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Abstract

:

In alignment with the European Union’s legislation, Greece submitted its final 10-year National Energy and Climate Plan (NECP) in December 2019, setting more ambitious energy and climate targets than those originally proposed in the draft version of the document. Apart from higher penetration of renewable energy sources (RES), the final NECP projects also zero carbon use in power generation till 2030. Although decarbonization has long been regarded beneficial for economies that base their energy production on coal, as it is the case with Greece, the macroeconomic and societal ramifications of faster transitions to carbon-free economies remain highly unexplored. Under this context, in this paper, we soft-link energy models, namely Times-Greece and Primes, with a macroeconomic model, namely Global Trade Analysis Project (GTAP), to measure the effects of the final and draft NECPs on the Greek economy and evaluate the impact of higher decarbonization speeds. We find that the faster transition scenario displays both economic and societal merits, increasing Gross Domestic Product (GDP) and household income by about 1% and 7%, respectively.
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1. Introduction


The Paris Agreement has become a trademark in the fight against climate change. European Union (EU), being responsible for 10% of global greenhouse gas emissions (GHG), aspires to be at the forefront of this fight, aiming for a climate neutral economy by 2050 [1]. According to the Energy Union governance regulation [2], Member States were obliged to submit to European Commission (EC) their 10-year National Energy and Climate plan (NECP) for the 2021–2030 period by the end of 2019, specifying their energy and climate targets towards the decarbonization of their national energy systems [3].



The energy and climate targets set by the EU demonstrate that fossil fuels, which have been widely used since the industrial revolution to provide low-cost energy and stimulate economic growth [4], should be gradually replaced by more environmentally friendly technologies, such as renewable energy sources (RES). In order for the established targets to be met, various legal obstacles must be tackled [5], as well as a significant amount of investments must be channeled to European economies, the exact level of which cannot be precisely estimated [6]. Although carbon taxes [7] and access to cheaper forms of RES [8] facilitate this transition, a heated debate still exists on the “double dividend” effect of “green” policies [9,10,11,12,13], questioning their ability to produce both environmental and economic benefits. Therefore, it becomes critical for the focus of the academic community and policy makers to move from concluding whether “greener” policies are required, to identifying measures that fulfil both the economic and environmental targets set.



Given that the transition to a RES-based economy is a matter of speed and not direction, being closely related to the mix and intensity of the “green” measures employed, policy makers have to account for the possible repercussions that a rapid coal phase-out could have on the economies at large and the citizens’ welfare. In addition, policy makers must ensure that any negative consequences resulting from such measures will be fairly distributed across individuals, groups, and sectors [14,15]. These kinds of concerns are particularly relevant to countries like Greece which come from a prolonged economic crisis, initiated in 2008, with vast societal consequences.



Greece submitted its revised NECP [16], to be called final NECP, in December 2019. The document set higher penetration targets for RES when compared to its previous version, to be called draft NECP, projecting also higher energy efficiency and, most importantly, zero carbon use in power generation till 2030. Based on this, the Greek government aspires to speed up the decarbonization of its energy production, shutting down the vast majority of the coal-fired power plants operating in its regions by 2028 [17]. Specifically, from the coal types used for generating electricity, Greece uses lignite for its energy production, which is the lowest-ranked coal in terms of carbon content (65–70%), mainly due to the high availability of lignite in its territory [18,19]. Thus, the transition of its energy system accounts for the delignitization of its energy production, among others. Natural gas, which displays lower emission intensity than lignite, is planned to “bridge the gap” in the intermediate period to meet time and cost-related constraints, associated with the increase of RES generation capacity, before the country entirely transits to a carbon-neutral energy system [20].



Note that, although the final NECP sets strict targets for the future use of lignite in Greece, the gradual delignitization of the Greek energy production began in the early 2010s. Historically, Greece decided to use lignite for its electricity production after the oil crisis of the 1970s [21] due to its high availability in its regions, low cost of extraction, and stable price, becoming one of the largest EU’s lignite producers [19]. In addition, due to its scale, lignite’s production provided thousands of jobs to several rural areas of Greece, contributing significantly to the national economic development of the country. However, lignite’s share in gross final energy consumption (GFEC) decreased by 49% from 2015 to 2020, while the share of RES increased by 29% over the same period [22]. This can be ascribed on the devaluation of the Greek lignite-fired plants, the lower cost of natural gas [21], and the significant cost of GHG emissions, increasing by more than 80% over the 2017–2019 period [22]. Thus, although the long-term macroeconomic impact of decarbonization has long been regarded beneficial for countries like Greece that base their energy production on coal [23,24], examining its side-effects on societal, economic, and energy security related aspects [21,25] in detail for shorter horizons becomes critical, especially when applied rapidly.



