum net benefits or economic impacts to the whole economy.
While previous analyses undoubtedly provided insights to advance knowledge
on the impacts of Conto Energia and incentive-driven RE deployment in Italy in
general (e.g., GSE, 2016b; Cai et al, 2016), there are still areas of research that deserve
more granular investigation. One such area is the analysis of trade-offs in allocating
financial resources to support the deployment of different clean energy options, for

example, between renewable energy and energy efficiency, as mentioned above.

13 Energy sustainability can be defined as the combination of three different
dimensions: (a) environmental sustainability of energy extraction, conversion, and use
(e.g. reduced greenhouse gas emissions and air pollution); (b) energy security; and (c)
energy access and affordability.



Another area that deserves academic research is the application of multi-
methodological frameworks that include learning-rate, cash flow, and economic
impact analyses to construct scenarios projecting the diffusion of RE technology, and
specifically PV in Italy. New knowledge that can emerge from this analysis also has
the potential to inform future energy policy design by providing novel data on metrics,
such as domestic learning rates, employment factors, output and employment
multipliers, and other indicators in the frame of alternative energy scenarios. It can
also help define priorities for public energy research, development, and demonstration
(RD&D) funding, which Italy has committed to double in the context of the Mission

Innovation initiative (Mission Innovation, 2017).

1.3 Research Questions

The main research question for which the present analysis will aim to provide
answers regards estimating, in the frame of a reference scenario, the magnitude of
economic impacts generated by historical PV deployment (to a large extent spurred by
Conto Energia) during the years 2010-16 and projected through to 2020. To provide
these answers, economic-impact analysis will estimate the output and employment
generated in the economic sectors in which PV-system demand positively impacted
production, directly or indirectly.

In order to provide a benchmark for comparison, the economic impacts of this
reference scenario will then be compared with those of a counterfactual scenario
based on different policy choices. The objective will be that of estimating the extent to
which economic impacts might have been different, had Italian policymakers opted for

a different strategy to support PV deployment.



The analysis will additionally aim to answer research questions relating to
longer-term, future PV deployment in Italy (e.g., up to 2030 and beyond). There are
two reasons for extending the analysis well beyond the historical time frame of 2010-
16.

First, as mentioned in the previous section, payments for the FITs will cease in
2038, and the size of the annual financial incentives paid (and to be paid) is significant
relative to the size of the Italian economy. Payments made to PV-system owners in
2016, financed through a levy on electricity prices, amounted to about EUR 6 billion
(roughly 0.4% of the Italian GDP). Therefore, Conto Energia also has an opportunity
cost in terms of an alternative, hypothetical use of the financial resources used for the
FIT payments. For instance, to achieve the same reductions in both emissions and
fossil fuel demand as was achieved with the historical PV installations under Conto
Energia, at least a part of these resources might have been used instead to support EE
projects (such alternative use will be described in detail in the counterfactual
scenario).

Second, between 2006 and 2013, in parallel with the PV deployment spurred
by Conto Energia, significant price reductions of PV systems took place in the
domestic PV market. A deeper understanding of the factors that have been driving
prices down since the very first phase of PV market commercialization, both on the
global scale and in Italy, can provide greater methodological strength in constructing
projections on investments in new PV systems or in operation and maintenance
(O&M) expenditures for future years.

If these reductions were also the result of learning effects in the so-called soft

costs (e.g. planning, permitting, and installation) and not only in the main components,



like PV modules and inverters (the price reductions of which are the results of global
market dynamics), then Conto Energia could also be credited with these learning-
effect benefits. It could be counterargued that such domestic learning effects might
have occurred even in the hypothetical case of delayed PV deployment, had access to
FIT incentives been made available at a later stage or spread over a time period longer
than the eight years (2006-13) of Conto Energia. However, the relatively fast FIT-
driven deployment during Conto Energia had the ultimate effect of dragging back PV
grid parity in a few market niches (see chapter 4). Without the significant market
growth under Conto Energia, grid parity might have been reached later and the
achievement of future energy sustainability objectives like those of the National
Energy Strategy by 2030 could have been more challenging for policymakers.

In this regard, the two most relevant research questions related to learning
dynamics and market competitiveness that will be addressed are: (a) to what extent the
different PV system componentsl4 have contributed to the observed price reduction
trend in Italy, and (b) what have been the driving factors of the price reductions for
each PV system component. A more specific question is whether the increase in the
domestic capacity spurred by the incentives has induced relevant learning effects in
the soft-cost components of PV systems and, if so, what the contribution of this factor
was toward the overall cost reduction of PV systems observed in Italy. Once the

driving factors behind the observed price-reduction trend are understood, then future

14 The main physical components of a PV system are PV module(s), inverter(s),
support structures, and other electrical equipment (e.g., cables). The cost of a PV
system includes also the so-called “soft-costs” related to the installation of the system
(e.q., the profit margin of the company, the costs of the installation work, permits,
etc.).
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PV system prices in the Italian market can be projected assuming specific market-
growth paths.

The scenario assessment extending to 2035 will complement the EIA from
2010 to 2020, with the objective of estimating any significant opportunity costs of
energy-policy choices made in the past with respect to incentivizing PV
commercialization. In order to address this broader question, scenarios will be based
on projections on PV installations, PV system prices, and clean-energy investments
alternative to PV. The research questions guiding the analysis are summarized in

Figure 1.1.

1.4 Research Methodologies and Scenarios

The economic impacts and costs of policies supporting PV commercialization
and, broadly speaking, RE diffusion, can be evaluated within the frame of so-called
Economic Impact Analysis. Economic impacts can be defined as “effects on the level
of economic activity in a given area” (Weisbrod & Weisbrod, 1997: 1) resulting from
an economic event (including a change in policy). Economic impacts can be viewed in
terms of (1) business output (or sales volume), (2) value added (or gross regional
product), (3) wealth (including property values), (4) personal income (including
wages), (5) jobs, and (6) welfare. Economic impact analyses can be assessed either
after the economic event has occurred (ex post-impact analysis, looking at historical

data), or before the economic event is expected to occur (ex ante-impact analysis), to
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cover the full time-frame where the policy is assessed to produce impacts (Weisbrod

& Weisbrod, 1997)15,

MAIN RESEARCH QUESTION:
What were/are the estimated economic impacts of the Conto Energia program introduced to
support PV deployment in Italy vis-a-vis a counterfactual scenario based on an alternative mix
of clean-energy policies? Were there any opportunity costs to policymakers? [CHAPTER 6]

A

What are the estimated PV investments, PV O&M expenditures, and alternative
(counterfactual) clean-energy investments in the time-frame chosen for the two scenarios?
What would the paths for PV installations be in the reference scenario and counterfactual
scenario? What would the subsidization costs be in the reference scenario? How can subsidy
costs be compared in the two scenarios be compared? [CHAPTER 4]

v

What time frame for the reference and
counterfactual scenarios can bring useful
insights to policymakers? Should the
analysis focus on the historical time
frame 2010-16 or be extended to include
projections through 2030 (horizon of the
NES) or 2035 (end of FIT-payment cycle)?
What would the alternative clean-energy
mix be in the counterfactual scenario?
[CHAPTER 4]

\ 4

What could the evolution of PV-
system prices be in Italy in the
future? Were local learning effects
an important factor in driving PV-
system prices down in Italy? What
were the learning rates of PV-system
prices and their components in
Italy?

[CHAPTER 3]

Figure 1.1 Logical Framework of Research Questions

15 Measurement of welfare effects can be carried out through welfare functions (e.g.,
equivalent variation functions) or through alternative indicators to GDP, such as the
Index of Sustainable Economic Welfare (ISEW; Daly and Cobb, 1989). Such
indicators often include the effect on the well-being of citizens of reduced

environmental pollution.
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ElAs usually estimate economic impacts in the frame of two scenarios, the (a)
reference or baseline scenario, which assumes the economic event under analysis
actually occurs, and (b) counterfactual or alternative scenario, built on the assumption
that the economic event does not occur. The four main methodological approaches
used in literature for the economic impact analysis of energy policies or simply policy-
driven deployment of a specific energy technology have been (1) employment
coefficients, (2) input-output (I-O) models, (3) full economic models and (4)
integrated modeling approaches combining two or all three of previous approaches
(Breitschopf, Nathani, & Resch, 2013).

Policies supporting RE deployment (the above-mentioned economic event)
that are the subject of economic impact analysis can consist of different measures, be
these market creations (e.g., renewable portfolio standards combined with green
certificates), capital subsidies, feed-in tariffs, or market regulation (e.g. net-metering
standards), among others. Financial incentives (e.g. capital subsidies and feed-in
tariffs) are usually paid through an increase in taxation of consumers and companies.
Market creation or regulation measures can result into higher energy generation costs
on the part of producers, which can be passed on to final consumers.

All these policies supporting RE deployment can produce both positive and
negative economic impacts, and these impacts are further differentiated into gross and
net effects. Gross positive economic impacts consist of a (estimated) positive variation
of GDP and employment due to the (a) new production in the RE sector (so-called
direct effects, consisting of the installation of RE systems) and linked industries (so-
called indirect effects, consisting of the production of all the components of RE

systems) spurred by the incentives, and (b) increased final consumption from the
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newly employed labor force (defined as induced effects). Conversely, gross negative
economic impacts consist of a negative variation of GDP and employment due to (a)
reduced production in the incumbent energy sectors (direct effects) and linked
industries (indirect effects) “crowded out” by RE deployment, which will also
determine a (b) reduction in consumption as a result of job losses in these incumbent
industries where production is reduced (induced effects). There can be different
degrees of complexity in estimating the induced effects, be these a simple
“endogenization” of the net increase in labor force (if any), resulting in higher
consumption, or an estimation of the so-called income and substitution effects
(Nicholson, 1998) generated by increased taxation to pay for financial incentives or
increased final energy costs. If impact analysis is also aimed at quantifying welfare
effects, these could “capture” both environmental benefits (such as reduced pollution
due to the avoided consumption of fossil-fuels) and energy security benefits resulting
from reduced imports of oil and natural gas into a specific welfare function embedded
in a macroeconomic model. The analytical output of the impact analysis will be the net
effects, measured as the difference between the gross positive impacts and the gross
negative impacts.

An economic impact analysis of policy-supported PV deployment in Italy
should ideally capture all the aforementioned effects generated by industries directly
impacted by PV deployment (e.g., manufacturing of PV-system components,
construction and installation of PV systems, along with their operation and
maintenance). However, for the sake of maximizing methodological solidity with
respect to the data available and models accessible, it was opted to focus the analysis

by estimating gross (direct and indirect) output and employment effects whilst not
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including the analysis of the induced or welfare effects. In fact, the literature review
suggested that comprehensive analyses of the economic impacts of policy-driven
deployment of a single RE technology at the national level that also include an
estimation of the price and substitution effects are uncommon, as these are usually
carried out for broad technology families (e.g. renewable energy, energy efficiency,
biofuels). In practical terms, this means that E1As of the deployment of a specific RE
technology have usually made use of 1-O models, which usually do not estimate the
price effects that are instead captured by full economic models (e.g. Computable
General Equilibrium Models or Macro-econometric models).

The major caveats of 1-O models, namely that they usually do not incorporate
the price and substitution effects that are generated, for example, by an increase in
taxation to pay for the RE incentives, might not be relevant in those cases where the
“no-policy” counterfactual scenario has no significant analytical value. This can be the
case, for instance, when the policies for which the impacts are estimated are the result
of previous international commitments, leaving policymakers only with room to look
for optimized, least-cost ways to achieve targets (e.g., reduction of CO2 emissions or
increase in the share of renewable energy in primary energy supply). In light of the
above considerations, the present analysis of the economic impacts of Conto Energia
will be carried out using the I-O methodology in the frame of a multi-methodological
framework that also includes the development of scenarios and the use of learning

curvesle,

16 A schematic of the methodological framework is shown in Figure 1.2.
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Figure 1.2 Modeling Framework
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In the preliminary research phase of the research, a review was conducted of
the most relevant literature concerning the application of learning analyses, 1-O
models, and integrated methodological approaches. This review focused on an
analysis of past and present models used, and was aimed at discerning critical aspects
that could determine the effectiveness of a specific modeling framework versus
alternative ones.

As already mentioned, the analysis will be aimed at estimating the gross
economic impacts between 2010 and 2020 of two different scenarios, combining ex
post- and ex ante-analysis: (1) a reference scenario that is based on historical data
between 2010 and 2016; and projections to 2020; (2) a counterfactual scenario,
characterized by delayed support for PV technology, where installed capacity by 2016
is lower than the reference scenario but where there is additional support for energy
efficiency so as to achieve the same reductions in natural gas demand between 2010
and 2020, as in the reference scenario. Furthermore, scenario projections are extended
to 2035 to assess the long-term opportunity costs of the PV-deployment path initiated
by Conto Energia that are embedded in the reference scenario, as well as the potential
subsidy savings of the counterfactual scenario. Both scenarios are assumed to reach
the PV objective of the National Energy Strategy by 2030.

The price reduction trend of PV systems in Italy and their main components
was analyzed so as to derive the Learning Rate, a metric that quantifies the percentage
reduction of cost and price for each doubling of installed (or production) capacity.
Experience curves were then used to project prices of key PV-system components in

Italy between 2017 and 2035.
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With projections on components of PV system prices from the experience-
curve analysis and PV annual installations exogenously determined in the scenario
analysis, annual investments in PV capacity and O&M expenditures are estimated for
both the reference and counterfactual scenarios. A grid-parity analysis was also carried
out to understand at which level of PV system prices the domestic PV market would
be self-sustaining. With data on PV investments defined in the frame of the two
scenarios, the analysis sets out to answer the main research question, that is, what the
economic impacts of these two pathways are over the 2010-20 time frame.

The scenario results are “fed” as inputs into the I-O model in order to estimate
the gross economic impacts (direct and indirect output and employment effects). The
I-O analysis consisted in the construction of the vector of the Italian PV industry
(installation and O&M), the technical coefficient matrix, the Leontief matrix, the
output and employment multipliers, and the calculation of the economic impacts.

The analysis concludes with a qualitative policy assessment that includes

policy recommendations.

1.5 Data Collection and Literature Reviews

The main sources of data for the analysis were reports published by private and
governmental entities as well as online databases. The reports that provided the most
important data included the National Survey Report of the International Energy
Agency (IEA) Photovoltaic Power Systems’ (PVPS) Programme (IEA-PVPS)
(Castello et al., 2003-2015; Tilli et al., 206-207), the Trends in PV Applications Report
from (IEA-PVPS, 2016; 2017), the Rapporto Statistico Solare Fotovoltaico from the

government-owned entity Gestore dei Servizi Energetici (GSE, 2009-2016), and the
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Solar Energy Report of the Energy&Strategy Group (Politecnico di Milano, 2014).
The 1-O table was obtained from the online database of the Italian National Statistics
Agency (ISTAT, 2015).

Literature reviews were conducted with the objective of providing the most up-
to-date knowledge on the methodologies used for and issues related to the application
of the experience curve and I-O methodologies to RE technologies, with a focus on
solar PV. The most important sources reviewed are detailed specifically in each of the
chapters. Literature reviews were also aimed at complementing the main data sources
in terms of extracting data useful for the analysis, such the price share of the different
PV system components, the operation and maintenance costs, and all the data needed
to construct the 1-O vectors for PV technology in Italy.

The most relevant sources reviewed on the economic impact analysis of PV
deployment or, more broadly, on the deployment of all renewable energy in Italy and
Europe, are based on the 1-O methodology, either before the peak-phase (2009-12) of
Conto Energia (CNES, 2007; Barbarella, Liberatore, & Galli, 2009; D’Orazio, 2009)
or after its end (GSE, 2016b; Cai et al., 2016). The EmployRES study (e.g., Ragwitz et
al., 2009) and the work carried out for the IEA’s Renewable Energy Technology
Deployment (RETD) Implementing Agreement (Breitschopf, Nathani, & Resch, 2013)
provided important methodological insights and guidelines for the construction of the
I-O vectors for PV technology in Italy. The book Input-Output Analysis by Miller and

Blair (2009) provided the broad conceptual framework for the 1-O analysis.
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1.6 Organization of Chapters

After analyzing the current status of PV technology in Italy and the most
relevant elements of the policy and institutional framework, Chapter 1 provides an
introduction to the research problem. This research problem is identified as a lack of
understanding the economic impacts of the Italian feed-in tariff program that
supported PV technology until 2013 (with an extension for specific categories of PV
systems until 2016) and of which the financial effects will continue beyond 2030. The
several, complex research questions that need to be answered to address this research
problem require the adoption of a multi-methodological framework that includes
experience curves, grid-parity assessment, and an input-output framework.

Chapter 2 analyzes the Italian PV market and policy support schemes as they
evolved from the very early phases of PV deployment (early 1990s) to the current
phase, as a transition to a fully self-sustaining market unravels. The single support
measure that provided an effective boost to the domestic PV market was the feed-in
tariff program Conto Energia, which was implemented in five phases from 2006 to
2013. After the Conto Energia program was discontinued, the domestic PV market
experienced a marked contraction, though the existing schemes (tax deductions for
residential systems, net-metering, and the Sistemi Efficienti di Utenza) were able to
support the market to achieve annual installations in the 300 to 400 MW range.
Moving forward, the policy framework will need to ensure a smooth transition to full
commercial viability of PV without any incentive.

Chapter 3 sets to analyze PV-system prices in the Italian market with the
objective of elaborating 2017-35 projections, as input for the scenario analysis. The
chapter first assesses the historical price-reduction trend of the different PV system

components observed in Italy between 2002 and 2016, building on granular data

20



collection. The experience curve methodology is subsequently used to estimate the
Learning Rate of PV systems in Italy over the same time period, looking also at each
of the main PV-system components (modules, inverters, installation costs, and other
elements). The role of local learning effects in the installation phase was subject to
particular scrutiny, in order to also understand the extent to which this factor could
play a role in future price reductions. Projections on PV-system components through
2035 are then elaborated, assuming a range of market-growth rates.

The scenarios framing the economic impact analysis of PV deployment
spurred by Conto Energia are discussed in Chapter 4. Projections are first elaborated
for PV installations, from which the soft-cost component (installation costs) of PV
system prices in each scenario are derived. Projections on PV-system prices are then
calculated by summing estimated prices for modules, inverters, and BOS (subject to
global learning effects) and for soft costs (subject to local learning effects). Next,
investments for construction and installation of PV systems and O&M expenditures of
PV capacity are derived for the two scenarios. Energy efficiency investments in the
counterfactual scenario are also estimated, from available literature. The extent of
government subsidies needed for investments in the two scenarios are calculated by
estimating the subsidy-equivalent of the FIT payments, the degree of subsidization of
energy-efficiency investments, and the commercial break-even point for PV
technology, after which incentives are not needed to ensure a commercially viable
market.

Chapter 5 discusses the theoretical framework for the economic impact
analysis. Economic impacts (both positive and negative) are realized through a

complex interaction of economic mechanisms that are first categorized into direct,
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indirect, and induced effects. A literature review was conducted to analyze the specific
models used in various academic and professional works estimating the impacts of
energy technology diffusion. From among all the available models, the input-output
modeling framework was judged as the one most suitable for carrying out the present
impact analysis.

The economic impact analysis of the reference and counterfactual scenario is
discussed in Chapter 6. All the methodological steps are described in detail, beginning
with the data collection necessary to construct the input-output vectors for the Italian
PV sector. The two PV I-O vectors (one for investments for the installation of PV
systems and the other for operation and maintenance on existing PV systems), a 12-
sector transaction matrix and the related coefficient matrix with 12 sectors were
constructed. Gross output and employment effects were estimated for the two
scenarios for the time frame 2010-2020.

Chapter 7 concludes the analysis, summarizing the results and linking these

with recommendations for Italian public decision makers.

1.7 Summary

Notwithstanding the significant contribution of PV technology to the Italian
electricity sector, there is a lack of empirical research on the economic impacts of the
main driver of PV market deployment in the past years, namely the Conto Energia FIT
program. Novel analysis that addresses this research gap can help policymakers design
more effective and efficient energy policies, where the economic returns of public
financial resources used to incentivize sustainable energy can be properly assessed. A

multi-methodological approach is used to answer several research questions related to
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estimating the economic impacts of Conto Energia throughout the whole life cycle of
the program. The methodological framework adopted consists of experience curves,

scenario analysis, and the input-output methodology.
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Chapter 2

THE EVOLUTION OF THE ITALIAN PV MARKET AND PV SUPPORT
POLICIES FROM 1992 TO 2016

2.1 The Evolution of the Italian PV Market from 1992 to 2016

Cumulative PV capacity in Italy at the end of 199217 was only 0.78 MW, most
of which was used for off-grid applications (Castello, Tilli, & Guastella, 2015). After
twenty-four years of incentive-driven deployment, by the end of 2016, PV cumulative
capacity in Italy reached about 19,300 MW, with a generation of 22.1 TWh (GSE,
2017) — meeting more than 7% of Italian electricity demand. From 1993 to 2016,
photovoltaics successfully transitioned from being a small niche market to becoming
the fourth source of electricity generation in Italy (after natural gas, hydro, and coal)?8,
The market deployment of PV technology in Italy has been supported by different
incentive schemes that have spanned over an almost thirty-year period (1988-2017).
The specific measures taken and their relative effectiveness has varied significantly

over time since the first support scheme was introduced in the late 1980s. Arguably,

171992 is the first year for which data on PV installations are reported by the National
Survey of the International Energy Agency — Photovoltaic Power Systems Programme
(IEA-PVPS).

18 Data used in this chapter are drawn from the Annual Reports (Surveys) of the IEA-
PVPS program (Castello, Tilli & Guastella, 2015), the annual Solar Photovoltaics
Statistical Reports of Gestore dei Servizi Energetici (GSE) (2008-2017b), The Solar
Energy Report, and the Renewable Energy Report of the Politecnico di Milano (2009-
2017).
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the attitude of policymakers towards PV technology has also been influenced by
several factors, such as the successful implementation of PV incentive programs in
Germany and Japan, the greater public interest in distributed renewable technologies,
and the cost-reduction trend observed in the market over time.

The pattern of PV market growth in Italy can be divided into four major stages.
The first period, from 1993 to 2001, is characterized by linear growth with cumulative
capacity increasing from 0.78 MW in 1992 to 8.35 MW in 2001. The second phase,
beginning in 2002, is denoted by an increase in annual installations spurred by the
introduction of a capital subsidy program, the Diecimila Tetti Fotovoltaici (10,000
Photovoltaic Roofs”) program. In the five years between 2002 and 2006, cumulative
capacity grew from 10 to 37 MW, a much higher increase in absolute levels than what
occurred during the ten years previous, from 1992 to 2001. The introduction of the
Conto Energia feed-in tariff (FIT) program in 2006 marks the beginning of the third
phase. From 2007 to 2011, the domestic PV market grew exponentially, with
cumulative capacity increasing from 37 MW at the end of 2006 to about 12,800 MW
at the end of 2011 (Figure 2.1). Annual installations grew from a volume of 70 MW in
2007 to a record 9,300 MW in 2011. In 2012-13, however, for the first time in twenty
years, annual PV installations exhibited a decreasing trend, with 3,400 MW of
installed power in 2012 and 1,618 MW in 2013. This market contraction was caused
by a marked decrease in FITs and their eventual phase-out in July 2013. The fourth
phase, which can be defined as the post-FIT phase, begins in mid-2013 and can be
considered as a transition from a (previously) strongly incentivized market (Conto
Energia FITs often provided returns higher than 15% to owners of PV systems) to one

with moderate policy support (e.g., capital subsidies for residential PV systems and a
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net billing scheme) in order to accompany PV technology to market viability without
support measures. Between 2014 and 2016, PV annual installations returned to the

2008 levels, hovering around the 300 to 400 MW range.
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Data sources: Castello et al. (2002-2015) ; GSE (2009-2017).

Figure 2.1 PV Annual Installations and Cumulative Capacity, 2007-2014

2.2 Historical Trends in the Different PV Market Niches and Applications
Understanding how PV technology was deployed in different segments or

niches of the Italian market can provide useful data and insights for the first analytical
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steps in the methodological framework, such as the examination of the reduction trend
in PV system prices over time.

Of the 19.3 GW of grid-connected cumulative PV capacity in Italy operating at
the end of 2016, almost 40% of installations were distributed 19 (up to 200 kW of
rated power), while the remaining 60% was made of centralized systems (above 200
kW of rated power). The shares of these two market segments on PV annual
installations varied significantly over time. At the onset of the implementation of the
FIT program in 2006, these shares were 82% and 18% for distributed and centralized
systems, respectively.

While in 2009 distributed PV systems and centralized systems had equal shares
in annual installations, the share of distributed PV gradually decreased to about 30%
in 2011. Between 2010 and 2012, centralized power systems had more than half of the
market share, with a peak of about 70% of annual PV installations in 2011. This trend
of decreasing market shares for distributed PV systems was reversed in 2012, and
from 2013, the latter increased their share markedly, reaching 83% of annual
installations in 2016 (Table 2.1), when the shares of PV cumulative capacity were

about 60% and 40% for centralized and distributed PV systems, respectively.

19 The category distributed PV systems is defined by the IEA-PVPS as grid-connected
systems “installed to provide power to a grid-connected customer or directly to the
electricity grid specifically where that part of the electricity grid is configured to
supply power to a number of customers rather than to provide a bulk transport
function®. The other category of grid-connected PV systems defined by the IEA-PVPS
is centralized PV power systems, which are defined as “PV power systems performing
the function of a centralized power station” (Castello et al., 2015: 211). This thesis
will use a simplified definition based on rated-power ranges as specified in the text.
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From these trends, it can be inferred that during the first part of the

aforementioned market phase (from 2007 to 2011), that is, during the first three

schemes of the Conto Energia program, the policy framework was particularly

attractive (in relative terms) for centralized power systems. From 2012 onwards, on

the other hand, the policy framework privileged distributed PV systems.

Table 2.1 Annual Installations and Cumulative Capacity of Distribute and Centralized
Grid-connected Photovoltaic Systems

Annual Installations Cumulative Capacity

Year Total PV Distributed PV?®) | Centralised PV® |  Total PV Distributed PV®) | Centralised Pv®

(Mw) (%) (%) (Mw) (%) (%)
2002 2 100% 0% 10 35% 65%
2003 4 100% 0% 14 53% 47%
2004 4 100% 0% 19 64% 36%
2005 7 100% 0% 25 73% 27%
2006 12 100% 0% 37 82% 18%
2007 70 69% 31% 107 78% 22%
2008 338 62% 38% 445 66% 34%
2009 723 50% 50% 1,168 55% 45%
2010 2,321 38% 62% 3,489 43% 57%
2011 9,304 29% 71% 12,793 33% 67%
2012 3,646 46% 54% 16,439 36% 64%
2013 1,746 62% 38% 18,185 38% 62%
2014 424 82% 18% 18,609 39% 61%
2015 307 84% 16% 18,916 40% 60%
2016 382 83% 17% 19,299 41% 59%

Note: (a) ‘Distributed PV’ refers to PV systems up to 200 kW of rated power; (b) ‘Centralized

PV’ refers to PV systems above kW of rated power.

Data sources: Castello et al., 2002-2015; GSE, 2009-2017; Politecnico di Milano,
2008-2014; author’s estimates.

Looking at a more granular categorization of PV systems: residential PV

systems (1-20 kW) had the highest share of annual installations (55%) in 2016,

followed by commercial (20-200 kW — 28% of the market), industrial (200-1000 kW —
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10%), and utility-scale (above 1000 kW — 7%) systems (Figure 2.2). The sector with
the highest share of cumulative PV capacity in 2016 was industrial systems (38%),
while residential, commercial, and utility-scale systems had about 20% of installed

capacity each (GSE, 2010-17).
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Figure 2.2 Annual PV Installations by System Size, 2009-2016

Another common categorization of PV applications is that distinguishing
between building-applied (BAPV), building-integrated (BIPV), and ground-mounted
PV systems20. At the end of 2016, there were about 11.4 GW of BAPV systems and

20 BAPV systems are defined by the IEA-PVPS program as PV systems on rooftops
installed as a retrofit on the building envelope (IEA-PVPS, 2016; Castello et al.,

29



7.9 GW of ground-mounted systems installed21. The shares of these two applications

on the PV market varied markedly over time (Table 2.2).

Table 2.2 PV Capacity in Italy by Market Segment: Ground-mounted and BAPV
Systems, 2002-2016

Annual Installations Cumulative Capacity

Year Total PV | Ground-mounted PV BAPV® Total PV | Ground-mounted PV BAPV®

(Mw) (%) (%) (MW) (%) (%)
2002 2 0% 100% 10 65% 35%
2003 4 0% 100% 14 47% 53%
2004 4 0% 100% 19 36% 64%
2005 7 0% 100% 25 27% 73%
2006 12 0% 100% 37 18% 82%
2007 70 7% 93% 107 11% 89%
2008 338 27% 73% 445 23% 77%
2009 723 50% 50% 1,168 40% 60%
2010 2,321 41% 59% 3,489 41% 59%
2011 9,304 50% 50% 12,793 48% 52%
2012 3,646 22% 78% 16,439 42% 58%
2013 1,746 28% 72% 18,185 41% 59%
2014 424 8% 92% 18,609 40% 60%
2015 307 3% 97% 18,916 40% 60%
2016 382 2% 98% 19,299 39% 61%

Note: (a) See footnote [21] for definition of BAPV systems

Data sources: Castello et al., 2002-2015; GSE, 2009-2017; Politecnico di Milano,
2008-2014; author’s estimates.

2015). BIPV systems are defined by the same IEA-PVPS program as “PV modules
doubling [sic] as construction products, which are integrated in the building envelope
as part of the building structure, replacing conventional building materials and
contributing to the aesthetic quality of the building as an architectural component”
(IEA-PVPS, 2017:36). For the sake of simplicity, in the remainder of this thesis, the
term BAPV will be used to refer to both BAPV and BIPV systems as defined by the
IEA-PVPS program.

21 Estimate from the author based on different sources (Castello et al, 2015; GSE,
2016; Politecnico di Milano, 2014).
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Between 1993 and 2001 (first market phase), more than 80% of PV capacity
was installed in the niche of ground-mounted PV systems22, Between 2002 and 2006
(second market phase), BAPV made up the bulk of annual PV installations. From
2007 to 2013 (third market phase), both market segments experienced exponential
growth in absolute terms. Annual installations of ground-mounted systems grew at
much higher pace than BAPV systems until 2011 (when annual installations of the
former were about 4,600 MW and made up 50% of the market), but then reduced to
less than one-third of the market in 2013. During the fourth phase (second half 2013 to
end of 2016), the market reduction was more marked for ground-mounted

installations, which had a decrease in volume to less than 10 MW in 2016.

2.3 The Early Phases of PV Technology Deployment in Italy

The deployment of PV technology in Italy began in the late 1980s, with the
realization of several demonstration projects for both grid-connected PV (rooftop and
ground-mounted applications) and stand-alone systems. The National Energy Plan of
1988 had an objective of 25 MW of PV installations by 1995. While this target was
not achieved, Italy was nonetheless the top ranked country in Europe for cumulative

installed capacity during the first half of the 1990s (IEA-PVPS, 2002).

22 The IEA-PVPS defines "Centralized PV Power Systems" as a “power production
system performing the function of a centralized power stations. The power supplied by
such a system is not associated with a particular electricity customer, and the system is
not located to specifically perform functions on the electricity grid other than the
supply of bulk power. Typically ground mounted and functioning independently of
any nearby development.” (Castello et al., 2015: 21).
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An FIT scheme was introduced for centralized PV power stations as early as
1992. Furthermore, the Italian Government was also committed to supporting the
deployment of PV technology through research, development, and demonstration
(RD&D) activities. These policies had an important effect on the domestic PV
industrial system, with Italy being among the global leaders in industrial production of
PV modules until the mid-1990s.

In 1996, however, the national PV program was discontinued and Italy lost its
leadership in PV (Ferrazza et al., 2002). This decrease in research funding and
inadequacy of support measures caused a significant slow-down in the domestic
market, and for rooftop PV systems in particular. While between 1992 and 1996
cumulative domestic PV capacity had almost doubled, increasing from 8.5 MW to 16
MW, the increase between 1997 and 2001 was of a modest 3 MW, with cumulative
capacity at the end of 2001 totaling 20 MW (Castello et al., 2015). As a result, Italy
lost the status as technology and market leader that it had, until then, shared with

Germany, Japan, and the United States (US).

2.4 The 10,000 PV Roof National Program

The national program 10,000 PV Roofs, a capital-subsidy scheme for small PV
systems, was introduced by the Ministries of Environment and Industry in 2001
(Castello et al., 2002). Under this program, capital subsidies were made available to
individuals, private companies, and public entities for rooftop PV systems ranging in
size from 1 to 20 kW and connected to the low-voltage electric grid. The subsidy was
calculated as a percentage of the capital investment, initially set at 75% (and later

decreased to 65%). This program lasted about four years (2001-04) and was
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articulated in three different sub-programs: (1) a national program for public entities;
(2) a national program for PV systems with high architectural value; and (3) regional
programs for private and public entities.

The 10,000 PV Roofs program was characterized by two distinct financing
cycles. The first phase was concluded during the first months of 2002 and saw the
installation of 2,000 PV systems for about 11 MW. The second phase started in 2002
and was concluded in 2005. As a result of this capital subsidy program, PV capacity
installed in Italy increased from 22 MW at the end of 2002 to 37.5 MW at the end of
2005. However, the management of the program at the local level by the Regions was
characterized by significant bottlenecks, in particular the lengthiness of the approval
and financing process, which reflected a general lack of technical capacity by local

authorities.

2.5 The Conto Energia Feed-in Tariff Program (2006-2013)

After the encouraging results of the capital-subsidy program and the positive
outcome of the FIT program in Germany, in 2005, an FIT program (Conto Energia)
was also launched in Italy. This first Conto Energia scheme was followed by four
different revisionary schemes over the 2007-13 period.

The first FIT scheme was introduced in July 2005 (with substantial revisions
made in February 2006) and was in effect until late 2006. Tariffs were diversified
based on size (ranging from a minimum of 1 kW and classified in different segments)
and type of systems (ground-mounted vs. BAPV), and were also fixed for 20 years
(but with FITs for new plants set to decrease by 5% each year). Tariffs under this first

Conto Energia scheme varied from 0.445 EUR/KWh for PV systems up to 20 kW (but
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only for the PV electricity produced used for self-consumption by the PV-system
owner) to 0.46 EUR/KWh for PV systems with rated power from 50 to 100 kW
(regardless of whether the PV electricity generated was used for self-consumption or
fed into the grid). The decree that introduced this first FIT scheme had an objective of
300 MW of PV capacity by 2015 and a cap of 100 MW of the same PV capacity to be
supported with FITs.

This first FIT scheme rapidly had a positive impact on PV diffusion, given that
the total cap of cumulative capacity (100 MW) was reached only 9 days from the
publication of the decree. In total, the first Conto Energia scheme supported the
installation of 163 MW.

The second Conto Energia scheme was introduced in February 2007 and was
characterized by a simplification of procedures and a reduction of tariffs. Another
major difference was that tariffs for PV systems between 1 and 20 kW were granted
not only to self-consumed electricity, as in the previous scheme, but now to all PV
electricity generated (regardless of whether self-consumed or fed into the grid). PV
systems eligible for the twenty-year tariffs were classified into three categories:
integrated, partially integrated, and non-integrated.

The maximum capacity to be supported with this scheme was set at 1,200 MW,
with a goal for cumulative capacity of 3,000 MW by 2016. The second Conto Energia
was slated to be phased out in December 2010, but new legislation introduced in
August 2010 (the so-called Salva Alcoa Decree) also granted the tariffs to PV plants
installed before the end of 2010 but connected to the grid during the first half of 2011.
The total capacity supported by the second Conto Energia amounted to about 6,800

MW. Under this second scheme, the Italian PV market shifted from a “niche”
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dimension (with 70 MW installed in 2007) to much larger volumes (2,300 MW in
2010).

