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Abstract: As more economies are transitioning away from fossil fuels for their electricity production
and towards greener alternatives, many socioeconomic implications of this shift remain actively
debated. The present paper attempts to assess the economic impact of investments in renewable
energy sources (RESs) for Greece and whether the broader effects of this transition can offset the
negative impact that will occur due to the targeted phase-out of lignite plants by 2028, which
constitute the predominant power source for Greece. Our methodological approach builds on input–
output analysis and the creation of composite RES industries for the estimation of the net effects of
a series of monetary shocks that correspond to Greece’s phase-out investment plan, utilizing the
most recent national input–output tables and satellite structural business statistics. We focus on the
structural effects of these shocks on a series of socioeconomic indicators, including GDP, employment,
wages, government income (through taxes), and capital formation. The results indicate that even
though lignite power production still provides a significant contribution to the Greek economy,
investing in renewables presents a significant opportunity for value added and job creation.

Keywords: input–output analysis; renewables; lignite phase-out; European Green Deal; economic
multipliers; energy policy

1. Introduction and Scope

As the world is headed towards the first quarter of the 21st century, issues related to
climate change and the role of humanity in it are more relevant than ever. More people
live on the earth than ever before, and are constantly increasing the demand for products,
services, and energy, exerting significant pressure on existing production and energy
networks. At the same time, the exponential growth of carbon dioxide (CO2) and other
greenhouse gas (GHG) emissions stemming from the increase in production activity and
capacity were already deemed unsustainable in the last century, and policies at both
the national and international level were introduced to guide the transition to “greener”
alternatives for energy production [1,2].

Accordingly, at the EU level the European Green Deal provides a setting of guidelines
and frameworks for the transformation of the EU into a modern, resource-efficient, and
climate-neutral economy. Within this context, two of the main pillars include the transition
to no-net emissions of GHGs by 2050 and the decoupling of economic growth from the
usage of resources. Focusing specifically on the energy sector, the decarbonization of the
EU’s energy system has been brought to the epicenter of relevant strategies as it accounts
for approximately 77% of the EU’s overall GHG emissions in 2019, with the power sector
contributing approximately 20% [3]. It is therefore critical for the success of the overall
strategic framework for the energy sector to properly implement a set of well-devised
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actions to achieve the 55% GHG emission reduction threshold by 2030 (compared with 1990
levels). To meet this demanding goal and the overall energy and climate targets by 2030,
the EU member states were asked by the European Commission to develop and establish
their individual National Energy and Climate Plans (NECPs), which outline each country’s
agenda, action items, and appropriate measures to address specific areas that include
energy efficiency, increased shares of renewable energy sources (RESs), GHG emission
reduction, research, and innovation [4].

One critical element of NECPs is the promotion of RES participation in the energy
production mix and broader interventions for more efficient energy usage. At the same
time, they include many important aspects of the entire energy planning for the future,
such as energy storage, advances in mobility and transportation, power grid improvements,
weatherization of buildings, and research activities for energy and the climate. Another
linked major component relates to the included provisions for an eventual phase-out of
less environmentally friendly energy production methods (mainly coal/lignite and crude
oil derivatives) towards RESs and low carbon fuels, such as natural gas, to be used as
transition fuels until the full deployment of RESs. This transition has consistently been
an attractive field for both private and public investment, and significant efforts have
been put forward to develop each country’s decarbonization plans based on its own
relative strengths, geographical characteristics, and economic competencies. Such actions
require specialized information on the fundamental structure of the economy and the
relative importance of energy-related activities within it. As these can vary widely even
among neighboring and similar EU member states, the approaches that will yield the most
relevant implications should focus on specific regions and their characteristics in terms
of production structure, employment dependency on carbon-intensive production, and
overall contributions of investment in RESs to the value components of the aggregate
economy.

Building on these positions, the scope of this study is twofold. First, we aim to
quantify the resulting economic structural effects of investment in energy production from
RESs, and second, we aim to investigate whether these effects can offset the negative
impact of shifting equivalent amounts of subsidies away from fossil-fuel-related industries.
Our study is focused on Greece, a Mediterranean EU economy with high potential for
RES harnessing due to its geographical merits and climate conditions but also with a
strong historical dependence on carbon-intensive energy production, with a (until recently)
state-controlled single-energy producer operating lignite-fueled power plants and being
a prominent employer in many rural regions. Greece has set ambitious environmental
goals regarding its energy production (NECP), including the total phase-out of these lignite
plants by 2028 [5]. However, its decade-long struggle with the aftereffects of the 2008
economic crisis, followed by economic disruption from the COVID-19 pandemic, has
exacerbated problems related to energy production and pricing, placing additional strains
on the market supply networks and the disposable income of households and creating
challenging socioeconomic conditions that may well affect the progress and feasibility
of the energy transition plan. To this end, we develop an input–output framework to
allocate the planned RES investments from Greece’s NECP to corresponding economic
sectors through a composite industry approach. We then utilize input–output modelling to
quantify the structural effects of the RES investment plan in the Greek economy. Overall,
we find significant contribution to gross domestic product (GDP), wages, employment, and
capital asset formation in a 10-year frame (2020–2030). These positive effects are mainly
driven in their overwhelming majority by investments in solar and wind power generation.

The remainder of this paper is structured as follows. In Section 2, we discuss the
theoretical background of this study. Section 3 presents the methodology and our data
sources, while Section 4 presents and discusses the empirical results. Finally, Section 5
concludes the paper and provides remarks for future research.
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2. Literature Review

The promotion of RES participation in the energy production mix and the broader
interventions for more efficient energy usage have been at the core of environmental and
climate-related policies, attracting attention by a significant body of literature that utilizes
different methodologies to quantify energy, environmental and socioeconomic outcomes,
and related implications. Focusing on the latter dimension, a growing body of literature
has been concerned with exploring the economic impact of RES consumption, different
investment plans for RES deployment, and energy efficiency. These studies have adopted
a large and diversified set of methodological frameworks and empirical tools in their
attempts to quantify the macroeconomic effects of RESs, focusing their efforts on two main
economic figures, GDP and employment effects.