Motivated by the above, in this paper, we investigate the economy wide implications of the decarbonization speed, considering the case of Greece. To do so, we measure the effects of the final (fast transition) and draft (mild transition) versions of the Greek NECP on the national economy in the short (five years) and medium (ten years) term. We focus on key macroeconomic parameters, such as Gross Domestic Product (GDP), wages, household demand and income, imports, exports, and inflation, and exploit our results to assess the effect of the fast transition scenario on citizens’ welfare and living standards, as measured by indicative indicators (e.g., GDP per capita, purchasing power, and cost of living). Finally, we provide insights on how the Greek economy is expected to be restructured in terms of productivity, imports dependency, and extroversion, highlighting future prospects and challenges.



We base our analysis on an integrated modeling approach that soft-links the energy models originally used for preparing the NECPs with an open-source macroeconomic model, namely Global Trade Analysis Project (GTAP), thus effectively using the output provided by the former as shocks to the latter. We tailor the macroeconomic model to the Greek economy by using the Greek Social Accounting Matrix (SAM) as input and adjusting its parameters (elasticities) appropriately. Finally, we assess the sensitivity of our results with respect to the variability of the parameters used.



The rest of the paper is organized into five sections: Section 2 presents the main methodological approaches adopted in the literature for assessing energy and climate policies, also reviewing some relevant studies to the present one. Section 3 discusses the two transition scenarios considered in this paper for evaluating the macroeconomic impact of decarbonization speed and describes the approach followed for performing the respective simulations. Section 4 presents and discusses our results, while Section 5 concludes the paper and suggests avenues for future research.




2. Literature Review


2.1. Modeling Approaches


Various modeling approaches have been proposed in the literature for analyzing the economic effects of energy and climate policies [26], each one displaying its own advantages and limitations [27]. Based on their focus, these approaches can be categorized as top-down or bottom-up, being also frequently linked with each other, to allow for more detailed and representative assessments.



Top-down approaches depict the economy as a whole on a national or regional level and assess the aggregated effects of energy and climate policies in monetary units [28]. Thus, they typically involve macroeconomic models that simulate how the economy works and allow the substitution of the different production factors after a “shock” has taken place, i.e., the value of an economic parameter has changed when compared to the business as usual (BAU) scenario, with the aim of optimizing societal welfare [29]. Top-down approaches can be implemented using a variety of models, such as input–output, computable general equilibrium (CGE), econometric, and system dynamic ones [28,29,30].



Input–output models depict the monetary flows between the different sectors of the economy considering both the intermediate and final demand. Their main drawback is that they cannot analyze prices as they consider them as exogenous parameters [29]. Thus, they are more suitable for assessing policies in the short term, capturing the current state of the economy [31]. CGE models describe the motivation and behavior of the primary agents of the economy, i.e., the producers and consumers, as well as their relationships, with consumers aiming to maximize their utility and producers their profits [32]. They resemble input–output models since they base their calculations on SAMs, being, however, capable of analyzing changes in prices and provide long-term insights [29]. CGE models usually perform agent’s optimizations in a deterministic fashion, but dynamic stochastic variants of these models can be used instead to enable random shocks and simulate business cycles and cyclical effects more realistically [33,34]. The main critique on these models is based on their complex structure and dependence on the elasticity parameters used [27,35]. Econometric models estimate the relations between the variables of interest in a statistical fashion using historical data. Although more data-driven in nature than their counterparts, they are often criticized in a sense that policy analysis should not rely solely on past data [36]. Finally, system dynamic models establish rules for explaining the behavior of the agents involved and produce their results according to these rules, also considering dynamic changes over time [37]. However, their focus is rather narrow, thus not being appropriate for answering to economy wide questions [29].



Bottom-up approaches involve detailed representations of the energy sector and the interactions taking place among its elements [28]. They entail the utilization of energy optimization models that aim to identify the most cost efficient way of delivering energy services, choosing the best set of technology alternatives [28,29,38] given a set of constraints (e.g., GHG emission limits). Although numerous alternatives exist, the energy models most frequently used belong to the Markal and Edmonds–Reilly families of models [39], with the Integrated MARKAL-EFOM2 System (TIMES; [40]), developed by the International Energy Agency (IEA), being the most popular choice [38]. Another bottom-up model that has been extensively used by EC over the last decade is the Price-Induced Market Equilibrium System (Primes), developed by the Energy-Economy Environment Modelling Laboratory at National Technical University of Athens. It is differentiated from TIMES in a manner that simulates an energy market equilibrium by estimating the prices that balance the energy demand with supply [41].