Due to the marked reduction in PV system costs and the significant increase in
domestic demand (+1100% in annual installations in 2009 with respect to 2007
levels), in August 2010, policymakers revised the incentive program with the third
Conto Energia scheme, which was approved after a five-month legislative vacuum.
The main changes introduced were a simplified classification of plants, the
introduction of new capacity caps for specific categories of plants, and a general
reduction of tariffs. PV systems were classified into three categories: (1) “solar PV
plants” (with tariffs differentiated between two subcategories: (a) “plants on
buildings”; and (b) "other plants", the latter subcategory including ground-mounted
systems); (2) “integrated plants with innovative characteristics” (aimed at substituting
the architectural elements of a building); and (3) “concentrating PV plants”23,

The FITs, which were diversified for these categories and for different capacity
intervals, were granted for twenty years for all electricity generated (regardless of
whether self-consumed or fed into the grid), but were subject to a 2% annual decrease.
The tariffs varied in relation to the size of the PV systems and were also scheduled to
decrease along three different implementation phases. For example, in the first
implementation phase (January — April 2011), tariffs for BIPV plants ranged from

0.40 to 0.333 EUR/kWh whereas for ground-mounted plants, the interval was from to

23 Tariffs for technologically innovative plants were to be introduced with a
subsequent implementation decree, which was never issued because of the approval of
the fourth Conto Energia FIT scheme that further reformulated the classification of
plants.
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0.362 to 0.297 EUR/KWh. In addition to FITs, PV plant owners could also opt for net
metering (only for plants up to 200 kW) or for selling the electricity not self-consumed
(either to GSE, the electricity market, or to wholesalers). Furthermore, several
premium tariffs were also introduced for special cases such as, for example, a 10%
increase for PV plants replacing roofs with asbestos. The capacity that could be
supported by the incentives was capped according to the different categories, ranging
from 200 MW for PV concentrating plants to 3,000 MW for BIPV systems and other
plants. The 2020 objective was set at 8000 MW of PV installed capacity. This third
scheme was in force for only five months (January — May 2011) and supported the
installation of 1,535 MW.

The continued drop in module prices coupled with the sustained growth of
installations, particularly ground-mounted plants at utility-scale (above 1 MW), raised
concerns about the financial sustainability of the program and the excessive use of
agricultural land. Consequently, in May 2011, a fourth FIT scheme was introduced
with the aim of achieving a more balanced composition of PV capacity, with a higher
share of small, BAPV plants with respect to large, ground-mounted plants. The PV
capacity target was revised to 16 GW by 2016. The major features of the fourth Conto
Energia scheme were: (1) a further simplification of the classification of plants; (2) a
further decrease in tariffs; and (3) a revision of the cap on capacity to be supported by
incentives combined with a cap on the total cost of incentives. Tariffs were reduced
for all types of plants, with an average decrease in the order of 24.5% for BIPV and
25.5% for other plants. The scheduled reductions for tariffs were established on a
monthly basis for plants installed in 2011, and on a semester basis from 2012. The

combined cap on the financial cost of the incentive scheme and on the maximum
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capacity of big plants to be supported by the incentives was established on a semester
basis. For example, for the period June 2011 — December 2012, the cost limit was set
at EUR 580 million, and the capacity target at 2,690 MW. The capacity cap was
translated into a limited access to incentives through the creation of a register for big
plants. Applications for inclusion in the register were ranked according to different
criteria, such as whether the PV plants were already operating at the date of the
submission of the application, whether construction works were already completed,
the date of permits, the size of the plants, and the date of submission of the
application. Following the same approach as the third scheme, the fourth Conto
Energia scheme also included premium tariffs for BIPV plants with innovative
characteristics and for concentrating PV plants. The provision of these premium tariffs
reflected policymakers’ intent to support the pre-competitive research of national
companies in market niches considered to still be in the development stage. Another
new feature of the fourth FIT scheme was the provision of a premium 10% increase in
tariffs for those PV systems for which at least 60% of the cost could be tracked to
components produced within the European Union (EU). However, the cumbersome
and contradictory implementing measures of this specific provision in the context of
falling costs of cells and modules made this premium tariff virtually ineffective in
supporting EU production. Overall, the fourth FIT scheme supported the installation of
7,600 MW of PV systems.

The fifth and last phase of the Conto Energia program was introduced in July
2012. The most important changes to the previous scheme were: (1) a further
reduction in the FITs (see Table 2.3); (2) the obligation for all PV systems with a

capacity higher than 12 kW to compete for the incentives through a ranking system in
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the frame of a specific national register (the threshold for the previous scheme was set
at 200 kW for BIPV systems and 1 MW for ground-mounted systems); (3) the setting
of a financial cap of EUR 6.7 billion per year as the maximum annual cost for the FIT
scheme (for plants installed throughout of the five phases); (4) the partitioning of the
tariff in two components: (a) a “comprehensive tariff” for the PV electricity that was
fed into the grid; and (b) a “self-consumption bonus” tariff for PV electricity that was
consumed on-site (see Table 2.3); and (5) the incompatibility between the FIT scheme
and other forms of market support such as net metering and ritiro dedicato (a
simplified purchase agreement of electricity generated by PV systems, alternative to
FITs) (Politecnico di Milano, 2013: 87-88). The ranking of PV systems in the national
register was based on different criteria such as the (certified) energy efficiency of the
building (in case of building-integrated systems), the possibility of replacing asbestos
in old roofs, the use of components manufactured within the EU, the installation on
special sites (brownfields, depleted mines, etc.), the integration of PV systems (with
capacity lower than 200 kW) with a production activity, and other building-integration

criteria (e.g. greenhouses).

Table 2.3 Feed-in Tariffs of the Fifth Conto Energia between January and May 2013

Building-applied PV systems Other PV systems

Capacity Comprehensive Self-consumption Comprehensive Self-consumption

tier tariff bonus tariff bonus
(kw) (Euro/kwh) (Euro/kWh) (Euro/kwh) Euro/kWh)

1-3 0.182 0.1 0.176 0.094
3-20 0.171 0.089 0.165 0.083
20- 200 0.157 0.075 0.151 0.069
200 - 1,000 0.13 0.048 0.124 0.042
1,000 - 5,000 0.118 0.036 0.113 0.031
> 5,000 0.112 0.03 0.106 0.024

Data source: GSE, 2014a
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The main effect of the reduced tariffs and extension of the capacity range with
the obligation of registration procedure was that of driving the market towards
installations of a lower size relative to the fourth Conto Energia scheme.

The financial cap of EUR 6.7 billion set by the Italian Government for the
annual cost of the Conto Energia program was reached in July 2013. Hence, from the
second half of 2013, FITs were no longer available to support PV installations except
in specific categories, which benefited from the incentives of the fifth Conto Energia
until September 201624,

In 2014, the Italian Government issued a legislative decree2> (Spalma
Incentivi) that introduced retroactive changes to the FITs for plants with rated power
higher than 200 kW, effective from 1 January 2015. Owners of PV plants had to
choose from among three options: (1) a reduction of the tariff (between 17 and 25%)
coupled with an extension of the entitlement period to 24 years (vs. the initial 20
years); (2) a reduction of the tariff (between 10% and 26%) in a first phase followed
by an increase (of the same absolute percentage of the initial decrease) in a second
phase, with the total duration of 20 years remaining unchanged; and (3) a reduction of
the incentive for the remainder of the entitlement period in the order of 6% for plants
up to 500 kW of rated power, 7% for plants from 500 kW to 900 kW, and 8% above
900 kW (Politecnico di Milano, 2015).

24 Two of these categories were: (a) public-sector entities, which had access to the
incentive until 2015; and (b) owners of new PV systems located in specific provinces
hit by earthquakes (GSE, 2017a).

25 Legislative Decree n. 91/2014.
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Table 2.4 summarizes the results of the five schemes of the Conto Energia
program, which between 2006 and 2013 supported the installation of 550,587 PV
systems with a capacity of 17,734 MW (more than 90% of PV capacity in operation at
the end of 2016). More than 80% of the capacity installed was supported by the

second and fourth schemes.

Table 2.4 Summary of Results of the Five Conto Energia Schemes

FIT Scheme Years active PV Capacity supported
MW (%)

First Conto Energia 2006-2009"! 163 0.92%
Second Conto Energia 2007-2011 6,840 38.57%

Third Conto Energia 2011 1,555 8.77%
Fourth Conto Energia'®’ 2011-2013 7,772 43.82%

Fifth Conto Energia 2012-2016" 1,404 7.92%
Total 17,734 100.00%

Note: (a) the first and fourth scheme had “tails”, for which PV plants under specific conditions
could still be installed with tariffs of the latter schemes event if the following FIT scheme
(hence the second and the fifth) were already operational (therefore benefiting from higher
tariffs); (b) From July 2013 to 2016, the available incentive scheme was extended for selected
applications — see footnote [25].

Data source: GSE, 2017a

Overall, the Conto Energia program was not a stable policy framework, with as
many as five schemes in eight years of implementation, the third of which lasting only
five months, and even including a legislative vacuum lasting five months.
Furthermore, the retroactive changes introduced in 2014 to reduce the financial costs

of the program added further perception of policy instability on the part of installers.
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2.6 The Post Conto Energia Policy Framework

After Conto Energia was discontinued in 2013, individuals and private
companies could still have access to other forms of incentives available for the
installation of PV systems. The main policy measures that supported PV installations
between July 2013 and the end of 2016 were: (1) tax deductions; (2) net billing; and
(3) “Sistemi Efficienti di Utenza” (see section 2.6.3). Outside of the category of
policy measures that have either directly provided for financial incentives (e.g. tax
deductions) or reduced the “weight” of system charges (e.g., net-billing or SEUs) to
distributed PV producers, there are also other measures or enabling regulatory and
market frameworks supporting PV market diffusion in Italy. At the time of this writing
(December 2017), the market deployment of PV technology is also being supported
through a “command-and-control” approach, requiring new residential buildings to
install at least 1 kW of PV capacity on roofs (Castello, Tilli, & Guastella, 2015)26.
Owners of commercial and industrial PV systems can also enter into power purchase
agreements (PPAS), the so-called “linee dirette” (direct lines), with industrial
customers. These linee dirette are expected to bring significant growth to the Italian

PV market between 2018 and 2019 (Bellini, 2017).

26 PV projects could also qualify for the emission of "White Certificates", which are
tradable certificates issued by GSE to subjects that implement qualifying energy
efficiency measures or that install qualifying renewable energy systems (Codegoni,
2014). At the time of writing, however, there is no data available that quantify PV
capacity installed through projects entitling to white certificates. "Sistemi di
Distribuzione Chiusi" (SDC) are another measure expected to support PV residential
installations, but its application is still limited to niche areas. SDCs are private electric
grids that allow the exchange of electricity, including that produced from distributed
renewable systems, among prosumers (Qualenergia, 2015a; Redazione di Qualenergia,
2017a).
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2.6.1 Tax Deductions

Expenses incurred by individuals for the installation of a PV system on
existing buildings are considered “interventions finalized to improve energy
efficiency” by recent Italian Budget Laws and, as such, a portion of these can be
deducted from personal income taxes. The possibility of deducting expenses for PV
system installation was also available during the period of implementation of the
Conto Energia program, however the two incentives could not be cumulated and
individuals largely opted for the Conto Energia FITs. The current tax deduction rate is
set at 50% of the installation cost. This deduction is not available for PV systems
installed on residential buildings already under construction before the introduction of
this provision, or for commercial and industrial buildings (regardless of whether pre-

existing or under construction).

2.6.2 Net Billing

The market diffusion of PV technology in Italy has also been supported by the
option made available to PVV-system owners in specific capacity tiers to exchange
electricity with the distribution grid, under specific conditions that can qualify as a
form of incentive and which are referred to by the IEA-PVPS as either net metering or
net billing.

In a net-metering scheme, the PV electricity fed into the distribution grid is
remunerated at a value equal to the full retail price (including system costs and

charges)2’. PV-system owners are remunerated for the total value of the PV-electricity

21 Additional incentives (Belgium) or additional taxes (Arizona, US) might be added
to a net-metering scheme (IEA-PVPS, 2017).
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fed into the grid through a compensation that offsets (reduces) electricity costs, and
this is usually carried out by the distribution utility. This compensation — which can be
defined as an energy compensation of electricity flows — can take place during a
period of time that could range from a few months to even years. In a net-billing
scheme, there is no full energy compensation of electricity flows, but there can be
different prices attributed to self-consumed and produced electricity, coupled with
additional features (e.g. the export-price guarantee in Italy) (IEA-PVPS, 2016:41).

Broadly speaking, both the net metering and net billing schemes can be defined
as incentives, as the electricity generated by a PV system that is fed into the grid is
remunerated (usually by the distribution utility) at a price higher than wholesale
electricity prices. The costs of these schemes can either be borne by utilities (e.g. in a
few US states) or by the Government (e.g. in Italy). These two schemes can be an
important prerequisite to increasing the financial attractiveness of investing in a PV
system, as on average, not more than 30% of the electricity generated by a residential
PV system is self-consumed (unless an energy storage system is available) (Jager-
Waldau, 2016).

The provisions related to net metering and net billing in Italy (referred to as
Scambio sul Posto) have changed significantly over time, with the first relevant
legislation introduced from the Authority for Energy and Natural Gas (AEEG) as early
as in 2000 and the last modifications implemented in 201228,

The economic compensation to the PV-system owner took place annually and

was calculated on the basis of the physical difference between the electricity

28 "Delibera" n. 224/2000 and n. 570/2012, respectively.
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consumed from the grid and the electricity fed into that same grid. Electricity
distribution utilities were legally obliged to carry out the compensation in electricity
bills and to bear implementation costs.

The net-metering system was revised into a first net-billing scheme that was in
place from January 2009 to December 2013. Under this scheme, the value of PV
electricity fed into the grid was not remunerated as equal to the full retail price, but
was calculated on the basis of a complex formula that took into account different
factors, the most important of which was the wholesale price of electricity in the
specific market region. The underlying assumption of this method of calculation was
that the value of PV electricity fed into the grid should vary with supply and demand
dynamics in the electricity market rather than being aligned with the full retail price,
which also includes system charges. As a result, only when regional wholesale prices
of electricity were extremely high was the value of the net-metered electricity
equivalent to the retail electricity price. Another major difference with respect to the
previous system was that compensation was paid not by the distribution utility but
rather by GSE (Politecnico di Milano, 2013).

The legislative provisions on net metering introduced in December 2012 (and
still in place at the time of this writing) further modified the calculation method of the
Scambio sul Posto. The two major changes introduced by this scheme were: (1) a
different methodology for “pricing” electricity consumed; and (2) a cap on the
compensation component for system charges (onere servizi) for plants with rated
power higher than 20 kW. According to simulations conducted by the Politecnico di
Milano in 2013, the modifications introduced resulted ceteris paribus only in slightly

lower economic benefits to residential PV system owners, whereas there were no
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negative impacts on commercial PV systems with respect to the previous net-billing
system (Politecnico di Milano, 2013).

Overall, the impact of the revisions to the net-metering and net-billing systems
introduced from 2008 onwards was that of gradually increasing the gap between the
retail price of electricity and the economic value assigned to the PV electricity fed into
the grid. As a result, PV-system owners had the incentive to maximize the quantity of
self-consumed PV electricity. Since the December 2013 revisions were implemented,
the sizing of PV systems has been more “constrained” and there has been no premium
placed on PV systems that were oversized with respect to the consumption needs of
PV-system owners. A more recent effect of net-billing legislation has been that of
incentivizing the market uptake of dispatchable PV systems (PV systems with energy
storage), which, however, still need a significant capital subsidy for the energy-storage

component to ensure market viability (Politecnico di Milano, 2017).

2.6.3 Sistemi Efficienti di Utenza

Sistemi Efficienti di Utenza29(SEU) can be broadly defined as a network or
system of distributed electricity generation and consumption. The characteristics of an
SEU are defined by legislative decrees 115/08 and 56/2010 as “a system where one or
more renewable energy or high-efficiency cogeneration power plants with nominal

capacity not higher than 20 MW, installed on the same site, that can be owned by an

29 Sistemi Efficienti di Utenza can be literally translated as “Efficient-User Systems”.
The IEA-PVPS Annual Report maintains the original Italian name in the paragraph
describing Italian policies (IEA-PVPS, 2016).
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individual or a company other than the final user of the electricity generated, are
directly connected — through a private grid without the obligation of granting access to
third parties — to the consumption units of one final customer (individual or legal
entity). The power plant can be realized within the premises of the final customer or
made fully available to the latter” (Politecnico di Milano, 2013: 107).

An SEU can hypothetically consist of a small-to medium enterprise (SME)
installing a PV system on the roof of its building and entering into a power purchase
agreement (PPA) with another SME located in the same industrial district. The PV-
system owner will first use the electricity generated to meet its own demand and then
sell the excess electricity to the entity with which it has entered into a PPA. The PV
electricity will obviously have to be sold to the final customer at a lower price than the
variable component of retail price of electricity from the distribution utility. In fact,
the price competitiveness of electricity sold under an SEU is supported by an
exemption to distribution and transmission charges, which, assuming a connection to
the distribution grid at 150 kW, added about 0.04 EUR/KWh to the retail price of
electricity on top of a “net” price of 0.15 EUR/kWh in 2013 (Politecnico di Milano,
2013: 110).

2.6.4 Effects of the Post FIT Framework on PV Deployment

As mentioned, after the discontinuation of the Conto Energia FIT program in
July 2013, the volume of annual PV installations decreased significantly to levels
roughly between 300 and 400 MW. While the absolute reduction relative to market

levels experienced in 2010-12 was significant, the Italian PV market between 2014
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and 2016 repositioned itself at roughly the same volumes observed in 2008, during the
third year of implementation of Conto Energia.

Overall, as a result of the positive impacts of the tax deductions and the net
billing scheme, the post-FIT incentive framework has been successful in supporting
the market of systems up to 200 kW. For systems above 200 kW, the SEUs and lastly,
the Sistemi di Distribuzione Chiusi (SDC) did not help to enhance significant volumes
in industrial applications, due to legislation establishing a very narrow scope of
application for their implementation (Politecnico di Milano, 2016).

As far as utility-scale plants (above 1 MW) are concerned, installations in the
three-year frame 2014-16 were less than 10% of the market, and mostly related to the
“tail” of the fifth Conto Energia scheme. These included plants installed in
geographical areas hit by the earthquakes in 2015 and 2016, for which the possibility
of access to the FITs was granted as part of recovery policies.

In the broader frame of the PV transition to full-market viability without
incentives, the Italian PV market can be included among the early-movers globally. In
2017, so-called market-parity was achieved in Central Italy, where a 1 MW PV plant
was installed without the support of any incentive scheme, and installers expect it will
achieve targeted returns entirely through the wholesale of electricity (Qualenergia.it,

2017).

2.7 Summary
In the early 1990s, Italy was among the global technology and market leaders
in the PV sector. The momentum gained with the first incentive and R&D programs,

however, was gradually lost, with modest or no growth in PV installations throughout

47



the rest of the decade. At the beginning of the 2000s, Italy was well behind the PV
market leaders (Japan, Germany), both in terms of domestic market and industrial
capacity.

Support was stepped up in 2002, with the introduction of a national capital-
subsidy program, which effectively provided the conditions for higher growth in the
market. Cumulative PV capacity doubled from 2002 to 2006, when it reached 37 MW.
The capital subsidy program gave new impetus to the domestic PV market but annual
installations were still below the 10 MW volume. Consensus was reached within the
policy-making community that domestic PV market deployment had to step up its
pace to reach more ambitious deployment objectives. Therefore, the Italian
government decided to follow the path of Germany and Spain with the introduction of
an FIT program (Conto Energia).

The Conto Energia program boosted the Italian PV market from 12 MW in
2006 to about 3,600 MW of annual installations in 2012 (with a peak of about 9,500
MW in 2011). The rapid growth in the market was fostered by as many as five
different FIT schemes, which progressively reduced tariffs and introduced different
provisions related to the typology of PV systems eligible for incentives, capacity caps,
etc. Under the Conto Energia program, PV technology market successfully
transitioned from serving a small niche of applications to becoming the fourth largest
source of electricity generation in Italy.

In July 2013, Conto Energia was discontinued and since then, PV deployment
in Italy has been mostly supported by three support measures: tax deductions, net
billing, and Sistemi Efficienti di Utenza. The combination of these three measures, in

addition to the regulatory obligation to install PV in new buildings, helped maintain
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market volumes in the 300 to 400 MW-range between 2014 and 2016. Tax deductions
and net billing were particularly effective in supporting the market for residential and
commercial PV systems. In 2017, market parity was achieved for utility-scale

applications in Central Italy.
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Chapter 3

PV SYSTEM PRICES AND LEARNING EFFECTS

3.1 Introduction

Economic impact analyses (EIA) of clean-energy technology deployment need
to incorporate30 the cost data of those energy technologies whose diffusion might
give rise to economic impacts of interest to policymakers. More specifically, unit cost
data (e.g., USD/KW of PV installed capacity) and projected market demand are needed
to estimate the investment costs necessary to deploy a specific clean-energy
technology3!. These investment costs, along with the operation and maintenance of
running capacity, produce variations on employment and economic output that can be
assessed by economic impact analyses. These costs may be found in historical data or
may need to be estimated from available data specifically to construct ex-post
counterfactual scenarios or analyze scenarios that can project a given technology’s

future diffusion32. Cost data are usually not disclosed by companies producing

30 Cost data of energy technologies are treated as exogenous parameters (inputs) in the
various models that can be used to carry out EIAs, but might also be endogenous if the
EIA is carried out through application of a computable general equilibrium (CGE)
model (see chapter 5).

31 The values of these investments, which are often referred to as deployment or
market-diffusion investments, are obtained by multiplying installed capacity (e.g., in
power units such as MW or GW) by cost per unit of capacity.

32 Scenarios can be broadly defined as possible pathways of energy systems (at global,
regional, national, and local levels) based on sets of assumptions (see chapter 4 for a
full definition). The term projection is used in the frame of the energy scenarios
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components for clean-energy technology systems (e.g., turbines for power plants,
modules for PV power plants) or by those active in the installation segment of the
market. In fact, the difference between price and cost, often referred to as a mark-up,
is a commercially sensitive parameter. For this reason, cost values of energy
technologies are, for the most part, estimated from price data which, for renewable
energy technologies, are made available to the public in reports published by
international organizations (e.g., the International Energy Agency of the International
Renewable Energy Agency) or research institutes (e.g., US the National Renewable
Energy Laboratory).

Prices of PV systems33 vary significantly across geographical areas and market
niches. Values reported to the International Energy Agency’s Photovoltaic Power
Systems (IEA-PVPS) program in 2016 for residential systems ranged from 1.05
USD/W in the People’s Republic of China (lowest value) to 2.93 in the United States
(average value) and 3.13 USD/W in Switzerland (highest value). Average prices
reported to the IEA-PVPS program for ground-mounted systems ranged from 1.30
USD/W in China to 1.49 USD/W in the US to 2.93 USD/W in Japan. PV-system
prices in Italy in 2016 ranged from about 1.10 USD/W for ground-mounted plants to
1.34-1.73 USD/W for residential systems34 (IEA-PVPS, 2017).

analyzed herein to denote all estimated future values of a given metric (e.g., capacity,
prices, investments). The meaning of projection should not be confused with forecast
(see also chapter 4).

33 Unless specified differently, all metrics related to PV systems refer to grid-
connected systems.

34 The IEA-PVPS program carries out annual surveys of PV power applications and
markets in the program’s 29 member countries.
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PV technology has experienced a rapid decline in prices since the mid-2000s.
As a term of comparison: the lowest residential PV system price in 2005 among IEA-
PVPS reporting countries was 5.5 USD/W in Denmark. In 2016, the lowest price
reported for residential PV systems in Denmark was 1.18 USD/kW. Indeed, over the
2002-16 period, PV system prices for residential systems in Italy decreased by about

80%35 (Castello et al, 2002; Tilli et al., 2016).

3.2 Evolution of PV-System Prices and Their Components in Italy

Developing projections on PV-system prices to be used in scenario analysis
requires, first and foremost, the collection and analysis of historical data using a
breakdown of the main PV components. Historical data on PV system prices should
ideally be disaggregated by their four main components, namely: (1) module, (2)
inverter, (3) balance-of-system (BOS36 - e.g., mounting system, DC cabling,
transformer, infrastructure, and grid-connection), and (4) project engineering and
installation (the latter are often referred to as soft costs).

The breaking down of the price into these four components allows for an
investigation of the role that different factors (e.g., economies of scale, learning by
doing, technological innovation, etc.) have had in determining cost reductions for each

component. Once there is enough data to characterize the historical cost-reduction

35 From an estimated 8.65 USD/W in 2005 to 2.23 USD/W in 2014 (the latter
calculated as average between the lower and upper-bound figures provided by IEA-
PVPS (2016).

36 The IEA-PVPS program carries out annual surveys of PV power applications and
markets in the program’s 29 member countries.
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path according to a set of parameters (e.g., the progress ratio — see section 3.3), then
these parameters can be used in scenario analysis to project future price values.

Data collection activities on PV system prices and their cost distribution in
Italy have been carried out through a review of the technical literature available. Data
on PV system prices in Italy began to be systematically reported in 2002 in the IEA-
PVPS report National Survey Reports of PV Power Applications in Italy (Castello et
al., 2003 — 2014; Tilli et al, 2017). Price data reported on IEA-PVPS national surveys
is disaggregated either by capacity range (e.g., 1-3 kW, 3-20 kW, 20-100 kW, etc.) or
by market niche (distributed versus centralized power systems). Data on PV system
prices from 2008 to 2016, including a breakdown into the different components, were
also reported by the Energy & Strategy group of the Politecnico di Milano (Politecnico
di Milano 2009-2017)37. Altogether, these two sources have allowed for the
construction of a database of prices for PV systems in Italy with a breakdown of the
four aforementioned components from 2002 to 2016. The results of this data collection
and subsequent elaboration are shown in Table 3.1.

In Table 3.1, both the terms price and cost are used to refer to PV systems and
their components. The term price is used for (a) PV systems, (b) modules, and (c)
inverters, as these elements can be purchased as stand-alone products from producers,
distributors, or system integrators (installers). Conversely, the term cost is used for (d)

BOS components, and for (e) soft costs (project engineering, installation, permitting,

37 The breakdown into the different components of PV system price data was included
in the reports published by the Politecnico di Milano only from 2010 to 2013, and in
2016. Before 2010, modules and structures were often aggregated into one price
component, and the same applied to inverter and other electrical equipment.
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etc.), as these elements are categories used strictly for definitional purposes in order to

aggregate several elements, some of which are intangible (e.g., overhead costs of the

installers that are part of the project engineering and installation component).

Table 3.1 Prices and Costs of PV Systems and Major Components in Italy, 2002-2016

Project eng.
PV system and installation
nominal PV module Inverter BOS (soft costs)
Year average price average price® | average price’® average cost average cost
(Eur2016/kW) (Eur2016/kW) (Eur2016/kW) (Eur2016/kW) (Eur2016/kW)

2002 9,154 4,239 1,098 1,465 2,352
2003 8,732 3,919 1,048 1,397 2,368
2004 8,358 4,106 1,003 1,337 1,912
2005 8,060 4,070 967 1,290 1,733
2006 7,077 3,903 714 1,132 1,328
2007 6,874 4,130 540 1,027 1,177
2008 5,799 3,654 504 702 939
2009 4,094 2,200 433 534 926
2010 3,653 1,742 378 511 1,022
2011 2,380 1,076 332 464 507
2012 2,031 777 278 430 547
2013 1,761 690 217 351 503
2014 1,781 703 210 344 524
2015 1,754 700 200 333 521
2016 1,385 684 193 323 186

S —

% Variation -85% -84% -82% 78% -92%

2002-2016

Note: (a) Prices of modules and inverters include a wholesale trade margin estimated as a
share of PV system costs. The wholesale trade margin share is assumed to decrease from 7%
in 2002 to 3% in 2016.

Data Sources: Castello et al., 2002-2015; GSE, 2009-2017; Politecnico di Milano,
2008-2014; author’s estimates.

Average prices (reported in constant EUR(2016)/kWp) of PV systems in Italy
between 2006 and 2016 had a reduction of 80% (and of 85% from 2002), which is the

aggregate result of reductions for each of the four aforementioned components. Price
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reductions for each of the four components were 86% for soft costs, 82% for modules,
73% for inverters, and 72% for the BOS38. The reduction in the prices of PV modules
amounts to about 57% of the total PV-system price reduction between 2006 and 2016,
followed by soft costs (20%), BOS (14%), and inverter prices (9%).

The shares of the different components on total PVV-system price did not see
significant variations between the values reported in 2006 and in 2016 (see Figure
3.1). The largest variations were those of PV modules (from 59% in 2006 to 49% in
2016) and soft costs (from 19% to 14%). The share of the BOS cost increased from
16% to 23%, whereas that of the inverter price increased from 10% to 14%. However,
the share of PV modules on total PV-system prices varied significantly over the period
observed, increasing up to 63% in 2008 and then continuously decreasing to current
values from 2009.

The cost of silicon is often cited as one of the factors behind the price rise of
PV modules between 2004 and 2007 (Trappey et al., 2016), which translated into an

increased share of PV modules on total PV-system prices in Italy.

3.3 The Learning Process
The objective of this section, and the remainder of this chapter, is to analyze
the price reduction of PV systems in Italy at the most granular level of methodological

scrutiny possible through the application of experience curve methodology and to

38 For the purpose of this specific analysis, prices in real terms are needed to quantify
the effects of the different cost-reduction drivers net of inflation, which will be
required to estimate the learning parameters in the following section.
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examine the learning dynamics of PV systems and their components in the Italian

market.

2006 2016

Data sources: Castello et al., 2003-14; Politecnico di Milano, 2009-17; Tilli et al.,
2017.

Figure 3.1 Distribution of PV System Cost by Component in Italy, 2006 vs. 2016

Technological innovation or technological progress is considered one of the
most important driving factors of economic growth (Solow, 1957). Arrow (1962)
argued that technological innovation is an endogenous factor of economic growth.
That growth is, to a significant extent, determined by a learning or learning-by-doing
process, which is, in turn, driven by different factors, such as the acquired skills of the
labor force or better organization of labor at production facilities.

In its most basic definition, learning is defined as a process whereby the
human capital participating in a production process “learns” from experience, reducing

the time or quantity of other inputs required to produce a unit of the final product. The
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learning process may relate to the production process (e.g., innovations in the
production line of a given product) or to product changes (e.g., better design,
standardization of different variants of a product). As a result of accumulated learning
in the production process, production costs will (according to theory) be characterized
by a decreasing trend. In fact, one of the variables used in learning analysis is the level
of cumulative production achieved since the beginning of production (t = 0). For
example, as cumulative production increases, the technical personnel in charge of the
operation of a production plant will increase their knowledge of the production
process. New experience is likely to result in improved operation of the production
process, reduced production stops, and optimized output. Machinery used in the
production process is also subject to a learning process. For example, through the
repeated use of machinery, it may be possible to achieve a higher efficiency of
operation, or the same machinery can be replaced by more advanced equipment which
incorporates more innovative technologies (Isoard and Soria, 2001).

The expectation of a high likelihood of learning effects in a production process
might provide producers with a rationale to fix prices of new products at a level low
enough to accelerate the growth of sales and cumulative production in order to, in
turn, generate that expected learning at a faster pace. This strategy allows producers to
gain a comparative technological advantage on competitors and achieve a dominant
position in the market (Isoard & Soria, 2001). In other words, the learning process can
create entry barriers in a market by providing competitive cost advantages to those

producers who entered the market in the early phases of product diffusion.
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While economies of scale39 and learning effects are two different cost-
reduction factors, in practice, it is often difficult to separate the net effect that either of
these factors have in reducing production costs. In fact, the great majority of the
learning curves for renewable energy technologies published in literature are single-
factor learning curves, and even analyses on multi-factorial learning curves (MFLC)
do not separate the effects of learning-by-doing from economies of scale in
determining cost-reductions (Isoard and Soria, 2001; Nemet, 2006; Byrne and
Kurdgelashvili, 2011). The complex interrelationship between economies of scale and
technological learning promotes a continuous evolution of the socio-economic and
technological environment, where innovation is generated and a process of technology
diffusion takes place. Learning effects and economies of scale can reinforce each other
in determining a decrease of production costs. For example, if an increase in output is
characterized by economies of scale, cumulative production is likely to grow at a
faster pace, triggering additional learning effects. However, if there are so-called
diseconomies of scale (Grubler, 2010), the impact of learning effects may not be
sufficient to effect a reduction in costs.

Due to the combined effect of the various factors involved, which can vary
significantly over a time frame that is short-run, the learning process can be better
analyzed over long periods of time. As a result, several doublings of cumulative
production are considered necessary to discern a specific trend. Furthermore, learning

effects can be sought at the micro-scale (e.g., in the context of an enterprise attempting

39 Economies of scale are intended here in the conventional microeconomic meaning
of “cost advantages” that arise when the average production (unit) cost decreases with
increasing output.
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to increase its competitiveness) or at a broader scale through a country’s economic,

technological, and industrial policies.

3.4 The Learning Curve

Learning curves depict the relationship between the reduction in total
production costs of a given product (including capital, marketing, R&D, labor, etc.)
and the increase in cumulative production. The learning curve concept can be
considered a widely accepted methodology within economic theory and technology
diffusion analysis (Isoard and Soria, 2001).

Figure 3.2 is an example of a learning curve of photovoltaic modules during
the period 1976-2014, where the y-axis displays price (logarithmic scale), the x-axis
shows cumulative production (logarithmic scale), and the learning curve is depicted as
a trendline based on a power function.

Learning curves were used initially for the analysis of production processes
characterized by a significant contribution of the labor factor of production, whereby
the skills and experience of the labor force are fundamental dimensions of the
production process (particularly in industries using production lines). In fact, among
the different kinds of industries, the highest learning rates were seen in manufacturing
industries where production is based on standardized processes or procedures and
characterized by a high intensity of human capital. In a later phase, learning curve
analysis was extended to all kinds of industries. It was found that a higher intensity of
non-human capital in an industry correlates with a lower learning rate (Isoard and

Soria, 2001).
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Data sources: Maycock, 2002; Mints, 2012; Feldman et al., 2015
Figure 3.2 Learning Curve of PV modules, 1976-2014

The basis of the learning curve or experience curve methodology is the
equation
Ci = Co*X(E 3.1)
In this equation, Ct is the unit production cost of the technology or product at time ‘t’,
CO0 is the unit production cost at time 0 (the constant of the equation), X is cumulative
unit production at time ‘t’, and E is the experience index (IEA, 2000). An alternative

equation used in the literature is
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C, = Cy (g—z)b (3.2)

In this equation, Qt is cumulative production. Since X in (1) is cumulative production
expressed in terms of physical units produced at time 0 (a value that might be higher
than unity), the two expressions are algebraically equivalent for X; = (Q#/Qo) and b = -
E. The experience-curve equation allows the estimation of the constant percentage of
decline in cost at each doubling in cumulative production. Thus, the so-called
Learning Rate (LR) obtained from the experience index is as follows:

LR=1-2F (3.3)

An alternative and specular metric to the learning rate is the Progress Ratio

(PR):
PR=2F (3.4)

The experience index “E” can be derived from (3.1) as follows

__ InCo—InC;
E= InXt (3:5)

Obviously, the reduction in costs of a given technology depicted by the learning curve
can be determined by several factors, of which learning-by-doing is only one40. Other
cost-reduction factors discussed in the literature are economies of scale, learning-by-
searching, input price reductions, and supply-side subsidies reducing production costs
(Nemet, 2006; Sagar and Van der Zwaan, 2008; Byrne and Kurdgelashvili, 2011; Yu

etal., 2011; Trappey et al., 2016; Maule6n, 2016).

40 The effect of different factors other than learning-by-doing in explaining cost
reductions might highlight the “incongruence” of the definition of learning curve as
such.
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3.5 Literature Reviews on Experience Curves Applied to Photovoltaic Modules

The learning-curve concept has been extensively applied both to analyze the
historical cost-reduction process of PV modules (and to a lesser extent, of PV systems,
inverters, and other PV-system cost components) as well as to elaborate projections on
prices.

The first reported study on the use of learning curves for PV technology was
published in 1975 by Maycok and Wakenfield, who analyzed the pre-mass
commercialization trend in the cost of PV modules, estimating a LR of 20% between
1965 and 1973 (Harmon, 2000). Williams and Terzian (1993) estimated a LR of 18%
for PV modules between 1976 and 1992. Harmon (2000), reported an estimate of a
20% LR between 1968 and 1998.

Poponi (2004) analyzed technology diffusion paths for PV systems based on
estimates on the historical LR for PV modules over the period 1975-2001, and on
calculated break-even price levels for different market applications. He concluded that
photovoltaics could have entered the market niche of building-integrated applications
(residential PV systems) without incentives in the first years of the 2010s, assuming a
continunation of the historical LR of 20% and an average annual global market growth
rate of at least 15%.

Nemet (2006) looked at the role of a wide range of factors affecting the cost
reduction process of PV technology. Between 1975 and 2001, module efficiency, plant
size, and silicon costs were the three most important factors in driving down the prices
of PV modules, and he concluded that learning-by-doing had only a weak statistical
relationship with these three factors.