Early studies adopted an analytical approach, using bottom–up estimates based on
regional, industry, and/or technology case studies and providing evidence of the direct
effects of a given investment on the industry or the region that absorbs it [6–9]. These
studies predominantly focus on employment implications and are confined to the level of
analysis of their given case study. As a result, they are not able to capture the additional
structural effects of a RES investment at the economy level [9,10]. The most common
empirical instruments deployed in these types of studies are employment ratios or factors,
which are calculated based on the expected capacity of a specific type of technology or
a set of technologies examined, producing a ratio of employment (jobs or full-time job
equivalents) per energy unit (e.g., kilowatt). These ratios can be fixed or time varying
over a specific period and are usually derived by common sources for different studies
(e.g., [11,12]). Although they are “easy-to-use instruments”, they should be treated with
caution and consolidated with additional information [9].

Another line of research is preoccupied with top–down modelling applications [7].
These applications can be categorized into two wider categories, which include econometric
applications and computable general equilibrium (CGE) models (either general or partial).
Between the two, econometric applications are more popular in relevant literature and
follow a different direction compared with analytical studies, as they focus on the effects of
RES proxies on growth using gross output or GDP indicators in more aggregate applications.
In this line, several studies built their modelling approach based on extended production
functions, where output (or GDP) is explained as a function of the traditional factors of
production (labor, capital, and in some cases technology) extended by a RES approximation
variable, usually the aggregate RES consumption and/or the share of RES consumption to
the energy mix. A typical methodological procedure includes the deployment of advanced
estimation approaches on time series and/or panel applications with case studies on
specific countries (e.g., [13]) or across different economies that provide the appropriate
data availability (as in [14–16]). The common empirical finding among these studies is the
strong and statistically significant effect of RES consumption on economic growth, which
is in turn utilized to bridge environmental and economic benefits.

Other studies are preoccupied with econometric applications that go beyond the level
of traditional production functions and adopt diversified ad hoc approaches to capture the
effects of RESs on growth across countries while also considering additional economic and
environmental factors that may affect this relationship. Menegaki [17] studied the effects of
RES consumption on GDP for a panel of 27 European economies in the period of 1997–2007,
introducing GHG emissions into the specifications as an environmental factor and taking
into account employment at the country level as well. Surprisingly, the results of this
study did not unveil a strong and statistically significant positive relationship between
GDP and RES consumption of production-function-based approaches but did provide
interesting insights that relate to the regional characteristics of a sample of countries and
the early stages of development of energy markets and energy policies in the EU. As energy
policies in the EU progressed and the energy market evolved towards decarbonization
and renewables, more recent studies focused on EU documenting a strong and positive
relationship between GDP and RES consumption [18–21], while some studies highlighted
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differences in effects among countries with different levels of development (as depicted by
their GDP) [22] but also with different energy profiles [23]. Country-specific characteristics
are critical when examining the economic effects of RESs, and although country-specific
case studies can provide useful insights [24,25], econometric applications are unable to
distinguish between direct and indirect effects of RES consumption and promotion that
relate to the structure of the economy and the domestic energy market. Another significant
deficiency of econometric models relates to their data needs and the fact that common
practice indicates the use of a time series of historical data regarding the consumption of
RESs, while future policy interventions and planned investment in RESs in the economy
cannot be properly approximated by a single (or a series) variable, nor can they be easily
configured into a model specification.

A more suitable methodological framework for modelling policy implications that
can assess both the direct and indirect effects of an investment project or plan on key
economic indicators and naturally is applicable in the analysis of environmental and
energy policy interventions is input–output (I–O) analysis [26,27]. More specifically, I–O
models describe the production linkages within a given economic system, which includes
different economic sectors (industries) and final users. These linkages are depicted in input–
output tables (IOTs), which provide a coherent illustration of the exchange of intermediate
goods and services among different industries for production purposes in the form of
interindustry monetary transactions and information regarding the monetary market
transactions between the various industries and final users of their products (including
various final-use categories, such as households, government, and capital formation). I–O
models provide a proper macroeconomic setting for the calculation of a series of structural
effects that occur due to external monetary shocks (such as multi-industry investment
plans) allocated to different industries of a given national economy and thus qualify as
a proper empirical tool for policy analysis [26]. In detail, there are three types of effects
that are computable through I–O analysis: (i) the direct effects that relate to the economic
implications on the industry that absorbs the shock (e.g., increase in value added and/or
employment), (ii) the indirect effects caused on the rest of the industrial sectors that provide
the production inputs of the industry and absorb its output, and (iii) the induced effects
that result from the stimulation of household income (increase in wages and salaries) that
relates to the external shock in the economy.

Several studies have adopted the I–O framework to quantify the impact of clean
energy promotion and growth, providing evidence of positive macroeconomic structural
effects of RES and EE investment on different socioeconomic indicators of interest and
different economies [7,27–34]. For comprehensive reviews regarding studies that deployed
I–O frameworks to quantify the structural effects of RES and EE and a comparative analysis
of alternative empirical approaches, the interested reader could turn to [6,9]. Most of
these studies focused on the impact of RES-related investments on employment, providing
evidence of the importance of the direct effect of “green jobs” (i.e., employment on the RESs
and other clean energy sectors [30]) and the indirect effects of employment stimulation
on the rest of the industrial sectors from sustainable investment projects. They examined
a large variety of shocks and policy interventions, and although a common finding indi-
cates that investment in RESs provides greater macroeconomic benefits compared with
conventional energy production technologies (e.g., based on fossil fuels (FF for short)),
their results diverged in terms of the magnitude of each impact dimension and the specific
technology that provides the bigger benefits, with the differences among them relating to
the structure of the underlying economy that was examined.