To sum up, top-down approaches simulate the economy as a whole, paying little attention to the energy sector and the underlying energy-related constraints [29], providing, however, a detailed overview of the macroeconomic and societal impact of the examined policies. In contrast, bottom-up approaches are partial equilibrium models, representing the energy sector in detail but failing to capture regional-wide or sectoral effects not directly related to the energy sector. It becomes evident that, in order for the evaluations performed to be more informative and effectively support policy makers, holistic approaches that link top-down macroeconomic models with bottom-up energy ones are required [42,43,44]. Such linkages can be applied in a variety of ways [45]. In “soft-linking,” each model is run independently, and the results of the one model act as exogenous parameters to the other. When the information is shared in one direction, i.e., the results of the first model are only used to inform the second one, we refer to “one-way” linkages, while when information exchange is performed iteratively until their outcomes agree on the same parameters under a specified error range, we refer to “two-way” linkages [46]. “Hard-linking” two models is also an option, involving their integration into a single “super” model. Finally, “hybrid-linking” suggests that the individual models will remain distinct, but may not run independently. Thus, in energy and climate policy making settings, macroeconomic models will typically inform bottom-up models about the growth of the economy and energy demand, while energy models will usually inform top-down models regarding the behavior of the energy suppliers [38].



By reviewing the advantages and limitations of the modeling approaches available in the literature [47], we find that CGE models are among the most appropriate alternatives when it comes to evaluating energy and climate policies from a macroeconomic point of view in the medium and long term, with TIMES being the most prominent choice among the energy models. Moreover, considering the merits of model linkage [47], as well as the challenges presented in integrating bottom-up with top-down approaches into a single solution (e.g., in terms of results interpretation, data compatibility, data availability, and development effort; [37,38]), we conclude that soft-linking can effectively allow information exchange in a straightforward and less resources-intensive way offering unexplored and robust insights [48]. Moreover, in view of enhancing the added value of modeling process to decision-making, a special focus should be laid on enhancing the transparency of the analysis, for example via using open source models and interpreting the results [27,49]. Thus, in Section 3, we base our modeling approach on these principles.




2.2. Relevant Work


Many modeling studies have been published with the aim of evaluating the economic and societal impact of “green” policies, as well as their feasibility, such as the transition to RES and the implementation of energy efficiency policies [50]. These studies also refer to various regional levels. For example, Calise et al. [51] assesses different energy efficiency measures from a technological and economic point of view for two cities in Italy and Egypt, Nasirov et al. [52] evaluates the macroeconomic impacts of different carbon phase-out trajectories for the Chilean economy, while Gonzalez-Salazar et al. [53] examines the feasibility and potential of different coal phase-out scenarios in Berlin.



In this respect, a considerable body of the literature concludes that sustainability policies bring about positive macroeconomic and societal impacts. For instance, Chepeliev et al. [12] evaluates the economy-wide impact of higher shares (91%) of RES in the final energy consumption of Ukraine till 2050 by soft-linking TIMES-Ukraine with a dynamic CGE model [54]. They find that the implementation of this policy could increase GDP by up to 16% when compared to the BAU scenario, with GHG emissions being decreased by 76% relative to their 2012 level. Renner et al. [55] exploits input–output models, industry surveys, and employment-factor calculations to evaluate the global effect of the policies proposed under the Paris Agreement on the renewable energy sector job market, concluding that direct and indirect job positions could increase from 10.3 millions in 2017 to 23.6 and 28.8 millions in 2030 and 2050, respectively. Ram et al. [56] assesses the impact that a climate neutral economy could have on employment rate in 2050 by utilizing an employment factor method [57]. Their results suggest an increase in global jobs related to the electricity sector from 21 million in 2015 to nearly 35 million in 2050.



On the other hand, many studies argue against the “double dividend” effect of “green” policies, resulting in negative macroeconomic repercussions. For instance, Almutairi et al. [58] evaluates the economic and societal implications of the implementation of the renewable and nuclear energy targets described in [59] for the cases of Saudi Arabia, United States of America, China, India, Europe, and the Rest of World (RoW) till 2030. To do so, they employ GTAP-E [60], an extension of the GTAP model [61] with energy specification, as described in [57]. They find negative economic implications in terms of GDP change for all the regions examined apart from India. From these, Europe and Saudi Arabia are expected to present the biggest contractions, i.e., −2.81% and −3.52%, respectively, since their economies rely heavily on oil. In addition, a reduction in commodity prices, deriving from declines in the energy prices, and a loss of 4.45 million jobs worldwide over this period are simulated. In the same direction, Grottera et al. [62] evaluates the macroeconomic impact of reducing GHG emissions of households by 26% in Brazil over the 2005–2050 period using a hybrid CGE model (IMACLIM-S; [63]). Their results suggest negative macroeconomic implications, with GDP, wages, and employment being 2.6%, 1.5%, and 0.03% lower in 2050 when compared to the BAU scenario. Similarly, Antosiewicz et al. [64] evaluates the macroeconomic impact of a faster coal phase-out scenario in Poland over the 2015–2050 period using a DSGE model (MEMO; [65]). They find a modest macroeconomic cost (<1%) in terms of GDP and employment, especially in the years when investment requirements in the decarbonization scenario are the largest.