Neij (2008) discusses an analytical framework for the analysis of future cost

reductions of new energy technologies for electricity generation (including
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photovoltaics). The methodological elements of this integrated framework are
experience curves, bottom-up analysis of sources of cost reductions, and judgmental
expert assessments.

Ferioli et al. (2009) developed a model in which technology cost is determined
by two components: one that exhibits learning, and another characterized by constant
cost over time. The theoretical justification for this model was that some cost
components, such as those that require a high input of raw materials (e.g. steel support
structures in PV systems) or labor, might not exhibit cost reductions over time.

Bhandari and Stadler (2009) use experience curves to project PV module costs
until the year 2060. PV electricity generation costs are calculated for Germany for
both the wholesale and retail electricity markets, and grid-parity years are estimated.

Byrne and Kurdgelashvili (2011) modeled PV technology diffusion in the US
in the frame of a scenario extending to the year 2050 using experience curves and
logistic curves. The experience curve was developed for PV systems in the US over
the period 1998-2005, with an estimated LR of 13.8%. A two-factor learning curve
was developed to also assess the impacts of research and development (R&D)
activities with estimation of the learning-by-innovating index, complementing the
learning-by-doing one.

Yu et al (2011) used regression analysis to investigate the statistical
relationship between unit costs of PV modules and the following factors: learning by
doing, economies of scale, silicon prices, and silver prices. Results of the analysis
indicate that all these factors are statistically significant. Yu et al. also described the
methodology used to create a multi-factor learning curve and projected PV-system

prices in the frame of two scenarios.
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Trappey et al (2016) developed a hierarchical learning curve model to
estimate the effects of several factors (including the cost of raw materials) affecting
the price of PV systems in Taiwan. They conclude that the reduction in PV system
prices correlates not only to the increase in cumulative capacity in the Taiwanese
domestic market, but also to the cost of silicon in international markets.

Mauleon (2016) analyzed the PV cost reduction trend with an econometric
estimation of PV learning rates through different static and dynamic specifications.
Two additional variables considered, on top of installed capacity, were the price of
silicon and the price of energy (as input into the PVV-module manufacturing process).
Two of the main findings of Mauleon are that the estimated learning rate increases
significantly by moving the base year over time and that the omission of the price of
silicon from the specification also yields a higher LR. Mauleon concludes that the so-
called Total Learning Rate (net of the effect of the price of silicon on PV system
prices) might be as high as 25% (with a 95% likelihood), as opposed to the values

around 20% reported in other literature.

3.6 Learning Curves as a Methodology for Projecting Market Diffusion of
Energy Technologies

Assessments on the evolution of future costs of energy technologies are of
significant relevance to policymakers, who need to evaluate the effects of their energy-
policy strategies in terms of both possible changes in the structure of supply and
demand within the national energy system and the associated economic impacts.

Though learning curves cannot be considered a forecasting tool, they can be used to
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develop projections on costs (or prices) of energy technologies in the frame of energy
scenarios.

The most common approach for projecting costs of energy technologies is that
of merely assuming a continuation of the historical learning rate. This approach could,
however, be seen as too deterministic, since it assumes that all the variables (e.g.,
learning-by-doing, economies of scale, learning-by-innovating) that drove technology
costs down over the historical period analyzed will simply continue to act with the
same intensity, extending the historical LR value into the future. Such an approach
could be considered risky, because as market deployment unfolds, technology
becomes more mature and price reduction could slow down.

The uncertainty related to the effects that different elements have on future
energy technology costs is usually factored in through variant scenarios or sensitivity
analyses. For example, projections can also be based on LR values that are different
from the historical one, to account for either an acceleration or deceleration in cost

reductions.

3.7 Learning Analysis for PV Systems

Analyses on the learning process for PV systems carried out in literature have,
for the most part, focused on modules, while a relatively lower amount of research has
been devoted to the other components. PV modules began to be commercialized
outside the first niche market of space applications during the 1970s, with the first
significant production volumes reported in 1975 (Maycock, 2002). The average selling
price (ASP) of PV modules has decreased from 30 USD/kWp in 1975 to 0.80
USD/kWp in 2016 (Maycock, 2002; Jager-Waldau, 2016). This price reduction path
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has not been linear; for example, there was a slight increase between 2004 and 2007,
whereas only a marginal decrease in prices was observed from 2013 (Mints, 2012;
Jager-Waldau, 2016). Annual shipments of PV modules have increased from 2 MW in
1976 to 76,000 MW in 2016 (Maycock, 2002; IEA-PVPS, 2017). Jager-Waldau
(2016) estimated a 20% LR of PV modules between 1976 and 2016, which would
mean that prices of PV modules have been reducing — on average — by 20% at each
doubling of cumulative capacity.

An additional element to consider is that estimates of cost reductions reported
for PV modules and inverters are often the results of weighted averages between
technologies that may actually have significant differences. This is the case for
crystalline and thin-film modules, for which separate LRs are often reported in the
literature (Candelise et al. 2013). For example, in developing global market scenarios
for PV technology, the European Photovoltaic Industry Association (EPIA, 2011)
assumes an LR of 20% for thin-film modules in 2020, while, on the other hand, the LR
for crystalline modules is projected to be 5% that same year. As far as inverters are
concerned, the EPIA reported a significant difference between the realized price
reductions of small-scale and large centralized inverters in the PV industry since the
1980s-1990s, with a 20% LR for small-scale and 10% for large inverters, respectively
(EPIA, 2011: 13).

The learning-by-doing process that contributed to driving down prices of PV
modules can be defined as global in its geographical dimension, since module
production has been carried out by companies operating globally, that is, with
production facilities in more than one country (e.g., First Solar). PV-module

production has likely benefited from an exchange of scientific and technological
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information and know-how transfer at the international level (Bhandari and Stadler,
2009). The same consideration applies to inverters, though there is less data available
on prices for these components.

The analysis of peer-reviewed literature indicated that there is still a limited
understanding of the complexity and heterogeneity of the cost reduction factors and
learning effects for BOS-related components of PV systems. This is due to a lack of
empirical analysis. The learning of the BOS component of PV systems is more
complex to analyze because of the various sub-systems and factors that make up its
cost, such as DC cables, transformers, mounting system, etc.

It can be argued that cost reductions of BOS elements are also the result of a
global learning process, as the international manufacturing environment for these
components is not significantly different from that of modules. Obviously, the weight
of specific cost reduction factors is likely to vary for components of different
technological complexity such as, for instance, that of transformers and mounting
structures. Cost reductions for electrical equipment, for example, are likely to be the
result of both economies of scale and learning effects in the manufacturing process. In
the case of steel support structures, for which the manufacturing process is relatively
“low-tech”, cost reductions are likely to be the result of economies of scale with no or
very limited learning effects relative to PV modules and inverters. Furthermore, the
cost of BOS components per unit of power also depends on the efficiency of modules
and of the overall system: the higher the system and module efficiency, the lower the
requirement for structural components (EPIA, 2011).

Soft costs of PV systems are also quite heterogeneous, as they include costs of

labor (e.g., the man/hours to install the system), planning, and permitting, as well as
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the profit margins of system integrators. Learning effects in the project engineering
and installation component are related to the improved experience of planners and
installers. Increasing cumulative experience in the design, integration, and installation
of PV systems can result in improved system integration and a reduction in the
number of BOS parts (Bhandari and Stadler, 2009). In this case, the learning process is
almost exclusively a local process, save for the possibility that the know-how of
designers and installers is transferred to third countries through international capacity-
building activities or the operation of system-integrating companies operating in
different national markets (e.g., Enel Green Power).

The reduction in soft costs per unit of capacity over time can be related to
learning effects (e.g., more experienced installers) as well as to the reduction of
margins of system integrators due to a more competitive environment, typical of more
mature markets. Generally speaking, there is a lack of empirical analysis related to the
soft-cost component of PV systems (project engineering, installation, permitting, and
licensing costs). For instance, the higher PV system prices in the US with respect to
more mature European markets (Germany) can be explained by differences in soft
costs, such as those due to higher costs for licensing and permitting (IEA-PVPS, 2016;
Barbose et al., 2013).

3.8 The Role of Input Prices and RD&D on PV-system Costs

There are additional elements to factor in when discussing the cost-reduction
process of PV systems. The price of physical inputs like silicon, steel, energy, or that
of labor costs could be so large that they compensate the effects of learning-by-doing

and economies of scale. In their study on the Taiwanese PV sector, Trappey et al

68



(2016) concluded that reductions in silicon prices have significantly contributed to
decreasing PV system prices in Taiwan (Trappey et al., 2016). Additional factors that
contributed toward the driving down of prices between 2009 and 2012 was the
oversupply in production capacity observed over the last few years, and the market
entry of players from emerging economies, and China in particular, whose cell and
module producers had relatively lower labor costs than did incumbents such as
Germany and Japan. In fact, these changes drove several players out of the market
(Mints, 2012; IEA-PVPS, 2013; ISE, 2013).

Mauleon (2016) carried out an econometric estimation of the effects of
introducing silicon and energy prices in the learning-rate equation for PV modules
over the period of 1990-2013. He found that the overall impact of introducing the
price of silicon and energy into the learning-rate equation across different models is
that of reducing the estimated value for the learning rate.

Byrne and Kurdgelashvili (2011) developed a two-factor learning curve to
assess the impact of R&D on PV-system prices in the US market between 1998 and
2005. The two-factor learning curve is used to estimate the (net) learning-by-doing
and learning-by-searching parameters, the latter representing cost-reductions
associated with R&D expenditures. Once the impact of R&D is factored, it was found

that the “total” learning-rate for PV systems is reduced from 13.8% to 13.1%.

3.9 Learning Rate Estimation for PV systems in Italy
The calculation of the LR of PV systems in Italy is based on equations (3.1-
3.4). Cumulative-capacity values from 2002 to 2016 were divided by capacity in year

2002 (QO0 in equation [3.2]), so that the latter (about 4 MW) is set equal to 1. This
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procedure allows for the calculation of the number of doublings that took place in the
period 2002-16. Global PV capacity values were used to calculate the LR of modules
and inverters, whereas domestic PV capacity data was used to estimate the LR for
BOS costs. The following step is the transformation of nominal price data into
constant price data with the Consumer-Price Index for Italy, where the 2016 value is
set equal to 100. Finally, the experience index “E”, the LR for PV systems, and each
of the four major price components were calculated, and the results are shown in Table
3.2.

The LR of PV system prices in Italy during the 2002-16 period is 16%,
meaning that an (average) price reduction of 18% took place at each doubling of
domestic cumulative capacity. As mentioned above, this price reduction is likely the
result of different factors, including learning-by-doing, learning-by-innovating, and

the reduction or raw-material costs.

Table 3.2 Experience Indexes and Learning Rates for Key Components of PV Systems
in Italy, 2002-2016

Domestic Global Global Domestic
PV PV PV PV
Year |[cumulative | cumulative cumulative cumulative PV system PV module Inverter
capacity capacity unit capacity unit capacity average average average Soft
Q QueroaL Xe=Q/Qg X:=Q,/Qo price price cost Costs
(MW) (MW) (Eur2016/kW)| (Eur2016/kW) | (Eur2016/kW) | (Eur2016/kW)
2002 10.34 1,244 1.00 1.00 9,154 4,239 1,098 2,352
2016 19,283 302,736 243 1,865 1,385 683.90 193 186
Experience index 'E' 0.2508 0.3320 0.3168 0.3371
Progress ratio 0.8404 0.7944 0.8028 0.7916
Learning Rate 0.1596 0.2056 0.1972 0.2084

Note: Progress ratios of PV modules and inverters were calculated using global capacity
values.

Source: Author’s analysis.
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The LR of modules based on estimated prices in the domestic market is 20.5%,
which aligns with what by Jager-Waldau estimated with global average selling prices
(2016). The LR for inverters is 20%, which is slightly higher than the value (18.9%)
estimated by the Fraunhofer Institute based on prices in the German market, though
this only includes utility-scale inverters. The LR of the BOS is 17%, though this cost
category combines at least five different elements (mounting system, DC cabling,
infrastructure, transformer, and grid connection), and hence the “aggregate” LR is not
of significant analytical added value (for this reason, the LR for the BOS is not
reported in Table 3.2). Finally, the LR for soft costs (project engineering and

installation) is 21%.

3.10 Analysis of Factors for BOS Price and Soft Costs Reductions Observed in
Italy

Seeing as the global PV market (annual installations) grew from a scale of 500
MW in 2002 to about 75,000 MW in 2016, global learning, economies of scale,
learning-by-innovating, and lower input-costs (e.g. for silicon and silver) can be
recognized as the most important factors in driving price reductions for modules and
inverters globally and in Italy. As mentioned, lower BOS costs may also be the result
of economies of scale and lower input costs (e.g., steel). In addition, cost reductions
and/or performance improvements in other hardware components are likely to have
played a role. For example, increases in module efficiency reduce the area needed for
installing a PV-system with a given capacity, and are therefore reflected in diminished

requirements in terms of support structures and cabling.
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Investigating the trend of decreasing unit cost for soft costs is analytically
challenging. In fact, there is a lack of empirical analysis of what factors determined
the decreases observed in soft costs in Italy and to what extent they did so. Local
learning effects (Bhandari and Standler, 2009) are one possible explanation. However,
there are two other factors to consider. First, system integrators may have applied a
fixed percentage “mark-up” to hardware costs to cover installation costs and their
profit margin. As hardware costs went down in absolute levels, soft costs per unit of
capacity would have also decreased, had the latter been calculated as a percentage of
the sum of all remaining costs (e.g., 30% of the sum of the costs of modules, inverters,
and the BOS). Second, a reduction in profit margins (in percentage terms) due to
higher market competition may have also been a factor at play. If these two processes
cannot explain for the entire cost-reduction trend for soft costs, learning effects on the
part of installers may also be considered as having played a role.

An in-depth analysis of the factors that drove the reductions of soft costs in Italy is
necessary in order to evaluate the probability of their impacts in the future, so that the
accuracy or likelihood of PV system price projections can be increased. Zuccaro
(2013) indicated that a learning process in soft cost components did occur and that this
involved both the personnel in charge of the installations and the managers making the
project quotations to prospective customers. With greater experience in managing the
installation of PV systems, management of PV companies active in the installation
segment were better able to estimate the amount of time required for the installation.
This aspect, in conjunction with the market entry of more competitors, was considered

by Zuccaro to be a significant factor for the reduction of soft costs in Italy.
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3.11 The Weight of the Italian PV Market on International Learning and
Economies of Scale Dynamics

An additional element worthy of investigation in assessing the real influence
domestic factors have had in driving PV system prices down is the share of the Italian
market on PV installations globally. As shown in Table 3.3, the global share of the
Italian PV market reached a peak in 2011 with 31% of global market, and hovered
around or slightly above 10% in 2009, 2010, and 2012. For almost all of the other
years, this share had been lower than 4% and returned, in 2015, to be below 1%,

which was the level Italy had in 2006 at the onset of Conto Energia.

Table 3.3 Share of Italy on Global PV Market, 2006-2016

Annual Installations Share of Italy
Year Italy World on World
MW MW %
2006 12 1,447 0.83%
2007 70 2,514 2.78%
2008 338 6,569 5.14%
2009 781 7,949 9.82%
2010 2,328 16,811 13.85%
2011 9,539 30,353 31.43%
2012 3,654 28,988 12.61%
2013 1,400 38,284 3.66%
2014 409 39,932 1.02%
2015 307 50,655 0.61%
2016 382 75,000 0.51%
Cum. 2006-2016 19,220 298,502 6.44%

Data sources: IEA-PVPS, 2017; Castello et al., 2006-2014; GSE, 2015-2016.

Overall, over the 11-year period from 2006 to 2016, Italy’s share of cumulative
global PV demand is about 6%. So with the notable exception of 2011, the Italian

domestic market had limited impact in pushing PV demand globally. Hence, it can be

73



deduced that the price reduction observed in Italy for all manufactured PV-system
components traded globally (modules, inverters, and other BOS components) can be
largely attributed to exogenous market dynamics (e.g., the global supply glut in PV
modules observed in 2010-12 as a result of the entry into production of new factories

in China).

3.12 Scenario Development for PV-system Prices

The most relevant question regarding scenario analysis that incorporates
projections on PV system prices is: how likely is it that the historical cost-reduction
path can be maintained over the long term? Assuming that the historical price-
reduction trend will continue, industry experts might see projections on PV system
prices as unlikely. As a result, experience-curve projections should ideally be one part
of an integrated framework that also includes bottom-up engineering assessment (Niej,
2008; Candelise et al. 2013).

The IEA’s Technology Roadmap for Solar Photovoltaic Energy (IEA, 2014c¢)
includes estimates on “expected prices” of PV modules and PV systems to 2050. The
Roadmap’s analysis is based on the “High-Ren Scenario” of the Energy Technology
Perspectives 2014 report (IEA, 2014b), in which PV cumulative capacity between
2013 and 2030 is projected to grow at an average growth rate of about 16% globally
and 5.5% in Europe. Prices of PV modules, based on the historical learning curve, are
expected to fall to between USD 0.3/W and USD 0.4/W by 2035. Turnkey prices of
PV power plants are estimated to reach, on average, USD 1/W by 2030, but plants in
the most favorable conditions (e.g., high solar radiation, relatively low cost of capital)

would already reach this mark by 2020, according to the IEA’s PV roadmap. Rooftop
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PV systems are projected to reach about USD 1.3/W by 2030. In the baseline scenario
of the latest IEA’s Energy Technology Perspectives (ETP) report (IEA, 2017), the PV
market is projected to grow with a CAGR of 12% at global level between 2014 and
2030.

The report Current and Future Cost of Photovoltaics from the German
research institute Fraunhofer ISE (2015) discusses several long-term scenarios for
market development and system prices of utility-scale PV systems. The three
scenarios used in the analysis for the time frame 2015-50 have CAGRs for annual
installations of 5%, 7.5%, and 10%, respectively. The growth rates are not projected as
constant during the 2015-50 time frame, but an S-curve model is used to elaborate
more realistic market-penetration paths with different phases of market growth. As a
result, growth rates between 2015 and 2030 are higher than CAGR for the whole
projection time frame (2015-50); for example, the estimated CAGR for the period
2021-25 for the central scenario is about 14% (versus a 7.5% average CAGR between
2015 and 2050)41. As far as prices are concerned, the methodology used by
Fraunhofer for constructing projections on PV systems is based on experience-curve
analysis for PV modules and inverters and on expert-based assessments for all other
cost components. Investment cost of ground-mounted, solar PV power plants is

projected to reach an average of 640 EUR(2014)/kWp in Germany in 2030.

41 The complete dataset by year on growth rates and annual installations derived from
the S-curve model is not included in the report from the Fraunhofer institute. The
CAGR between 2015-30 is therefore estimated from annual-installations values shown
in figure 65 of the report (Fraunhofer-1SE, 2017).
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A comparison of the latest projections on PV capacity the IEA and those of the
Fraunhofer Institute indicates shows that the 12% CAGR used in the IEA’s ETP2017
for the period 2014-30 closely aligns with the one estimated from the central scenario

of the Fraunhofer Institute over the time-frame 2015-30.

3.13 Projections on PV System Prices in Italy to 2030

The methodology applied to project PV-system prices that will feed into the
comprehensive scenario analysis is based on the approach followed by Fraunhofer-ISE
in the aforementioned study Current and Future Costs of Photovoltaics (Fraunhofer-
ISE, 2017). Prices of PV modules and inverters available in the Italian market in the
period 2017-35 are assumed to continue their reduction trajectory along their
respective learning curves, with estimated LR values of 20% for modules (Jager-
Waldau, 2016) and 19% for inverters (based on price data reported in the Italian
market). The global PV market is assumed to grow with the following CAGRs: 18%
between 2017 and 2020; 14 % between 2022 and 2026; 7% between 2027 and 2030;
and 1.5% between 2031 and 2035 (the CAGR for the period 2017-2035 is about
7.5%). This growth path approximates that of a S-curve, so that global cumulative PV
capacity values by 2030 (3,100 GW) and 2035 (4,700 GW) align with those of the
central scenario of the Fraunhofer report.

Price projections for the BOS are based on Fraunhofer’s cost-component
analysis relying on expert-based technical assessments (Fraunhofer-ISE, 2017). The
rationale for not using learning-curve analysis for BOS components has to do with the
fact that these components are less influenced by global learning effects than are

module and inverters. Furthermore, long-term historical price data might not be
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available to justify the use of learning curves. The approach followed to elaborate
projections on BOS cost in Italy consisted in interpolating the average percentage
cost-reductions for all BOS-components projected in the Fraunhofer study from 2015
to 2050, and also correcting for the different baselines (2015 vs. 2016 in the present
study). The resulting weighted average of the projected percentage reduction in costs
for the sum of all BOS components is about 20%.

The methodology applied to construct PV-system price scenarios departs from
the one developed by Fraunhofer for soft costs, which is also based on expert-based
assessment. As mentioned, Zuccaro (2013) suggested that local learning effects did
play a role in reducing soft costs. A complete data series from 2002 to 2016 is
available for Italy to estimate the local learning rate for this component, which is about
15%. The methodological approach for all cost components is summarized in Table
3.4.

The results of the projections analysis are shown in Table 3.5, detailing the
annual values for all the cost components having prices that are a function of the
global market, namely modules, inverters, and other BOS components. Annual PV
installations reach about 360 GW at global level by 2035, when cumulative capacity
would exceed 5,600 TW. With values of annual installations and cumulative capacity
estimated applying the assumptions on growth rates, the cumulative unit capacity
(fourth column in Table 3.5) is simply obtained by division, and from the latter it was
possible to estimate future price values for each component (C; in equation 3.2) with

the historical experience indexes.
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Table 3.4 Summary of Methodological Approach Followed to Project PV System
Prices through 2035

PV-system Approach used to project Learning Estimated % Cost
systems costs rates reduction by 2035
Cost Component from expert-based
assessments
Module Learning-curve analysis 21% -
Inverter Learning-curve analysis 20% -
Other BOS Expert-based assessments in N.A. -22%
components literature
Planning and Learning-curve analysis 21% -
Installation

Source: Author’s elaboration

Prices of PV modules in the Italian domestic market are projected to reach
about 280 EUR/kW in 2035 (about 310 USD/kW), a value that is consistent with the
expected price range reported in the latest IEA’s Solar Photovoltaics PV Technology
Roadmap (IEA, 2014a). By this date, prices of inverters would reach about 80
EUR/KW, whereas BOS costs would total about 260 EUR/KW. Projections on the soft-
cost component are not reported in the table (and hence projections on the total PV-
system costs are not reported either), as these would depend on the evolution of the

domestic PV market, which will be discussed in the next section.
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Table 3.5 Price Projections of PV-system Components Subject to Global Learning
Effects, 2016-2035.

Global Global (1) (2) (3)

PV annual [PV cumulative| Cumulative | PV module Inverter |Balance of System (BOS) Total

Year installations capacity unit capacity price price price (1)+(2)+(3)
(MW) (MW) Eur2016/kW |Eur2016/kW Eur2016/kwW Eur2016/kwW

2016 75,000 302,736 1 684 193 323 1,199
2017 88,500 391,236 1 628 178 318 1,124
2018 104,430 495,666 2 581 165 314 1,059
2019 123,227 618,893 2 539 154 309 1,002
2020 145,408 764,301 3 503 144 305 951
2021 159,949 924,250 3 472 135 300 907
2022 175,944 1,100,194 4 446 128 296 869
2023 193,538 1,293,733 4 422 122 291 835
2024 212,892 1,506,625 5 401 116 287 804
2025 234,182 1,740,807 6 383 111 282 775
2026 245,891 1,986,698 7 366 106 278 750
2027 258,185 2,244,883 7 352 102 273 727
2028 271,094 2,515,977 8 339 98 269 706
2029 284,649 2,800,626 9 327 95 264 686
2030 298,882 3,099,508 10 316 92 260 668
2031 303,365 3,402,873 11 306 90 260 655
2032 307,915 3,710,788 12 298 87 260 644
2033 312,534 4,023,322 13 290 85 260 634
2034 317,222 4,340,544 14 282 83 260 625
2035 321,980 4,662,525 15 276 81 260 616

Source: Author’s elaboration

3.14 Uncertainty in Developing Price Projections

A major element of uncertainty in developing scenario projections is the rate of
technological change. As mentioned, so-called baseline projections are usually built
on the assumption of a continuation of historical, single-factor learning rates.
However, there are two caveats that should be taken into account when using this
approach to develop price projections of clean-energy technologies.

First, as aforementioned, single-factor learning rates also incorporate the
effects of factors that are not strictly related to technological innovation and

economies of scale of the technology, such as changes in input prices (e.qg., silicon
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feedstock) or reductions in the mark up of producers. For example, the IEA (2015)
discusses an accelerated price reduction trend for PV modules based on a 23%
learning rate, which is estimated with data from 1976 to 2003. As price data from
2012 to 2014 is consistent with an extrapolation of the 1976-2003 learning curve, the
IEA concluded in 2015 that PV module prices between 2003 and 2011 might have
been lower had there been an adequate supply of silicon feedstock.

Second, even if the data available would make it possible to develop multi-
factor learning curves, and hence to have coefficients that would only account for
“net” learning-by-doing and learning-by-innovating processes (excluding scale
economies and change in input prices), it is extremely unlikely that these coefficients
would remain constant over time. Technology innovation is an inherently uncertain
process, and it is extremely challenging to determine a statistically solid relationship
between inputs (e.g., RD&D investments) and outputs related to innovation
performance (e.g., cost reductions, technical improvements) (Sagar & van der Zwaan,
2006). In addition to the linear improvements of existing technologies, there is always
the possibility that transformational innovations emerge, radically changing energy
markets, as happened in the so-called shale-gas revolution. Obviously, it is not
possible to predict technology breakthroughs, but one could at least monitor the
evolution of the innovation frontier for a specific technology and gauge the extent to
which changes in the historical cost reduction trend are likely or not. For example,
perovskite PV cells are currently considered a candidate for a possible acceleration in
the reduction process of PV modules (The Economist, 2018).

In order to account for the inherently uncertain nature of technological

innovation, a variant scenario is developed where prices of PV modules from 2016 to
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2035 are described by a 25% LR versus the 20% value used in the baseline analysis
(shown in Table 3.5). This breakthrough energy scenario (BET) with an accelerated
learning path leads to a 20% difference in the price of PV modules by 2035 (220
USD[2016]/kW versus 276 USD[2016]/kW) if the same market growth rates of the
reference case are assumed. However, a minimum degree of elasticity of market to
prices should also be factored in, as lower prices would lead to an acceleration in
market diffusion. If the CAGR from 2017 to 2035 underlining the BET scenario is
increased to 8.6% (from the 7.6% in the baseline case), average PV modules would
further decrease to 212 USD(2016)/kW by 2035. For a country like Italy that is
importing almost 100% of its PV-cell demand, a reduction in prices of PV modules
(necessarily underlined by a reduction in PV cells) would be beneficial, due to reduced
import bills and, overall, to lower investment costs to reach the PV capacity target of

the National Energy Strategy by 2030.

3.15 Summary

PV-system prices in Italy observed an 81% reduction between 2006 and 2016
in parallel with the significant increase in volumes of the domestic and global market.
Reductions in the price of PV modules and soft costs account for more than 75% of
the total reduction in PV-system prices.

The experience curve methodology was used to analyze the evolution of PV
system prices and their components at the most granular level of disaggregation
possible. The concept of experience or learning curve refers to the progress of a given
technology that can be achieved by learning processes, which, broadly speaking, relate

to increased experience and know-how in the production of a given technology.

81



Learning is not the only factor at play in the cost-reduction process of PV systems:
economies of scale, R&D activities, and reductions in input prices are also considered
to have had impacts on prices.

During the period 2002-16, the PV system prices in Italy had a learning rate of
16%, meaning that at each doubling of the domestic installed capacity, prices
decreased by 16%. Among the different cost-components of PV systems, the highest
learning rate was observed for soft costs (21%), followed by modules (20.5%),
inverters (20%) and the BOS (17%).

The most recent projections on PV market growth as well as prices of PV
systems and key components were analyzed in order to extract benchmark values and
to derive a suitable methodology for projecting prices of PV modules, inverters, and
BOS — all components whose prices are linked to global markets. The methodology
used was based on observed learning rates for modules and inverters as estimated in
the Italian PV market and on expert-based judgments reported in the literature for the
BOS.

With the assumption of a global PV market growing along a staggered-CAGR
path (with CAGRs decreasing from 18% between 2017-22 to 1.5% between 2013-35),
prices of PV modules in the Italian market would reach about 280 EUR(2016)/kW by
2035. Prices of inverters are estimated to reach 80 EUR(2016)/kW, whilst the BOS is
projected at 260 EUR(2016)/kW by 2035, respectively. These price projections will

feed into the comprehensive scenario analysis presented in the following chapter.
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Chapter 4

CHARACTERIZATION OF SCENARIOS

4.1 Introduction

A scenario can be broadly defined as “an internally consistent and
reproducible narrative describing one possible way the future might unfold”
(Nakicenovic et al., 1998: 1). Given this general definition, an energy scenario can be
defined as a conceptual description of a possible evolution of the energy system, “with
quantitative characteristics, as well as internally consistent assumptions and
reproducible elements” (Nakicenovic et al., 1998: 1). Consequently, a scenario cannot
be misinterpreted as a forecast, since the former is rather a possible pathway of how
the future could unfold based on a “set of assumptions about key relationships and
driving forces of change that is derived from our understanding of both history and our
current situation” (Nakicenovic et al., 1998: 3)42. Scenarios are therefore a necessary
component of the analytical framework that aims to estimate the economic impacts
and opportunity costs to government of Conto Energia, the Italian feed-in tariff (FIT)

program for photovoltaic (PV) technology.

42 Forecasting can be defined as the process of predicting the state of a specific
element using indicators. Forecasts are therefore more deterministic in nature than
scenario projections.
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Though the Conto Energia program was implemented between 2006 and
201343, its FIT payments will last until 2038, so its effects on the public budget will
extend for another two decades. The program provided a strong market-pull effect for
PV technology, with domestic market deployment reaching volumes (9 GW in 2011)
that mobilized local learning effects, which were a non-negligible component in the
reduction of domestic PV prices. In fact, by June 2017, utility-scale systems had
already reached market parity in Italy (Qualenergia.it, 2017a). Hence, one of the
benefits that can be attributed to Conto Energia is that of “pulling backward” in time
the market break-even of PV technology, as compared to a hypothetical case having
lower subsidies. This is, of course, one of the many benefits of PV diffusion, which
include, among others, lower natural gas imports, reduced CO> emissions, and lower
air pollution — all consequences of PV displacing fossil-fuel consumption for
electricity generation(natural gas, in the case of Italy).

The costs of this program (which fall on final electricity consumers through a
levy) are, however, hefty. They hover between EUR 6 and 6.5 billion annually (about
USD 7 to 7.7 billion — equivalent to about 0.4% of the Italian GDP) until the end of
the 2020s (GSE, 2017b), decreasing to EUR 1 billion in 2032, and then finally
reaching zero in 2038 (GSE, 2017c). Therefore, the question of whether the same
reductions in natural gas consumption and CO2 emissions could have been achieved
with lower subsidization costs, or even at the same cost (to pay for the FIT scheme)
but with higher environmental benefits and economic impacts, is a compelling one.

All of these elements make the case for assessing the opportunity costs to government

43 As mentioned in section 2.5, the program also had a small “tail” of PV capacity
installed between 2014-2016 for special categories of plants and owners.
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of Conto Energia throughout this program’s full life cycle (2006-38) and, most

importantly, for this to be done using a counterfactual scenario.

4.2 Scenarios Framework and Main Assumptions

In order to estimate the opportunity costs to government of the Conto Energia

program, an energy and economic metrics framework is developed to characterize the

so-called reference and counterfactual scenarios. The indicators or metrics that make

up the two scenarios are shown in Table 4.1.

Table 4.1 Energy and Economic Metrics in the Scenarios (2006-2035)

Metric Unit Assumptions

Annual PV installations MW Counterfactual scenario does not use historical
data for 2010-16

Cumulative PV installations MW

Cumulative unit capacity N.A. Used to derive future price values in the
experience -curve equation

PV electricity generated GWh Emission coefficient of 2.337 Mt CO,/M toe for
natural gas

Avoided consumption Mtoe

Natural Gas

Avoided CO, emissions M ton Emission factor estimated for ltaly (see Box 4.2)

from natural gas

Soft -cost component of EUR/kW | Estimated as a function of domestic installations

PV-system price

PV-system prices EUR/KW | Estimated as sums of price-components subjects
to global learning and soft costs

PV installation investments M EUR

PV O&M Expenditures M EUR

Subsidies to PV M EUR | No new financial incentives assumed after 2020

installations in both scenarios

Subsidies to EE M EUR | Only applies to counterfactual scenario

Investments

Source: Author’s assumptions
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The time frame for the two scenarios is 2006-3544. Though FIT payments will
continue to 2038, the entity of the payments after 2035 is negligible, and the procedure
followed to estimate the incentive budget is designed to incorporate FIT payments
projected for 2036-38 as well.

The first step in the scenario analysis is that of constructing a complete dataset
for the reference scenario. Once the PV electricity generated, avoided natural gas
consumption, and avoided CO> emissions for the 2006-35 time frame have been
calculated for the reference scenario (RS), the values for these metrics will be used as
benchmarks or constraints#> for the counterfactual scenario (CS) as well.

The most important difference between the two scenarios is that the CS has
less cumulative PV installations between 2010 and 2020. The lower effect on reducing
natural gas consumption from PV (relative to the RS) is compensated by higher
energy-efficiency (EE) investments. The RS incorporates the historical trend in
reduction of energy intensity of the Italian economy until 2016, so the EE investments
in the CS data are in addition to those embedded in the RS. As a result of these
additional EE investments, the CS achieves the same benefits as the RS in terms of
avoided natural gas consumption and avoided CO> emissions between 2010 and 2020.
This implies that the CS has no negative impact (as compared to the RS) on the Italian

energy system in terms of achieving the objective of the Renewable Energy Directive

44 All metrics of the two scenarios, such as PV installations, prices, cost of subsidies,
and impacts between 2006 and 2009, are assumed to be the same.

45 Values of the reference scenario are used as ‘constraints’ in the counterfactual
scenario when the latter incorporates them as fixed parameters.
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2009/28/CE for Italy (a 17% ratio of renewable energy supply on gross internal
consumption of primary energy).

The main assumption in constructing the CS is that PV electricity crowds out
natural gas generation only, and not any other renewable energy sources (RES) such
as, for example, wind. This assumption is likely to not match reality in the long run,
since market-competitive RESs may very well start to compete with each other (e.g.,
utility-scale PV systems vs. wind) in a low-carbon system. However, this assumption
has no impact on the main objective of this analytical work stream, that is, on the
construction of a framework that can allow a comparison in relative terms between
two scenarios contributing equally to objectives related to the European Union’s
Directives (namely, increasing the ratio of RE supply to gross internal energy
consumption by 2020, and achieving the same CO emissions reductions between
2006 and 2020).

The “constraint” that applies to both scenarios is the amount of PV generation
achieved by 2030: both the RS and the CS reach a level of PV capacity generating 70
TWh in 2030, thus reaching the solar energy objective set forth by the National
Energy Strategy for that same year. In both scenarios, a PV-system lifetime of 25
years is assumed, as is consistent with values reported in literature. This means that
capacity installed between 2006 and 2010 ceases to generate electricity between 2031
and 2035, respectively. The so-called PV-yield is assumed at 1,250 kwh/kWp, which
is the average yield for the years 2011-16 reported by GSE (2017b).

Soft costs for PV systems are calculated with the learning-curve equations
estimated in chapter 3, using (a) cumulative PV capacity values from the scenario to

obtain the so-called cumulative unit capacity, and (b) the estimated learning rate for
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soft costs (15%). PV-system prices are then obtained by summing the price projections
on modules, inverters, and BOS components from chapter 3 (which are a function of
global installations rather than domestic ones) and soft costs.

The next step in calculating scenario values is the estimation of annual
investments in the construction and installation (C&I) of new PV systems and
expenditures for the operation and maintenance (O&M) of active PV capacity. PV-
C&l investments are obtained by multiplying PV-system prices by annual PV
installations. PV-O&M expenditures in year t are calculated by multiplying PV
capacity under O&M by the unit O&M cost (expressed in EUR/KW). PV capacity
under O&M in year t is calculated by summing PV cumulative capacity installed in
year t-1 and half of PV annual installations in year t46. Unit O&M costs for the two
scenarios are projected to decrease from about 80 EUR/KW in 2010 to 25 EUR/KW in
2016, and remain constant throughout the scenario time frame 2017-203547. These

main scenario assumptions are summarized in Table 4.2.