However, I–O models also present some limitations that mainly relate to their static
nature, as they describe a “snapshot” of the production structure of the economy on a given
year, depicting fixed production linkages. Furthermore, national IOTs for most economies
are not readily available on an annual basis and are usually published with a significant
delay. For example, the Hellenic Statistical Authority publishes updated versions of the
Greek national IOT on a 5-year basis and with a significant delay between the publication
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date and the reference year of the IOT. This is a common practice across various statis-tical
agencies in the EU following respective publication guidelines by Eurostat [35]. A possible
remedy to these shortcomings is the development of dynamic I–O models that use specific
benchmarks to converge data from an existing (and probably outdated) IOT, but these
types of approaches can face significant criticism regarding the selection of the appropriate
convergence benchmarks [10]. Other extensions that aim to integrate missing economic
transactions and more detailed and disaggregated information into the traditional model
are social accounting matrix models (SAMs) [36,37] and integrated CGE models [38,39],
both of which can also be treated as dynamic in nature. SAM and CGE models provide
coherent frameworks and the proper structural setting to analyze the implications of energy
policies by configuring them into different types of effects but also face significant problems
that relate to data availability (mostly for SAM applications) and increased computational
complexity (for CGE models).

For the purposes of this study, we develop our methodological framework based
on an I–O model application. Despite its relative shortcomings, we select the I–O model
as it provides significant merits that relate to minimum data requirements (in our case,
data are already available from the Greek National Accounts of the Hellenic Statistical
Authority), simple and replicable computational procedure [30], comparable results with
other studies in the field [7,27,30,32,33], and straightforward interpretation of the calculated
structural effects of Greece’s lignite phase-out investment plan. In the following section, we
thoroughly discuss our methodology and details regarding the set of assumptions needed
to integrate RES industries and the respective investment plans within the I–O model.

3. Methodology

In this section, we describe our methodological approach and the respective data
sources. Summarizing our framework, we develop a 4-part methodological approach.
At first, we estimate the required investment in RESs for Greece to achieve the 2030 goal
of installed capacity, drawing data from the Greek NECP [5]. In the second stage, we
retrieve the latest IOT for Greece (2015) along with key satellite structural economic data
from the Hellenic Statistical Authority (ELSTAT). We then compile information about the
breakdown of required investment in the appropriate economic sectors and integrate it with
the satellite structural economic indicators in the third stage. In the fourth and final stage,
we employ the I–O modelling framework to estimate the structural effects of investment in
RESs in terms of multiplier potential, as well as their ability to offset the negative effects of
shifting investment and subsidies away from lignite and oil power generation. A schematic
representation of the different stages of our methodology is presented in Figure 1.

Figure 1. A simplified overview of the methodological framework.

The following subsections provide more detailed information regarding each stage of
our methodology.
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3.1. Estimation of Required Investments in RESs

The Greek NECP contains detailed information about the transition to a more RES-
intensive production mix by 2030, including specific milestones for installed energy pro-
duction capacity and cost estimates by type and unit of power (see Tables 1 and 2).

Table 1. Cost change estimates for the deployment of RES plans in Greece per type and KW of
installed capacity for 2020–2030.

Cost (€/KW) 2020 2022 * 2025 2027 * 2030

Wind 1161 1079 997 929 860
Solar PV park 552 513 473 447 420
Solar PV roof 1019 963 907 862 816

Solar CSP storage 4100 3980 3860 3615 3370
Comp. solar ** 1556 1492 1428 1342 1257

Geothermal 4400 4400 4400 3900 3400
Hydro 1900 1900 1900 1900 1900

Biomass big 2700 2700 2700 2700 2700
Biomass small 3500 3500 3500 3500 3500

Biogas 4350 4350 4350 4350 4350
Comp. biomass *** 3850 3850 3850 3850 3850

Source: Adaptation from the Greek NECP [5]. Notes: * Values for 2022 and 2027 are interpolated; ** composite
solar cost comprising 50% PV parks, 25% PV roofs, and 25% solar CSPs with storage; *** composite biomass cost
comprising 50% biogas and 25% small and 25% big biomass plants.

Table 2. Plans for energy generation capacity mix in Greece by type and GW of installed capacity for
2020–2030.

Capacity (GW) 2020 2022 2025 2027 2030

Lignite 3.9 2.9 0.7 0.7 -
Oil 1.9 1.7 1.0 1.0 0.3
Gas 5.2 6.0 6.9 6.9 6.9

Total FF 11 10.6 8.6 8.6 7.2
Bioenergy 0.1 0.1 0.1 0.2 0.3

Hydro 3.4 3.7 3.8 3.9 3.9
Wind 3.6 4.2 5.2 6.0 7.0
Solar 3.0 3.9 5.3 6.3 7.7

Geothermal - - - - 0.1
Total RES 10.1 11.9 14.4 16.4 19.0

Total 21.1 22.5 23.0 25.0 26.2
%RES in Total 48% 53% 63% 66% 73%

Source: Adaptation from the Greek NECP [5].

The associated costs per MW of installed capacity are consistently and gradually
subsiding for solar, wind, and geothermal energy plants. For example, 1 KW of contribution
to energy generation capacity from solar CSPs is expected to be 17.8% less costly than it is
now. This could be attributed to the advances in the technology of each field that enable
more design flexibility with respect to RES participation in the energy mix, as they are
becoming less cost intensive and more economically feasible.

As seen in Table 2, the phase-out of lignite power generation will materialize by 2028,
while power production from oil will be drastically reduced. There is, however, a slight
increase in the relative importance of gas in the energy generation capacity due to its use
as a transition fuel towards eventual net-zero emissions by 2050.

We estimate the amount of required new investment for each energy type (e) and year
(t) in the following manner (Equation (1)):

∆Ce,t = Capacitye,tĈoste,t − Capacitye,t−1Ĉoste,t−1 (1)

where ∆Ce,t is the cost for energy type (e) and time period (t) that is required for the
increase in installed power generation capacity of (e), which will have to be covered by
a corresponding investment initiative in the output of the composite industries that can
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realize this increase. The hat accent indicates that the monetary cost is expressed per unit
of power generation.