Our review suggests that a lack of consensus still exists regarding the macroeconomic and societal implications of “green” policies. This can be attributed to the differences observed between different countries, regions, and sectors [11] in terms of economic structures, institutional settings, climate policies, and local energy resources [58,66]. However, the results may also vary according to the modeling approach used and the key assumptions made by the analysts or the models alone [56]. It seems that the energy policy analysis community will have to adopt a commonly accepted framework to mitigate this issue, making also sure that published work can be either reproduced or replicated [67].





3. Experimental Design


3.1. NECP Scenarios


The two scenarios considered in this study correspond to the draft (mild delignitization speed) and final (fast delignitization speed) versions of the Greek NECP that span over the period 2020–2030. Table 1 summarizes the main quantitative targets set by each plan and compares them with the core European ones. The targets refer to the RES share in gross final energy and electricity consumption, final energy consumption, lignite share in power generation, and GHG emissions reduction. As seen, the Greek government projects a significant restructuring of its energy sector, aiming for a much faster delignitization and a climate neutral economy by 2050.



Two energy models were used for preparing the NECPs and assessing the evolution of the Greek energy system for the projected targets: Times-Greece, designed by the Center for Renewable Energy Sources and Saving (CRES), and Primes (more details are available in Section 2.1). Both models employ a bottom-up optimization approach to reach their conclusions by making key assumptions about the economic activity by industry and the number of households, among others [16]. Table 2 presents the exogenous parameters assumed in the present study, i.e., GDP and population growth. These projections were originally supplied by the Greek Ministry of Finance (MoF) and, although slightly different between the two NECP versions, in this study, we adopt the final projections for both simulation scenarios to allow for direct comparisons. Moreover, Table 2 presents the evolution of the gross inland energy consumption (GIEC) and energy intensity (   G I E C   G D P   ; [68]) considered in this study for the draft and final NECP scenarios. In particular, for the case of the final NECP’s scenario, the results correspond to the average (arithmetic mean) of the outputs of Times-Greece and Primes, while, for the case of the draft NECP’s scenario, to the respective results of the two scenarios in terms of domestic energy consumption [16,69]. As described later in Section 3.2, these results will be supplied as input to the macroeconomic model used in our study in order to soft-link its conclusions with those of the energy models officially adopted for preparing the NECPs.



Table 2 suggests that the energy intensity in Greece is expected to decrease significantly till 2030, being about 25% and 33% lower than 2020 for the cases of the draft and final NECP versions, respectively. Similarly, a decrease of GIEC by about 9% and 12% for the former and latter delignitization scenarios, respectively, is envisaged. On the contrary, GDP is expected to increase by more than 22%, demonstrating that “green” policies can effectively accompany economic growth. However, in order for the targets set to be met, significant investments are required to increase the RES capacity and improve buildings stocks, among others. In particular, as shown in Table 1, an estimate of €43.8 and €34.7 billion are necessary for implementing the final and draft versions of the NECP, respectively, with a large share of this amount (€19,138 Million) being covered by EU funds [16]. Therefore, the realization of the rapid delignitization scenario entails a higher risk in terms of capital requirements when compared to the mild transition. However, the financial pillar of EU, which would cover approximately 44% and 55% of the funding needs for the case of the final and draft NECP, respectively, mitigates the entailed risk. It is noteworthy that a split between public and private funding is not specified in either of the versions of the NECP of Greece, thus more justification is needed to further conclude on the challenges of each scenario from a funding’s perspective.




3.2. Models


In order to quantify the economic and societal impact of higher delignitization speeds on Greece at large, we utilize the standard version of the GTAP model [61]. GTAP is a comparative static, multi-region, global general equilibrium model that has been widely exploited for conducting similar simulations with the one examined in the presented study [58]. According to the model, production generates income that accrues to endowments, then being returned to the regional household and spent on three sources of final demand: (i) private expenditures, (ii) government spending, and (iii) saving (subsequently translated into investment spending).



A major advantage of GTAP over other alternatives of CGE models is that it is open-source. Thus, its parameters can be easily adjusted to better simulate the idiosyncrasy of the Greek economy, while its study requirements, including the model’s closure (i.e., the determination of the endogenous and exogenous parameters) can be directly tailored to better fit the problem under investigation. Moreover, since the shocks under evaluation are applied linearly over the sequential time periods of interest, i.e., 2020 to 2025 and 2026 to 2030, its static nature does not affect the representativeness of the results over time.