4.2.1 Incentive Budget and Subsidy Mix
Total cumulative subsidies (defined herein as incentive budget) from 2006 to
2038 are assumed to be the same (in real terms) in both the scenarios. However, while

the RS only includes subsidies paid for PV installations under the Conto Energia

46 This is assumption is equivalent to assuming that, on average, half of annual PV
installations are completed by the end of the first semester.

47 Estimates for O&M costs between 2010 and 2016 were developed by the author,
based on Politecnico di Milano (2012-2013) and GSE (2016b).
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program, the incentive budget in the CS supports both PV and additional EE

investments. The underlying principle of the CS is that by delaying support for PV

technology, policymakers can benefit from global learning effects and reduce total

subsidization costs in order for PV to contribute equally to the target of the National

Energy Strategy by 2030, as in the RS. It is further assumed that the difference in

subsidies spent to support PV and EE between 2010 and 2020 in the two scenarios is

then “used” to support additional EE investments from 2021 to 2030.

Table 4.2 Assumptions Applied to Scenarios

Indicator Assumption
PV-System lifetime 25 years
PV yield 1,250 kWh/kWp

Learning-rate of PV soft costs

15% (see chapter 3 for learning rates of
modules, inverters, and BOS)

PV capacity under O&M in yeart

Calculated as a sum of installed capacity in
year t-1 and half of annual installations in
year t

O&M costs

Decreasing from 80 EUR [2016]/kW in
2010 to 25 EUR [2016]/kW in 2016 and
remain constant (in real terms) between
2017 and 2035

Impact on ratio of renewable energy on
gross internal consumption by 2020
(Objective of Renewable Energy Directive
2009/28/CE for Italy set at 17.3%).

Same impact on ratio in two scenarios.
Lower PV generation in CS is compensated
by additional energy-efficiency
investments (hence decreasing the
denominator of the ratio) to achieve the
same reductions in natural gas demand.

PV generation by 2030

Approximately the same in both scenarios.
PV meets the objective for solar energy by
2030 set in the National Energy Strategy
(about 70 TWh).

Source: Author’s assumptions and elaborations
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The CS does not employ an FIT scheme to support PV technology, but is
based instead on a mix of measures that include investment tax credits, accelerated
depreciation, tax deductions for residential PV systems, and net metering. The indirect
costs to taxpayers of the net-metering scheme are assumed to be the same in both
scenarios. The investment tax-credit scheme for PV systems and the accelerated
depreciation underlying the CS are assumed to last from 2010 to 2020. From 2020
onwards, both the CS and RS are built on the assumption that no financial incentives
are put in place to support growth in the domestic PV market, which will be supported
only by the net metering scheme and the requirement for new buildings to install a PV
system.

As mentioned, subsidies for additional EE investments are foreseen from 2010
to 2020 in the CS, so that it can be “neutral” in terms of meeting the objectives of the
European Renewable Energy Directive by 202048, and also from 2021 to 2030. The
sum of cumulative subsidies for EE investments from 2010 to 2030 and for PV
between 2006 to 2020 in the CS are assumed to be equal (in constant EUR) to the total
subsidies of the Conto Energia program in the RS. Subsidies for PV and EE in the CS
are financed through the same levy on final electricity prices used to pay for the Conto
Energia incentives.

In order to make the subsidization costs of the two scenarios comparable, the
present value of all historical and projected annual FIT payments for the Conto
Energia program between 2006 and 2038 (totaling about EUR [nominal] 130 billion)

was calculated using 2006 as base year (GSE, 2017a; 2017c). With a nominal “social”

48 The methodology used to derive investments and subsidies for EE that characterize
the counterfactual scenario is detailed in section 4.4.
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discount rate of 5%%49, the estimated present value at the beginning of 2006 of FIT
payments of Conto Energia amounts to about EUR 62 billion (equivalent to about
EUR [2016] 71 billion). This value is used as an incentive budget (or incentive
envelope) for supporting investments in PV and EE in the CS.

Further insights into the subsidization costs of the Conto Energia program can
be gathered by estimating the capital-grant equivalent of FITs per unit of capacity
installed in a given year (the methodology used for this estimation is detailed in
Appendix A)%0, The results of this estimation are shown in Table 4.3. The (unit)
capital subsidy-equivalent of FITs decreased from about 7 EUR/W in 2006 to 2
EUR/W in 2016. This reduction trend is in line with that observed for PV system
prices. However, as can be seen from the second column of Table 4.3, the estimated
unit values for the capital-grant equivalent of FIT payments are higher than the
reported PV-system prices for all the years analyzed. For example, in 2011, the
capital-grant equivalent of FIT payments for PV capacity installed during that year

under the Conto Energia program is double the average estimated PV-system price.

49 The assumed 5% social discount rate value is equal to the sum of the nominal
interest rate (about 3%) of a 20-year government bond expiring in September 2038
(BTP TF 2.95%) and an average inflation rate of 2%.

50 Data on historical FIT payments between 2006 and 2016 from GSE (2017a) are
divided by the Conto Energia scheme under which the PV capacity was installed. For
example, 35% of FIT payments in 2015 were for capacity installed under the second
Conto Energia scheme, 25% for PV capacity installed under the second Conto Energia
scheme, etc. The data on projected payments (GSE, 2017c) only show total payments
estimated for a given year (e.g. EUR 6.6 billion by 2027). Therefore, a new
methodology had to be developed to disaggregate annual FIT payments per year of PV
capacity installed. For example, 40% of projected FIT payments in 2027 are for
capacity installed in 2011, 25% for PV capacity installed in 2010, etc.
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Table 4.3 Capital-grant Equivalent of FIT Payments for PV Capacity Installed under
Conto Energia, M EUR (2006-2016)

Unit capital-grant Ratio of Total capital-grant
equivalent of FIT payments | unit capital-grant equiv. of FIT PV capacity installed equivalent of FIT payments
Year Eur®/W to PV-system price MW M Eur®
2006 6.89 112.15% 9 65
2007 6.68 108.84% 70 468
2008 5.93 112.68% 338 2,004
2009 5.68 150.81% 718 4,078
2010 5.54 161.51% 2,321 12,866
2011 4.68 202.74% 9,475 44,312
2012 3.52 174.80% 3,580 12,585
2013 2.52 143.96% 1,103 2,784
2014 2.01 114.18% 92 185
2015 2.02 116.01% 7 14
2016 2.03 146.81% 20 41
Total Cumulative 17,734 79,402

Note: (a) Nominal Values
Data Source: GSE, 2017a; 2017c

4.3 Reference Scenario

The RS is built on historical data on PV installations and PV-system prices
between 2006 and 2016, and projections on PV-market growth such that PV
technology reaches the milestone of 70 TWh generated by 2030. As mentioned, this
level of generation is consistent with the target of 72 TWh for solar energy (including
concentrated solar power) of the National Energy Strategy (MSE, 2017). In order to
reach this target, the annual growth rate of the Italian PV market is assumed to
increase from 20% in 2017 to 35% in 2020, peaking at 40% in 2021, and linearly
decreasing to zero in 2030, when annual PV installations are 5.5 GW (Table 4.4).

Cumulative PV electricity generation between 2017 and 2035 in the RS is

1,004 TWh, resulting in about 158 Mtoe of avoided natural gas consumption and 368
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M ton of avoided CO, emissions®.. If historical data from 2006 to 2016 is added to
scenario projections so as to estimate results for the entire time-frame of the analysis,
cumulative PV electricity totals about 1,130 TWh, with 176 Mtoe of avoided natural

gas consumption and 412 Mt of avoided CO> emissions.

Table 4.4 Projections on PV Market and PV Generation in the Reference Scenario

. . Year
Indicator and unit
2017 2020 2025 2030 2035
Annual growth rate of domestic PV market (%) 20% 35% 21% 0% 0%
Annual PV Installations (MW) 459 1,007 3,736 5,533 5,533
Cumulative Capacity (MW) 19,404 21,730 34,343 59,983 84,185
PV Electricity generated (GWh) 23,489 26,003 39,782 70,090 | 102,581

Data Source: Author’s elaboration

Soft costs for PV systems are projected to decrease from about 830 EUR/KW
in 2016 to about 610 EUR/KW in 2035, when PV-system prices in the RS reach about
1,000 EUR/KW?2, Investments in PV-C&I increase from about EUR 650 million in
2017 to about EUR 5,500 million in 2035, while PV-O&M expenditures increase from
EUR 514 million to 2,250 million over the same period. Projections on PV-system
prices, investments in new plants, and O&M expenditures for the RS are summarized

in Table 4.5 (full scenario results are provided in Appendix B).

51 Assuming an emission coefficient of 2.337 Mt CO2/M toe for natural gas.

52 Monetary values in the scenarios are expressed in constant (2016) Euros (EUR).
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Table 4.5 Economic Projections on Italian PV Market in the Reference Scenario

. . Year
Indicator and unit
2016 2020 2025 2030 2035
Soft costs of PV-systems (EUR[2016]/kW) 186 177 152 126 112
PV-system prices (EUR[2016]/kW) 1,385 | 1,128 927 793 729
PV-installation investments (M EUR[2016]) 530 1,136 3,464 4,391 4,032
O&M expenditures (M EUR[2016]) 860 918 1,404 2,473 3,620

Data source: Author’s elaboration

4.4 Counterfactual Scenario

The CS aims to conduct a “what if”” analysis based on an alternative policy
pathway. The objective of constructing this scenario is to gather insights on the
opportunity costs of the Conto Energia program and to define input data needed for
economic impact analysis.

Economic impact analyses of specific renewable energy policies or programs
often include a “no-policy” case as their counterfactual scenario. The analytical added
value of this kind of no-policy scenario, however, does not help to align the analytical
framework with the research rationale and research questions of this work. In fact, had
Italian policymakers not opted to support PV technology with a FIT scheme in 2006, it
is highly unlikely that there would have been no financial support mechanism for PV
technology at all in Italy (when most members of the IEA-PVPS had at least one
mechanism in place). Furthermore, what can be useful to policymakers, in order to
design more efficient and effective energy policies in the future, is to have
methodologies in place that develop alternative scenarios based on the same level of
ambition to decarbonize the energy system, but through different policy and

technology routes.
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In light of the above considerations, the CS presented is constructed on three
main assumptions (or constraints): (1) it achieves the same reductions in natural gas
imports and CO, emissions reductions as does the RS between 2006 and 2020 (when
Italy had to meet the target of the Renewable Energy Directive 2009/28/CE); (2) it
also reaches a level of PV generation consistent with the target of the National Energy
Strategy by 2030 (70 TWh); and (3) it “uses” the same level of cumulative subsidies
that, in the RS, are employed to pay for FITs, but has a more balanced portfolio,
including support for both PV deployment and additional (relative to the RS) EE
investments.

The pattern of annual PV installations between 2010 and 2020 in the CS is
significantly different from that in the RS®3, growing at an 11% CAGR and reaching
about 2,200 MW in 2020. In this alternative pathway, installed PV capacity in 2016 is
8,700 MW, versus the 19,188 MW effectively operating at the end of that year. The
assumed market-growth rate increases from 10% in 2017 to 20% in 2020, and starts to
linearly decrease to zero in 2030, when annual installations reach 5,500 MW. Installed
PV capacity in the CS is about 60,000 MW in 2030, with a generation of about 70
TWh (almost equal to generation in the RS). Cumulative PV electricity generation
between 2010 and 2035 is 980 TWh, with 153 Mtoe of avoided natural gas
consumption and 350 Mt of avoided CO2 emissions. Scenario values on the PV market

in the counterfactual case are summarized in Table 4.6.

53 Annual PV installations between 2006 and 2009 in the counterfactual scenario are
assumed to be the same as historical values (and thus, as the reference scenario),
increasing from 12 MW in 2006 to 732 MW in 2009 (with a non-negligible 300%
CAGR).
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Table 4.6 Projections on PV Market in the Counterfactual Scenario

. . Year
Indicator and unit
2010 2016 2020 2025 2030 2035
Annual growth rate of domestic PV market (%) 10% 10% 15% 11% 0% 0%
Annual PV Installations (MW) 796 1,410 | 2,158 | 4,438 5,503 5,503
Cumulative Capacity (MW) 1,964 8,717 | 16,008 | 33,602 | 59,977 | 85,552
PV Electricity generated (GWh) 1,919 9,816 |18,288| 38,444 | 70,101 | 102,405

Data source: Author’s elaboration

In 2030, PV-system prices in the CS reach about 1,090 EUR/KW, a value that
is only slightly higher than the RS. It is worth noting that this gap in PV-system prices
between the two scenarios is much larger (about 100 EUR/kWp) in 2016, due to the
lower cumulative capacity of the CS in that year. PV-C&I investments increase by a
factor of 2.3 from 2016 to 2030, reaching about EUR 6 billion. O&M expenditures
increase by an even larger magnitude between 2016 and 2030, when they are projected

to EUR 1.4 billion (vs. EUR 0.2 billion in 2016) (see Table 4.7).

Table 4.7 Economic Projections on Italian PV Market in the Counterfactual Scenario
(2016-2035)

. . Year
Indicator and unit
2010 2016 2020 2025 2030 2035
Soft costs of PV-systems (Eur[2016]/kW) 778 470 383 299 246 218
PV-system prices (Eur[2016]/kW) 3,409 1,670 1,334 1,074 913 834
PV-installation investments (M Eur[2016) 2,713 2,354 2,879 4,765 5,025 4,591
O&M expenditures (M Eur[2016]) 119 361 645 1,357 2,474 3,614

Data source: Author’s elaboration

Supporting PV deployment from 2006 in the CS is a mix of measures that
include investment tax credits, accelerated depreciation, net metering, and tax

deductions for residential PV systems. The assumed subsidization impact of these
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measures is an average unit (EUR/kW) capital-grant value, equivalent to 60% of PV-
system prices. This is a much lower (and reasonable) value of the estimated capital-
grant equivalent of FIT payments for PV capacity installed under Conto Energia
between 2010 and 2013 (Table 4.3), exceeding 100% of estimated PV-system prices.
As mentioned, one of the main characteristics of the CS is the lower PV
deployment between 2010 and 2020, and particularly from 2010 to 2013. This
assumption was built in to differentiate the CS from the RS for the sake of assessing
the opportunity costs to government of the Conto Energia program. The difference in
PV cumulative capacity between the two scenarios at the end of 2013 is significant,
with a gap of more than 13,000 MW. Though PV installations in the CS are higher
from 2014 onwards, cumulative PV capacity at the end of 2020 is still lower than the
RS (by almost 5000 MW). All other things being equal, with the level of PV
deployment envisioned in the CS, Italy would not have reached the 2020 objective of
the Renewable Energy Directive (renewables sources contributing to 17% of gross

internal energy consumption).

4.4.1 Estimation of Energy-efficiency Investments and Subsidies

The lower cumulative PV installations in the CS (resulting in less avoided
natural gas demand and CO- emissions reductions) between 2010 and 2020 is
compensated by higher EE savings, which reduced natural gas consumption by an
additional 19 Mtoe over the same period. As a result, the two scenarios achieve the
same level of total avoided (cumulative) natural gas demand between 2010 and 2020

(about 35 Mtoe), and the same level of CO2 emissions reductions (about 81 M tons).
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The sectors in which natural gas demand is reduced are identified from the

seminal study conducted by Beccarello (2011), who analyzed the potential savings and

investment costs of several EE options for the period 2010-20 (Table 4.8). The EE

options in the Table are ranked by increasing unit investment costs (M EUR [2016]/M

toe)>4 in order to assess the cumulative energy savings potential on a step-by-step

basis, beginning with the option having the lowest cost and ending with that having

the highest. This step is normally used to construct marginal cost curves for EE

options (Jacob, 2003), also called conservation supply curves (Olivier et al., 1983).

Table 4.8 Potential Energy Savings and Investment Costs in Selected Energy
Efficiency Options from Beccarello (2011)

Potential savings on Potential savings on Cumulative savings on
Final energy demand |Primary energy demand | Primary energy demand | Total Investments
EE option Unit investment cost 2010-2020 2010-2020 2010 - 2020 2010-2020
M Eur (2016) / Mtoe Mtoe Mtoe Mtoe M Eur (2016)
Heat pumps 80 5.1 11.7 11.7 408
Lighting 399 8.9 18.2 29.9 3,548
Condensing boilers 532 4.9 49 34.8 2,606
Electric motors and inverters 1,443 2.7 5.5 40.3 3,895
UPS 2,278 0.7 1.5 41.8 1,595
Appliances 3,920 5.3 10.8 52.6 20,778
Refurbishing resid. buildings 3,932 8.8 8.8 61.4 34,605
Cogeneration 4,153 2.8 12.6 74 11,629
Road transport 4,906 12 12 86 58,875
Total 51.2 86 137,938

Data source: Beccarello, 2011

As can be seen from the Table, the three EE options with the lowest unit-

investment costs were assessed by Beccarello to have a total potential, in terms of

>4 The study done by Beccarello (2011) does not indicate where monetary metrics
(total investments and subsidies for EE options for the whole period 2020-20) are in
nominal or real terms. It is assumed here that investment and subsidy values extracted
from Beccarello et al. are in constant EUR 2010.
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primary-energy savings, of almost 35 Mtoe between 2010-20. This is almost twice the
reduction in natural gas demand that needs to be achieved in the CS in order to
compensate for lower PV generation.

The EE component of the CS is built on the assumption that the 19.7 Mtoe
reduction in natural gas demand is achieved with balanced contributions from all three
options with the lowest investment cost. It is assumed that the full potential, in terms
of the primary-energy savings of the lowest-cost option (heat pumps with a potential
of 11.7 Mtoe), is not entirely tapped in the CS, as part of this potential had most likely
been already utilized between 2010 and 2016 as a result of the several incentives in
place for EE (ENEA, 2017). The same constraint partly applies to the second-lowest
cost option (lighting with a potential of 18.2 Mtoe).

With the objective of making the CS a realistic policy and technology pathway,
it is assumed that this scenario achieves between 2010 and 2020 about 60% of the total
EE potential of heat pumps (7 Mtoe), about 60% from lighting (11 Mtoe), and about
55% of the potential of condensing gas boilers (2.7 Mtoe), for a total of 19.7 of
primary-energy savings. It is also assumed that these savings only displace primary
energy demand for natural gas, given its prominent role in Italy for both electricity
generation (about 40% of total electricity generation in 2016 [Terna, 2018]) and for
heating in final uses. The additional investment costs between 2010 and 2020 in the
CS, achieving the 19.7 savings in natural gas demand from the mix of EE options,
amount to about EUR 12.9 million (Table 4.9). The average unit investment cost of
the EE portfolio embedded in the CS amounts to about 330 M EUR/Mtoe, a figure that
falls within the range of investment costs for EE measures (between 90 and 630 M

EUR/Mtoe) reported by the IEA (2014a).
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Table 4.9 Energy-demand Savings and Energy-efficiency Investments in the
Counterfactual Scenario, 2010-2020

Share of potential reduction Savings on Savings on
on primary energy demand | Primary energy demand | Final energy demand ®) Total Investments
EE option Unit investment cost utilized in scenario 2010-2020 2010-2020 2010-2020
M Eur(2016) / Mtoe® (%) Mtoe Mtoe M Eur(2016)
Heat pumps 80 60% 7.02 3 245
Lighting 399 55% 10.01 4.90 1,951
Condensing boilers 532 55% 2.695 2.695 1,433
Total 19.725 11 3,629

Note: (a) Final energy demand; (b) assuming a conversion efficiency from natural gas to
electricity of 43.5% for heat pumps and 49% for lighting

Source: Author’s elaboration from Beccarello (2011)

To estimate the subsidies needed to mobilize this level of investment, it is also
necessary to define which sectors (e.g., residential, commercial, public) the EE
potential would be effectively tapped into, as there were different incentives available
between 2010 and 2016 for EE projects in the commercial, industrial, and residential
sectors (Beccarello, 2010; ENEA, 2017). The CS assumes that 40% of EE investments
take place in the commercial sector and 60% in the public sector to account for the
fact that the buildings stock in these two sectors had likely seen lower EE
improvements (on average) than the residential one between 2010 and 2016. In other
words, in the CS, a larger share of EE potential is assumed to be available in the non-
residential sectors than in the residential sector®>. In the commercial sector, subsidies
for heat pumps, condensing gas boilers, and lighting are implemented through a mix of
incentives (e.g., rebates, tax-deductions) that are assumed to cover 40% of the upfront

investment cost.

55 In the CS, final energy demand between 2010 and 2016 is equal to historical values.
This means that the CS already incorporates the distribution by sector of actual
investments in EE projects between 2010 and 2016.
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Though the category of “Subsidy” inherently cannot apply to EE projects
undertaken by the public sector, it is assumed that the costs of such investments, as
well as those of the subsidies that apply to the commercial sector, are financed through
a levy on final prices of electricity (similarly to Conto Energia’s FIT payments). The
assumptions underlying the CS on the share of the commercial and public sectors, the
degree of subsidization as well as total subsidies, and direct costs to the government

for EE investments are summarized in Table 4.10.

Table 4.10 Assumptions on (a) Sectoral Distribution of EE Projects and Subsidies;
Scenario Results for Total Subsidies and Cost for EE Investments in the Public Sector
in the Counterfactual Scenario

Condensing boilers

716.65

716.65

287

Share of Ratio of Subsidy Total subsidies Total cost
public sector Public sector Share of Commercial sector |to Total Investment cost | for EE projects in to government
EE option in TFC reduction | EE investments | commercial sector |  EE investments in commercial sector | commercial sector | for EE investments
in scenario in scenario on TFC reduction in scenario 2010-2020 cum. 2010-2020 cum. 2010-2020
(%) M Eur (2016) (%) M Eur (2016) (%) M Eur(2016) M Eur(2016)
Heat pumps 50% 122.32 50% 12232 40% 49 171
Lighting 50% 975.73 50% 975.73 40% 390 1,366

1,003

Total

50%

1814.70

50%

1814.70

40%

726

2,541

Source: Author’s elaboration based on Beccarello (2011)

Between 2010 and 2020, total subsidies for EE projects in the commercial

sector amount to about EUR 0.7 billion. The investment costs for projects in the public

sector total EUR 1.8 billion, so the total “Cost to Government™ is EUR 2.5 billion,

with a cost-to-government per unit of energy saved of 509 M EUR/M toe.

4.5 Comparison of the Two Scenario and a Summary of Results

Thanks to the Conto Energia FIT program, cumulative PV installations

between 2006 and 2013 in Italy totaled about 18 GW, equivalent to more than 90% of
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operating capacity at the end of 2016 (19.2 GW). The CS has much lower installations
between 2010 and 2013, but slightly higher than historical values from 2014 to 2016.
The CS then projects higher installations between 2020 and 2035, to the extent that PV
cumulative capacity between 2006 and 2035 in the two scenarios is almost equal;
(scenario values for key indicators are summarized in Table 4.11).

Avoided natural gas demand from PV deployment between 2006 and 2020 is
about 19 Mtoe higher in the RS, an amount that is, however, fully compensated by
higher EE investments over the same time frame in the CS. As a result, the CS
achieves the same effect on increasing the ratio of renewable energy supply on gross
internal energy consumption, which is the relevant indicator for the target of the
European Renewable Energy Directive by 2020.

By 2030, PV generation in the two scenarios amounts to about 20.5% of
estimated electricity demand in Italy (the difference in PV capacity and generation in
the two scenarios by 2030 is minimal, as the reference and counterfactual scenarios
share the same constraint of generating about 70 TWh by 2030)°. By 2035, the share
of PV electricity generation on projected electricity demand in the two scenarios
increases to about 29%. Taking into account transmission losses, the share of PV on

total electricity generation in the two scenarios is estimated to be slightly above 30%

56 Electricity-demand projections until 2026 are derived from Terna (2017). From
2027 to 2035, an average annual growth of 0.65% is assumed. This is the average of
the growth rates between 2016 and 2026 used in the baseline (base) and growth
(sviluppo) scenarios of Terna.
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by 2030. Effectively achieving this level of contribution to electricity supply will most

likely require the integration of PV systems with energy storage (ES)°’.

Table 4.11 Summary Results for the Two Scenarios

Indicator and unit Time Frame RS CS
Cumulative PV installations (MW) 2006-2013 17,822 4,836
Cumulative PV installations (MW) 2006-2020 21,705 15,983
Cumulative PV installations (MW) 2021-2035 65,919 71,483
Cumulative PV installations (MW) 2006-2035 87,624 87,466
Avoided fossil-fuel primary energy consumption from PV - (Mtoe) 2006-2020 34.36 15.59
Avoided fossil-fuel primary energy consumption from EE@)- (Mtoe) 2006-2020 - 18.77
Total Investments in Installation of PV plants/systems (M EUR[2016]) 2006-2035 105,842 101,161
Total Investments in EE options(a)(M EUR[2016]) 2010-2020 - 3,629
Total clean-energy investments 2006-2035 105,842 104,790
Total estimated subsidies for PV plants/systems (M EUR[2016]) 2006-2035 80,876 18,924
Total estimated subsidies and public investments for EE projects(a) (M EUR[2016]) | 2010-2020 - 2,541
Total residual subsidies available for additional EE projects (M EUR[2016]) 2021-2035 - 59,411
Total subsidies/public investments for PV and EE (M EUR[2016])" 2006-2035 80,876 80,876

Note: (a) EE: energy efficiency. This refers to energy-efficiency investments taking place in
the counterfactual scenario between 2010 and 2020 that are "additional" with respect to
‘baseline’ EE investments; (b) Includes subsidies to PV installations, EE investments in the
services (commercial) sector, and EE investments made by the public sector.

Source: Author’s elaboration

Total investments in PV systems in the RS between 2006 and 2035 are slightly
higher than in the CS (106 vs. 101 EUR billion), as the latter marginally benefits from
the “wait and see” strategy, which, as mentioned, aims at tapping global learning
effects to take advantage of lower prices in PV-system components traded in global

markets (e.g., modules, inverters).

57 ES investments are not estimated in the scenarios, as the share of PV capacity with
ES is assumed to be the same in the two scenarios, so it would not change the
differential in terms of total investment costs.
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The biggest difference in the two scenarios is in the subsidies needed to
mobilize PV investments. Total estimated subsidies for PV market-pull between 2006
and 2035 (FIT payments and subsidies for residential installations) in the RS are EUR
72 billion, almost four times higher than the subsidies for PV estimated in the CS
(about EUR 19 billion)38. These subsidies, amounting on average to 60% of the capital
cost of PV systems, are assumed to be effective enough to mobilize 16 GW of
projected annual PV installations between 2006 and 2020 in the CS.

This large gap on subsidies can be explained by the cost of the FIT program
throughout its full cycle. In fact, if data on past annual FIT payments (from 2006 to
2016) and estimates on flows of undiscounted FIT payments from 2017 to 2035 are
considered, the cumulative cost of the Conto Energia reaches almost EUR (nominal)
130 billion®S,

Subsidies to and public investments for EE projects between 2010 and 2020 in
the CS amount to EUR 2.5 billion, which brings the total subsidization costs of this
scenario to about EUR 18 billion over the same time period. Since the two scenarios
are assumed to have the same total cumulative subsidization costs between 2006 and
2035 (EUR 72.3 billion), the CS has a residual “nest egg” available of about EUR 54
billion to support EE investments from 2020 to 2030. Assuming this residual is used

to support EE investments targeting improvements in the thermal envelope of existing

58 The 72,330 M EUR of PV subsidy costs in the reference scenario include an
estimated 1,100 M EUR of costs for the tax-deduction scheme for residential PV
systems between 2013 and 2020.

59 Historical values from 2010 to 2016 from GSE (2017a); forecasted costs from 2017
to 2019 based on author’s estimation; projected costs from 2020 to 2038 from GSE
(2017c).
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buildings, between 2020 and 2030, with an average unit cost of 4,000 M EUR/Mtoe
(of energy saved)80 and a 50% subsidization rate, there would potentially be about 20
Mtoe of additional reductions in final demand for natural-gas demand and 47 Mton of

additional carbon emissions reductions as compared to the RS.

4.6 Break-even and Grid Parity Analysis

The reduction in PV-system prices projected in the two scenarios would
obviously improve the competitiveness of PV technology relative to other sources of
electricity generation. With between 66 and 71 GW of PV installations projected
between 2021 and 2035 in the two scenarios, the question of whether and to what
extent these levels of PV deployment might require the introduction of new market-
pull mechanisms warrants investigation.

This question is obviously related to the prospect of PV competing with grid
electricity in the market niches of distributed systems without any financial incentive.
As mentioned, while utility-scale PV systems have already achieved so-called market
parity in 2017 (Qualenergia.it, 2017a), PV diffusion in the niche industrial and

commercial systems relies strongly on the net-metering scheme, and installations of

60 This figure is based under the very conservative assumption that the average unit
cost for measures increasing thermal insulation of buildings remains constant at the
level estimated by Beccarello in 2011 (3,950 M EUR/ Mtoe). On the other hand, a
portion of the lowest-cost potential savings estimated by Beccarello from efficient
building envelope technologies had most likely been already utilized between 2010
and 2016, so the residual potential available by 2020 would be for projects with higher
marginal EE costs.

105



residential PV systems are reliant on the tax deduction scheme (50% of total PV-
system cost).

Grid Parity is defined by the IEA-PVPS as “the moment when PV can produce
electricity at a price below the price (the Levelized Cost of Electricity [LCOE]) of
electricity” (IEA-PVPS, 2016: 61)61. Literature on grid-parity prospects for PV
technology has been increasing significantly since the publication of the IEA’s
seminal study on experience curves (IEA, 2000) and, over the last decade, an
articulated “discourse” on grid parity has emerged. Hurtado Munoz et al. (2014)
conducted an extensive up-to-date analysis of the literature related to PV grid parity,
and concluded that many grid-parity studies are not characterized by an articulation
and careful evaluation of the assumptions used for the grid-parity analysis in a specific
geographical context. One of the elements in the discourse on the future of PV
technology is the assumption that when PV systems achieve grid parity, the PV market
will go through a phase of exponential growth (see, e.g., Diamandis, 2014).

Whether grid parity, as measured by LCOE equivalence with the price of grid
electricity, is a good indicator for PV competitiveness for all kinds of grid-connected
PV systems needs to be assessed, however. The LCOE-based concept of grid parity to
owners of PV systems selling all of the electricity generated by the PV system to
wholesale markets is straightforward. If the LCOE from the PV plant is lower than the
expected average wholesale price over the time frame considered, PVV-system owners
will be able to profit from selling the electricity produced by the PV system to the

grid. However, this concept of grid parity is less meaningful to those owners of PV

61 The LCOE concept is discussed in detail in section 4.6.1.
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systems that also self-consume the electricity generated (often referred to as
prosumers). For the LCOE to be a meaningful metric to measure grid parity for
prosumers, two (ideal) conditions needs to be fulfilled, namely that (a) 100% of the
PV electricity be self-consumed (this could be in real-time or through specific net-
metering schemes), and that (b) PV electricity self-consumed be valued exactly at full

retail price of electricity (IEA-PVPS, 2016).

4.6.1 Grid-parity analysis of PV systems in Italy: the LCOE approach

In order to assess the prospects for PV competitiveness in the two scenarios, a
grid-parity analysis based on LCOE is necessary. This analysis needs to examine
whether PV systems in Italy have already reached grid parity (as compared to retail
electricity prices) and, most importantly, whether or not grid parity, in and of itself, is
a watershed in PV market-growth.

The achievement of grid parity depends on local conditions, such as solar
radiation (and other factors affecting the LCOE), and on certain aspects concerning the
specific electricity market where the PV system is operating. For instance, commercial
entities installing PV systems usually have different retail electricity prices than do
residential PV system owners. The analysis for grid parity in Italy should therefore
consider different geographical regions (North, Center, South) and different markets
(residential vs. commercial).

The electricity generation cost by PV systems is conventionally measured by
the LCOE, as represented in equation 4.1:

LCOE = Y ((Investment + 0&M) * (1 + r)Y) /(X (Electricity, * (1+1r)7Y)) (4.1)
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The numerator of equation 4.1 quantifies the discounted life-cycle costs of a
PV system (the initial investment and operation and maintenance, which includes the
replacement of the inverter) and the denominator quantifies the electricity produced
during the life cycle of the PV system (IEA & NEA, 2010)¢2,

Table 4.12 shows the assumptions used for the calculation of LCOE values for
a 3 kW residential system and the results for three different PV-yield values®3.
Estimated LCOE values for a residential PV system in 2016 range from about 0.16
EUR/KWh in Southern Italy (PV-yield 1,350 kWh/kWp), to about 0.19 EUR/kWh in
Northern Italy (PV-yield at 1,150 kWh/kWp). These values are below the average
price of retail electricity in Italy reported for that year by the Italian Energy Authority
at 0.1956 EUR/kWh (ARERA, 2017)84, Of all the assumptions used to calculate a
cash-flow analysis, the choice of the discount rate is arguably the most subjective, as
prospective owners of PV residential system might use different criteria to discount

future cash flows. In fact, if the assumed real discount rate were increased to 7%, the

62 Equation 4.1 is the result of a mathematical transformation of an LCOE equation
that includes the price of electricity. This explains why physical units of electricity
appear “as if physical production was discounted” (IEA & NEA, 2010: p.33).

63 PV-system price is estimated from values reported in the National Survey Report of
PV power applications in Italy (Tilli et al., 2017). The PV-yield value used is the
2011-2016 average PV vyield reported by GSE (2017). PV-system lifetime and PV-
output annual decay values are consistent with similar analyses published in the
literature (e.g., Politecnico di Milano, 2016). Values for grid-connection and
authorization costs are also from Politecnico di Milano (2016). The inverter-
replacement costs at year twelve (EUR 135/kW) is estimated assuming a 10%
reduction from values estimated for 2016 by author.

64 With a consumption class between 2,500 and 3,500 kWh, the average electricity
price (excluding taxes) reported by the Authority for 2016 is 195.6 EUR/MWh
(ARERA, 2017).
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LCOE for a PV-system in Central Italy would spike to about 0.19 EUR/KWh, but still

be below the average retail electricity price.

Table 4.12 Assumptions for LCOE Analysis for a 3 kW Residential PV System in
Italy, 2016

PV-system rated power (KWp) 3
PV system cost (EUR/kW) (VAT included) 1,700
Total PV system cost (EUR) 5,100
PV yield (KWh/KWp) 1,150-1,350
PV-system lifetime (years) 25
PV output annual decay (%) 1%
PV output in first year of operation (kWh) 3,750
Grid-connection and authorization costs (EUR) 250
Annual O&M cost at year 1 (EUR) 150
0&M escalation rate (%) 1.50%
Inverter replacement (year) 12
Unit Inverter cost at year 12 (EUR/kW) 135
Replacement cost for inverter (EUR) 405
Real discount rate (%) 6%
Levelized Cost of Electricity (EUR/kWh) at location with 1,350 kWh/kWp 0.1638
Levelized Cost of Electricity (EUR/kWh) at location with 1,250 kWh/kWp 0.1769
Levelized Cost of Electricity (EUR/kWh) at location with 1,150 kWh/kWp 0.1922

Source: Author’s elaboration

From these results, it derives that residential PV systems in Italy have already
achieved grid parity, if the definition of the latter is based on LCOE equivalence with
retail electricity prices. However, as mentioned, as of 2018, residential PV systems in
Italy are still subsidized with a 50% tax-deduction scheme, which has been replacing
FIT payments as support mechanism in this niche since mid-2013. This incentive was
not included in the LCOE estimation, but if included, the LCOE for residential PV

systems in Central Italy would be as low as 0.11 EUR/kWHh.
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Table 4.13 summarizes the assumptions used for the calculation of LCOE
values for a 100 kW commercial system and the results for the same three PV-yield
values used for the residential system65, With LCOE values ranging from 0.13 to 0.15
EUR/KWh, commercial PV systems in Italy had also achieved grid parity in 2016, as
the level of electricity prices reported by the Energy Authority for customers in the
medium-voltage market segment is 0.18 EUR/kWh)®¢6,

Despite both residential and commercial PV-systems having already achieved
LCOE-base grid parity in 2016, with 316 MW, the level of installations for these two
segments in that year is significantly below what was installed in 2012 under the
Conto Energia program (1,813 MW). This suggests that LCOE-based grid parity does
not necessarily correlate with an acceleration in technology diffusion. It follows that
the concept of LCOE-based grid-parity might have limited value for any PV
technology-diffusion analysis of PV systems aimed at projecting PV installations in a
post-subsidy market environment. Several factors might be at play in making LCOE-

based grid parity an imperfect benchmark as a market break-even factor.