3.2. Short Note on the Input–Output Framework of Analysis

I–O models are widely considered one of the most suitable frameworks for the ex-
ploration of production relationships in an economy, first introduced by Leontief in his
seminal work, which earned him a Nobel Prize in Economics [40]. They can provide
insights at the regional, national, and international level (through multiregional IOTs)
and can also be modified to capture the interrelations of local economic systems. I–O
frameworks are typically subjected to some inherent limitations that mainly relate to three
core assumptions about the structure and nature of the economy that they describe. First,
each single product is assigned to the production output of one specific industry, with no
shared production across them; second, they do not account for production scaling effects
(economies of scale) (i.e., output levels are linearly associated with the levels of the required
inputs); and third, they assume that all production output is eventually consumed within
the economic system that the IOT describes [26]. Despite these limitations, I–O models
have consistently been proven to be a significant tool for economic and industrial policy
and have provided the empirical foundations for comparative analysis between different
industries and economies [26]. The aforementioned constraints that accompany the use
of I–O models along with all the relationships they describe are formulated into properly
formatted IOTs, which usually are derived from supply and use tables and are made public
every few years from the relevant authorities, ranging considerably in geographical scope,
accounting standards, industrial classification, and aggregation levels. A typical—albeit
significantly simplified—format for a national IOT is presented below in Table 3 (single
economy, K number of industries).

Table 3. Input–output table for a national economy of K industries.

Intermediate Consumption Final Uses
Total Use

Industry I1 I2 [ . . . ] IK F1 [ . . . ] FN

Intermediates
Supply

I1 x1,1 x1,2 [ . . . ] x1,K f1,1 [ . . . ] f1,N Y1

I2 x2,1 x2,2 [ . . . ] x2,K f2,1 [ . . . ] f2,N [ . . . ]

[ . . . ] [ . . . ] [ . . . ] [ . . . ] [ . . . ] [ . . . ] [ . . . ] [ . . . ] [ . . . ]

IK xK,1 xK,2 [ . . . ] xK,K fK,1 [ . . . ] fK,N YN

Value Added VA1 [ . . . ] [ . . . ] VAK

Gross Output T1 T2 TK

Most published IOTs follow the format above to some considerable extent. The upper
left quartile of the table contains the (K× K) sized X matrix of intermediate consumption,
with each individual element xi,j denoting the monetary value of goods and services that
are produced by the ith sector and consumed by the jth sector for production purposes (bold
font for characters denotes a matrix or vector (e.g., A), whereas regular font indicates a
number or a matrix element (e.g., y)). Similarly, on the right block, each fi,j element denotes
the amount of output from the ith sector that is used for final consumption type j. VA is
a (1× K) vector of the value added, and Y, T are (K× 1) and (1× K) vectors containing
the total gross output and the total requirements for inputs per sector. Overall, an IOT
contains a significant amount of information and a snapshot of the production network of
the economic system that it describes for a specific year.

From this information, the input requirements for production per unit of output can be
estimated and gathered into a matrix form (often called matrix of technological coefficients) as

A = XŶ′
−1

, and then can be postmultiplied by an appropriate vector of demand to estimate
the required changes in output as ∆X = (I−A)−1∆Y. The expression (I−A)−1 is the well-
known Leontief inverse matrix. For the estimation of multiplier effects (MLTs) by type per
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unit of increase in the final demand in each synthetic industry, an appropriate vector (aspect of
interest divided by total output, a) can be multiplied by the production effects that are derived
from the Leontief inverse matrix or its modified version L̂ (which also accounts for household
activity by including an additional row and column of transactions) post-multiplied with a
vector containing unitary increases for the synthetic industry (Equation (2)):

MLTdir,indir,indu
e,t,aspect = a

(
I− Â

)−1∆F (2)

It is common practice among relevant studies that use I–O modelling to develop
different types of multipliers. A comprehensive description of the basic algebra of their
formulation and a detailed description regarding the computational procedure of several
types of multipliers can be found in Miller and Blair’s detailed manual on the subject [22].

3.3. Definitions and Aggregations of Sectors

Despite their practical usefulness in modeling economic impacts and changes in demand
and production levels, the use of IOTs presents some limitations as well. For example, assessing
the characteristics of a sector already present in an IOT is usually merely a matter of procedure,
but when the economic activity of interest is either distributed across the already-existing sector
or aggregated in a sector grouping, proper manipulations are required.

A common remedy is to perform the necessary disaggregation using additional in-
formation from external sources (usually in the form of detailed business satellite data),
construct a new composite sector, and then recompile the modified tables into a closed I–O
model. However, this can be quite an arduous and data-intensive procedure and is usually
reserved for studies where the actual sector is the focal point of research interest [26,41].
For applications that are focused on comparative analyses rather than mapping production
paths, some more efficient procedures can be followed, usually by utilizing the linearity
assumption of I–O models.

The industries of interest for the present paper are related to RES, traditional energy
production, and relevant industries. In detail, RESs include solar (mainly in the form
of photovoltaic installations (PVs) and wind, hydro, geothermal, and biomass plants
(although geothermal potential is rather limited in Greece) and supporting activities that
are necessary for them to operate (suppliers of inputs and services). Traditional energy
production refers to power generation from oil, gas, and lignite and their ecosystem (nuclear
is excluded as there are neither such plants in operation in Greece nor any plans for them
in the foreseeable future).

3.4. Modeling Investment in RES Producing Sectors

Due to their nature, the sectors that are involved in energy production for all types
are spread across, already present in most available IOTs. This is a well-known obstacle,
especially for the case of RES industries, and many studies have attempted to overcome it by
separating them from the rest of the economy. The present study differs from this approach
for the reasons mentioned in the previous section, and instead follows an alternative
approach based on the distribution of investment in RESs in already-existing IOTs through
the use of properly weighted demand vectors following the “synthetic industry” approach
by Garrett-Peltier [30]. This approach can act as a preliminary assessment tool, and since
the distribution is the only variable factor in the analysis, it is suited for comparative
studies. Furthermore, since it follows structural changes induced by increases in demand,
it can accommodate many spending types.

The actual weighting information contained in those demand vectors can be extracted
by a variety of sources and vary in its description of the same industry. For example,
this information can be compiled from extensive field surveys on firms, expert reports,
theoretical categorization, or sometimes—when no alternative is present—assumptions
about the placement of industries in the IOTs. We construct our demand vectors drawing
on a diverse sample of studies previously utilized by [30]. The demand vectors, along with
the relevant sources, are presented in the following Table 4.
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Table 4. Distribution of weights for the formation of demand vectors for the composite industries.