We soft-link GTAP to the energy models utilized for constructing the two delignitization speed scenarios in order to acquire the shocks of interest, triggered by the policy measures described in the draft and final versions of the Greek NECP to achieve the respective energy and climate targets set for 2030. Moreover, we calibrate the model based on the macroeconomic and demographic projections originally supplied to the energy models to ensure a harmonized starting point for all simulations. This also involves linking the model to the latest version of the GTAP database (pre-release version 11; [70,71]) and updating the data that refer to the Greek economy (row and column sums of the Greek SAM table), originally provided using 2017 as a reference year. To do so, the money flows of the database are multiplied by a scaling factor,   α = 1.07  , that corresponds to the GDP growth between 2017 and 2020, measured in 2010 constant prices. No adjustments are made to the microeconomic parameters of the database, such as the production and imports share of sectors, due to information shortage. However, we do adjust the elasticity parameters of the model in order for its results to better represent the trade pattern changes [61, Chapter 4]. Thus, we raise the original values provided by 10% and 20% for the 5-year and 10-year simulations, respectively, validating the appropriateness of the determined values by conducting back-casting exercises and selecting appropriate evaluation measures [72].



The database contains 142 regions, aggregated to two regional coalitions. The first is composed of Greece (region of interest), while the rest constitute the “Rest of World” (ROW) regional coalition. In addition, it contains 65 sectors, aggregated to 10 major ones, with “Energy” sector being one of them. Finally, the database contains five primary factors of production, namely land, unskilled labor, skilled labor, capital, and natural resources. Capital and labor are assumed to be perfectly mobile (can fully move from one sector to another until being equally remunerated from each sector), natural resources immobile, or sector specific (cannot move from one sector to another), while land is partially mobile (the factor’s transition from one sector to another is discouraged due to the existence of transition costs). We adopt this mobility structure as it represents reality for the simulations of interest’s time horizons [73].



The simulations are performed in two stages, each referring to a particular time span (2020 to 2025 or 2020 to 2030). This allows us to examine the effect of the examined policy measures in both the short and the medium term and inspect the pathway of the Greek economy towards achieving its targets in more detail. In addition, each stage is composed of three simulations. The first two simulations construct the BAU or trend-based scenario, reflecting how the Greek economy would evolve over the 2020–2030 period based on the projections made (GDP, population, and factors of production supply). The third simulation creates the counterfactual scenarios of this study, reflecting how the Greek economy would evolve if the policy measures foreseen under the mild and rapid delignitization scenarios were applied. The latter simulation involve both the projections made for the Greek economy and the shocks’ rates sparked by the policy measures envisaged by each scenario.



Since GTAP is not a growth model, in order to construct the BAU scenario, we first conduct a simulation by providing the endowments (capital, labor, natural resources, and land) growth projections to the model as shocks (exogenous parameters) along with the projections of the GDP and population. Moreover, as GTAP is a global model, we supply these projections for all the regions considered by the model apart from the region of interest (Greece). We assume that land and natural resources are in fixed supply between 2020–2025 and 2020–2030, an approach that has been followed by many policy making studies for similar simulation horizons [61, Chapter 4]. By applying these baseline shocks, an economy-wide productivity factor is calculated for achieving the projected GDP growth. Then, we perform a second simulation by changing the model’s closure and swapping GDP with output productivity (i.e., making GDP an endogenous parameter and total productivity factor an exogenous one) to construct the final BAU scenario. The latter simulation serves also as a homogeneity test that evaluates whether the model behaves appropriately or not, in a sense that the projected GDP growth for Greece and RoW must be precisely simulated by the model after applying the above-mentioned shocks. Below, we describe how the growth rate values of the parameters required for constructing the BAU scenario are determined, as presented in Table 3. Note that our computations are based on the second Shared Socioeconomic Pathway (SSP2) provided by International Institute for Applied Systems Analysis (IIASA) [74,75,76], since it is considered a moderate pathway in comparison with the rest of the alternatives and describes a world that best reflects historical trends.



	1

	
GDP growth: Provided by Greece’s MoF and Organization for Economic Co-operation and Development (OECD) [77] for Greece and RoW, respectively.




	2

	
Population growth: Provided by the Greece’s MoF and SSP2 [74,75,76] for Greece and ROW, respectively.




	3

	
Endowments growth:



	
Labor force growth rate: It is set equal to the growth rate of the working age population, i.e., the population aged between 15 and 64, and is calculated based on the IIASA’s SSP2 [74,75,76], both for Greece and RoW.