65 The assumed value for grid-connection and authorization costs is from Politecnico
di Milano (2016). The inverter-replacement costs at year twelve (EUR 135/kW) is
estimated by the author assuming a 10% reduction from values estimated for 2016 by
author. The value for O&M costs (9,000 EUR at year 1) is also based the author’s
estimates of a unit cost of EUR 26/kW. For all other assumptions, see footnote 52.

66 The average electricity price (excluding taxes) reported by the Italian Energy

Authority for the medium-voltage (media tensione) segment in 2016 is 177.10
EUR/MWh (ARERA, 2017).
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Table 4.13 Assumptions for LCOE Analysis for a 100 kW Commercial PV System in
Italy, 2016

PV-system rated power (KWp) 100
PV system cost (EUR/kW) VAT included 1,300
Total PV system cost (EUR) 130,000
PV yield (KWh/KWp) 1,350
PV-system lifetime (years) 25
PV output annual decay (%) 1.00%
PV output (kWh) 135,000
Grid connection and authorization costs (EUR) 5,000
Annual O&M cost at year 1 (EUR) 2,600
O&M escalation rate (%) 1.50%
Inverter replacement (year) 12
Unit Inverter cost at year 12 (EUR/kW) 130
Replacement cost for inverter (EUR) 13,000
Real discount rate (%) 8%
Levelized Cost of Electricity (EUR/kWh) at location with 1,350 kWh/kWp 0.1291
Levelized Cost of Electricity (EUR/kWh) at location with 1,250 kWh/kWp 0.1395
Levelized Cost of Electricity (EUR/kWh) at location with 1,150 kWh/kWp 0.1516

Source: Author’s elaboration

A grid parity analysis of PV systems based only on the LCOE criterion
implicitly assumes that the value of generate PV electricity is equal to the retail
electricity price. In most existing regulatory frameworks, however, the electricity
generated by a PV system that is not self-consumed is not valued at the full retail
electricity price. When PV generation is higher than consumption load, excess
electricity is fed into the distribution grid, and the rate at which this electricity will be
valued depends on the specific net-metering regime in place. In fact, even the most
favorable net-metering regimes in countries monitored by the IEA-PVPS program do
not provide for a compensation equivalent to the full price of electricity (defined as
full net metering), as some of the dispatch charges and fixed fees included in the retail

price are not included in the net metering compensation (IEA-PVPS, 2016). Even in
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those cases where the net-metering regime would grant PV system owners a
compensation equivalent to the full retail electricity price, it should be questioned
whether and to what extent the decision of prospective PV system owners to invest

and install a PV system should be based on the LCOE metric.

4.6.2 IRR-based Approach to Assess Market Competitiveness

Analyses on the financial viability of investments on PV systems in Italy
periodically undertaken by the Energy& Strategy Group of the Politecnico di Milano
(2008-2014) are based on an approach to estimating grid parity that is different from
that of LCOE. This alternative analytical approach to grid parity is based on the
Internal Rate of Return (IRR) of the investment, which arguably better reflects the
decision-making process of past and potential PV system owners. The approach
defines grid parity or market break-even as a level of PV system prices that can
guarantee minimum IRR values to subjects investing in PV systems. In the analysis
carried out by the Politecnico di Milano in 2014, this IRR target was set at 4% for
residential PV systems and at 6% for commercial and industrial systems. Their
analysis concluded that if incentives are not accounted for, PV technology already
reached grid parity in Italy in the market niche of commercial applications in the
southern regions of Italy in 201367 (Politecnico di Milano, 2014).

To estimate IRR values of investments in distributed PV systems in Italy in

2016, cash-flow analysis was conducted for a 3 kW residential PV system and a 150

67 With average market prices as of December 2013, and if a lifetime of 30 years is
assumed.
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kW commercial PV system. The assumptions and results for the two cases are
presented in Tables 4.14 and 4.15.

In 2016, a residential PV system with a full-equity investment in Central Italy
achieved an IRR of about 8.50% (and a payback in 9 years). This result is contingent
upon the 50% tax-deduction scheme: without tax deduction, the IRR would decrease
to 3.70%. The IRR of a PV-system investment with more favorable solar irradiation
values, as are typical in Italy, would only marginally increase to 8.70% (simple
payback would also be at 9 years), while the IRR without the 50% tax-deduction
scheme would be 3.8%. The IRR values without the tax deduction scheme are not far
from the 4% threshold identified by the Politecnico di Milano. Yet, even with effective
IRR values above 8%, residential PV installations up to 3 KWp in 2016 were, with 50
MW, significantly lower than installations in the same market segment in 2012 (about
130 MW). This “under-performance” might suggest a possible market saturation in so-
called sweet spots (IEA, 2015) in the residential PV market, made of single-house
owners that are more likely to adopt innovations, such as so-called early adopters or
innovators who, for the sake of adopting a new innovation, might be willing to accept
lower return rates (Rogers, 2003). Another possible category for sweet spots might be
single-family houses having favorable roof orientations.

The break-even point for residential PV systems estimated by the Politecnico
di Milano (2014) at a 4% IRR could be reached with a price of about 1,550 EUR/kW
in Central Italy. This value is reached in 2019 in the RS and in 2020 in the CS. It
follows that if, between 2017 and 2019, the (a) LR values observed from 2002 to 2016
for all components of PV systems are maintained, and if (b) the 25% CAGR in PV

installations projected in the reference scenario is achieved, then residential PV
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systems without incentives will achieve break-even (as defined by a 4% IRR) by the

end of 2019.

Table 4.14 Cash-flow Analysis of a 3 kW Residential PV System in 2016:

Assumptions and Results

PV-system rated power (KW,)

PV system cost (Eur/kW) VAT included
Total PV system cost (EUR)

Total Debt

Total Equity

PV yield (kWh/Kwp)

PV output annual decay (%)

PV output (kWh)

Electricity demand (kwWh)

Percentage of Self consumption (%)
PV electricity self-consumed (kWh)
Electricity consumed from the grid (kWh)
PV Electricity fed into the grid (kWh)

3
1,550
4,650

0%
100%
1,150-1,350
1%
3,450-4,050
3,000
30%
1,035-1,215
1,785-1,965
2,415-2,835

Electricty price rate (EUR/kWh) 0.1956
Electricity price escalation 1%
Net-metering compensation (EUR/year) 263
Tax deduction on capital cost (%) 55%
Annual O&M cost at year 1 (EUR) 150
O&M escalation rate (%) 1%
Grid connection and authorization costs (EUR) 30
Inverter replacement (year) 12
Unit Inverter cost at year 12 (EUR/kW) 135
Replacement cost for inverter (EUR) 405
IRR in Southern Italy (1,350 kWh/kWp) 8.67%
IRR in Central Italy (1,250 kWh/kWp) 8.53%
IRR in Northern Italy (1,150 kWh/kWp) 8.38%

Source: Author’s elaboration

The cash-flow analysis of the 150 kW PV-system (Table 4.15) indicates that

this investment is already above the 6% IRR break-even, with values ranging from
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7.90% in Northern Italy to 9.30% in Southern Italy®8. The net-metering scheme, which
provides economic compensation for PV electricity fed into the grid at higher than
wholesale electricity prices, had a non-negligible effect on the financial performance
of these systems. The estimated net-metering compensation per unit of electricity
injected into the grid is about 10.5 EUR/MWh, that is, well above the average
wholesale electricity prices at 60 EUR/MWh (ARERA, 2017).

Overall, cash flow analysis suggests that, based on the IRR criterion, both
residential and commercial PV systems are approaching market break-even. Secondly,
both the tax deduction and the net-metering schemes will need to be maintained to
ensure at least constant levels of distributed PV installations while the transition to a
fully self-sustaining market is still underway.

With annual PV installations in the two scenarios increasing from about 1,000-
2,000 MW in 2020 to 5 GW in 2030, an additional aspect that warrants analysis is the
question of to what extent this ramping up of installations will require an extension of
the existing mechanisms or the re-introduction of financial incentives for distributed
systems, or whether, on the other hand, these deployment levels can be achieved with
a self-sustaining market for both distributed and utility-scale PV systems (the latter
having already achieved market parity). In other words, assuming that market

competitiveness, as defined by IRR break-even levels, is also achieved for distributed

68 Due to the complexity of estimating annual revenues from the net-metering scheme,
the cash-flow analysis for the 150 kW PV-system was conducted with the online
software “Simulare” available at https://www.ingalessandrocaffarelli.com/
download/category/4-software.html.
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PV systems between 2020 to 2030, will these IRR values be enough to mobilize the level

of annual installation projected in the two scenarios?

Table 4.15 Cash-flow Analysis of a 150 kW Commercial PV System in 2016:

Assumptions and Results

PV system rated power (KWp)

PV system cost before VAT (EUR/kW)
Total PV system cost before VAT (EUR)
Total Debt

Total Equity

Interest rate

Loan Maturity (years)

Annual loan payments (EUR)

Capital budgeting (years)

PV yield (KWh/KWp)

PV output annual decay (%)

150
1,385
207,750
70%
30%
5.00%
15
14,011
25
1,160-1,350
1%

Annual electricity consumption (kWh) 226,248
Percentage of self-consumption 58%
Electricty (purchase) price rate (EUR/kWh) 0.19
Escalating rate of electricity price 1.50%
Unit Net-metering compensation in year 1 (EUR/kWh) 0.10
Annual O&M cost at year 1 1,500
Insurance cost at year 1 (EUR/kWp) 10
O&M and Insurance escalation rate 1.50%
Extra-ordinary maintenance (year) 12
Unit cost for extra-ordinary maintenance (EUR/kW) 130
Total extra-ordinary maintnance costs at year 12 (EUR) 19,500
Depreciation coefficient 9.00%
Tax rate 31.40%
Property tax (EUR/kW) 10
IRR in Southern Italy (1,350 kWh/kWp) 9.29%
IRR in Central Italy (1,250 kWh/kWp) 8.61%
IRR in Northern Italy (1,150 kWh/kWp) 7.90%

Source: Author’s analysis

116




One way to gather useful insight to answer this question could be by looking at
the IRR values of distributed (non-utility scale) PV systems achieved (on average)
with the fifth Conto Energia scheme in 2012, when installed capacity for this market
segment was about 1.8 GW. An ex-post cash-flow analysis for PV systems installed in
2012 was conducted to estimate the IRR values for distributed systems. The IRR of a
3 kW residential PV system installed in Central Italy in the first semester 2012 with
the fourth Conto Energia is 11.94% IRR, whereas that of a 150 kW is 14.93%6°,

It is possible to estimate when these IRR values achieved in 2012 with the
Conto Energia could be reached in the two scenarios without incentives. The first step
in this ex-ante cash flow analysis of PV competitiveness in the two scenarios is to
estimate PV system prices for residential and commercial PV systems (as only average
PV-system prices, including all categories, were estimated in the previous steps). In
2016, the ratio of a 3 kW residential PV system price to average price was about
125%, whereas the ratio of 150 kW commercial PV-system price to average price was
approximately equal to 100%. These ratios are assumed constant throughout the

scenario time frame 2018-35.

69 Main assumptions for residential PV systems: PV-system price at 2,650 EUR/KWp,
70% debt at 5% interest rate, 38.16% self-consumption of PV electricity, electricity
price at 0.21 EUR/KWh. The feed-in tariff for this category of PV systems in the first
semester 2012 was 0.24 EUR/KWh and the estimated net-metering compensation in
year 1 obtained from the SIMULARE software is EUR 192. Main assumptions for
commercial PV system: PV-system price at 1,800 EUR/kKWp, 70% debt at 5% interest
rate, 58% self-consumption of PV electricity, electricity price at 0.19 EUR/kKWh. The
feed-in tariff for the first semester 2012 for this category of PV systems was 0.206
EUR/kWh and the estimated net-metering compensation in year 1 obtained from the
SIMULARE software is EUR 5,750.
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In both the reference and counterfactual scenarios, the 12% IRR that was
achieved in 2012 by a 3 kW residential PV system can be reached only with financial
incentives in the scenario time frame?0. By 2035, in the reference scenario, when the
projected residential PV system price reaches 910 EUR (2016)/kW, the IRR for a PV
system in Central Italy is about 8% (and lower in the counterfactual scenario, due to
PV system prices being slightly higher). The gap for commercial systems between the
estimated average IRR values observed in 2012 and those projected towards the end of
scenario time frame is narrower than residential PV systems. However, by 2035, a 150
kW PV system in Central Italy with a price of 730 EUR (2016)/kW and no support in
net-metering compensation only achieves a 14.13% IRR, versus the 14.93% estimated
for the same system in 201271,

It can be surmised that achievement of the PV-installation levels needed
between 2020 and 2030 in the residential and commercial PV-market niches in order
to reach the target of 70 GWh PV generation (embedded as a constraint in both the
reference and counterfactual scenario) could be challenging without the market-pull
effect of current or new support mechanisms or without an acceleration of the
historical price-reduction trend for PV systems. To accelerate PV adoption, an
alternative to conventional support mechanisms would be to act at a higher level of

policy and regulatory frameworks, by addressing the issue of potential market failures

70 Assuming no tax-deduction scheme and a unit net-metering compensation equal to
an average wholesale electricity price of 60 EUR/MWHh. All other assumptions are the
same as in Table 4.14.

1 Assuming that the PV electricity injected into the grid is valued at an average

wholesale electricity price of 60 EUR/MWh. All other assumptions are the same as in
Table 4.14.
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resulting in very high elasticity values of technology adoption to financial

performance.

4.7 PV Competitiveness and Market Failures

With PV having already achieved market parity in utility-scale plants, and
approaching IRR break-even values in PV distributed systems in Italy, the issue
relevant to energy policymakers is what technology adoption rates can be expected in
a self-sustaining market.

As the ex-ante cash flow analysis of the PV scenarios has shown, even after
market break-even is reached, the effective rate of adoption might still be lower than
in the period when financial incentives were supporting deployment. A factor that can
explain the marked under-performance of technical and financially viable technologies
is so-called market failures.

Market failures are often cited to explain slow rates of adoption of EE
technologies or even distributed renewable energy technologies like solar hot-water
systems (SHW) (Yang, 2010). In specific geographical contexts characterized by high
energy prices and very high solar radiation (e.g., Hawaii), SHW provide savings in
electricity or natural gas costs to homeowners high enough to reach the benchmark
value for payback time considered for market competitiveness (e.g., 4 years).
However, despite reaching market break-even, SHW systems still require subsidies for
their market uptake in many countries as a result of several market failures. Among
the market failures cited in literature that act to slow down the diffusion of market-
competitive sustainable energy technologies are the lack of information of potential

users, existing barriers to access to leveraged capital, and the use of very high implicit
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discount rates by prospective adopters, particularly in the residential sector (Linares
and Labandeira, 2010). These barriers are likely to apply to the diffusion of market-
competitive distributed PV systems in Italy as well, and will require the

implementation of effective policy frameworks in order to meet the objective of the

National Energy Strategy foreseen for PV by 2030.

4.8 Summary

Two scenarios were constructed to develop all the metrics needed to estimate
the so-called subsidization costs of the Conto Energia program, as well as investments
mobilized throughout the full cycle of this program, and to compare such metrics with
an alternative policy pathway. The reference scenario is built on historical PV
installations from 2010 to 2016 (significantly spurred by Conto Energia from 2010 to
2013), and a projected diffusion path that would meet the objective for PV generation
of the Italian National Energy Strategy by 2030 (70 TWh). The counterfactual
scenario is built on the assumption of much lower PV installations between 2010 and
2013, and higher investments in EE investments in order to achieve the same
reductions in natural gas demand as the reference scenario between 2010 and 2020.
PV installations in the counterfactual scenario are higher from 2014 onwards, and
installed PV capacity by 2030 is the same as in the reference scenario. Both scenarios
achieve the 2020 objective of renewable energy sources, contributing to 17% of gross
internal consumption as per the Renewable Energy Directive 2009/28/CE.

The most striking difference in the two scenarios is in the subsidization costs.
Between 2010 and 2020, subsidies paid to support PV deployment in the reference

scenario amount to EUR 73 billion. In the counterfactual scenario, subsidies paid to
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support PV deployment and additional investments in energy efficiency projects total
about EUR 17 billion. Cumulative PV investments between 2006 and 2035 in the
reference scenario are EUR 106 billion, versus EUR 101 billion in the counterfactual
scenario, suggesting that a wait and see strategy that postpones support to PV
deployment to benefit from global learning effects has a much bigger effect on
subsidization costs than on investments.

Annual PV installations in the two scenarios reach above 3 GW towards the
end of the 2020s. It could be presumed that this level of installations is feasible in a
self-sustaining market where PV diffusion does not need to be spurred by support
mechanisms, a condition that is often related to the grid parity concept. At the end of
2016, distributed PV systems were already in grid parity, as defined by a condition
where the LCOE from PV systems is lower than retail electricity prices. However, PV
installations in 2016 were lower than in 2013 by almost one order of magnitude. This
suggests that the achievement of grid parity, as expressed by an LCOE equal or lower
than retail electricity price, is not a meaningful milestone for analyzing the prospect of
PV diffusion.

A more meaningful way to assess the market competitiveness of distributed PV
systems is by defining market break-even as the condition where specific thresholds of
internal return rates (IRR) of investments in PV systems are achieved. In this light,
IRR values of investments in residential and commercial PV systems without support
mechanisms were estimated to be close to break-even values in 2016. However, the
realization of a self-sustaining PV market between 2020 and 2030 may still not reach

the necessary growth rates to achieve the levels of PV diffusion needed to meet the
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objective of the National Energy Strategy by 2030 that is embedded as constraint in

the two scenarios.
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Chapter 5

MODELING APPROACHES FOR ECONOMIC IMPACT ANALYSIS OF
RENEWABLE ENERGY DEPLOYMENT

5.1 Economic Effects Relevant to Impact Analysis

Economic impacts of renewable-energy (RE) diffusion, such as variations in
gross domestic product (GDP) and employment, are the results of different effects and
mechanisms playing out in several economic sectors throughout the product value
chain.

The first and most important categorization to consider distinguishes direct,
indirect, and induced effects (Miller & Blair, 2009). Direct effects can be defined as
changes in output, employment, and value added in an economic sector that have been
triggered by an “exogenous” (e.g., policy-driven) variation in demand for commodities
(including services) produced by that same sector (e.g., an increase in installations of
PV-system integrators as a result of an incentive scheme). Indirect effects are
variations in output, employment, and value added in those industries that supply
inputs to the sector where the direct effects are taking place. An example of indirect
effects of investments in the construction and installation of new PV systems is the
increase in production of PV modules in order to supply system integrators. Those
industries where indirect effects are realized are often referred to as linked industries.
Induced effects result from a variation in employees’ income (including that of new

employees) in those industries affected by direct and indirect impacts (e.g., the
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increased purchasing power of formerly unemployed individuals who are hired by the
PV sector).

In general, the diffusion of new technologies produces changes in economic
variables (GDP, employment, etc.) because of adjustment reactions from economic
agents (i.e., households and companies). Such adjustment reactions produce structural
effects that will vary across different economic sectors and regions. Ragwlitz et al.
(2009) discuss three relevant economic mechanisms in their analysis of the economic
impacts of RE diffusion: (a) Structural demand mechanisms; (b) price mechanisms; (c)
multiplier mechanisms. These three mechanisms will be discussed in the following

sections.

5.2 Structural Demand Effects

Structural demand and price effects or mechanisms are interlinked in a rather
complex cause-effect relationship that makes it virtually impossible to separate the net
effects of these two economic mechanisms (Ragwlitz et al., 2009). However, for the
sake of a clearer description of the theoretical framework, unless stated otherwise, the
structural demand effect will be described as if it were occurring independently of the
price effect. In a neoclassical-economy theoretical framework, an increase in the
diffusion rate of a renewable-energy technology is represented by shifts in both
demand and supply (under the hypothesis of a fully competitive market) for RE
systems. New investments to construct and install RE plants will result in increased
production capacity and energy produced by such plants. Such process can be depicted
by a (rightward) shift in the supply curve for renewable energy (e.g., more electricity

from PV systems, higher production of biofuels). A policy-induced variation in
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investments in the RE industry determines structural economic changes that can result
in either positive or negative economic impacts (e.g., higher or lower output and
employment). This would apply not only to economic sectors within a national
economy but also to a country on the whole (e.g., a reduction in natural gas exports
due to growth in RE electricity “crowding out” natural gas consumption at the global
level).

Structural demand effects can be divided into: (a) investment impulses; (b)

operation and maintenance impulses; and (c) trade impulses.

5.2.1 Structural Investment Impulses

Increased investments in RE systems are realized through a higher volume of
economic activity for installers (e.g., system integrators, electric utilities, and
contractors involved in engineering, procurement and construction [EPC]) and
manufacturers of RE technologies, as well as for providers of RE-related services
(e.g., trading of green certificates). On the other hand, investments in new RE systems
might crowd out investments in industries producing electricity from “conventional
sources” like fossil fuels or natural gas, or from other RE technologies.

The economic impacts of investments in new RE systems can be divided in
direct and indirect impacts. In both categories there can be either positive or negative
impacts.

Positive direct effects of RE investments in the power sector concern those
economic sectors directly active in the installation phase of new RE capacity (e.g.,

EPCs or system integrators in the case of RE systems generating electricity).
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Negative direct impacts are the result of displaced investments in those sectors
or industries that are crowded out by renewable power, such as, for example,
conventional utilities with plans to invest in new generating capacity from coal or
natural gas.

Positive indirect effects concern those economic sectors that are linked to the
renewable-power industry, such as, those supplying goods or services that are
necessary for the installation of RE plants. Some examples of linked sectors that are
indirectly impacted by increased investments in RE capacity are producers of system
components (e.g., wind turbines, solar thermal collectors), companies that engineer
and install production lines for system components (e.g., for PV module or biofuel
production plants), providers of IT-services (e.g., developers of applications that can
monitor electricity generation from RE power plants), and producers of raw materials
(e.g., steel, concrete, silicon, and critical raw materials used in renewable-energy
technologies like silver). Furthermore, increased demand for RE systems is also
reflected in higher volumes for other auxiliary activities such as planning (which
might be outsourced by system integrators to specific service providers) and financing.
All these linked industries will have to raise output in order to meet increased demand
from companies active in RE-system installation.

Negative indirect impacts of investments in new RE capacity will concern all
those sectors and companies that are involved in the construction of new fossil fuel
plants, as well as suppliers of technologies such as steam turbines or end-of-pipe
pollution-control equipment. RE-power deployment will also have negative indirect
effects on the fossil-fuel extraction industry, such as by reducing hydrocarbon’s

upstream activities.
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5.2.2 Structural Operation and Maintenance Impulses

Increased operation and maintenance (O&M) expenditures are related to the
generation of energy (that can be either electricity or heat or both72) from new RE-
power systems as well as to activities undertaken to maximize the operating
performance of operating systems. All these activities begin right after the installation
or construction of RE systems. Operation and maintenance activities are also
characterized by both positive and negative impacts.

The positive direct effects of the O&M of existing RE capacity consist in all
the economic activities needed to generate renewable energy. These activities are
related to the use of different inputs into the production process, such as human labor,
fuels (particularly in the case of RE plants using biomass), or the replacement of
system components. Most of the O&M activities in the RE-power industry have a high
intensity of human labor compared to conventional power (Ragwitz e al, 2009). This
higher labor intensity however might be related to the fact that RE industries are
relatively “immature”, and so subject to significant potential gains in terms of labor
productivity (Cameron & van der Zwann, 2015). Direct negative impacts resulting
from O&M activities in the RE power sector consist in lower output and employment
in those energy-generating industries and sectors that are crowded out by increased
generation of RE electricity or heat. An example of such direct negative economic
impacts is that of decreased production volumes (that is, output) for companies

operating fossil fuel power plants.

72 For example, (1) electricity generated from PV or wind systems (2) heat generated
by biomass-fueled power plants and distributed in district heating systems and (3)
electricity and heat co-generated by biomass-fueled plants.

127



Positive indirect effects of the O&M of new RE systems will arise from the
purchase of products and services of linked industries, for example when the
maintenance of a PV system requires the substitution of basic components such as the
inverter. Negative indirect effects of the operation of RE systems will arise from
reduced economic activity in utilities producing electricity and heat that are subject to
the aforementioned negative direct effects. For example, lower electricity produced
from fossil-fuel power plants might translate into a contraction in demand for products
and services that are necessary for the operation and maintenance of these plants (e.g.,

companies that operate as service providers to the utility).

5.2.3 Structural Trade Impulses

Increased investments in RE systems and higher production of energy from
renewable energy sources (RES) can have significant effects on the trade balance of a
country. Two basic examples of trade impulses related to renewable energy
deployment that are reflected in an increase in surplus or decrease of trade-balance
deficit are increased exports of RE technologies and reductions of fossil-fuel imports.
Positive effects on the trade balance also include reductions in imports of technologies
linked to power generation from fossil fuels (e.g., gas turbines, scrubbers for coal
thermal power plants). Negative effects of RE deployment on the trade balance can
consist of increasing imports of RE system-components or RE fuels (e.g., bioenergy
carriers like wood pellets).

Ragwlitz et al. (2009) pointed out that if the costs of an incentive scheme
supporting RE growth fall on energy-intensive industries competing in international

markets, any positive impacts of such incentive-driven market growth might be
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compensated by negative effects on external trade. If, on the other hand, the burden of
the incentive costs falls on utilities that are enjoying monopolistic profits, negative

trade effects could be limited.

5.3 The Price Effect

Another economic mechanism from which RE deployment’3 can produce
economic impacts is the so-called price effect, which, in microeconomic theory, is
defined as the sum of income and substitution effects (Nicholson, 1998). One example
of price effect arising from a policy-driven increase in RE demand is when financial
incentives used to support demand for renewable energy are funded through a levy on
electricity, increasing electricity prices to final users. This results in a variation of the
relative price of energy, to which households might react by reducing consumption
and increasing demand for other goods (substitution effect)74. Furthermore, relatively
higher energy prices will reduce households’ available income, potentially causing
them to reduce expenditures (income effect).

In economic impact analysis, the price effect determines the difference
between gross economic impacts and net economic impacts. The negative economic

impacts (i.e., variation in output, value added and employment) of reduced

73 Such deployment can either be policy-induced or the result of factors that are
exogenous to policy choices (e.g., a technology breakthrough or the “price shock” of a
competing product or service).

4 Even if the individual consumer were to stay on the same indifference curve,
according to microeconomic theory, consumption patterns would be changed to have
the marginal rate of substitution equal the new price ratio (Nicholson, 1998).
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expenditures by households due to higher energy prices might be so high as to
compensate the positive gross impacts caused by the structural demand effects.

The extent of the impact of higher energy prices on household consumption
will depend on the price elasticity of demand for energy and for other goods. In fact,
given that demand for energy is notoriously more inelastic than demand for other
goods, the effect of reduced available income (graphically displayed by a shift to the
left of the budget constraint curve) due to higher energy prices might be a more
significant reduction (in relative terms) of demand for other goods and services than
for energy itself (Nicholson, 1998).

If the costs of incentives to support RE deployment are not passed directly to
the consumers of energy goods but fall on the government instead, the latter might
decide to reduce public expenditures in order for these incentives to be “budget
neutral”. The cost opportunity of reduced public expenditures to pay for subsidies can
be considered the public sector equivalent of the income effect. If inefficient public
expenditures are decreased, the overall negative economic impacts will be lower than
the case in which public investments with a high multiplier (e.g., in infrastructure) are
crowded out. If general taxation is increased to pay for incentives (e.g., through an

increase in personal income tax), these will result as income effects to households.

5.4 Multiplier Effects

An economic mechanism that can play a significant role in determining the
kind and entity of economic impacts generated by RE deployment is the multiplier
effect. This concept captures economic impacts arising from changes in several

economic variables, such as: (a) economic output; (b) employment; (c) income earned
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by households; and (d) value-added. The multiplier concept is based on the difference
between the initial effect of an exogenous change in demand for a given product or
sector (e.g., increased investment in RE capacity and increased supply of energy from
RES) and the total, final effect produced by this change.

The initial effect can be defined as the direct effect of an increase in demand
for a commodity or entire economic sector. The total effect can either be (a) the sum of
direct and indirect effects’>, or (b) the sum of direct, indirect, and induced effects if
the effects on household income are also considered (Miller and Blair, 2009)76. For
example, the total effect of an increase in RE-power investments can consist in the
increased economic activity of RE installers (direct effects), increased production in
industries linked to RE installers (e.g., manufacturers of system components), and
economic effects arising from the additional income spent by households whose
members are employed by the industry increasing production.

Higher income of household members employed in the RE-power sector and in
those sectors linked to it would be reflected in increased consumption that
“reverberates” throughout the economy until the income multiplier effect exhausts
itself. However, an opposite effect should also be accounted for: consumption may be
reduced by those households whose members are employed in sectors negatively
impacted by increased RE demand. For example, as a result of RE-market growth,

large industry conglomerates supplying technologies to utilities generating electricity

5> This is the case for an I-O model that is “open to households”.

76 1f an 1-O model only assesses direct and direct effects, it is defined as a model
“closed to households”.
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from fossil fuels might have to lay off their personnel?7, resulting in a negative income

multiplier effect.

5.5 Literature Review on Economic Impact Analysis of Renewable-energy
Diffusion

Economic impact analyses of RE deployment have been carried out since at
least the early 2000s, for different technologies and on different geographic scales.
Most of these studies have looked at the employment impacts of policy-induced RE
deployment.

One of the first efforts to analyze the economic impacts of RE deployment is
the MITRE (Monitoring & Modeling Initiative for the Targets of Renewable Energy)
study, carried out in the European Union (EU). This analysis, published in 2003,
concluded that renewable energy development in Spain, as well as across Europe,
would result in a net positive impact in terms of employment (EUFORES, 2018).

Hillebrand et al. (2006) looked at the impacts of the feed-in tariff (FIT)
program introduced in Germany in 2003 and concluded that this support policy would
result in increased employment between 2004 and 2008 in parallel with the rapid
growth of the RE industry. However, net employment was found to be negative after
2010, due to reduced market growth combined with the higher costs of RE

technologies compared to conventional sources.

T One recent example is the decision by General Electric to lay off 12,000 people in
their power equipment division (mostly serving gas and coal-fired power plants),
allegedly as a result of the rise in the RE market (Crooks and Samson, 2017).
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McDonald et al. (2006) simulated a switch from crude-oil production to
bioenergy (switchgrass) in the United States (US), using a computable general
equilibrium model (see section 5.6). The results of the simulation show a slight
decrease of GDP as a result of lower economic efficiency in the biofuel production
process. Furthermore, the expansion of bioenergy production in the US was shown to
determine a contraction in agriculture production, causing higher prices for
agricultural commodities in the global market, resulting in an overall net decrease in
welfare at the global level.

In a seminal work, Lehr et al. (2008) assessed the economic impacts of
renewable energy deployment in Germany from 2005 to 2030 in the frame of several
scenarios, each incorporating different values for key parameters (e.g., prices of RE
systems and conventional sources). All the scenarios analyzed had net positive
employment impacts except one, which was characterized by “extreme” conditions,
such as no exports of RE technologies and very low energy prices ($30 per barrel of
oil in 2020). According to Lehr et al., a specific feature of the German context
positively and significantly impacting net employment effects is the high share of
exports on domestic production of RE technologies.

The report Study of the Effects on Employment of Public Aid to Renewable
Energy Sources by Alvarez et al. (2009) applied two indexes (see section 5.6) to
analyze the efficiency of RE subsidies in terms of job creation. It was found that, on
average, for each job created by the renewable-energy industry in Spain through
incentive-driven market growth, there was a loss of 2.2 jobs in the Spanish economy.
Alvarez et al. then applied the same ratio used for Spain to estimate the employment

impacts of subsidy-driven RE development in the United States. The results, based on
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the application of the ratios, suggested that there would be job losses as a result of
public support for renewable energy in US as well.

The EmployRES study looked at the impacts of RE-deployment to meet the
European Union targets by 2020. The study concluded that policy-induced RE
deployment in the EU would result in net positive economic impacts, including
increased employment. Achieving the target of 20% RE generation by 2020 in the EU
would generate 410,000 additional jobs and an increase by 0.24% of the EU gross
domestic product (Ragwitz et al. 2009).

Frondel et al. (2010) is among the studies that have found negative economic
impacts arising from incentive-driven RE deployment, and maintains that the higher
capital costs of RES would be reflected in higher energy prices for the German
economy. Frondel et al argue that higher energy prices due to an increasing share of
renewable energy in the supply mix would cause job losses in other sectors of the
economy that would more than offset increased jobs in the RE sector.

In a more articulated analysis built on their previous study of 2008, Lehr et al
(2012) analyzed the labor market implications of large investments in RE in Germany
from 2009 to 2030. Different assumptions on fossil fuel prices, domestic installations,
and exports were used to develop alternative scenarios. Net-positive employment
effects characterize almost all of the scenarios analyzed, with a central scenario having
additional net employment effects of about 150 thousand units in 2030.

In sum, the majority of the economic-impact analyses (EIA) reviewed
suggested positive economic impacts arising from RE deployment. However, two of
the four studies reviewed analyzing the impacts of RE diffusion in Germany found

negative economic effects, calling into question RE’s real additional contribution in
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terms of /net economic growth and employment. One possible explanation for these
contradictory results, for the same country and for similar time frames, is the lack of
inclusiveness of all the relevant parameters of the modeling approaches, leading to

biased results (Ragwitz. et al., 2009).

5.6 Modeling Approaches to Economic Impact Analysis
The literature reviews suggested that at least four different modeling
approaches could be used to estimate the economic impacts of renewable energy

diffusion. These four approaches are:

. Employment factors and other indexes
. Input-Output (1-O) models

. Macroeconomic models

. Integrated modeling frameworks

Breitschopf et al. (2011; 2012) reviewed EIA methodological approaches and
developed methodological guidelines for estimating the employment impacts of
renewable-electricity deployment. They group EIA studies into two broad categories:
gross-employment studies and net-employment studies, the former only looking at
jobs in the RE and upstream industries. Bretischopf et al. recommend use of the
employment-factor and gross 1-O model to estimate job impacts in the RE and linked
industries. The net I-O model (looking at induced effects) and full economic model
approaches are instead recommended to analyze the impact on economy-wide
employment.

Employment factors, expressed by Full-Time Employees (FTE) per unit of

capacity, are widely used to estimate direct employment of the construction and
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installation as well as operation of RE systems (Breitschopf et al., 2012; Greenpeace et
al., 2015; Cameron & van der Zwaan, 2015). Other kinds of indexes can also be used
to estimate the economic efficiency of RE diffusion. However, the analytical value of
such metrics varies significantly with the methodology used to develop them. For
example, Alvarez et al (2009) developed two indexes to assess the economic
efficiency of jobs created by subsidies supporting market growth of the renewable-

energy sector versus jobs created in the broader economy. The two indexes are:

Subsidy to renewables per worker (5 1)
Average capital per worker '

Annual subsidy to renewables per worker (5 2)
Average productivity per worker '

Lantz and Tegen (2011) from the National Renewable Energy Laboratory
(NREL) criticized the index-based methodology used by Alvarez et al., largely on the
grounds of inconsistency found between the data obtained from the ratios and the
insights derived for the economic impact analysis’8. In this critique, Lantz and Tegen
argue that firstly, the two ratios are not employment impact metrics per se and cannot
be used to estimate net job gains or losses. And secondly, they assert, comparing the
costs of job creation in the RE sector with the broader economy fails to incorporate the
wider variability of labor costs among economic sectors. For example, the costs of

creating employment in sectors requiring advanced know-how would be higher than in

8 The elements detailed in the critique from Lantz and Tegen were relevant to the
development of the methodological framework for this analysis and therefore are
discussed in detail in this section.
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those sectors requiring less technical skills. And the RE sector is considered to be one
where technical personnel would require — on average — costlier training than would
the average worker. As a result, economy-wide averages may not be adequate for such
comparisons, and the use of a range of metrics across different industrial sectors
should be preferable. Lantz and Tegen further stress that a better parameter for
assessing the job impacts of the RE sector would be the cost of job creation in a
similar sector, such as, for example, conventional-electricity generation (the
production of which is displaced by RES electricity). An additional aspect that points
to the inconsistency or inaccuracy of the methodology used by Alvarez et al. is the
lack of inclusion of the effects of export on employment, which for countries such as
Germany and Spain (particularly for wind energy) can be an important factor in the
economic impact (Lehr et al., 2008). In a more dynamic frame where renewable
energy technology sales are expected to increase over time, the early investments of
lead countries like Germany can have long-term positive economic effects that greatly
offset short-term costs.