Energy Industry Wind Solar Bioenergy Hydro Geothermal Oil and Gas Lignite

Parent
Code Subcategory [42,43] [44] [45] [30] [42] [43] [30] [46] [47] [42,43] [43] [42] [30] [42] [43] [42] [43]

A01 Farm products 0.25
A03 Forestry, fishing, etc. 0.25

B Oil, gas, lignite extraction, and
supporting activities 0.15 0.39 0.34 0.50 0.52 0.50

C19 Petroleum/lignite products 0.53 0.25 0.48 0.50
C20 Chemicals 0.125
C22 Plastics and rubber 0.12
C23 Other nonmetals 0.03 0.16 0.12 0.05
C25 Fabricated metal products 0.12 0.16 0.16 0.34 0.175 0.175 0.41 0.21 0.20 0.18 0.14
C26 Computers/electronics 0.03 0.175 0.175 0.385
C27 Electrical equipment 0.03 0.15 0.314 0.34 0.175 0.33 0.122 0.25 0.14 0.08
C28 Machinery/equipment 0.37 0.37 0.175 0.07 0.10
D35 Natural gas distribution 0.10

F Construction 0.26 0.20 0.276 0.255 0.30 0.30 0.095 0.125 0.29 0.25 0.18 0.45 0.25
H49 Pipeline transportation 0.03 0.03 0.25
K65 Insurance and rel. activities 0.03

M69–70 Management/consulting activities 0.01 0.025 0.025 0.05 0.07
M72 Scientific and technical services 0.07 0.02 0.09 0.04 0.175 0.175 0.02 0.109 0.21 0.125 0.43 0.30 0.07

Sum of weights 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Sources: [30,42–47].
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4. Results and Discussion
4.1. Estimates of New Investment and Sensitivity to Demand Vectorization Structure

Our first results (shown below in Table 5) are concerned with obtaining the amount
of necessary new investment in each RES type to achieve the planed energy production
mix as described in Section 3.1. Our estimation (EUR 8.91 billion) for the total investment
cost (for all types and periods) is aligned with the Greek NECP (which provisions EUR
9 billion). The difference can be attributed to the estimation procedure and different cost
structure allocation of each RES type (e.g., amount of solar cost that corresponds to parks
installation vs. storage).

Table 5. Estimates of new investment cost per RES type and time period.

∆Ce,t (in EUR Million)
2020–2022 2022–2025 2025–2027 2027–2030 2020–2030

Bioenergy 0 0 385 385 770
Hydro 570 190 190 0 950
Wind 352 653 387 449 1840

Solar (PVs) 1152 1751 887 1218 5008
Geothermal 0 0 0 340 340

Total 2074 2594 1849 2392 8908
Source: Authors’ calculation based on the Greek NECP [5].

Next, we estimate the multiplier effects for the economy that are derived from a
unitary increase in the demand for the output of the synthetic industries that can deploy
each RES (and non-RES) energy type based on the demand vectors from Table 4, the latest
available Greek IOT, and additional socioeconomic data, such as job positions, value added,
and capital formation per sector, as described in Section 3.2.

The selection of a specific demand vector structure does not seem to considerably
affect the estimation outcome, but its effect is still significant. The largest disparities in
terms of standard deviation of a particular effect type, as shown in Table 6, are observed
for the total contribution of geothermal (0.183) and solar (0.110) to value added, with all
other coefficients for this aspect being below 0.1. This trend is repeated for geothermal;
for example, for pretax wages, the largest value is again related to the total contribution
of geothermal (0.081) with all other values being below 0.05, while for job creation, its
total contribution presents four units of SD, the highest observed. However, since both
the expected generation capacity and the expected investment for geothermal plants are
almost negligible for Greece’s power mix and other types of RES do not differ significantly
in other aspects, we can confidently proceed with averaging each synthetic industry effect.
The values for FFs are also very low, with only the SD of the total contribution of oil and
gas on employment (3.1) appearing on top of the largest SD values per aspect (all others
belong to RESs).

Table 6. Standard deviation metrics of demand vector multiplier effects.

Wind Solar Geothermal Oil and Gas Lignite

Value added

Direct 0.030 0.050 0.084 0.028 0.001
Indirect 0.030 0.038 0.046 0.001 0.002
Induced 0.016 0.026 0.052 0.015 0.001

Total 0.074 0.110 0.183 0.042 0.004

Wages

Direct 0.011 0.021 0.044 0.015 0.000
Indirect 0.008 0.011 0.017 0.002 0.001
Induced 0.006 0.010 0.020 0.006 0.000

Total 0.025 0.041 0.081 0.023 0.001

Employment

Direct 0.534 1.291 1.248 2.244 0.003
Indirect 0.570 0.906 1.511 0.509 0.045
Induced 0.393 0.641 1.277 0.355 0.017

Total 1.471 2.808 4.037 3.109 0.065
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Table 6. Cont.

Wind Solar Geothermal Oil and Gas Lignite

Taxes less subsidies on
production and

products

Direct 0.002 0.003 0.005 0.003 0.000
Indirect 0.003 0.004 0.004 0.000 0.000
Induced 0.001 0.002 0.004 0.001 0.000

Total 0.005 0.009 0.012 0.004 0.001

Gross fixed capital
formation

Direct 0.107 0.149 0.264 0.018 0.001
Indirect 0.003 0.010 0.019 0.018 0.000
Induced 0.001 0.002 0.005 0.001 0.000

Total 0.106 0.158 0.287 0.001 0.001
Notes: RES types with one or duplicate demand vectorization in the literature are omitted. All notes from Table 7
also apply here.