	
Capital growth: Capital accumulation, K, is calculated as proposed by Fouré et al. [78]:


      K  i , t   =  ( 1 − δ )  ·  K  i , t − 1   +  I  i , t   ,     



(1)




where   I  i , t    is the gross fixed capital investment (GFCI) of country i at year t and  δ  is the depreciation rate, being equal to 4%, as specified in the GTAP database. The start year for performing the computations is 2020. Capital supply is retrieved from the GTAP database for both Greece and RoW, while GFCI is specified using data provided by the Hellenic Statistical Authority [79] and the World Bank [80], respectively. Since GFCI is not provided for the complete simulations horizon, we proceed by projecting these values using a regression model that correlates GFCI with GDP projections.










In order to construct the rapid and mild delignitization scenarios, we utilize the results emerged from the simulations of energy models employed for preparing the respective versions of the Greek NECP. Specifically, we model the shocks of interest via a uniform decline of GIEC of Greece and an increase of the total investments of the Greek economy. GIEC represents the quantity of energy necessary to satisfy the inland consumption of the geographical entity under consideration, being calculated as the sum of the primary energy consumption and net energy imports (imports–exports), plus the recovered products and variations of stocks [81]. Thus, we shock the primary energy production and energy imports of Greece to decrease by the GIEC’s decrease rate considered under each scenario over the periods 2020–2025 and 2020–2030, while the energy exports of Greece to grow by the same rate. Note that, according to the SAM table of Greece, energy stocks’ variations and recovered products are equal to zero. Moreover, given that the investments in the Greek economy in 2020 are assumed as being equal to €28,729 millions, we shock the total investments directed towards the Greek economy in order to increase their value by 73% and 152% over the 2020–2025 and 2020–2030 periods, respectively, for the rapid delignitization scenario, while, for the mild delignitization scenario, by 57% and 121%. Note that, as mentioned in Section 3.1, in this study, the additional investments required are not classified into public and private ones since this information is not provided by the Greek Ministry of Environment and Energy. In addition, we do not simulate any shocks regarding the final energy prices or production costs since the average cost of electricity generation remains stable over the 2020–2030 period [16]. The shock rates applied to primary energy production, energy imports, energy exports, and total investments for constructing the two delignitization scenarios are summarized in Table 4.



Since the results of all CGE models depend heavily on the elasticities considered, we follow a systematic sensitivity analysis approach [82] to evaluate the sensitivity of our results, particularly for the rapid delignitization scenario. In this regard, we distort the elasticities originally provided by GTAP by 20% from their central values, performing the respective simulation multiple times for different parameter values. We use a triangular distribution to vary the values of the elasticities and Stroud’s quadrature for approximation. By acquiring the mean and standard deviation of the endogenous variables arisen from the simulations, we derive the 95% confidence intervals (CIs) of the results.



We perform the simulations and the respective sensitivity analysis using the GTAP’s interface, RunGTAP [83,84]. At all the simulations performed, we select the “Johansen” method as the solution algorithm [83,84]. For the graphical representation of the results, we use the ggplot2 package for R [85].





4. Results


The results of our simulations demonstrate the potential economic and societal implications of higher delignitization speeds. It is noteworthy that the differences reported between the results of the two delignitization scenarios are of much greater importance than the absolute pathways simulated for each scenario individually, since they explicitly account for the impact of different lignite phase-out speeds. However, to better inspect the absolute consequences of each scenario, we also present the full pathways over the 2020–2030 period. We should clarify that, although GTAP, like any other macroeconomic model, does not take into consideration the technological aspects and advances of the energy sector, these are indirectly incorporated into our analysis through the exploitation of the results of the bottom-up energy models used under the NECP of Greece preparation.



Figure 1 presents the evolution of the Greek GDP (adjusted for inflation), which demonstrates the value change of the goods and services produced by the Greek economy, under the rapid and mild delignitization scenarios, as well as the BAU one. Moreover, it displays the 95% CI of the rapid delignitization scenario pathway to demonstrate the variation of its projections under high parameter’s uncertainty. As seen, rapid delignitization has a positive impact on GDP in the medium term, with GDP being 1% higher in 2030 compared to the mild transition. The differences are mainly observed over the 2026–2030 period, with the two pathways being almost identical over the 2020–2025 period. In addition, the significant differences observed between both delignitization scenarios and the BAU one, highlight the positive economic implications of adopting “green” policy measures. We also find that the results of the rapid delignitization scenario are relatively insensitive to model parameters’ variability, suggesting confidence about the positive impact of fast transitions on GDP when compared to BAU, but similar effects when compared to slower transitions.