The use of employment coefficients is another simple approach used in
economic impact analysis. In its simplest configuration, it aims to estimate the effects
of increased production in a specific economic sector on employment in that same

sector. The direct employment coefficient is calculated using the following ratio:

Number of employees in sectoriin yeart

(5.3)

Turnover of sectoriin yeart
Looking at employment only in the sectors impacted by the direct economic
effects, however, has limited analytical added value for economic-impact analysis, as

it disregards the aforementioned indirect effects on the linked industries. For example,
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one sector might have a relatively high employment coefficient, as defined in equation
5.3, but might also source a significant share of its production inputs abroad. Hence,
the overall employment impacts in the domestic economy of increased production in
this sector might be lower than in another sector having a lower (direct) employment
coefficient but sourcing a higher share of its inputs from the domestic economy.

An Input-Output model consists of a “system of linear equations each of which
describes the distribution of an industry’s product throughout the economy” (Miller &
Blair: 1)79. The Input-Output framework is often referred to as interindustry analysis,
as its core purpose is to analyze the interdependence of industries in an economy. 1-O
modeling can analyze the broad range of (positive and negative) direct, indirect, and
induced economic effects of an increase in market demand for a specific industry,
while it does not “capture” impacts arising from the price effect. The JEDI (Jobs and
Economic Development Impacts) family of models uses the 1-O framework to
estimate employment impacts of renewable-energy deployment (NREL, 2015).

Arora (2013) lists three different kinds of macroeconomic models that could be
used to estimate the impacts of government policies and to run short-term and long-
term forecasts: macro-econometric models, Computable General Equilibrium (CGE)
models, and Vector Autoregressive (VAR) models.

Macro-econometric models are composed of a set of equations based on
standard macroeconomic theory, the parameters of which are estimated from historical
data. Broadly speaking, a standard macro-econometric model would be based on

Keynesian theory for short-run modeling (demand determines variable outcomes),

9 The 1-O modeling framework is discussed in further detail in ch. 6.
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while long-run modeling is “dominated” by supply in the frame of the neo-classical
growth model of Solow and Swan (Arora, 2013). While macroeconomic theory shapes
the model’s general specification, macro-econometric models can provide significant
“flexibility in tailoring individual equations and variables to the needs of the modeler”
(Arora, 2013: 2). For example, one advantage of the macro-econometric models cited
in the literature is that they can be more easily integrated with bottom-up technology
models (Ragwitz et al., 2009). Examples of macro-econometric models applied to
analyze impacts of energy policies are the Global Insight U.S. macroeconomic model
and the Oxford Economics global economic model, both used by the US’s Energy
Information Administration (Arora, 2013). In a European context, one example of the
macro-econometric models applied to estimate economic impacts of renewable-energy
deployment is NEMESIS, which was used for the EmployRES study (Ragwitz et al.,
2009).

A CGE model is “a system of equations that describes an economy as a whole
and the interactions among its parts” (Burfisher, 2011: 11). The equations of a CGE
model describing the supply and demand of an economic system are subject to specific
market constraints; they are solved in an iterative process where supply and demand
reach equilibrium for a set of endogenous prices. Exogenous variables include input
prices, consumer income, elasticities, and others. CGE models are widely applied to
evaluate climate-change mitigating policies at global and regional level (e.g., Peterson,
Schleich, & Duscha, 2011; Bosetti et al., 2009), but they have also been used to assess
the impacts of both renewable-energy deployment and EE policies (e.g., McDonald et

al., 2005; IEA, 2012).
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One of the main differences between macro-econometric models and CGE
models is that equations in the former models might not necessarily be derived from
the traditional optimality condition, even if the behavior of the different agents is still
subject to utility or profit maximization.

VAR models are based on a “system of equations where each variable in the
system is regressed on a set of its own lagged values and lagged values of each of the
other variables” (Romer, 2012: 225). While modern VAR models have received
significant attention within the context of monetary policy, the literature reviews did
not provide indications for their use in assessing the economic impacts of energy
policies.

Both CGE and macroeconomic models used for the economic impact analysis
of renewable-energy diffusion are usually combined with our models (e.g., bottom-up
technology diffusion models, 1-O models) in integrated modeling frameworks. The
modeling framework used by Lehr et al. (2008; 2012) for estimating the net
macroeconomic effect of RE deployment in Germany was based on an Input-Output
model (an I-O vector for the renewable energy sector in Germany was developed from
the conduction of more than 1000 interviews) and on the macro-econometric model
PANTHA REI with the inclusion of export and foreign trade effects. A technology-
simulation model, a static multi-regional I-O model, and two macro-econometric
models (NEMESIS and ASTRA) were used for the EmployRES study by Ragwitz et
al. (2009). The REMI (Regional Economic Models, Inc) model, which has been
extensively used in the US to assess the regional impacts of energy and environmental
policies, is based on four major approaches: Input-Output, General Equilibrium,

Econometric, and spatial-economy modeling (REMI, 2018).
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5.7 Assessment of Economic Mechanisms Relevant to EIA of PV Deployment in
Italy under the Conto Energia Program

The positive direct effects of the growth in the Italian PV market fostered by
the Conto Energia program included investments in PV installations (defined as
structural investment impulse in the classification discussed in section 5.2) and O&M
expenditures (also defined as a structural impulse in the aforementioned
classification). The market-growth phase in PV installations in Italy that started in
2006 with the introduction of the FIT program peaked in 2013 with 9.3 GW of
installed capacity and investments in PV installations of about EUR 21.5 billion
(about 1.4% of Italian GDP), while operation and maintenance expenditures totaled
about EUR 0.5 billion. Table 5.1 summarizes the structural investment and O&M
impulses estimated between 2006 and 2016 relevant to an economic impact analysis of
PV deployment in Italy. The turnover of linked industries (e.g., producers of PV
modules, inverters, support structures, cables) was as significant in absolute volumes,
with an estimated EUR 15.7 billion in 20160,

Most of the negative direct effects of the PVV-market growth in Italy driven by
the Conto Energia program fell on utilities operating natural-gas power plants. In fact,
during the period 1999-2007, there had been a significant growth of fossil-fuel
capacity in the electricity sector, most of which were natural gas combined-cycle
power plants. As a result of the growth in electricity generation from PV systems, the
average capacity factor of natural gas power plants that entered into operation before

2006 was significantly reduced (relative to the level forecasted by the utilities).

80 The production of PV modules is classified here as a “linked industry”, following
the classification of Ragwlitz et al. (2009).
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Therefore, the negative impulse of RE investments on the fossil fuel sector in Italy
was likely not the crowding out of future investments on fossil-fuel plants (this was a
sunken cost), but rather the reduction in output (and therefore revenues) of already

existing natural-gas power plants.

Table 5.1 PV-Construction & Installation Investments and Operation & Maintenance
Expenditures in Italy, 2006-2016

Structural investment impulse: Structural operation and maintenance impulse:
Year PV-installation investments PV operation and maintenance expenditures
(M Eur)’? (M Eur)’?
2006 74 1
2007 431 5
2008 1,778 26
2009 2,721 70
2010 7,965 176
2011 21,460 511
2012 7,334 913
2013 2,455 1,039
2014 720 1,059
2015 534 937
2016 511 860

Note: (a) Nominal values

Data Sources: Author's estimates based on Castello et al., 2003-2015; Tilli et al.,
2016-2017; Politecnico di Milano, 2009-2016, and GSE, 2016b.

At the peak of PV-market growth in 2011, almost all of the Italian industries
producing PV cells had already ceased their operations (due to an inability to compete
with Chinese producers), while domestic production of PV modules (including from
thin-films) met only less than 5% of domestic demand. As for inverters, in 2011, the
domestic industry was able to meet a much higher share of demand (50%) than for

modules (Castello et al., 2012). As aforementioned, the electricity generated from PV
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capacity, by displacing electricity produced from natural-gas fired power plants, also
had a positive effect on the trade balance by reducing natural-gas imports. It could be
surmised that the most important direct and indirect trade effects of PV deployment
under the Conto Energia program were an increase in imports of cells and modules
and a reduction in imports of natural gas. However, a comprehensive analysis of trade
effects of RE deployment should also consider the import share of the full value chain
of the electricity generated from RE systems versus the electricity generated from
conventional power plants. In fact, Ragwlitz et al. (2009) estimated that the import
share of the complete value chain of conventional electricity in Italy is as low as 17%,
suggesting that most, if not all, of the equipment used to generate power was produced
by Italian industries, so there was no benefit in terms of reducing imports of such
equipment. Since the objective of this analysis is to compare two scenarios that are
neutral in terms of natural gas imports, and there were no impacts on the trade balance
of power generating equipment, trade effects were not considered a critical element in
deciding which modeling framework to use for the EIA.

The analytical relevance of the income and substitution effects for an economic
impact analysis of PV growth under the Conto Energia program is linked to the way
this incentive mechanism has been funded. As mentioned, its costs are financed
through a levy on retail electricity prices paid by households and firms. According to
microeconomic theory, higher electricity prices (as a result of this levy) would result
in income and substitution effects, with decreased expenditure on other goods and
services. In fact, one of the main critiques of the Italian feed-in tariff scheme is that it
produced higher costs of electricity to small-to medium companies who, due to their

relatively low volumes of electricity demand, cannot buy electricity directly from the
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wholesale market. The two scenarios are also neutral in terms of price effects, as the
counterfactual scenario is assumed (in the long term) to have the same subsidization
costs as the reference scenario, and would use the same levy on electricity prices to
support PV growth and EE investments. Consequently, the price effect was not
deemed to be a critical element in the choice of the modeling framework for the
economic impact analysis.

It should be mentioned that policy-induced PV growth might have resulted in
positive price effects. Barnham et al. (2013) observed that increased electricity
generation from wind and PV in Germany and Italy caused significant reductions in
wholesale electricity prices; unless this reduction in costs was captured by
oligopolistic profits of electricity-distribution utilities, there was also a benefit to
consumers in terms of lower electricity bills. Higher electricity generation from PV
might have also impacted positively on the overall economic efficiency of the Italian
electricity system, by increasing competitiveness in the wholesale market. This effect
on wholesale electricity prices is relevant to conducting an EIA of PV growth under
Conto Energia, however it would require an ad hoc modeling framework (e.g., a
dispatch model of the Italian electricity system combined with a macroeconomic
model)81,

Multiplier effects can be considered a critical element for assessing the
economic impacts of PV deployment fostered by Conto Energia. In particular, the two
multipliers that are expected to provide significant insights for answering the research

question on economic impacts of the FIT scheme in the comparative scenario

81 This type of modeling framework was not available to the author.
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framework are the output and employment multipliers. This is because it is of
significant analytical value to understand whether or not the counterfactual scenario,
with a more balanced use of financial resources that includes EE investments, is more
efficient in terms of leveraging output and employment.

An assessment of the relevance of different economic mechanisms to the EIA
in the frame of the comparative scenarios suggested that the use of an Input-Output
model be the most appropriate framework to carry out the economic impact analysis.
The 1-O analysis in the following chapter will be focused on estimating the direct, as
well as indirect, output and employment effects of the reference and counterfactual

scenarios.

5.8 Summary

The most basic, standard categorization of economic impacts (e.g., variations
in output, value added, and employment) arising from RE diffusion is between direct,
indirect, and induced effects. While direct effects refer to RE industries increasing
output and employment to meet higher final demand for RE systems, indirect effects
account for impacts to linked or upstream industries, such as producers of system
components like PV modules or wind turbines. The estimation of induced effects
incorporates the positive effect on final demand from new employees in the RE and
linked industries. These effects can also be negative if higher demand for RE systems
crowds out production from competing industries. Gross economic impacts include
only effects to RE and linked industries, whereas net economic impacts also

incorporate effects on industries negatively impacted by RE deployment.
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There are different economic mechanisms through which the increase in
demand for RE systems “reverberates” throughout the economic system to determine
economic impacts. So-called structural investment impulses consist in new demand for
the construction and installation of RE systems, activities that are usually undertaken
by electric utilities, system integrators, or companies active in engineering,
procurement, and construction (EPC). Once the installation of a PV system is
completed, economic impacts will arise from structural operation and maintenance
impulses, that is, the expenditures needed for ensuring continuous operation and
performance in energy generation. Structural trade impulses are imports or exports of
services related to the construction or operation of RE systems, and any linked RE-
system component and services from upstream industries. The so-called price effect is
a fundamental mechanism for considering economy-wide effects if RE diffusion
results in higher energy prices (e.g., new levies to pay for feed-in tariffs).

The literature review suggested that RE deployment is, in most cases,
accompanied by net positive economic impacts, partly arising from the condition that
RE industries active in the construction and installation segment are, on average, more
employment-intensive than are the incumbent, fossil-based industries. This
employment advantage, however, might have to do with the relatively less mature
stage of RE industries, which still have a significant margin for gain in improved labor
productivity.

There are four major modeling approaches used for economic impact analysis
of RE deployment: (a) employment factors and other indexes; (b) input-output models;
(c) macroeconomic models; and (d) integrated modeling approaches. The input-output

approach was assessed as the most appropriate framework for carrying out the
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economic impact analysis of PV deployment in Italy. The two main reasons for this
choice are the accessibility of data and tools necessary for the 1-O analysis as well as
the fact that the scenarios used for the economic impact analysis are “neutral” in terms

of price effects.
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Chapter 6

INPUT-OUTPUT ANALYSIS

6.1 The Input-Output Analytical Framework

An input-output (1-O) model, in its most basic form, is a system of linear
equations describing the distribution of an industry product throughout the economy.
The input-output analytical framework was developed by Wassily Leontief in 1936,
and the term Leontief model is commonly used to refer to input-output analysis in
general. Since the 1950s, many extensions have been developed, and the basic
concepts first described by Leontief have since been applied to many different types of
economic analysis (Polenske & Skolka, 1976; Miller, Polenske, & Rose, 1976; Miller
and Blair, 2009).

Equation (6.1) shows the distribution of a sector i product through its sale to

other sectors, and on to final demand:

n
xi=Zi+'“+Zij+'”+ZiTl+fi=z_1Zij+fi (61)
]:

where X; is the sectoral output, zjj is the interindustry flow from sector i to sector j (the
intermediate inputs to the production of sector j), and fi is the final demand for sector

I’s product (e.g., demand from households or governments).
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In an economy with n sectors, there will be n equations representing the output
sold to all these sectors. The information in the n equations can be summarized in
matrix notation82 as

x=2Zi+f (6.2)

An input-output table provides a representation of all the transactions of goods
and services between different sectors of the economy and the rest of the world. Data
entries in the 1-O table are the monetary values of intermediate inputs (the zs in
equation [6.1] above), that is, the transactions between the different sectors of the
economy (from selling sector i to buying sector j) necessary to produce a given output
(the xs in equation [6.1] above). In an I-O table, the columns quantify, in monetary
units, these intermediate inputs, received from other economic sectors and the so-
called payments sector, which includes imports and value-added activities (e.g., labor
services, taxes, and the remuneration of capital)®3. The output row consists of
transactions for the delivery of goods and services to other sectors as intermediate
goods or to final demand. So-called symmetric input-output tables (SIOT) are closed

accounting frameworks, in that the sum of the inputs (in monetary value) and the sum

82 |n the matrix notation used in this chapter, lowercase bold case letters denote
column vectors (e.g., x and f), uppercase bold letters are used for matrices (e.g., Z),
and i represents a column vector of 1s. Post-multiplication of a matrix (e.g., Z) by i
creates a column vector (e.g., X), the elements of which are the row sums of the
matrix.

83 The inputs in a column vector correspond to the elements of a production function.
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of the outputs are equal for each sector. Values for inter-industry transactions or
“flows” are obviously related to the output of the buying sector (the more output
demanded, the more inputs needed) and, most importantly, to its production function.
Table 6.1 is a 3x3 I-O table of the Italian economy in 2010 (ISTAT, 2017), with the
”Payments sector” including (a) all value-added elements (capital, labor, government)

and (b) imports of intermediate products84 .

Table 6.1 3x3 Input-Output Table of Inter-industry Flows of Goods in the Italian
Economy, 2010 (EUR[2010] million)

. Buying Sector
Selling sector - - 3 L )
Agriculture Industry Services [Total intermediate inputs|Final Demand| Total output
Agriculture 5,351 26,996 6,155 38,501 21,815 60,316
Industry 11,520 641,388 183,463 836,371 808,360 1,644,731
Services 4919 267,190 485,360 757,469 1,028,673 1,786,142
1,632,342 1,858,848 3,491,189
Payments 38,526 709,157 1,111,164 1,858,848
Total Outlays 60,316 1,644,731 1,786,142 3,491,189

Data source: ISTAT, 2017.

The relationships between the inputs required for a given output and that same
output are expressed in 1-O analysis through the use of technical coefficients. For
example, the monetary value of PV modules (selling sector with index i) bought by
PV-system integrators (buying sector with index j) — as expressed by zj; divided by the
total economic output of PV-system integrators (xj) — forms the ratio zjj/x;, denoted by

aij-

84 The Italian Statistical Service (ISTAT) publishes the symmetric 1-O table every five
years. At the time of this chapter’s writing, the I-O Table for year 2015 was not yet
available.
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aij = zijlX; (6.3)
Intermediate-input values in Table 6.1 were divided by sectoral output (the
column’s total in Table 6.1) to obtain a 3x3 table of technical coefficients for the

Italian economy in 2010 (Table 6.2).

Table 6.2 3x3 Technical Coefficients for the Italian Economy, 2010

. Buying Sector
Selling sector - -
Agriculture Industry Services
Agriculture 0.09 0.02 0.00
Industry 0.19 0.39 0.10
Services 0.08 0.16 0.27

Data source: ISTAT (2017)

From equation (6.3) defining technical coefficients, equation (6.1) can then be
rewritten as
Xi = aixX1 + aiiXi+ ... + ainXn + fi (6.4)

The technical-coefficient matrix A can be represented by introducing the diagonal
matrix X in the following equation (Miller and Blair, 2009):

A =27zt (6.5)
while the matrix expression for (6.4) would be

X = Ax +f (6.6)
which can be transformed into

(I-Ax=f (6.7)
where | is the identity matrix with ones on the main diagonal and zeros for all other
values. The unique solution to (6.7) is given by:

x = (1-A)* = Lf (6.8)

151



where (I - A)1 = L is known as the Leontief inverse or total requirements matrix.
The structure of the equations summarized in (6.8) is
Xi = lir + ... Lijfj +... linfn (6.9)
which underlines the dependence of gross output for sector i on final demands
for all other sectors (this dependence or relationship can be represented in differential
calculus as dx;/df; = lij). Consequently, an increase in final demand for a given
buying sector j as expressed by f;> will determine increases in outputs in all linked
sectors, with the Leontief inverse matrix expressing these relationships between the
marginal increase in demand from the buying sector and the marginal increase in
output from the sectors selling goods or services to the former. The new output x’ can
be calculated by post-multiplication of the f’ vector with the Leontief-inverse matrix
x’ =Lf (6.10)
The concept of output multiplier expresses the magnitude of the increase in
output in all linked sectors as a result of increased final demand. The output multiplier
for sector j is defined as “the total value of production in all sectors of the economy
that is necessary in order to satisfy a currency’s worth of final demand for sector j’s
output” (Miller & Blair, 2009: 245). Broadly speaking, the multiplier concept is based
on the difference between the initial effect of an exogenous variation in a parameter
and the total effect of that change. An output multiplier can be simple, if it includes
only direct and indirect effects in an I-O model that would be “open” to households,
whereas a total output multiplier would also include induced effects (see section 5.4)
in an I-O model “closed” to households. The simple output multiplier for sector j —

m(0); — can be calculated from the Leontief-inverse matrix with the formula:
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m(0); = Xitq ljj (6.11)
A related concept is that of the employment multiplier, defined as “the

employment generated by an additional monetary unit of final demand for sector j*
(Miller & Blair, 2009: 251). The employment multiplier is calculated from the
Technical-Coefficient and Leontief-Inverse matrices using the following equation:

m(e); = Xiz; Any1lij (6.12)
in which an+1,jis an additional row added to the A matrix including the employment
coefficients for all sectors®®. This equation is derived from the one used for calculating
the simple®® household income multiplier for sector j (Miller & Blair, 2009: 251). The
unit used for the employment multiplier is jobs®’/M USD.
I-O modeling as described above can be considered static, as the interactions among
industries is based on fixed coefficients derived from the SIOT available for a given
year. For this reason, I-O models are generally used only for short to medium-term
(e.g., up to 10 years) assessments of economic impacts. However, a dynamic element
can be included in I-O modeling when capital goods are considered among the

production inputs (Miller & Blair, 2009). So-called dynamic I-O models account for

85 Employment coefficients are ratios of employees to output value in a specific
economic sector.

86 The term ‘simple’ in the context of income and employment multipliers refers to the
use of elements in the L matrix with household exogenous to estimate these
multipliers.

87 Employment in the PV-C&aI sector is often expressed in FTES or person-year
(Breitschopf et al., 2013; Cameron & van der Zwann, 2015) to reflect the temporary
nature of labor requirements in this sector. See section 6.5.
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the fact that a portion of input goods (e.g., machinery) are not used immediately for
production, and hence, capital stock used for production can be incorporated into an I-
O table through capital coefficients. Other examples of dynamic 1-O models can be
found in those incorporating estimates of production lags in the economy. Overall, as
compared to static 1-O frameworks, the application of dynamic 1-O models has been
limited.

Complex methodological issues in I-O analysis arise when the industry
analyzed is characterized by the production of secondary products, subsidiary
products, joint products, and by-products (Miller and Blair, 2009: 214). In these cases,
the approach required for constructing an 1-O table is the so-called commodity-by-
industry approach, which presents several methodological problems. The most
significant of these is that the commodity-by-industry framework, designed to make
the original Leontief framework more suitable to account for secondary products, at
times generates negative elements, whereas in the more general technical coefficients
A matrix, or in the Leontief inverse, there are no negative elements. Fortunately, for
the sake of the proposed analysis, the two PV economic sectors analyzed — the
industry installing new PV systems (composed of various actors like small system-
integrators, engineering and procurement [EPC], or integrated utilities) and the one
operating and maintaining existing PV systems — do not produce secondary products

of any relevance to justify the use of the commodity-by-industry approach.
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6.2 Literature Reviews on Application of I-O frameworks to RE and PV
Deployment

Literature on the economic impact analysis of renewable energy (RE) and PV
deployment based on 1-O models has been expanding significantly since the early
2000s, and this sectoral application of I-O methodology is nowadays considered a
consolidated approach88. The following is a general overview of the literature that
proved most useful for this analysis.

Ciorba, Pauli & Menna (2004) carried out a techno-economic analysis of a
policy-induced demand for PV technology that focused on investment for a 4 MW
module production plant in Morocco. This study is among the first (if not the first)
analyses to apply 1-O methodology using a “dedicated” vector for the PV-module
manufacturing sector. Their analysis revealed that, in terms of output and employment
generated by PV-module production, economic effects depend to a great extent on
whether PV cells could be manufactured domestically or not. In the scenario where
cells are manufactured domestically, the output multiplier (including induced
economic effects) was estimated to be 2.5 higher than the scenario in which PV cells
are imported.

A multi-regional 1-O model was used by Ragwitz et al. (2009) in the integrated
methodological framework applied to estimate employment impacts of RE
deployment in the European Union by 2020. The 1-O approach followed by Ragwitz et

al. consisted in the creation of specific production vectors by economic sector, and by

88 A list of publications using the JEDI-model family (based on the 1-O framework) to
estimate the economic impacts of RE deployment is provided by NREL (2018).
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country for each RE technology, including PV. The structure of PV installation costs
underlying the vector for the photovoltaic industry was based on estimates of the
shares of each cost component and the allocation of these cost components to a
specific economic sector in the 1-O table. The installation component, for example,
with an average share of 15% on total PV-system cost, was allocated to the economic
sector “Construction”.

Barbarella et al. (2009) estimated the economic impacts of a scenario of PV
deployment in Italy reaching 8,500 MW of cumulative installed capacity8® and 1,150
MW of annual installations by 2020. Barbarella et al. broke down costs for the PV-
related economic sub-sectors: (a) investments in new PV plants and (b) operation and
management (O&M) of existing plants, and then allocated each cost component to a
specific sector in the 1-O table. The estimated simple (not including induced effects)
employment multipliers for the two PV sectors in 2009 (when Italy still had a sizeable
PV-module industry) were 12.85 (jobs created/M EUR of final demand) for PV-
system installation and 20 for PV-system O&M.

Lehr et al. (2012) compared the cost structure of PV and wind-energy systems
with that of conventional fossil-fuel systems, and underlined the strong differences in
the cost distribution for these three technologies, in which the intermediate inputs are
sourced from different sectors. This marked difference required the introduction of
new vectors in 1-O tables for specific renewable-energy technologies (RET) such as

PV, even when there is already a disaggregated vector for the RE sector as a whole.

89 This level was achieved as early as 2011.
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Breitschopf et al. (2013), in their report on methodological guidelines for
estimating the employment-impacts of renewable-electricity deployment, discuss in
detail the differences between gross I-O and net 1-O models. They suggest four major
steps for estimating gross output and employment impacts of RET deployment: (a)
determining system boundaries; (b) determining expenditures for RE use; (c)
calculating domestic output by RE technology and industry; and (d) calculating direct
and indirect employment®0.

The 2015 edition of the Energy [R]evolution report by Greenpeace et al.
(2015) estimates the direct employment effects of RE deployment through 2030, under
two different scenarios. The methodology used to calculate RE jobs is based on
employment factors derived from literature and on estimated regional multipliers to
correct for differences in PV labor productivity in ten main regions in the world.
Employment factors for PV construction and installation and PV O&M for the OECD
Europe region were estimated at 13 (FTE/year)/MW and 0.7 FTE/MW, respectively.
Technology-decline factors were also estimated to account for reductions in
employment intensity due to labor productivity, with the employment factor for PV
assumed to decrease by 41% between 2015 and 2030 (corresponding to an average
annual decline factor of 3%; Rutovitz et al., 2015).

Cai et al. (2016) carried out an ex-post EIA of Italian RE policies with 1-O
tables for four RE technologies (including PV). It was found that PV was responsible

for 35% of jobs created during the 2006—14 period in the RE sector. However, there

90 These methodological steps were also followed by the author.
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were significant export leakages due to PV-cell demand being almost entirely met by
foreign producers. In fact, Cai et al. reported that from 2009 to 2012, Italy imported
about EUR 20 billion worth of solar PV cells and estimated that imports accounted for
about half the value of final demand for the four RE technologies analyzed. The
conclusion of Cai et al. on policy-induced RE deployment in Italy was that economic
impacts “had been unequivocally lower than expected” (Cai et al., 2016: 1).

GSE (2016b) — as part of its institutional activities — assessed the economic
impacts of investments in new RE plants and O&M activities for existing RE plants
for seven RE technologies (including PV) in Italy from 2012 to 2015. Economic
impacts analyzed include value-added and employment effects with a disaggregation
among direct, indirect, and induced effects. Included in the dataset of the study are
also direct employment figures for PV-installation and PV-O&M, from which it was
possible to derive employment factors. Between 2012 and 2015, employment factors,
estimated from GSE data on employment, decrease from 7.99 (FTE/year)/MW to 7.02
(FTE/year)/MW for PV-installation, whereas they remain constant at 0.39 FTE/MW
for the PV-O&M sectors9!. Simple employment multipliers reported by GSE for PV-
system installation ranged from 6 (FTE/year)/M EUR in 2012 to 7 (FTE/year)/M EUR
in 2014, whereas for PV-system O&M, the same multiplier hovered around 12 FTE/M
EUR during the same period.

Lehr and Ulrich (2017) estimated gross employment (including direct and

indirect effects) generated by RE diffusion in Germany from 2004 to 2014 with an 1-O

91 The employment-factor values for 2015 derived from GSE data are significantly
lower than those estimated by Rutovitz et al. (2015) for Greenpeace’s Energy
[R]Evolution report published in 2015.

158



model extended to additional sectors covering production of RE technologies and
O&M activities. In 2014, gross employment in RE and linked sectors was estimated at
about 350,000 FTE, a level more than twice higher than 2004, but 11% lower than
2012. Lehr and Ulrich argue that market dynamics in the PV sector were largely
responsible for the marked increase until 2012 and for the following decline. PV
installations and investments in Germany grew exponentially until 2009, and hovered
around an annual level of around 7 GW until 2012, before starting to decline in 2013
as a result of the introduction of a cap in annual installations and a reduction in feed-in

tariffs (FITs).

6.3 Creation of PV-related 1-O vectors, Technical-Coefficient Matrix, and
Leontief-Inverse Matrix

In order to comprehensively assess the economic impacts of PV deployment in
Italy in the two scenarios, a static 1-O model-based approach is applied with
integration of dynamic employment multipliers. As a first step, this methodological
approach requires the construction of specific column vectors including intermediate
inputs of all those economic sectors stepping up their production as a result of
increased final demand for the installation of new PV systems and O&M of existing
capacity. In general, the construction of these vectors — which will be included in an
expanded SIOT — requires, in turn, that each cost component (input) be allocated to
specific economic sectors, as classified by the System of National Accounts (SNA)
used in specific regional or country contexts.

Two new column vectors are needed for the economic sub-sectors chosen for

the economic impact analysis (EIA), namely “Construction and installation of PV
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system” (hereinafter also referred to as PV-C&I) and “Operation and maintenance of
PV systems” (hereinafter also referred to as PV-O&M). These two column vectors
represent the input structure of the two PV sectors that also need to be represented by
a new row characterizing output (e.g., to which sectors output is sold). The new
columns and rows are then incorporated into the expanded SIOT for Italy.

A third, or even fourth, vector for other PV-related industries, like production
of silicon ingots and PV cells, were not included in the impact analysis, since Italy had
virtually no production of either in 2010, and almost complete import dependency for
PV cells continued to 2016. Dependence on module imports gradually decreased from
its peak in 2011 (when only 4.5% of demand was met by domestic production), to the
extent that in 2016, domestic industries had a production equivalent to 89% of demand
(Castello et al., 2012; Tilli et al., 2016). Considering the ultimate objective of the
analysis, however, having a dedicated column vector for PVV-module production was
deemed irrelevant, as this industry production is already included in the so-called first-
round effect of an increase in demand for PV systems. Had Italy been a net exporter of
PV modules, the introduction of a new vector for this industry would have been
necessary.

As aforementioned, in order to construct the two new vectors, the cost-
structure for the PV-C&I and PV-O&M industries with shares for main cost
components was estimated for the year 2010. The main cost components of these two
PV sectors were then allocated to economic sectors in the 1-O tables for Italy, based on
the NACE Rev 2 classification of the European System of Accounts (ESA) (Tables
6.3, 6.4).
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The main cost component (or intermediate input) for the PV-C&aI industry in
2010 in Italy was “PV modules” (42.5% of average PV-system cost), followed by
installation (including planning and permitting — with 29% of total average PV-system
costs), inverters (9.5%), support structures (7%), electrical components (7%), and
wholesale trade margins (5%). The domestic footprint of the PV-C&lI industry in Italy

was about 66% of total turnover in 2010.

Table 6.3 Shares of Cost Components in PV-C&I Industry in 2010 and Allocation to
NACE Rev 2 Sectors

Share on
total
installation Share of
cost domestic
Cost component 2010 industry Allocation to Economic Sector
(%) (%) (NACE rev 2 classification)
PV modules 42% 23% 26. Manufacture of computer, electronic and optical prod.
Inverters 10% 100% 27. Manufacture of electrical equipment
Other electrical components 7% 95% 27. Manufacture of electrical equipment
Other structural components 7% 85% 25. Manufacture of fabricated metal products
Project engineering and installation 29% 99% 43. Specialised construction activities
Wholesale trade margin 5% 99% 46. Wholesale Trade
Share of domestic economic activity on total installation cost = 65.70%

Source: Author’s elaboration from Castello et al., 2010; 2012; Politecnico di Milano,
2011, and Ragwlitz et al., 20009.

Table 6.4 Main Cost Components of PV-O&M Industry in 2010 and Allocation to
NACE REV 2 Sectors

Share on
total
o&M Share
Cost Component cost domestic Allocation to Economic Sector
(%) (%) (NACE rev 2 classification)
Maintenance - labor 35% 100% 74. Other professional activities
Maintenance -hardware 35% 92% 27. Manufacture of electrical equipment
Insurance 10% 100% 65. Insurance
Administrative costs 15% 100% 74. Other professional activities
Bank costs 5% 100% 64. Financial Service Activities
Share of domestic economic activity on total installation cost = 97.20%

Source: Author’s elaboration from Castello et al., 2010; 2012; Politecnico di Milano,
2011; and Ragwlitz et al., 2009.
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Labor costs for maintenance and hardware costs had the highest shares (35%

each) of PV-O&M expenditures in 2010, followed by administration costs (15%),

insurance (10%), and costs for financial services (5%). The domestic share of these

inputs on PV-O&M expenditures was as high as 98%.

The next step in developing a revised SIOT table with the two new PV sectors

is that of further disaggregating the shares of the different cost components by

domestic and external inputs, and allocating these sub-components to either the

“Intermediate-Input” category or the two “Payment” categories in the I-O Table:

Imports, and Value Added (Tables 6.5, 6.6).

Table 6.5 Allocation of Cost Components in PV-C&I Sector to Main Categories in 1-O

Table, 2010

Economic Sector (NACE rev 2 classification)

Share (%) on
PV-installation

PV-installation

Category in I-O Table

investment Cost component
25. Manuf. of fabricated metal products - DOMESTIC 5.95% Other structural components Intermediate inputs
25. Manuf. of fabricated metal products - FOREIGN 1.05% Other structural components Imports
26. Manuf. Of computer, electronic products - DOMESTIC 9.87% Modules Intermediate inputs
26. Manuf. Of computer, electronic products - FOREIGN 32.56% Modules Imports
27. Manuf. of electrical equipment - DOMESTIC 16.15% Inverters Intermediate inputs
27. Manuf. of electrical equipment - EXTERNAL 0.35% Inverters Imports
43, Specialised construction activities - DOMESTIC 28.78% Project engineering and installation Value Added
43, Specialised construction activities - FOREIGN 0.29% Project engineering and installation Imports
46. Wholesale trade - DOMESTIC 4.95% Wholesale trade margin Value added
46. Wholesale trade - EXTERNAL 0.05% Wholesale trade margin Imports
TOTAL 100%
Share of domestic intermediate inputs 31.97% Intermediate Inputs
Share of foreign intermediate inputs 33.96% Imports
Share of value added 34% Value added
Share of Final Imports 0.34% Imports
TOTAL 100%

Source: Author’s elaboration

In 2010, foreign intermediate inputs had the highest share (34%) of costs in

PV-C&lI, followed by domestic intermediate inputs (32%), value added (34%), and a

very small share for final imports (about 0.5%). This share accounts for foreign
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companies acting in engineering, procurement, and construction (EPC) or foreign

system integrators that installed PV systems in Italy without creating a subsidiary.

Table 6.6 Allocation of Cost Components in PV-O&M Sector to Main Categories in |-
O Table, 2010

Share (%) on
Economic Sector (NACE rev 2 classification) PV O&M PV-O&M Category in I-O Table
Expenditures Cost component
27. Manuf. of electrical equipment - DOMESTIC 32.20% Maintenance - hardware Intermediate inputs
27. Manuf. of electrical equipment - FOREIGN 2.80% Maintenance - hardware Imports
64. Financial Service Activities 5% Bank costs Intermediate inputs
65. Insurance 10% Insurance Intermediate inputs
74. Other professional activities 50% Maintenance - labor; Administrative costs Value added
TOTAL 100%
Share of domestic intermediate inputs 47.20% Intermediate inputs
Share of foreign intermediate inputs 2.80% Imports
Share of value added on total output 50% Value added
TOTAL 100%

Source: Author’s elaboration

Cost components classified as “Value Added” (e.g., labor costs for personnel
in charge of O&M activities, administrative costs, etc.) had the highest share on PV
O&M expenditures in 2010, followed by “Domestic Intermediate Inputs” (47.20%)
and a small residual for “Foreign Intermediate Inputs”.

With values of PV-related transactions for each cost component allocated to
economic sectors and to main categories in the 1-O Table, the two new column vectors
for PV-C&I and PV-O&M were constructed (Tables 6.7 and 6.8).