4.2. Examination of Multiplier Effects

Averaging the energy types that have more than one possible vector composition,
we observe from Table 7 that, in general, the different RES types do not differ drastically
in terms of their contribution to value added, wages paid to employees, and overall job
creation. For example, spending EUR 1 million on the output of the synthetic industry
that will deploy solar PV power generation capacity is expected to create about EUR 690 k
in the value added of the general economy (EUR 29 k in direct contribution, EUR 25 k in
indirect, and EUR 16 k in induced), which is almost the same as spending that amount in
wind capacity (EUR 660 k—EUR 26 k in direct contribution, EUR 26 k in indirect, and EUR
15 k in induced). The results are similar for bioenergy plants (EUR 700 k value added total)
and geothermal (EUR 720 k value added total) and quite a bit higher for hydro plants (EUR
910 k value added total, the highest observed). The same trends and relative placement
are also observed for contribution to pretax wages paid out to employees in each synthetic
industry.

In terms of employment, bioenergy deployment has the greatest direct effect on job
creation (10.4 jobs for each EUR 1 million spent on its output), while hydro is marginally
first in terms of total job creation (20 jobs for each EUR 1 million—8.3 in direct contribution,
6.1 in indirect, and 5.6 in induced). Bioenergy shows the same total job creation potential
(19.1 jobs total), while geothermal shows a somewhat lower potential, at 17.8 jobs total, and
the two remaining types (solar PVs and wind) come at the last place with 16.7 total jobs
each.

The highest potential for investment attraction belongs to hydro, which shows by far
the greatest multiplier effect (i.e., roughly 50% of the additional spending in the output
of its corresponding synthetic industry will return to the economy in the form of direct
contribution to the gross formation of capital assets (GFCF), while it also presents the
highest total contribution. Geothermal energy presents a total multiplier effect of 0.45,
almost all of which (0.39) originating in direct form; this also stands for all RES types. Wind
and solar have about the same contribution to GFCF with EUR 400 k per EUR 1 million,
and bioenergy returns the lowest total amount at EUR 310 k per EUR 1 million.

The effects per type on taxes and subsidies on production and products of the synthetic
industries that are earned and spent by the state are quite low to be worthy of detailed
explanation or investigation (in the range of EUR 20–50 k per million euro). For the
remainder of this paper, they are incorporated with the effects on value added to form
the effects on gross domestic product (GDP). The relative similarity of these structural
multiplier effects should not distract from the proportional scaling of their differences for
large-enough investment amounts; for example, allocating EUR 1 million to the deployment
of hydro and wind would result in a difference of generated value added of about a quarter
million euro between them, based on their total structural multiplier effect (0.91 vs. 0.66).
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Table 7. Multiplier effects for each RES-type deployment by EUR 1 million spent on the output of their corresponding synthetic industry, by economic aspect, effect type, and initial
demand vector formation from the literature.

Composite Industry Source
Value Added Wages * Employment ** Taxes Less Subsidies on Production

and Products *** Gross Fixed Capital Formation

Dir. Indi. Indu. Tot. Dir. Indi. Indu. Tot. Dir. Indi. Indu. Tot. Dir. Indi. Indu. Tot. Dir. Indi. Indu. Tot.

Wind

[42,43] 0.24 0.23 0.14 0.61 0.09 0.07 0.05 0.22 6.58 5.58 3.40 15.56 0.02 0.02 0.01 0.05 0.48 0.04 0.01 0.52

[44] 0.23 0.23 0.13 0.59 0.09 0.07 0.05 0.20 6.65 5.49 3.20 15.35 0.02 0.02 0.01 0.05 0.40 0.03 0.01 0.44

[45] 0.29 0.28 0.17 0.74 0.11 0.08 0.06 0.26 7.45 6.60 4.06 18.11 0.02 0.03 0.01 0.06 0.28 0.04 0.01 0.34

[30] 0.27 0.29 0.16 0.71 0.10 0.08 0.06 0.24 7.62 6.43 3.82 17.88 0.02 0.03 0.01 0.06 0.24 0.03 0.01 0.29

Avg. Wind 0.26 0.26 0.15 0.66 0.10 0.07 0.06 0.23 7.08 6.03 3.62 16.72 0.02 0.02 0.01 0.06 0.35 0.03 0.01 0.40

Solar

[42] 0.30 0.26 0.17 0.72 0.12 0.08 0.06 0.26 7.24 6.15 4.12 17.50 0.02 0.02 0.01 0.06 0.42 0.04 0.02 0.48

[43] 0.29 0.24 0.16 0.70 0.12 0.07 0.06 0.26 7.35 5.92 4.03 17.30 0.02 0.02 0.01 0.06 0.52 0.04 0.01 0.57

[30] 0.26 0.26 0.15 0.67 0.10 0.07 0.06 0.23 6.98 5.57 3.59 16.14 0.02 0.02 0.01 0.05 0.12 0.02 0.01 0.15

[46] 0.22 0.19 0.12 0.53 0.09 0.05 0.05 0.19 5.26 4.26 3.05 12.57 0.02 0.02 0.01 0.04 0.34 0.03 0.01 0.38

[47] 0.36 0.29 0.20 0.84 0.14 0.08 0.08 0.30 8.89 6.67 4.77 20.33 0.02 0.03 0.01 0.07 0.38 0.04 0.02 0.44

Avg. Solar 0.29 0.25 0.16 0.69 0.11 0.07 0.06 0.25 7.15 5.71 3.91 16.77 0.02 0.02 0.01 0.05 0.36 0.04 0.01 0.41

Bioenergy [42,43] 0.35 0.21 0.13 0.70 0.10 0.06 0.05 0.21 10.38 5.41 3.26 19.05 0.02 0.02 0.01 0.05 0.27 0.03 0.01 0.31

Hydro [43] 0.43 0.26 0.23 0.91 0.19 0.08 0.09 0.35 8.33 6.07 5.58 19.98 0.02 0.02 0.02 0.06 0.50 0.05 0.02 0.57

Geothermal
[42] 0.37 0.28 0.20 0.85 0.15 0.08 0.08 0.32 8.58 7.11 4.98 20.67 0.03 0.03 0.01 0.07 0.58 0.06 0.02 0.65

[30] 0.25 0.21 0.13 0.59 0.09 0.06 0.05 0.20 6.81 4.97 3.18 14.96 0.02 0.02 0.01 0.05 0.21 0.03 0.01 0.25