To interpret the results, it should be noted that the mild delignitization scenario encompasses a more rapid decrease of GIEC in the short term, causing a higher increase of the demand of the production factors (labor, capital, land, natural resources) to substitute for the energy required for production, thus increasing their compensation. The increased compensation of production factors in turn results in the increase of household income over the same period and subsequently in the increase of the household demand. However, in the short term, GDP under the rapid delignitization scenario not only does not decrease when compared to the mild transition, but it is slightly increased (by about 0.05%) due to the higher level of investments envisaged under this scenario. This trajectory is reversed, however, in the medium term, where the rapid delignitization scenario encompasses a higher decrease of the GIEC. This trend can be observed in Figure 2, which displays how household demand (plot A) and income (plot B) are going to elaborate under the rapid and mild delignitization scenarios. As seen, the household demand is expected to be 5.96% higher under the mild delignitization scenario in 2025, becoming 6.23% higher in 2030 under the rapid delignitization scenario. Moreover, household income, which determines the household demand, is expected to follow a similar trajectory, being 7.30% higher in 2030 under the rapid delignitization scenario.



Observe that, since the household demand increases under the rapid delignitization scenario in the medium term, it positively affects the government demand (higher income and domestic sales taxes), which is expected to be 7.45% increased in 2030 compared to the mild transition. As far as the economy wide wages are concerned, in the medium term, the skilled labor is going to be benefited under the rapid delignitization scenario (+0.72% in 2030), while the unskilled one under the mild scenario (+0.53% in 2030). This finding suggests that more advanced technology is required to rapidly move to the post-lignite era, thereby favoring workers of higher skills. However, overall, in 2030, the difference between the wages of the two scenarios becomes negligible.



The first order effect of the higher household demand is the increase of the level of prices in terms of the Consumer Price Index (CPI) and the Producer Price Index (PPI). PPI indicates prices from the viewpoint of industries creating the products, whereas CPI from the perspective of consumers. The trajectory of the PPI defines the export price of Greek products, making them less competitive when increasing and vice versa. Price of imports depends on the domestic prices of the countries from which the products are imported and the import duties. Thus, its change cannot be connected to the changes taking place in the Greek economy. In this regard, Figure 3 exhibits how the CPI (plot A), PPI (plot B), and the price index of imports (plot C) and exports (plot D) are going to evolve under the rapid and mild delignitization scenarios over 2020–2030. As depicted, under the rapid delignitization scenario, CPI and PPI are going to be 4.42% and 3.03% increased in 2030, respectively, compared to the mild transition. On the other hand, the price index of imports is expected to be 1.38% increased 2030, under the rapid delignitization scenario, while the price index of exports will be 4.24% increased.



The increased price of exports in the medium term under the rapid delignitization scenario, negatively affecting the international competitiveness and extroversion of the Greek products and services. This fact, in conjunction with the rise of domestic demand and income that encourages domestic firms to switch from selling abroad to selling domestically as it becomes more profitable, leads to the decline of the total exports of Greece. In that regard, under the rapid delignitization scenario, exports are going to be 10% decreased in 2030, compared to the mild transition. On the contrary, the imports are going to be 3.75% increased in 2030. Total imports demand follows the trajectory of the domestic demand, since firms and households consume more raw materials, products, and services, where a part of them is covered by imports. Value added of GDP’s trajectory is going to be almost identical under the two scenarios of different delignitization speed. Thus, given that the supply side is going to be expanded in the medium term due to the speedier delignitization, while value added is hardly going to be affected, it can be concluded that the productivity of the Greek economy will increase. The same value of factors of production results in a higher value of output or put it another way, the amount of value added required per unit of output decreases. Productivity of an economy composes one of the most important factors of the economy’s competitiveness [86].



To sum up, the rapid delignitization scenario is expected to have a positive impact in the medium term both from a macroeconomic and societal point of view. However, it also entails a higher risk in a sense that its realization presents higher capital needs, the alleviation of which is enabled via the financial support of EU. Considering the GDP per capita, i.e., the total output of an entire economy that corresponds to each citizen, a measure usually utilized when assessing the standard of living, it is simulated that, in the case of implementing the rapid delignitization scenario, an increase of the GDP per capita by €70.21 (in 2010 constant prices) on a yearly basis over 2020–2030 on average will take place, relative to the mild transition. Moreover, an increase of income per capita by €9.34 and of wages per capita by €60.17 per annum on average is simulated over the same period. As a result, the purchasing power of the Greek citizens is expected to expand and their welfare conditions to improve due to the faster delignitization transition.