The last step before constructing the technical-coefficient matrix is to identify
the sectors where the transactions for the two PV sectors were originally reported in
the 63x63 SIOT. This is necessary in order to subtract the transactions for the two PV
sectors and avoid double-counting. An analysis of the Supply and Use Tables (SUTS)

an Imports Tables (ISTAT, 2013) suggested that investments in PV-C&lI are
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embedded in NACE Rev 2 Sector 43 “Specialized Construction Activities”%. An
analysis of the literature indicated that activities for the PV-O&M sector are likely to

fall under sector 74 “Other Professional Activities”.

Table 6.7 1-O Vector for PV-C&I Sector in Italy, 2010 (EUR[nominal] million)

Sectorial Inputs to PV Construction &Installation .
. Value of Transactions
by economic sector/category
(M EUR)
25. Manufacture of fabricated metal products 474
26. Manufacture of computer, electronic and optical products 786
27. Manufacture of electrical equipment 1,286
Total Domestic Intermediate Inputs 2,547
Total Value Added 2,686
Intermediate imports 2,705
Final imports 27
Total Payments 5,418
TOTAL 7,965

Source: Author’s elaboration

Next, the row vectors for the PV-C&I and PV-O&M sectors were developed
with estimates on demand from sectors purchasing PV systems and PV-O&M services
in 2010. Demand for output of these two PV sectors was allocated among the three

main sectoral groups and final demand (e.g., households and public sector; Table 6.9).

92 The value of Imports of the “Specialized Construction” sector shows a significant
spike in the Imports Table for 2011, when PV installations reached their peak of 9.3
GW associated with a significant import of modules.
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Table 6.8 I-O Vector for PV-O&M Sector in Italy, 2010 (EUR[nominal] million)

Sectorial inputs to PV Operation & Maintenance ]
. Value of Transactions
by economic sector / category
(M EUR)

27. Manufacture of electrical equipment 57

64. Financial Service Activities 9
65. Insurance 18
Total Intermediate Inputs 83

Total Value Added 88

Intermediate Imports 5

Final Imports
Total Payments

TOTAL 176

Source: Author’s elaboration

Table 6.9 Demand for PV Systems and O&M Services by Sector in 2010

Selling Sector - Buying Sector - Final Demand Total
Agriculture Industry Services

PV C&lI 610 5462 819 1074 7965

PV O&M 18 102 18 39 176

Source: Author’s analysis based on GSE, 2011; 2012.

In order to simplify the process of developing the new A matrix with the two

new PV sectors, a new 12x12 transactions table was constructed from the 63x63 SIOT

made available by ISTAT (2013) for the year 2010 and the two PV-related column

and row vectors. The new 12x12 sector SOIT includes the following economic

sectors: PV-C&I, PV O&M, and the seven sectors linked or embedding the two PV

sectors (24, 25, 27, 43, 46, 65, and 74). All other sectors were grouped under the three

sectoral groups “Agriculture”, “Rest of Industry”, and “Rest of Services”. As

intermediate inputs in the 63x63 1-O table for the Italian economy include foreign
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intermediate imports, the latter had to be “scrubbed out” by difference (Miller & Blair,
2009) using a table with imports by sector (ISTAT, 2013).

With all PV-related transaction values estimated (the zs in equation [6.1] as
well as value added, imports, and final demand), both the A matrix (Table 6.10) and
the Leontief inverse matrix (Table 6.11) were constructed using equations (6.1-6.9).

With the Leontief inverse matrix developed, before evaluating the actual
estimation of employment and output effects of PV deployment in the two scenarios,
the final step is to construct two new column vectors for final demand for new PV
systems (f’pv-insT) and O&M services (fpv-oam), incorporating investments in the PV-
C&l sector and PV-O&M expenditures. These two new column vectors need to be

post-multiplied by L to estimate the increased output as per equation (6.10).
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Table 6.10 Matrix A of Technical Coefficients for the Italian Economy with Inclusion of PV-related Sub-sectors, 2010

25. Manuf. of 26. Manuf. of  [27. Manuf. of 43. Specialised 64. Financial 74. Other
Sector Fabricated Computer and Electrical PV Construction (rest of) Services PV professional (rest of)
AGRICULTURE | Metal Products |Electronic Products| Equipment | Installation Activities INDUSTRY Activities [65. Insurance| O&M activities SERVICES
AGRICULTURE 0.0805 0.0009 0.0001 0.0004 0.0000 0.0005 0.0164 0.0000 0.0000 0.0000 0.0006 0.0031
25. Manufacturing of Fabricated Metal Products 0.0049 0.1471 0.0042 0.0274 0.0575 0.0422 0.0251 0.0002 0.0003 0.0000 0.0033 0.0024
26. Manufacturing of Computer and Electronic Products 0.0012 0.0024 0.0224 0.0076 0.0690 0.0014 0.0021 0.0009 0.0009 0.0000 0.0019 0.0023
27. Manufacturing of Electrical Equipment 0.0026 0.0095 0.0043 0.0378 0.1596 0.0090 0.0051 0.0001 0.0002 0.3169 0.0000 0.0017
PV Installation 0.0101 0.0000 0.0000 0.0000 0.0000 0.0000 0.0045 0.0000 0.0000 0.0000 0.0000 0.0005
Specialised Construction Activities® 0.0007 0.0061 0.0036 0.0081 0.0000 0.1974 0.0008 0.0111 0.0061 0.0000 0.0084 0.0109
(rest of) INDUSTRY” 0.1613 0.1771 0.0391 0.1520 0.0000 0.1739 0.1755 0.0126 0.0142 0.0000 0.0615 0.0793
64. Financial Services Activities 0.0086 0.0154 0.0061 0.0101 0.0000 0.0151 0.0106 0.0981 0.1264 0.0491 0.0135 0.0227
65. Insurance 0.0018 0.0008 0.0002 0.0006 0.0000 0.0011 0.0005 0.0026 0.0010 0.0982 0.0001 0.0011
PV O&M 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 0.0000
74. Other professional activities® 0.0023 0.0039 0.0029 0.0040 0.0000 0.0049 0.0030 0.0024 0.0047 0.0000 0.0227 0.0067
(rest of) SERVICES® 0.0645 0.1383 0.1015 0.1344 0.0000 0.1288 0.1377 0.1525 0.3744 0.0000 0.2123 0.2191
TOTAL Intermediate Inputs 0.34 0.50 0.18 0.38 0.29 0.57 0.38 0.28 0.53 0.46 0.32 0.35

Note: (a) Excludes value of transactions estimated for 'PV-installation' sub-sector; (b) Excludes transaction values for sectors 25, 26,
27, PV-installation, and Specialized Construction Activities; (c) Excludes estimated value of transactions for the PV O&M sub-sector.

Source: Author's elaboration based on ISTAT, 2017
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Table 6.11 Leontief Inverse Matrix for the Italian Economy, 2010

25. Manuf. of 26. Manuf. of  |27. Manuf. of 43. Specialized 64. Financial 74. Other
Sector Fabricated Metal Computer and Electrical PV Construction | (rest of) Services PV professional| (rest of)
AGRICULTURE Products Electronic products| Equipment | installation| Activities® INDUSTRY®| Activities 65. Insurance | O&M activities® |SERVICES®
AGRICULTURE 1.0922 0.0072 0.0019 0.0054 0.0018 0.0073 0.0232 0.0016 0.0032 0.0021 0.0038 0.0069
25. Manufacturing of fabricated metal products 0.0150 1.1830 0.0080 0.0417 0.0923 0.0719 0.0387 0.0032 0.0052 0.0139 0.0091 0.0090
26. Manufacturing of Computer and Electronic Products 0.0036 0.0044 1.0236 0.0094 0.1116 0.0020 0.0041 0.0017 0.0026 0.0033 0.0031 0.0037
27. Manufacturing of Electrical Equipment 0.0071 0.0142 0.0055 1.0418 0.2055 0.0135 0.0087 0.0010 0.0019 0.3296 0.0016 0.0036
PV Installation 0.0116 0.0014 0.0004 0.0011 1.0004 0.0015 0.0057 0.0003 0.0006 0.0004 0.0007 0.0013
43. Specialised Construction Activities® 0.0043 0.0138 0.0071 0.0148 0.0046 1.2510 0.0057 0.0188 0.0173 0.0073 0.0156 0.0189
(rest of) INDUSTRY® 0.2335 0.2888 0.0683 0.2294 0.0726 0.3117 1.2525 0.0450 0.0773 0.0823 0.1130 0.1364
64. Financial Services Activities 0.0176 0.0314 0.0121 0.0217 0.0078 0.0338 0.0221 1.1160 0.1553 0.0769 0.0251 0.0358
65. Insurance 0.0023 0.0015 0.0005 0.0011 0.0004 0.0020 0.0010 0.0032 1.0020 0.0989 0.0006 0.0016
PV O&M 0.0003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 0.0000 1.0000 0.0000 0.0000
74. Other Professional Activities® 0.0044 0.0078 0.0044 0.0069 0.0024 0.0097 0.0058 0.0046 0.0092 0.0033 1.0258 0.0097
(rest of) SERVICES® 0.1422 0.2753 0.1525 0.2379 0.0823 0.2870 0.2389 0.2329 0.5316 0.1388 0.3091 1.3214

Note: (a) Excludes values of transactions estimated for the 'PV Installation' sub-sector; (b) Excludes transaction values for transactions
of sectors 25, 26, 27, PV Installation and 43; (c) Excludes estimated value of transactions for 'PV O&M' sub-sector; (d) Excludes
transaction values for sectors 64, 65, PV O&M, and 74.

Source: Author's elaboration based on ISTAT (2017)




6.4 Estimation of Output Impacts in the Reference Scenario

Direct and indirect output effects deriving from the increase in demand

modeled in the reference scenario (RS) between 2010 and 2020 are shown in Table

6.1293,

Table 6.12 Output Effects in the Reference Scenario, 2010-2020

PV C&I PV O&M
Increased Direct+Indirect Increased Direct+Indirect
Year Demand Output effects Demand Output effects
f' x' f' x'
M EUR(2010) M EUR(2010) M EUR(2010) M EUR(2010)
2010 7,963 12,592 165 290
2011 20,794 32,880 480 844
2012 6,969 11,020 817 1,436
2013 2,315 3,661 969 1,703
2014 684 1,081 1,019 1,790
2015 505 799 880 1,547
2016 497 786 808 1,419
2017 564 891 802 1,410
2018 669 1,057 816 1,433
2019 828 1,309 835 1,466
2020 1,067 1,687 862 1,514
Cum. 2010-2016 39,729 62,820 5,138 9,028
Average 2010-2016 3,612 5,711 467 821
Cum. 2010-2020 42,856 67,765 8,452 14,851
Average 2010-2020 3,896 6,160 768 1,350
Output multiplier = 1.58 Output multiplier = 1.76

Source: Author’s analysis.

93 The final-demand vectors for the reference scenario include historical data from
2010 to 2016 and projections from 2017 to 2020.
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Historical PV deployment between 2010 and 2016 resulted in an average
annual (total) gross output effect (not including induced effects) of about EUR 6,100
million% for PV-C&I and about EUR 600 million for PV-O&M. The estimated simple
output multipliers are 1.58 for PV-C&I and 1.76 for PV-O&M®,

6.5 Estimation of Employment Impacts in the Reference Scenario

The calculation of employment impacts resulting from increased demand for
the PV-C&I and PV-O&M sectors from 2010 to 2020 in the RS is carried out through
the estimation of employment multipliers as per equation 6.12 (Miller & Blair, 2009).
One of the elements of this equation is the employment coefficient (the number of jobs
per unit of output in an economic sector), which were in turn estimated from
employment factors. The latter are expressed by the ratio of total jobs divided by the
relevant metric determining the scale of economic activity in each sector, which, in the
case of the two PV sectors examined, are Megawatts (MW) of PV installations and
MWs PV capacity under O&M. The methodology to estimate employment impacts
for the PV-C&lI sector is summarized graphically in Figure 6.1.

Employment factors for PV-C&I and PV-O&M were estimated using available
historical data (Castello et al., 2009-15; GSE, 2016b) and equation (3.1) (with

94 Unless stated differently, all values in this chapter are in constant 2010 Euros.
95 The output multiplier is constant throughout the whole time frame 2010-20, a

finding that is consistent with I-O theory as the [;j values (parameters) in Table 6.11
(Leontief Inverse Matrix) are constant.

170



employment factors replacing prices in the experience-curve equation) for years in

which historical values are not available or are inconsistent (Tables 6.13 and 6.14).

PV-SYSTEM UNIT

PV CAPACITY PRICE
INSTALLED Unit: USD/KW
Unit: MW (Varies over time with

learnina/economies of scale)

EMPLOYMENT FACTOR PV-INSTALLATION
Unit: FTE/MW INVESTMENTS
(varies over time with labor productivity) Unit: USD
(final demand vector in I-O
Table)

EMPLOYMENT

COEFFICIENT

Unit: FTE/Sectorial Output
(varies over time with dynamic employment
coefficient and sectorial output)

\ /

EMPLOYMENT MULTIPLIER

Unit: FTE/M USD of Final demand
(varies over time with dynamic employment coefficients -
see equation 6.12)

LEONTIEF-INVERSE
MATRIX

=
[

Source: Author’s elaboration.

Figure 6.1 Description of Methodology Followed to Estimate Employment Multipliers
for the PV-C&I Sector in Year t
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Table 6.13 Employment Factors, Employment Coefficients, and Employment
Multipliers for PV-C&I Sector in the Reference Scenario

Year Employment factors Employment coefficients Employment multipliers
([FTE/year]/MW installed) |[([FTE/year]/M EUR[2010]Output)| ([FTE/year]/M EUR[2010] demand)
2010 7.70 2.24 5.04
2011 7.03 3.15 5.94
2012 6.91 4.19 6.99
2013 6.86 4.54 7.34
2014 6.85 4.25 7.05
2015 6.84 4.27 7.07
2016 6.83 5.34 8.14
2017 6.83 5.56 8.36
2018 6.82 5.85 8.65
2019 6.80 6.12 8.92
2020 6.78 6.39 9.19

Note: Employment factors were estimated by author with the Experience-index equation using
the value for year 2007 (9.97 FTE/MW) from Castello et al. (2008) and the 2014 value (6.85
FTE/MW) from GSE (2016b). Cumulative PV capacity is used as metric for 'experience'. The
estimated experience index used to estimate employment-factor values from 2008 to 2013 and
from 2015 to 2020 is 0.07. Employment multipliers were estimated by author based on
methodology from Miller & Blair (2009).

Data sources: Castello et al. 2009-2015; Tilli et al., 2016-2017; GSE, 2016b;
Politecnico di Milano, 2010-2017.

Employment in the PV-C&aI sector has a different nature than that in the PV-
O&M sector: while jobs in the former can fluctuate significantly with annual
installations, employment in O&M is longer-term and increases linearly with PV
cumulative capacity. Hence, employment in the PV-O&M sector might be considered
more “valuable” to policymakers, given its more permanent or longer-term nature. As
a result, two different metrics will be used in the following analysis to measure
employment in these two sectors: “FTE” (equivalent to person-year) for the PV-C&l
sector, and “jobs” for the PV-C&I sector. This approach is consistent with
methodologies adopted or suggested in the relevant literature (e.g., Breitschopf et al,

2013; Cameron & van der Zwann, 2015).
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Table 6.14 Employment Factors, Employment Coefficients, and Employment
Multipliers for PV-O&M Sector in the Reference Scenario

Year Employment factors Employment coefficients Employment multipliers
(FTE/MW under O&M) (FTE/M EUR[2010] output) (FTE/M EUR[2010] demand)
2010 0.4479 6.30 9.80
2011 0.4124 7.20 10.71
2012 0.3964 7.45 10.96
2013 0.3931 7.16 10.66
2014 0.3927 6.93 10.44
2015 0.3916 8.34 11.84
2016 0.3911 9.26 12.76
2017 0.3911 9.35 12.85
2018 0.3904 9.42 12.93
2019 0.3896 9.50 13.00
2020 0.3885 9.57 13.07

Note: Employment factors were estimated by author with the Experience-index equation
assuming 0.48 FTE/MW in 2009 (the value reported for Germany in 2007 and used by
Rutovitz & Atherton [2009]) and 0.39 FTE/MW in 2014 (GSE, 2016b). The estimated
experience index is 0.0642. Employment multipliers were estimated by author based on
methodology from Miller & Blair (2009).

Data sources: Castello et al. 2009-2015; Tilli et al., 2016-2017; GSE, 2016b;
Politecnico di Milano, 2010-2017.

While output multipliers are constant during the time frame considered,
employment multipliers vary over time since they are derived from employment
coefficients, themselves calculated from employment factors. The latter showed a
general decreasing trend as the number of employees required to perform a specific
task (be it the installation of new PV systems or their O&M) is also subject to learning
effects, as was found in Chapter 3.

Historical PV deployment between 2010 and 2016 embedded in the RS
resulted in the creation of (cumulative) direct employment impacts amounting to about
130,000 FTEs in the PV-C&aI sector and about 39,000 jobs in the PV O&M sector.

Indirect employment effects of investments in PV-C&I between 2010 and 2016 were
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estimated at 112,000 FTEs, whereas expenditures in O&M of PV systems resulted in
the creation of 18,000 jobs in linked sectors (Table 6.15).

Table 6.15 Employment Impacts in the Reference Scenario, 2010-2020

PV C&I PV O&M
Year Direct employment |Indirect employment | Direct Employment Indirect employment
(FTE/year) (FTE/year) (FTE) (FTE)
2010 17,862 22,290 1,038 578
2011 65,416 58,205 3,460 1,683
2012 29,206 19,508 6,090 2,864
2013 10,512 7,581 6,940 3,397
2014 2,904 1,914 7,063 3,570
2015 2,156 1,415 7,342 3,086
2016 2,654 1,392 7,474 2,830
2017 3,134 1,578 7,498 2,812
2018 3,909 1,872 7,687 2,859
2019 5,069 2,317 7,928 2,925
2020 6,821 2,986 8,247 3,020
Cum. 2010-2016 130,710 112,305 39,407 18,008
Cum. 2010-2020 149,643 121,058 70,767 29,624

Source: Author’s analysis.

As expected, between 2010 and 2016, employment in the PV-C&lI sector had
been fluctuating significantly in parallel with the irregular trends of installations
(peaking in 2011, reaching a bottom in 2015, and showing a possible rebound in
2016), while jobs in the PV-O&M sector increased linearly with the PV capacity in

operation.

6.6 Comparison of Economic-impact Results in 2010-2016 with Studies in
Literature

As mentioned in the literature review, at least three studies have looked at the

economic impacts of photovoltaic deployment in Italy in recent years (Barbarella et.

174



al, 2009; GSE, 2016; Cai et al., 2016). While Cai et al. (2016) do not show individual
data for output and employment effects of PV technology (but rather for the
renewable-energy sector on the whole), it was possible to extract data on employment

multipliers from the two other studies in order to compare results (Table 6.16).

Table 6.16 Comparison of Estimated Employment Multipliers with VValues Reported
in the Relevant Literature (FTE / M EUR[2016] of final demand)

Sector PV C&I PV O&M

Year Barbarella et al. GSE Own estimation | Barbarella et al. GSE Own estimation
2009 12.85 20.11

2010 5.04 9.80

2011 5.94 10.71
2012 6.32 6.99 11.89 10.96
2013 6.91 7.34 11.89 10.66
2014 6.94 7.05 11.89 10.44
2015 6.95 7.07 11.89 11.84
2016 8.14 12.76

Data sources: Barbarella et al., 2016b; GSE, 2016b; Author's estimation.

The estimated employment multipliers from 2012 to 2015 are closely aligned
with those reported by GSE (2016b) for both the PV C&I and PV-O&M sectors. It
should be pointed out that the GSE study on economic impacts from which the
multiplier values were extracted was also a source of data for employment factors and
PV system prices from 2012 to 2015 used for this work, so this alignment of results
should not be surprising (see Figure 6.1). However, this alignment might also suggest
that values from the Leontief-inverse matrix in the two analyses (the GSE study using
2011 values for the Matrix) are not too divergent from each other. Notably, the

multiplier for the PV-O&M sector from the GSE study is constant from 2012 to 2015,
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suggesting that authors used fixed employment factors and did not incorporate
learning effects in their analysis.

Employment multiplier values from the Barbarella et al. (2009) study are, on
the other hand, significantly different from those estimated in the present work. This is
also not surprising since the former study used the SIUT for year 2006 to estimate
employment impacts from 2009 onwards, while the two industries underwent a
significant transformation in scale from 2006 to 2010.

Comparing multiplier results with those of studies carried out in other
countries presents two kinds of problems. First, there is limited literature on the
application of 1-O methodology to estimate economic impacts of PV deployment at a
national level in recent years. Secondly, cross-country comparisons of multipliers may
be of limited analytical value for the sake of “validating” results of EIAs, since the
degree of maturity and interindustry links could vary significantly within different

national contexts (Cameron & van der Zwann, 2015).

6.7 Estimation of Output Impacts in the Counterfactual Scenario

The estimation of output impacts of PV deployment in the counterfactual
scenario (CS) is carried out with two different f> vectors than in the RS, given that the
patterns of investments in PV installation and expenditures for O&M in the two
scenarios are different. However, the output multipliers for the two scenarios are the
same, given that the x” vectors (the output impacts) are obtained from the same
Leontief-inverse matrix (see equation [6.10]).

Between 2010 and 2020, PV deployment in the counterfactual scenario

generates, on average, an annual total (excluding induced effects) output impact of
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about EUR 3,500 million for the PV-installation sector and about EUR 650 million for
the PV-O&M sector, respectively (vs. EUR 6,160 and 1,500 million in the reference

scenario; Table 6.17).

Table 6.17 Output Impacts in the Counterfactual Scenario, 2010-2020

PV C&I PV O&M Energy efficiency
Increased Direct+Indirect Increased Direct+Indirect Increased Direct+Indirect
Year Demand Output effects Demand Output effets demand Output effets
f' x' f' x' f' x'
M EUR(2010) M EUR(2010) M EUR(2010) M EUR(2010) M EUR(2010) M EUR(2010)
2010 2,548 4,029 71 125 310 535
2011 2,104 3,327 111 196 310 535
2012 1,904 3,011 137 242 310 535
2013 1,821 2,879 184 323 310 535
2014 1,958 3,097 239 421 310 535
2015 2,085 3,297 301 529 310 535
2016 2,210 3,495 313 550 310 535
2017 2,285 3,613 339 595 310 535
2018 2,374 3,753 397 698 310 535
2019 2,475 3,914 461 809 310 535
2020 2,704 4,276 529 930 310 535
Cum. 2010-2016 14,631 23,135 1,357 2,384 2,169 3,743
Average 2010-2016 1,330 2,103 123 217 197 340
Cum. 2010-2020 24,469 38,691 3,083 5,417 3,409 5,882
Average 2010-2020 2,224 3,517 280 492 310 535
Output multiplier = 1.58 Output multiplier = 1.76 Output multiplier = 1.73

Source: Author’s elaboration.

Estimation of output impacts from the additional EE investments in the
counterfactual scenario is based on multiplier values derived from the analysis done
by Beccarello (2011). The (average) multiplier for the mix of EE measures included in
the CS is 1.73 (Table C.1 in Appendix C), higher than the one for PV installation
(1.58) and slightly lower than the one for PV O&M (1.76). The counterfactual
scenario assumes EE investments take place at a constant annual flow of EUR 311

million per year from 2010 and 2020; hence, the (constant) annual output effect is
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estimated by multiplying the annual-investment value by the EE output multiplier,
resulting in an annual output-impact of about EUR 540 million (EUR[2010]) per year.
A summing up of output effects for the three sectors between 2010 and 2020
results in an average annual (aggregate) output impact in the CS of about EUR 4,700
million in the CS, versus EUR 7,670 million in the reference case. The average
multiplier (obtained by averaging output effects of the three sectors) in the CS is 1.61,
only slightly higher than the RS (1.60). This finding might seem to suggest that adding
EE investments to the CS does not have a significant impact on increasing the total
indirect output effects relative to the RS. However, this limited effect of additional EE
on the scenario multiplier actually has to do with the much lower scale of EE
investments (yearly average of EUR 311 million) versus PV-installation (about EUR
3,900 million in the RS and EUR 2,200 million in the CS). Had the scale of EE
investments been similar to that of the PV-installation sector, the average multiplier of

the CS would have obviously been higher.

6.8 Estimation of Employment Impacts in the Counterfactual Scenario

The estimation of employment impacts from PV deployment in the CS is based
on the same methodology used to calculate employment factors in the RS (the
application of the experience curve equation to employment multipliers). Despite use
of the same experience indexes in the two scenarios, employment multipliers are
obviously different in the CS, as a result of the different evolution in scale of the two
industries between 2010 and 2016. Employment coefficients and employment
multipliers are also different than in the CS as a result of the relatively lower PV-

system prices and unit O&M costs (Tables 6.18 and 6.19).
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Table 6.18 Employment Factors, Employment Coefficients, and Employment
Multipliers for PV-C&I Sector in the Counterfactual Scenario

Year Employment factors Employment coefficients Employment multipliers
([FTE/year]/MW installed) |([FTE/year]/M EUR[2010]Output)| (FTE[year]/M EUR[2010] demand)
2010 8.26 2.58 5.38
2011 8.20 3.41 6.21
2012 8.15 4.12 6.92
2013 8.09 4.71 7.51
2014 8.04 4.78 7.58
2015 7.99 4.91 7.71
2016 7.93 5.06 7.86
2017 7.88 5.35 8.15
2018 7.83 5.63 8.43
2019 7.78 5.90 8.70
2020 7.70 6.15 8.95

Note: Employment factors were estimated by author with the Experience-index equation using
the same experience index (0.07) as in the reference scenario with 2009 as base year.
Cumulative PV capacity is used as metric for "experience” with 2009 as base year.
Employment multipliers were estimated by author based on methodology from Miller & Blair
(20009).

Data sources: Castello et al. 2009-2015; Tilli et al., 2016-2017; GSE, 2016b;
Politecnico di Milano, 2010-2017.

Table 6.19 Employment Factors, Employment Coefficients, and Employment
Multipliers for PV-O&M Sector in the Counterfactual Scenario

Year Employment factors Employment coefficients Employment multipliers
(FTE/MW under O&M) (FTE/M EUR[2010] Output) (FTE/M EUR[2010] demand)
2010 0.4593 10.12 13.63
2011 0.4468 9.63 13.14
2012 0.4376 10.57 14.08
2013 0.4302 10.15 13.66
2014 0.4240 9.64 13.14
2015 0.4185 9.27 12.77
2016 0.4136 10.59 14.09
2017 0.4091 11.47 14.97
2018 0.4050 11.34 14.84
2019 0.4011 11.24 14.75
2020 0.3974 11.20 14.71

Note: Employment factors were estimated by author with the Experience-index equation using
the same assumptions on base-year value (0.48 FTE/MW in 2009) and the same experience
index calculated for the RS. Employment multipliers were estimated by author based on
methodology from Miller & Blair (2009).

Data sources: Castello et al. 2009-2015; Tilli et al., 2016-2017; GSE, 2016b;
Politecnico di Milano, 2010-2017.
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The cumulative employment impact of the CS between 2010 and 2020 is about

186,000 FTEs in the PV-C&lI sector and 43,000 jobs in the PV O&M sector (Table

6.20).

Table 6.20 Employment Impacts from PV Deployment in the Counterfactual Scenario,

2010-2020
PV C&lI PV O&M
Year Direct employment |Indirect employment | Direct Employment Indirect employment
(FTE/year) (FTE/year) (FTE) (FTE)
2010 6,569 7,131 719 249
2011 7,178 5,890 1,073 390
2012 7,844 5,331 1,453 482
2013 8,572 5,097 1,864 643
2014 9,367 5,482 2,308 839
2015 10,236 5,836 2,790 1,055
2016 11,185 6,187 3,314 1,097
2017 12,223 6,396 3,884 1,187
2018 13,357 6,644 4,504 1,392
2019 14,596 6,928 5,179 1,614
2020 16,623 7,569 5,933 1,856
Cum. 2010-2016 60,950 40,954 13,522 4,756
Cum. 2010-2020 117,749 68,492 33,021 10,805

Source: Author’s analysis

The methodology used to estimate employment impacts of EE investments in

the CS is slightly different from that used for the two PV sectors. Total employment

impacts are estimated using the employment-multiplier value derived from the

Beccarello (2011), while direct employment is calculated from the ratio of total to

direct impacts taken from the same source (2011) as well. The assumptions used to

estimate the employment factor and the employment multiplier are shown in Table C.2

(Appendix C).
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Based on the 16.55 FTE/M EUR multiplier derived from Beccarello, the
results of the EE employment assessment for the additional EE investments indicate a
total employment impact of about 2,000 FTE per year, with direct employment effects

amounting to about 600 FTE per year (Table 6.21).

Table 6.21 Employment Impacts from Additional EE Investments in the
Counterfactual Scenario

Direct Indirect Total (direct+indirect)
Year / Time frame Employment Employment Employment
(FTE) (FTE) (FTE)
Yearly average 2010-2020 1,609 3,519 5,128
Cumulative 2010-2020 17,696 38,710 56,406

Source: Author’s analysis based on Beccarello (2011).

6.9 Comparison of Impacts in Reference and Counterfactual Scenario
Comparing the economic impacts of the historical PV-deployment path
embedded in the RS with the alternative technology-support route conceptualized in
the CS can provide useful insight on the comparative economic efficiency and trade-
offs of policies for achieving the same energy sustainability objectives.
The absolute level of economic impacts (output and employment effects) is
not a suitable metric to compare the efficiency or cost-effectiveness® of the two

scenarios, as the magnitude of final demand mobilized by incentives in the two

96 In the context of this analysis, cost effectiveness is intended as the degree to which
inputs or efforts of economic or financial nature (e.g., RD&D investments, subsidies)
are translated into outputs (e.g., output or employment effects, increases in
productivity, technology-cost reductions).
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scenarios is significantly different. Between 2010 and 2020, the RS has a policy-
induced cumulative increase in final demand of about EUR 51 billion, while the
exogenous increase in final demand in the CS amounts to EUR 32 billion. However,
the value of the average output multiplier in the two scenarios is almost the same. EE
investments in the CS have a much higher output multiplier than PV installation (1.73
vs 1.58), but the relative low volume of EE investments in the CS does not produce a
significant impact on increasing the overall scenario output multiplier (1.61 in the CS
vs. 1.60 in the RS). Hence, comparing the two scenarios on the basis of the average
output multiplier does not bring significant analytical insight.

Consequently, the only metric left to compare the two scenarios on the basis of
cost-effectiveness is the employment multiplier. First, as a result of the different
evolution of employment coefficients (in turn, the result of different growth rates in
employment and investments), the CS has higher employment multipliers for both the
PV-C&I and PV-O&M sectors. Second, the employment multiplier from the
additional EE investments in the CS (16.55) is significantly higher than the
employment multiplier for PV-installation installations (6.32 in the RS). As a result,
the CS achieves a higher (+20%) overall employment multiplier than does the RS
(8.73 vs. 7.23)%". This difference in creating employment in the scenarios is non-
negligible, even considering the fact that EE investments are, in absolute levels, not
significant in the CS. Had the share of EE investments in the CS been higher, the

difference in employment multipliers between the two scenarios would have been

97 This scenario multiplier is calculated “ex-post” from scenario results. Its numerator
is obtained by summing employment in the three sectors and using “FTE” as the
common metric.
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even more evident (Table 6.22 summarizes the average output and employment

multipliers for the two scenarios).

Table 6.22 Output and Employment Multipliers in the Two Scenarios

Multiplier Reference Scenario Counterfactual Scenario

Output multiplier PV Installation 1.58

Output multiplier PV O&M 1.76

Output multiplier EE - 1.73
Scenario Output multiplier 1.60 1.61
Average Employment multiplier PV installation 6.32 7.61
Average Employment multiplier PV O&M 11.88 14.22
Average Employment multiplier EE - 16.55
Scenario Employment multiplier 7.23 9.25

Source: Author’s elaboration

Another way to assess the cost-effectiveness of the two scenarios is by using
subsidies in place of increased final demand as denominator of the employment
multiplier (a metric that can be defined as “ratio of employment impact to subsidies”).
The results indicate a marked difference between the two scenarios: the RS has a ratio
of employment impacts to subsidies of 5, while the same ratio for the CS is 15.8. This
differential links with findings in chapter 4 that highlighted the high subsidization
costs of the Conto Energia program, which supported PV deployment from 2006 to
2013, underlying the RS. Even if subsidies for EE measures in the CS were to cover
100% of the upfront investment costs (an assumption that can only be used for
conceptual analysis on boundary conditions), the ratio would only decrease to 14.9,
still almost three times higher than in the RS.

In conclusion, findings from this economic-impact analysis suggest that

monetary incentives provided under Conto Energia supporting PV deployment, as
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reflected in the RS, resulted in a significant opportunity cost to Italian policymakers.
Had part of the financial resources been used for additional EE incentives, the same
impact on achieving the objective of the EU’s Renewable Energy Directive for Italy

by 2020 could have been had at much lower costs.

6.10 Summary

A methodological framework based on symmetric input-output tables was
developed to estimate the gross economic and employment effects of historical
deployment of PV technology in Italy in the frame of a reference scenario including
projections to 2020. Economic impacts were also estimated for a counterfactual
scenario based on lower PV deployment and higher energy-efficiency investments.

Two new vectors for the sectors “PV-system Construction & Installation” and
“PV-system Operation & Maintenance” were constructed based on the cost-
distribution of these two industries in 2010. These vectors were then incorporated into
the 63x63 SIOT for Italy, from which 12x12-sector technical-coefficient and Leontief
Inverse matrices were constructed. Historical data and scenario projections for
investments in the construction and installation of PV-systems and expenditures for
O&M were then incorporated into two new final-demand vectors necessary for
economic-impact analysis.

Gross output effects were estimated by post-multiplication of the new final
demand vectors by the Leontief-inverse matrix. The estimated output multiplier for
PV C&l in 2010 is 1.58, and 1.75 for PV O&M, while the output multiplier for the
additional energy-efficiency investments in the counterfactual scenario is 1.73. The

small share of energy-efficiency investments in the latter scenario on total clean-
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energy investments results in the two scenarios having almost the same average output
multiplier.

PV deployment between 2010 and 2016, largely supported by the Conto
Energia program, resulted in cumulative employment impacts amounting to 144,000
FTEs in the PV-C&I sector, with 112,000 FTEs in the linked sectors. Employment
impacts in the PV-O&M sector were estimated at 7,500 jobs in 2016, with 3,500 jobs
in linked sectors.

Employment multipliers showed more meaningful differences among sectors
and between the two scenarios. During the historical time frame of 2010-16 that was
analyzed, the estimated average employment multiplier is about 7 (FTE/year)/M EUR
(of final demand) for the PV-C&aI sector and about 11 FTE/M EUR for the PV-O&M
sector. The much higher employment multiplier (16.55 FTE/M EUR) of the additional
energy-efficiency investments in the counterfactual scenario makes this scenario more
efficient in terms of employment impacts. Averaging impacts in the three sectors, the
employment multiplier for the counterfactual scenario is about 15% higher than in the
reference scenario.

The overall cost-effectiveness of the two scenarios was also assessed, by
dividing employment impacts by subsidies estimated (for installations under Conto
Energia) and assumed (for scenario projections) for PV deployment and the additional
EE investments. The strategy underlying the counterfactual scenario — to dilute
support for PV technology over time and to accelerate energy-efficiency investments —
results in a ratio of employment impacts to subsidies more than three times higher than
in the reference scenario. This finding suggests that at least part of the incentives

disbursed to support PV deployment under Conto Energia could have had a
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significantly more efficient use in terms of employment impacts, while still having the

same effect on contributing to energy-sustainability objectives.
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Chapter 7

CONCLUSIONS, POLICY RECOMMENDATIONS AND FUTURE
RESEARCH

7.1 Conclusions

Thanks to the Conto Energia program, PV installations in Italy grew from 12
MW in 2006 to about 3,600 MW in 2013, with a total of about 17,800 MW of PV
capacity being installed over the 2006-16 timespan. PV is now the fourth largest
source of electricity generation in Italy, holding a share of about 7% of the electricity
mix (the third largest share in the world). This significant deployment of PV
technology largely contributed to Italy’s achievement of the 2020 target of the
European Union “Renewable Energy Directive” 2009/28/CE (a 17% share of
renewables on gross internal energy consumption) by as early as 2016. These results,
however, came with a hefty cost: cumulative payments from 2006 to 2038 for feed-in
tariffs (FIT) under the Conto Energia program are estimated to total EUR 132 billion.
Despite this notable financial burden, the question of whether or not the Conto Energia
program was cost-effective has been left largely unaddressed by peer-reviewed
literature since its last batch of incentivized installations took place in 2016.