Avg. Geothermal 0.31 0.24 0.17 0.72 0.12 0.07 0.06 0.26 7.69 6.04 4.08 17.81 0.02 0.02 0.01 0.06 0.39 0.04 0.01 0.45

Avg. RES 0.33 0.24 0.17 0.74 0.12 0.07 0.06 0.26 8.13 5.85 4.09 18.07 0.02 0.02 0.01 0.06 0.37 0.04 0.01 0.43

Oil and Gas
[42] 0.10 0.12 0.05 0.27 0.02 0.03 0.02 0.07 0.92 2.33 1.14 4.39 0.02 0.01 0.00 0.04 0.05 −0.01 0.00 0.04

[43] 0.14 0.12 0.07 0.33 0.04 0.04 0.03 0.10 4.09 3.05 1.65 8.79 0.02 0.01 0.00 0.04 0.02 0.02 0.01 0.05

Avg. Oil and Gas 0.12 0.12 0.06 0.30 0.03 0.04 0.02 0.09 2.51 2.69 1.40 6.59 0.02 0.01 0.00 0.04 0.03 0.01 0.01 0.04

Lignite
[42] 0.03 0.08 0.03 0.14 0.01 0.02 0.01 0.04 0.12 1.58 0.63 2.32 0.01 0.01 0.00 0.02 0.04 −0.01 0.00 0.03

[43] 0.04 0.08 0.03 0.14 0.01 0.02 0.01 0.04 0.12 1.64 0.65 2.41 0.01 0.01 0.00 0.02 0.04 −0.01 0.00 0.04

Avg. Lignite 0.04 0.08 0.03 0.14 0.01 0.02 0.01 0.04 0.12 1.61 0.64 2.36 0.01 0.01 0.00 0.02 0.04 −0.01 0.00 0.03

Avg. FF 0.08 0.10 0.04 0.22 0.02 0.03 0.02 0.06 1.31 2.15 1.02 4.48 0.02 0.01 0.00 0.03 0.04 0.00 0.00 0.04

Avg. Difference RES-FF 0.25 0.14 0.13 0.52 0.10 0.04 0.05 0.19 6.81 3.70 3.07 13.59 0.00 0.01 0.01 0.02 0.34 0.04 0.01 0.39

* Pretax amounts, not including in-kind and other compensations. ** In terms of job positions in each sector as shown in the Greek business registry for the corresponding year. *** In terms of current unrequited
payments to or from general government institutions that are payable per unit of goods or services produced or transacted.
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Regarding fossil fuels, the contribution of their respective synthetic industries appears
to be significantly smaller than any particular RES type. Lignite adds very little to GDP,
with only EUR 160 k per EUR 1 million in the value added of the general economy, most
of which is an indirect contribution through the stimulation of other linked sectors (EUR
90 k per EUR 1 million), while oil and gas present a significantly higher contribution at
EUR 330 k per EUR 1 million in total. This is true for all aspects of interest, with the closest
these industries approach one another being in terms of total contribution to fixed assets
formation (EUR 40 k per EUR 1 million for oil and gas vs. EUR 30 k for lignite), although
it should be noted that the lignite synthetic industry has been exposed to significant de-
investment in the last years. Still, this means that the main “lost” potential when shifting
away from fossil fuels in terms of deployment effects originates from oil and gas linkages in
the economy rather than lignite. This is of importance, as while lignite generation capacity
is to be completely phased out by 2028 and oil decreased by 84%, gas generation capacity
is to be increased by almost a third (33%) to 6.9 GW (Table 2).

4.3. Overall Economic Effects Breakdown by Energy Type, Time Period, and Economic Aspect

The averaged values per energy type from Table 6 along with the required cost
estimations for Table 5 are combined to provide the detailed economic effects of total
required investment breakdown by energy type, time period, economic aspect of interest,
and effect type shown in Table 8. Overall, we estimate that the EUR 8.91 billion required
for the implementation of the NECP’s targets by 2030 will contribute EUR 6.83 billion to
Greek GDP, EUR 2.25 billion to the compensation of involved employees in terms of their
pretax wages, EUR 3.70 billion to the formation of fixed capital assets, and about 154 k
job positions in a 10-year frame (2020–2030). Our results are comparable but considerably
lower than those provided by the Greek NECP (EUR 12.6 billion for domestic value added
and EUR 4.8 billion for wages), a fact that mainly relates to the different methodological
approaches and scope between the two studies, as NECP’s results refer to the total lifespan
of the investment, while we only account for their development phase during the 2020–2030
period.

In more detail, 55% of the total contribution to GDP will originate from investments in
PV installation, 19% from wind, 14% from hydro, and 12% from bioenergy and geothermal
plants, as can be visualized in Figure 2. This reflects the NECP’s general planning for
the energy mix per resource, where solar and wind are the main pillars of RES power
generation, and is also mirrored in the effects on wages, employment, and capital formation
(in all cases, about 55% of the total contribution to each economic aspect will originate from
PVs and 19% from wind). Interestingly, the contribution of hydro is not only limited by the
relatively less amount of spending for related plants but also by the lack of planning for
additional capacity in 2027–2030.



Energies 2021, 14, 8537 14 of 18

Table 8. Economic effects breakdown by energy type, time period, economic aspect of interest, and effect type (in mil €).

GDP Wages * Employment ** GFCF

2020–
2022

2022–
2025

2025–
2027

2027–
2030 Tot. 2020–

2022
2022–
2025

2025–
2027

2027–
2030 Tot. 2020–

2022
2022–
2025

2025–
2027

2027–
2030 Tot. 2020–

2022
2022–
2025

2025–
2027

2027–
2030 Tot.

Bioenergy

Direct 0 0 143.3 143.3 287 0 0 37 37 73 0 0 3998 3998 7995 0 0 103 103 206
Indirect 0 0 87.1 87.1 174 0 0 23 23 46 0 0 2082 2082 4164 0 0 13 13 25
Induced 0 0 54.9 54.9 110 0 0 20 20 40 0 0 1254 1254 2508 0 0 5 5 9

Total 0.0 0.0 285.3 285.3 571 0 0 80 80 159 0 0 7334 7334 14,667 0 0 120 120 240

Hydro

Direct 257 86 86 0 428 107 36 36 0 178 4748 1583 1583 0 7913 286 95 95 0 476
Indirect 160 53 53 0 266 45 15 15 0 75 3462 1154 1154 0 5771 28 9 9 0 47
Induced 139 46 46 0 232 50 17 17 0 84 3179 1060 1060 0 5299 12 4 4 0 19

Total 556 185 185 0 927 202 67 67 0 336 11,389 3796 3796 0 18,982 326 109 109 0 543

Wind

Direct 98 182 108 125 512 35 64 38 44 181 2492 4618 2736 3178 13024 123 228 135 157 643
Indirect 99 184 109 127 519 26 49 29 33 137 2122 3932 2329 2705 11,089 12 22 13 15 63
Induced 56 103 61 71 291 20 37 22 26 105 1275 2362 1400 1625 6662 5 9 5 6 24

Total 253 469 278 323 1323 81 150 89 103 423 5890 10,913 6465 7508 30,776 140 259 153 178 731

Solar

Direct 353 536 272 373 1534 132 201 102 140 574 8229 12,512 6340 8704 35,785 409 622 315 433 1779
Indirect 311 472 239 329 1351 83 126 64 87 359 6579 10,004 5069 6960 28,612 42 63 32 44 181
Induced 197 299 152 208 857 71 108 55 75 309 4503 6847 3469 4763 19,583 16 25 13 17 71

Total 860 1308 663 910 3742 286 434 220 302 1242 19,311 29,363 14,879 20,427 83,979 467 710 360 494 2032

Geothermal

Direct 0 0 0 114 114 0 0 0 42 42 0 0 0 2616 2616 0 0 0 134 134
Indirect 0 0 0 90 90 0 0 0 24 24 0 0 0 2053 2053 0 0 0 15 15
Induced 0 0 0 61 61 0 0 0 22 22 0 0 0 1387 1387 0 0 0 5 5

Total 0 0 0 265 265 0 0 0 88 88 0 0 0 6056 6056 0 0 0 153 153

Total RES 1670 1963 1412 1783 6827 568 652 456 573 2248 36,590 44,072 32,474 41,325 154,461 933 1078 742 946 3698

Source: Authors’ calculations. * Pretax amounts, not including in-kind and other compensations. ** In terms of job positions in each sector as shown in the Greek business registry for the corresponding year.
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Figure 2. Breakdown of total contribution to GDP from RES deployment per type.

5. Conclusions and Policy Implications

The present paper showcases the potential for economic benefits that can be achieved
through the planned investment in RES interventions in Greece. First, we obtain the
required investment amounts per RES type from installation capacity costs from the Greek
NECP and combine them with appropriate demand vectors, and then we integrate them
within the I–O framework to estimate the structural (multiplier) effects for value added,
employment, wages, and investment in the Greek economy.

Overall, we estimate that the EUR 8.91 billion required for the implementation of the
NECP’s targets by 2030 will contribute EUR 6.83 billion to Greek GDP, EUR 2.25 billion to
the compensation of involved employees in terms of their pretax wages, EUR 3.70 billion
to the formation of fixed capital assets, and approximately 154 k job positions in a 10-year
frame (2020–2030). These effects are mainly driven by investments in solar and wind power
generation. Furthermore, the positive multiplier effects of the RES investment plan appear
to have the necessary magnitude to nullify any negative effects due to reduced subsidies
and support for FF power generation. Therefore, the more ambitious targets set in Greece’s
revised energy and climate plan (NECP 2019, [5]) in terms of further RES penetration in
the energy mix appear to be well oriented and set to provide structural economic benefits
to the economy.

Our analysis was conducted based on an I–O modelling application, which qualifies
as a suitable tool for the quantification of the structural impact of policy interventions in the
economy. However, I–O modelling, and by extension our approach, is subjected to some
inherent limitations that relate to the linearity of the I–O model and the static nature of
IOTs, resulting in the use of past data (namely, the 2015 Greek IOT) to depict the production
linkages of the Greek economy. Furthermore, this study focuses on the multiplier effects
that derive from the use of these investments for the installation of facilities and relevant
infrastructures for RESs and not their future operation. Additional exogenous factors
that need to be considered when examining the results of this study further include the
fluctuations of energy prices and their ramifications on energy markets as well the elasticity
among different types of energy supply. Future research should focus on tackling these
deficiencies by incorporating the operational aspects of this investment plan, further
expand the approach to monitor the structural effects of energy efficiency interventions,
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and also integrate the regional aspect into the framework, to examine different scenarios
that relate to the location of these facilities and the implications for the local economies.
This includes investigations of the nature of jobs that are created (from RES investment) and
lost (from phasing out carbon-intensive power generation industries) and the dependence
of this relationship on other factors, such as the demographic characteristics and the state
of the job market in the affected regions. Another opportunity for future research would be
to apply an appropriately modified methodological version of the present paper to study
the structural effects of investment in supporting activities in terms of grid improvements,
efficiency, and weatherization, which are often co-pursued with RES investment.

An important implication of this study is that it highlights that the need for better
communication of initiatives that relate to the development of RES is as important as the
transition to decarbonization. The required activities for the construction and mainte-
nance as well the regular operation of large-scale RES infrastructures have the potential
to create not only more employment opportunities but also additional economic value
and environmental benefits for the regions they are implemented in. However, there is
a persistent perception that the transition to RES is translated to negative employment
and economic effects, particularly in regions or countries where coal industries have tradi-
tionally been regarded as major providers of “safe” employment, leading to a significant
underestimation of their economic benefits but also of the detrimental health effects they
cause. This is linked to some broader issues regarding the relationship between the political
characteristics of countries and the state of their energy market and power generation
design. It is therefore critical that the expected economic benefits of investing in RES are
effectively and properly communicated to relevant stakeholders and the general public to
provide solid arguments that go beyond health benefits and touch on their overall social
and economic welfare.
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