The present work has attempted to assess the cost-effectiveness of the Conto
Energia program by applying an integrated methodological framework. The economic
impact analysis of PV deployment under the Conto Energia program — the central
research focus of this dissertation — provided enough quantitative evidence to conclude

that this incentive regime was indeed far from being a cost-effective way to promote
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clean-energy deployment. The rationale for this research was not only to carry out an
ex-post assessment of “sunken costs” (given that the Conto Energia program was
discontinued in 2016), but also to provide useful insights and analysis that can help
policymakers develop more efficient clean-energy policies in the future. In fact, the
methodological framework tested can prove useful to Italian policymakers as they
define the measures necessary to achieve the 2030 ambitious decarbonization goals set
out in the National Energy Strategy. This concluding part of the dissertation intends to
offer policymakers further considerations and recommendations that can help fine-
tune current and future energy policies in order to increase their cost-effectiveness.
This chapter is comprised of three sections. Section 1 summarizes the most
important research findings. Section 2 draws some general conclusions on the need for
governments to increase efforts to integrate clean-energy and industrial policy
frameworks. Section 3 discusses the limitations of this study and identifies some

possible venues for future analytical work.

7.2 Research Findings

7.2.1 Results from Learning Process Analysis

Prices of PV systems in Italy have undergone a significant reduction since the
early 2000’s. From 2002 to 2016, prices decreased by 80%, and much of this reduction
took place in parallel with the exponential market growth spurred by the Conto
Energia program. To what extent this reduction was caused by domestic market

dynamics versus global learning effects and economies of scale is a relevant question
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for both comprehensively assessing the benefits of the Conto Energia program and for
developing PV-system price projections to be used in scenario analysis.

Drawing on the many available sources reporting price data broken down by
component, it was estimated that about 75% of PV-system price reduction over 2002-
16 was due to manufactured components that are traded globally (PV modules,
inverters, and other BOS components like cables and support structures). During the
same period, installations in the Italian PV market accounted for only about 6% of
global PV demand, so the effect of the domestic market was not significant in spurring
the global learning effects and economies of scale of manufactured components traded
globally.

Local learning effects, on the other hand, may have played a role in reducing
the so-called soft costs (planning, project engineering, installation, and administrative
costs), accounting for 25% of the PV-system price reduction between 2006 and 2016.
Learning rates observed in the Italian PV market between 2006 and 2016 were 22%
for soft costs. Based on global PV market projections available in the literature and
the estimated learning rates for modules (21%), inverters (20%), and other BOS costs
(17%), the cost of these three components was estimated to reach EUR 620/kW by

2035 (assuming an average global market growth of 7.5%).

7.2.2 Results from Subsidization Cost Analysis
The estimated total cumulative cost of FIT payments through 2038 for PV
plants installed under the Conto Energia program amounts to EUR 130 billion, with a

net present cost of EUR 62 billion (using 2006 as a base year and a nominal social
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discount rate of 5%)%. In order to gauge the extent of subsidization of PV capacity
installed in each of the eleven years of implementation of the Conto Energia program,
twenty-year FIT payments for capacity installed in a given year were discounted to
obtain the so-called capital-grant equivalent (per unit of capacity installed). Results of
the subsidization analysis based on the net-present cost methodology indicate that the
capital grant equivalent values of FIT payments were higher than the estimated
average PV-system prices throughout the entire 2006-16 time frame. The estimated
capital-grant equivalent value for the year 2011 exceeds 200% of the average PV-
system price estimated for the same year. These findings suggest that a different
incentive framework (e.g., an investment tax credit combined with a production tax
credit for non-residential systems, and a tax deduction combined with net metering for
residential systems) might have been less onerous in supporting PV deployment in

Italy.

7.2.3 Results from Scenario Analysis

A first economic-impact assessment of the Conto Energia program was
conducted in the frame of a comparative scenario analysis. The reference scenario was
built on historical PV deployment from 2006 to 2016 and on a projected market
diffusion that would allow PV to reach the objective set by the National Energy
Strategy of 70 TWh of generation by 2030. The counterfactual scenario was built on
an alternative path of PV deployment, having much lower PV installations (with
respect to the reference case) from 2010 to 2013 that were, however, compensated by

higher deployment from 2017 to 2030, so that PV technology would meet the same 70

98 Equivalent to about EUR[2016] 71 billion.
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TWh National Energy Strategy objective. The counterfactual scenario also assumed
additional energy-efficiency investments in order to have the same impact as the
reference case on reducing natural gas demand and CO2 emissions by 2020.

Findings show that total investments for construction and installation (C&lI) of
PV systems between 2006 and 2035 in the two scenarios are not significantly
different, with EUR(2016) 106 billion in the reference scenario and EUR(2016) 101
billion in the aligned at about EUR(2016). This might suggest that a hypothetical
strategy of delaying support for PV deployment in order to take advantage of global
price-reduction dynamics would not have had significant effects in terms of reducing
the investment costs for the construction and installation of PV systems.

There is, however, a striking difference between the two scenarios when it
comes to subsidization costs. The reference scenario is almost five times more onerous
than the counterfactual one in the subsidization of PV deployment. The difference in
total subsidization costs between the two scenarios is of EUR(2016) 54 billion, which,
had it been used to mobilize additional EE investments between 2020 and 2030, would
have instead resulted in an extra 20 M toe of reductions in natural gas demand and 47

M toe of additional carbon emissions reduction in the counterfactual scenario.

7.2.4 Results from LCOE and Cash-flow Analysis

PV reached “market parity” in the niche of utility-scale plants in 2017, when a
1 MW PV power plant was installed in Central Italy. This PV power plant will sell
generated electricity to the grid without the support of any incentive scheme
(Qualenergia.it, 2017a). While the levelized cost of electricity (LCOE) of both

residential and commercial PV systems was below the retail electricity price in 2016,
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PV installations in the distributed PV market® were, with 316 MW, significantly
lower than the level achieved in 2012 (about 1,800 MW). This might suggest that grid
parity, as measured by the equivalence of the LCOE to retail electricity prices, is not a
significant analytical “watershed” for PV market development.

Financial performance indicators like payback time or internal rate of return
(IRR) can be considered as alternative grid-parity metrics to forecast or project market
development. Estimated IRR values of residential and commercial systems in Central
Italy in 2016 are in the 8-9.5% range, taking into account the effects of the residential
tax deduction and the net-metering scheme. Without the tax deduction, the IRR for
residential systems would still be below the 4% value considered a possible threshold
for market viability without incentives. Yet, cash flow analysis reinforces the LCOE
analysis findings: the market development of distributed PV systems is not
accelerating significantly after grid-parity — as measured by financial performance
metrics — is achieved. Even taking into account the relatively high IRR values
resulting from the incentives currently in place, distributed PV installations in 2016
were significantly below 2012 levels. Overall, this points to two possible issues that
make grid-parity analysis quite a complex undertaking: the saturation of “sweet spots”
(e.g., the niche of “early adopters” more prone to install PV systems), and the presence
of market failures (e.g., lack of information, the use of very high implicit discount
rates by prospective adopters, etc.). This suggests that reaching the National Energy
Strategy target of about 70 TWh generation from solar PV by 2030 (vs. 22 TWh in

2016) could be challenging without adequate market-support mechanisms.

99 In the context of the present work, distributed PV systems are defined as systems
with rated power of up to 200 kW.
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7.2.5 Results from Economic-impact Analysis

The Input-Output (I-O) methodology framework was used to estimate the
output and employment effects of the two scenarios between 2010 and 2020, building
on the 2010 Symmetric 1-O table for the Italian economy.

The estimated output multiplier for the PV-C&lI sector in 2010 is 1.58, and
1.76 for the PV operation and maintenance (O&M) sector, while the output multiplier
for the additional energy-efficiency investments assumed in the counterfactual
scenario is 1.73. The two scenarios have roughly the same average output multiplier
(calculated by summing up the investments and output effects of the three sectors).
This is largely due to the relatively low share of energy-efficiency investments in the
counterfactual scenario.

Employment multipliers show more marked differences among sectors in the
two scenarios. Energy-efficiency investments modeled in the counterfactual scenario
have, between 2010 and 2016, the highest average employment multiplier, with almost
17 FTE/M Eur (of final demand), followed by the PV-O&M sector with 11 FTE/M
Eur, and finally the PV-C&lI sector with 7 FTE(year)/M Eur. Overall, the employment
multiplier of the counterfactual scenario is 15% higher than that of the reference
scenario. This finding suggests that the relatively more balanced clean-energy mix that
is embedded in the counterfactual scenario is more effective in creating jobs.

Finally, the cost-effectiveness of the two scenarios was assessed by looking at
the ratio of employment generated to subsidies. The calculation of these ratios
revealed a striking difference between the two scenarios, with the counterfactual
scenario showing an employment to subsidy ratio of 15.8 FTE/M EUR (of subsidy),
almost three times higher than that in the reference scenario (estimated at 5 FTE/M

Eur). Since the reference scenario incorporates PV installation under the Conto
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Energia program, this finding suggests that this incentive scheme had a significant
opportunity cost. Policymakers could possibly have reached the same clean-energy

targets by 2020 at lower subsidization costs and with higher employment impacts.

7.3 Policy Assessment of the Conto Energia Program

While there is general agreement over the effectiveness of FITs vs. other
incentive schemes in supporting the deployment of renewable energy sources (Jacobs
an Sovacool, 2012; Dijkgraaf et al., 2018), critiques have been raised on the cost-
effectiveness of FIT programs in Germany and Italy (e.g., Frondel et. al., 2010;
Antonelli & Desideri, 2014).

As far as Italy is concerned, the finding that the capital-grant equivalent of FIT
incentives systematically exceeded the estimated average PV system prices from 2006
to 2016 points to an “over-incentivization” of PV systems during the implementation
of the Conto Energia program. Evidence that PV systems were over-incentivized
comes not only from the calculation of capital-grant equivalent values, but also from
the simple estimation of return rates of investments of PV systems, which, for non-
residential systems, reached levels as high as 25% (Antonelli & Desideri, 2014). Had
more effective caps on annual installed capacity as well as more flexible FITs (e.g.,
adapting quickly to the rapid downturn of PV module costs in 2010-11) been put in
place, the costs to government and taxpayers could have been lower. The evidence for
sub-optimal cost-effectiveness lies in the findings of the present work, which indicate
that part of the “budget envelope” used for the Conto Energia program could have
been used to support clean-energy deployment in a more efficient way, resulting in

higher economic impacts.
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There are other aspects to consider in assessing the Conto Energia program.
One of these aspects is the kind of diffusion model that the Conto Energia program
enabled to support PV deployment. Giannuzzi, Valori & Basosi (2013) pointed to the
over-proliferation of ground-mounted plants, which resulted from a lack of adequate
regulation. In fact, between 2008 and 2011, more than 6 GW of centralized PV power
plants (almost 50% of total PV installations) were installed on the ground. Antonelli
and Desideri (2014) stress that the much more favorable support for large PV power
plants contradicts one of the widely agreed-upon missions of FIT programs, namely,
that they should support a distributed model of PV diffusion rather than a centralized
one that is based on large installations on the ground. One can argue that investments
in centralized PV power plants could have been channeled towards industrial and
commercial building roofs instead, helping small and medium enterprises reduce their
electricity bills.

Furthermore, economic impact analysis pointed to a broader policy issue, that
is, the need to integrate clean-energy policies with industrial policies. Cost-
effectiveness, in the frame of designing clean-energy policies, can be interpreted by
policymakers as the reaching of a specific target (e.g., in terms of share of renewables
on energy supply, decrease of energy intensity, or reduction in energy-related carbon
emissions at the lowest possible cost to government and taxpayers). This can be done
through the use of methodological tools like marginal abatement cost curves, energy
supply curves, etc. However, a specific clean-energy option (either a renewable energy
technology or an energy-efficiency measure including infrastructure investments
promoting low-carbon behavioral changes) can have relatively low costs (and be at the

lower end of the marginal cost curve), but can also be relatively inefficient in terms of
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creating added value and employment effects for the domestic economy. Towards the
end of 2011, for example, solar PV was probably the cheapest renewable-electricity
generating option in Italy (together with wind, on sites having particularly favorable
wind speed), however its employment multiplier was significantly lower than the
“bundle” of energy-efficiency investments analyzed in the counterfactual scenario.

Another aspect of intersectoral policy integration relevant to the
implementation of the Conto Energia program is whether and how policymakers can
better align market-pull mechanisms with the objective of promoting the growth of
domestic high-tech industries with export potential. As the history of the German and
Italian FIT programs shows, domestic PV manufacturing industries were not able to
scale up quickly enough to stand competition from foreign companies. In fact, as has
already been pointed out (Frondel et al., 2010; Cai et al., 2016), generous support for
renewable energy deployment in Germany and Italy coincided instead, in both
countries, with a massive scaling down, if not disappearance, of their solar PV cell and
module manufacturing industries. While at the onset of Conto Energia in 2006,
domestic production of PV cells and market demand in Italy were almost equivalent,
the degree of technology independence decreased abruptly to less than 6% in 2010,
and then declined to almost zero in 2015 (Table 7.1). In other words, while the Italian
domestic PV market was booming, the Italian PV cell manufacturing industry
experienced its demise.

Whether it could have been possible to maintain a viable domestic PV cell
production capacity in the face of the exponential growth of foreign producers
(notably China) is a question that extends beyond the scope of this analysis. This

question should probably receive greater attention, as it is likely to be of significant
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interest to policymakers seeking to find ways to optimize the two aforementioned
strategic objectives: promotion of clean energy and job growth. This issue will be

addressed in the policy recommendations.

Table 7.1 Share of Domestic PV cell and Module Production on ltalian PV market,
2006-2015

Share of domestic
Amporphous silicon Share of domestic PV cell and a-si module
Year Domestic PV cell PV module PV cell production production on
production production Annual PV installations |on PV annual installations |on PV annual installations
MW MW MW % %

2006 11 0 12 91.67% 91.67%

2007 13 0 70.2 18.52% 18.52%

2008 28.4 0 337.9 8.40% 8.40%

2009 66.1 0 723.38 9.14% 9.14%

2010 130 0 2,320.93 5.60% 5.60%

2011 118 0 9,303.59 1.27% 1.27%

2012 20 160 3,654.00 0.55% 4.93%

2013 0 190 1,400.00 0.00% 13.57%

2014 0 190 409.00 0.00% 46.45%

2015 3 190 307.00 0.98% 62.87%

Note: PV module production in 2013-15 estimated by author

Data sources: Castello et al., 2007-2014; Tilli et al., 2016-2017; Politecnico di Milano,
2009-2016.

Factors that could explain the lack of cost-effectiveness of the Conto Energia
program can be manifold, ranging from a lack of vision, planning capacity, or simple
foresight on the part of policymakers when embarking on costly subsidization
projects, to the degree to which the political decision-making process is influenced by
political lobbying.

While an investigation of the “political economy” of the Italian Conto Energia
program is beyond the analytical scope of the present work, there is some evidence

that would suggest that political decision-making processes may have played a role in
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significantly increasing the program’s costs. A case in point for an investigation of the
role of lobbying is the so-called Salva Alcoa Decree, which extended the tariffs of the
second Conto Energia scheme (tariffs that were supposed to end in 2010) to plants
installed during the first semester of 2011 (Agnoli, 2014). As a result of the Salva
Alcoa Decree (converted into law by the Italian Parliament), an additional 3,700 MW
were installed in 2011 under a FIT scheme that had been designed at a time when
market conditions were significantly different. For example, average selling prices of
PV modules more than halved from 2008 to 2011, decreasing from 3.25 to 1.37
USD/W, (Mints, 2012). Partly as a result of the Salva Alcoa Decree, the annual costs
of this FIT program increased from around EUR 0.7 million in 2010 to approximately
EUR 3.8 billion in 2011. It should be noted that the Italian Conto Energia program
may not be an isolated case among European countries when it comes to a lack of
cost-effectiveness resulting from political decisions in legislative bodies. Frondel et
al., for example, criticize the German FIT program as an “unsound energy policy that
is highly prone to political lobbyism” (Frondel et al, 2010: 4055).

The findings of the present work suggest that the Conto Energia program was,
in fact, not a cost-effective instrument for supporting market deployment of PV
technology. Political decision making processes were probably crucial in rendering
this incentive scheme a case of sub-optimal clean-energy policymaking, if not an
outright “policy failure”. The next section will aim to feed the findings of this work
into policy recommendations to decision makers in order to contribute toward

improving the cost-effectiveness of current and future clean-energy policies.
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7.4 Policy Recommendations

Results from this analysis can inform the future clean-energy policies that

Italian policymakers will need to design in order to achieve, in a way that is cost-

effective, the objectives for renewable energy and energy efficiency set forth in the

National Energy Strategy by 2030. The six main policy recommendations for the

Italian government are as follows:

First: to develop cost projections to 2030 (both for capital cost and levelized
cost of energy) for the main renewable-energy and energy-efficiency
technologies (e.g., heat pumps) based on global and local learning-curve
analysis, as developed in Chapter 3 herein;

Second: to develop marginal “clean-energy” (comprising renewable-energy
technologies and energy efficiency options) and carbon abatement cost curves
through 2030. This framework could be derived from engineering bottom-up
analysis as illustrated for PV and energy-efficiency in Chapter 4. This would,
in theory, allow for the identification of the cheapest mix of solutions
necessary to achieve clean-energy supply and decarbonization targets, taking
technical potentials into account;

Third: to develop a range of alternative scenarios, all achieving the same
objectives by 2030, but through different technological routes, in a way similar
to that done in the scenario analysis through 2030 in Chapter 4;

Fourth: to develop a framework of dynamic employment indicators that

include employment factors (taking learning rates into account), employment
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coefficients, and employment multipliers. These indicators will serve the
purpose of projecting employment impacts in each of the scenarios
constructed, in a way similar to that done in the economic-impact analysis in
Chapter 6;

e Fifth: to estimate the degree of subsidies needed to drive clean-energy
deployment in each scenario. Different methodologies can be used to estimate
the degree of subsidization of an energy scenario; for example, one can
estimate the “elasticities” of market diffusion to financial performance (e.g., as
measured by IRR values or payback rates). With projections on capital cost
prices of clean-energy technologies, it is possible to calculate the degree of
subsidization that would allow market deployment to reach desired targets;

e Sixth and final: to identify the most cost-effective scenario in terms of ratio of
employment effects to either subsidies or investment costs, and finally, to
design a policy framework consistent with the clean-energy policy mix

identified in this scenario.

One further step that policymakers could consider, in order to attempt to align
the two objectives of cost minimization and employment maximization, would be to
use a composite indicator or index, in which each clean-energy technology could be
ranked based on the two dimensions of cost (through an indicator like “cost per Mtoe
generated or saved”) and economic impact (with “employment multiplier” as an

indicator).
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7.5 Directions for Future Research

This dissertation research had some limitations, which are worth considering
for the development of future analytical work. At the same time, the literature review
and exploratory analyses completed also touched upon aspects which, while being
beyond the analytical scope of the present work, could, in the future, provide useful
insight to policymakers and complement the data collection and methodological

approach of this dissertation.

7.5.1 Limitations related to Dissertation Research

The first limitation regards the role that local learning effects have in driving
down the prices of PV systems. The literature reviewed did not include analysis on the
factors that could explain the observed reduction in soft costs of PV systems. In
particular, it was noted that there is no data available to investigate whether this
reduction was largely due to a greater experience of installers, the increased size of
companies active in the PV-C&lI sector, or simply the reduction in profit margins due
to a more competitive market. Addressing this question would require a dedicated
survey or, possibly, a series interviews with PV-system installers. Unfortunately,
during the first stage of the research, it was not possible to secure the support of Italian
PV industry associations in this regard.

The second limitation regards data availability on the investment costs, techno-
economic potential values, and employment-impact metrics (output, value-added, and
employment multipliers) of energy-efficiency measures in Italy. Despite a literature
review that was quite extensive, it was only possible to identify a single study

(Beccarello, 2011) having the granularity of data required to create and assess the
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counterfactual scenario. A constraint of this part of the research was the need to source
data published within a specific time frame (e.g., between 2008 and 2012) in order to
feed this into the counterfactual scenario. The reason for this time-related constraint is
the fact that the counterfactual scenario, whose base year is 2010, attempts to
"simulate” an alternative policy pathway that policymakers could have chosen during
the very first stage of the Conto Energia program, before the 2010-12 PV installation
boom. In other words, even if more recent studies had been available, their data on
energy-efficiency investments and techno-economic potential would not have been
useful in building the counterfactual scenario, as these indicators vary significantly
over time. That being said, the fact is that there is a critical lack of data even for more
recent years, which would warrant dedicated research work.

The third limitation relates to the metrics used to measure the cost-
effectiveness of Conto Energia. The ratio of employment impacts to subsidy is a novel
metric that was created for the purpose of this analysis and which could be used for
ex-post assessments. However, its use in ex-ante analyses (e.g., the period 2020-35
that was not included in the impact analysis) is problematic, as it would require the
estimation of subsidies needed to achieve a given level of clean-energy deployment.
As mentioned in the previous section, one route for carrying out this estimation could
be the use of technology-diffusion curves, with financial-performance metrics (e.qg.,
payback) included as one of the variables in the market diffusion equation. This, in
turn, would require the prior estimation of the “elasticity” of market diffusion to
financial performance, which can be done econometrically, provided there is enough
data available. In fact, the major challenge in pursuing this analytical path is that of

data availability. An alternative could be, as was also mentioned in the previous
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section, that of developing an index that incorporates indicators related to costs of
clean-energy technologies as well as their employment or value added multipliers. A
methodology that combines multiple, single indicators into a composite indicator is
used by the European Commission for the European Innovation Scoreboard report

(European Commission, 2018).

7.6 Additional Venues for Future Research
An interesting venue for future research that emerged during the scoping

analysis relates to the question of whether and to what extent it is possible to balance
technology push and market pull policies. For example, while the market pull for PV
technologies in Italy was ramping up quickly with the Conto Energia program,
increasing from EUR 18 million in 2007 to about EUR 6,500 million in 2013, over the
same period, public research, development, and demonstration (RD&D) expenditures
for solar energy190 only increased from EUR 45 to EUR 56 million (IEA, 2018).
While RD&D expenditures in solar energy in 2007 were 250% higher than FIT
payments under the Conto Energia program, in 2013, they were a mere 0.9%.

It can be argued that, had Italian policy makers opted for a more balanced
approach to increase public RD&D expenditures in parallel with a less ambitious and
generous FIT program, Italian PV cell and module manufacturers might have been

more resilient in the face of foreign competition. This might have been the case

100 Broken down data for RD&D expenditures in solar photovoltaics is only available
until 20009.
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particularly if increased public RD&D budgets had supported public-private
partnerships with the Italian PV industry, and expressly to develop automated and
innovative production processes of solar PV cells and modules. The project AMPERE,
for example, funded by the European Commission’s Framework Research

Programme, now sees the participation of the Italian module manufacturer 3SUN with
public research labs to develop and operate an innovative production process of high-
efficiency, bifacial heterojunction PV modules (ENEA, 2018). However, this project
was not launched until 2017, and the extreme degree of "foreign footprint™ on PV cells
and modules installed under the Conto Energia program (Table 7.1) could have at least
been prevented by earlier action on this front.

The case for drawing a balance between market pull and technology push
incentive frameworks in order to better align clean-energy policies with industrial
policies becomes even more compelling if one considers the impacts of innovation
spillovers. In Germany, the debate on the domestic FIT program has also touched
upon the issue of whether this market pull scheme had positive impacts in terms of
boosting domestic innovative capacity, as measured by innovation outputs like
patents. Peters et al. point that while Germany was “founding the learning curve of the
world” (Peters et al, 2012: 1296), China and other Asian producers were able to
capture increasing shares of the global PV cell and module demand. IEA’s analysis
(IEA, 2015) shows a strong correlation between exports and patents in the Chinese PV
sector, meaning that Chinese manufacturers were able to intercept foreign demand for
PV modules while, simultaneously, building up their innovation capacity.

The broad question that warrants discussion is whether and to what extent

policymakers should subsidize technologies when policies are likely to cause
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innovation spillovers. Evidence from Germany and Italy shows that strong market-pull
incentives do not necessarily result per se in improvements in innovative capacity and
competitiveness of domestic industries. A possible reason for this "policy failure™ is
the absence of an integrated policy framework. Hence, while supporting clean-energy
deployment and at the same time fostering a viable and innovative domestic industry
may be possible, to do so would require, on the part of policymakers, a more holistic

vision and more strategic planning.
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Appendix A

METHODOLOGY FOR ESTIMATING CAPITAL-GRANT EQUIVALENT
VALUES OF FEED-IN TARIFF PAYMENTS IN CONTO ENERGIA
PROGRAM

The capital-grant equivalent of feed-in tariffs (FITs) paid for photovoltaic (PV)
capacity installed under the Conto Energia program in a given year t (from 2006 to
2016) is calculated by discounting (with a [nominal] social discount rate of 5%) the
twenty-year flow of FIT payments accruing to the owners of PV systems. For the sake
of calculating the capital-grant equivalent of FIT payments, it is necessary to
breakdown annual FIT payments by PV capacity installed in each of the eleven years
of the program’s validity. The methodological "hurdle" stands in the fact that data on
annual FIT payments is only reported according to each Conto Energia
implementation phase or scheme (cf. ch. 1, § 2.5), but there is no further breakdown
of data on FIT payments per year of PV capacity installed (GSE, 2017a). For example,
annual FIT payments in 2016 for PV capacity installed under the second scheme
(6,840 MW between 2007 and 2010) totaled EUR 2.94 billion (see Table A.1), but the
data reported do not specify what part of these payments were for PV capacity
installed under the second scheme in 2007 or 2008.

The estimation of capital-grant equivalent values is not a straightforward
exercise, since during six of the eleven years of the program’s validity (2007, 2008,
2009, 2011, 2012, 2013), the total PV capacity installed was the result of installations

that actually took place under different schemes of the Conto Energia program (see
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Table A.2). In 2011, for example, 3.6 GW of PV systems were installed under three

different schemes (the second, third, and fourth, respectively).

Table A.1 Annual FIT Payments (M Eur) for PV Systems Installed, Broken Down by
Conto Energia Scheme, 2006-2016

First Second Third Fourth Fifth
Conto-Energia Conto-Energia | Conto-Energia | Conto-Energia Conto-Energia

Year scheme scheme scheme scheme scheme TOTAL

(M Eur) (M Eur) (M Eur) (M Eur) (M Eur) (M Eur)
2006 1 - - - - 1
2007 17 1 - - - 18
2008 55 34 - - - 89
2009 97 208 - - - 305
2010 99 639 - - - 738
2011 107 2,915 438 332 - 3,792
2012 106 3,394 669 1,916 4 6,089
2013 95 3,220 637 2,389 167 6,508
2014 92 3,156 626 2,388 226 6,488
2015 87 3,033 597 2,296 223 6,236
2016 89 2,940 569 2,213 207 6,018

Data source: GSE, 2017a

Table A.2 Annual PV Installations by Conto Energia Scheme and Year (MW)

First Second Third Fourth Fifth
Conto-Energia | Conto-Energia | Conto-Energia | Conto-Energia Conto-Energia
Year scheme scheme scheme scheme scheme TOTAL
(MW) (MW) (MW) (MW) (MW) (MW)
2006 9 - - - - 9
2007 52 18 - - 70
2008 65 273 - - 338
2009 38 681 - - 718
2010 2,321 - - - 2,321
2011 3,546 1,555 4,375 - 9,475
2012 - - 3,082 498 3,580
2013 - 316 787 1,103
2014 - - 92 92
2015 - - 7 7
2016 - - - - 20 20
TOTAL 163 6,840 1,555 7,772 1,404 17,734

Data source: GSE, 2017a
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The methodology used to estimate the capital-grant equivalent of FIT
payments for PV capacity installed annually between 2006 and 2016 consists of eight
steps. The first four of these eight steps apply to so-called capacity cohorts, namely
PV capacity installed under each of the five schemes per year of installation (for a
total of n. 18 cohorts, which correspond to the values in the first five columns of Table

A.2). These eight steps consist of estimating:

(1) the normalized full-hour equivalent value of PV capacity installed from t; (the
year in which a capacity cohort is installed) to too (the last year of its
incentivization). For example, the 18 MW of PV capacity installed in year
2007 under the second Conto Energia scheme (capacity cohort n. 5) are
estimated to have a normalized full-hour equivalent value lower than “1” in
that same year 2007, to account for the obvious fact that PV installations
physically take place gradually, over the course of the year, so their capacity
factor is lower than what would have been achieved had capacity been fully
operational from January 1st. The same capacity cohort n. 5 has a normalized
full-hour equivalent of 1 in 2008, etc. A correction factor is then applied after
year ten of operations to account for a 0.5% output decay;

(2) the amount of electricity generated by each capacity cohort from t; to too, based
on the aforementioned full-hour equivalent values. For example, capacity
cohort no. 5 is estimated to generate 22 GWh in 2007 and 19 GWh in 2026;

(3) the share of electricity generated by each capacity cohort on total electricity
generated by PV systems installed under a specific Conto Energia scheme from
year t; to year tzo. For example, the electricity generated by the 18 MW of
capacity cohort no. 5 in 2010 is estimated to be about 1.5% of total electricity
generated by all five cohorts of the second Conto Energia scheme that same
year;

(4) the incentives paid to each capacity cohort from year t; to year too based on the
shares of electricity generated estimated in (3). FIT payments from 2006 to
2016 are reported by GSE (2017a) and those from 2017 to 2019 were
estimated by the author, while data on projected FIT payments from 2020 to
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2038 were provided by GSE (2017c) and already incorporate the effects of the
retroactive measures introduced in 2014;

(5) the breakdown of annual FIT payments (reported in the last column of Table
A.2) by capacity per “year of installation” from 2006 to 2036, based on (4).
For example, FIT payments in 2016 for PV capacity installed in 2007 (under
the first and second Conto Energia schemes) were estimated at about EUR 36
million;

(6) the total cumulative cost of FIT incentives for annual PV capacity installed
from 2006 to 2016 (for a total of eleven data points). For example, the
estimated cumulative cost of FIT payments for PV capacity installed in 2008 is
about EUR 3.1 billion;

(7) the present value (using a nominal social discount rate of 5%) of cumulative
FIT payments for annual PV capacity installed from 2006 to 2016 (for a total
of eleven data points). For example, the estimated present value of FIT
payments for PV capacity installed in 2008 is about EUR 2 billion;
the “capital-grant equivalent”, by dividing (7) by capacity installed in the same
year (Table 4.3).
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Appendix B

SCENARIO RESULTS

Table B.1 PV Market Projections in the Reference Scenario

Annual PV installations | Cumulative PV capacity | PV Electricity generated

Year CAGR % MW MW GWh
2017 20% 459 19,404 23,489
2018 25% 574 19,978 24,121
2019 30% 746 20,723 24,929
2020 35% 1,007 21,730 26,003
2021 40% 1,409 23,139 27,482
2022 35% 1,903 25,042 29,511
2023 30% 2,473 27,515 32,191
2024 25% 3,092 30,607 35,600
2025 21% 3,736 34,343 39,782
2026 17% 4,358 38,701 44,740
2027 13% 4,903 43,605 50,412
2028 8% 5,312 48,916 56,669
2029 4% 5,533 54,450 63,312
2030 0% 5,533 59,983 70,090
2031 0% 5,533 65,504 76,868
2032 0% 5,533 70,967 83,632
2033 0% 5,533 76,163 90,324
2034 0% 5,533 80,973 96,689
2035 0% 5,533 84,185 102,581

Source: Author’s elaboration
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Table B. 2 PV Market Projections in the Counterfactual Scenario

Annual PV installations | Cumulative PV capacity | PV Electricity generated

Year CAGR % MW MW GWh
2010 10% 796 1,964 1,919
2011 10% 875 2,839 2,942
2012 10% 963 3,802 4,068
2013 10% 1,059 4,861 5,306
2014 10% 1,165 6,026 6,669
2015 10% 1,282 7,308 8,167
2016 10% 1,410 8,717 9,816
2017 10% 1,551 10,268 11,629
2018 10% 1,706 11,974 13,623
2019 10% 1,876 13,850 15,817
2020 15% 2,158 16,008 18,288
2021 20% 2,589 18,597 21,195
2022 18% 3,050 21,647 24,649
2023 16% 3,524 25,170 28,675
2024 13% 3,994 29,164 33,280
2025 11% 4,438 33,602 38,444
2026 9% 4,832 38,434 44,122
2027 7% 5,154 43,588 50,238
2028 4% 5,383 48,971 56,692
2029 2% 5,503 54,474 63,360
2030 0% 5,503 59,977 70,101
2031 0% 5,503 65,468 76,842
2032 0% 5,503 70,900 83,568
2033 0% 5,503 76,065 90,224
2034 0% 5,503 80,845 96,551
2035 0% 5,503 85,552 102,405

Source: Author’s elaboration
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Table B.3 Projections on Soft Costs, Total PV System Prices, C&I Investments and
O&M Expenditures in the Reference Scenario

PV system PV C&l PV O&M
Year Soft costs price Investments Expenditures
Eur(2016)/kW Eur(2016)/kW M Eur(2016) M Eur(2016)

2016 186 1385 530 860
2017 184 1308 600 854
2018 182 1241 712 868
2019 180 1182 882 889
2020 177 1128 1,136 918
2021 174 1081 1,523 970
2022 169 1038 1,975 1,041
2023 164 999 2,470 1,136
2024 158 962 2,973 1,256
2025 152 927 3,464 1,404
2026 146 896 3,904 1,579
2027 140 867 4,251 1,779
2028 135 840 4,464 2,000
2029 130 816 4,515 2,234
2030 126 793 4,391 2,473
2031 122 777 4,302 2,712
2032 119 763 4,222 2,951
2033 116 750 4,151 3,187
2034 114 739 4,087 3,412
2035 112 729 4,032 3,620

Source: Author’s elaboration
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Table B. 4 Projections on Soft Costs, Total PV System Prices, C&I Investments, and
O&M Expenditures in the Counterfactual Scenario

PV system PV C&lI PV O&M
Year Soft costs price Investments Expenditures
Eur(2016)/kW Eur(2016)/kW M Eur(2016) M Eur(2016)

2009 926 4,094 2,962 76
2010 778 3,409 2,713 119
2011 687 2,560 2,240 146
2012 622 2,106 2,028 195
2013 573 1,831 1,939 255
2014 533 1,790 2,085 321
2015 499 1,732 2,220 333
2016 470 1,670 2,354 361
2017 445 1,569 2,433 423
2018 423 1,482 2,527 490
2019 402 1,405 2,635 564
2020 383 1,334 2,879 645
2021 364 1,272 3,293 748
2022 346 1,215 3,706 870
2023 329 1,164 4,102 1,012
2024 313 1,117 4,461 1,174
2025 299 1,074 4,765 1,357
2026 285 1,035 5,002 1,557
2027 273 1,000 5,155 1,773
2028 263 969 5,214 2,001
2029 254 940 5,170 2,236
2030 246 913 5,025 2,474
2031 238 894 4,918 2,712
2032 232 876 4,822 2,949
2033 227 861 4,736 3,184
2034 222 847 4,660 3,407
2035 218 834 4,591 3,614

Source: Author’s elaboration
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Appendix C

ASSUMPTIONS ON ENERGY-EFFICIENCY IMPACT ANALYSIS

Table C.1 Input Assumptions Used for Estimating EE Output Multiplier in the

Counterfactual Scenario

Increased demand(f')* | Direct+Indirect Output (x')
EE Measure Cum. 2010-2020 Cum. 2010-2020 Output multiplier
M Euros[2010] M Euros[2010]
Lighting 3333 3405 1.02
Heat pumps 383 922 2.41
Condensing boilers 2448 6310 2.58
Cum. 2010-2020 6164 10637 1.73

Note: (a) Values of increased final demand assumed by Beccarello (2011) that are different
from values assumed in the counterfactual scenario

Data source: Beccarello, 2011

Table C.2 Assumptions Used to Calculate Employment Factor and Multiplier of
Additional EE Investments in the Counterfactual Scenario

Increased demand Direct Indirect Total
f Employment | Employment [ Employment| Employment Employment
EE Measure 2010-2020 2010-2020 Coefficient | 2010-2020 | 2010-2020 multiplier

M Euros[2010] FTE FTE/M Euros FTE FTE FTE /M Euros
Lighting 3333 18,000 5.40 38,000 56,000 16.80
Heat pumps 383 2,000 5.22 5,000 7,000 18.28
Condensing boilers 2448 12,000 490 27,000 39,000 15.93
Total 6164 32,000 5.19 70,000 102,000 16.55

Data source: Beccarello, 2011
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