In regard to the expected impact of the policies under examination on the employment, under the model’s closure used, employment supply is assumed to be fixed and fully utilized while the wages are adjusted to cover the increased demand (employment closure). Hence, their impact on employment cannot be assessed under this closure. To inspect the employment impact, we must swap labor supply with wages, i.e., make labor supply endogenous and wages exogenous (unemployment closure). However, it has been proved that the same economic shocks can result in very different adjustment pathways of the economy in question if the unemployment closure is utilized over the employment one [32]. This is done as the CGE models are more sensitive to the economy’s growth under the unemployment closure, producing overoptimistic results [32]. However, considering the bigger expansion of the Greek economy simulated under the rapid delignitization scenario compared to the mild one, in the medium term, it becomes evident that the employment demand is going to increase over this period.



Table 5 presents the shocks reflecting the decarbonization target scenarios of those Member States for which a macroeconomic impact assessment of their target scenarios over 2020–2030 is available. The energy shocks are expressed, as described under their final NECPs, in terms of GHG emissions, the percentage of RES share in energy production, energy consumption, and investments, while the macroeconomic impacts resulted by applying these shocks in terms of GDP, employment, and income. If not mentioned otherwise, the macroeconomic impacts are expressed as percentage deviations from the BAU over 2020–2030. The macroeconomic impact-assessments performed in the context of the final NECPs and in most cases employ a combination of an energy optimization model with a top-down one (CGE or input–output).



As seen, in most cases, the decarbonization scenarios are expected to generate positive economy-wide impacts, proving the “double dividend” effect of green policies. Greece, which has to increase the investments channeled to its economy by about 2% of GDP annually over 2020-2030 for realizing its target scenario, has similar funding needs with Cyprus (+2.26%), France (+2.44%), Latvia (+2.65%), and Spain (+1.82%). The simulated macroeconomic impacts for these countries are in line with our outcomes in terms of GDP, ranging from being slightly positive (+0.25% for the case of Cyprus) to being more pronounced beneficial (+2.1% for the case of Spain). Note also that the study conducted by the EC [23], regarding the macroeconomic impact of the compatible with Paris-agreement policies at a EU level, results in the same conclusions. Specifically, it indicates an increase of EU GDP by 1.1% till 2030, compared to the baseline.



From the Member States presented in Table 5, the ones in which their target scenarios entail the largest capital requirements to be realized, face the largest challenges (e.g., Italy and Romania), while, when the scenarios are not accompanied by a positive impact on GDP, as it is the case with Italy, they imply a potential negative macroeconomic repercussion via the deterioration of the debt-to-GDP ratio [87]. Moreover, as seen, high discrepancies exist between Member States in regard to the projected trajectories of the main energy variables over the 2020–2030 period, which can be attributed to the particularities of their energy systems, i.e., a different effort is required per Member State to meet the energy goals that EU dictates. However, interestingly enough, despite the fact that different modelling approaches have been employed across Member States, a relative homogeneity is observed in terms of the expected impact of the policies on GDP, ranging from −0.59% for Finland to 2.4% for Slovenia, with the exception of Romania where a very large positive impact is simulated as a consequence of the target scenario’s implementation.




5. Conclusions and Future Work


The Greek government, having set particularly ambitious energy and climate targets for 2030 in the final version of its NECP relative to both the draft version of the document and the central key European targets, intends to radically transform its energy system, totally removing lignite from electricity production by 2028. This trend has already been observed over the last decade, where the share of RES has been significantly increased. The increasing cost of carbon in tandem with the decreasing cost of RES suggests that the focus of decision makers should not be laid on deciding whether decarbonization policies should be implemented or not, but rather on identifying the optimal speed of such an implementation in order for it to achieve both the economic and energy targets set. However, little evidence has been provided regarding the macroeconomic and societal impact of higher decarbonization speeds [22,88]. In this regard, in this study, we examine the macroeconomic and societal implications of adopting a rapid delignitization scenario relative to a mild one. To do so, we consider the two NECP scenarios prepared by the Greek Ministry of Environment and Energy, where the draft NECP accounts for a mild transition and the final one for a rapid transition. We follow a top-down analysis, using a CGE model to answer to economy-wide questions in medium and long terms, but soft-link its input parameters with the outputs of the bottom-up energy models utilized for constructing each transition scenario to enhance the representativeness of our results.



Our results indicate that the faster the delignitization is, the higher the macroeconomic and societal benefits are, provided that the required capital is available for funding the transition of the energy system. Moreover, they support the “double dividend” effect of green policies, suggesting that the delignitization of the energy system, irrespective of the speed conducted, is beneficial for the economy at large. In this respect, the rapid delignitization scenario is anticipated to boost the Greek economy and improve the living standard of Greek citizens in the medium term, with GDP and household income being higher in the order of 1% and 7%, respectively, in 2030 compared to the mild delignitization scenario. This is mainly ascribed to the additional investments required for implementing the revised, more stringent measures of the rapid delignitization scenario that expand the Greek economy, as well as to the increased demand of production factors for substituting for energy that positively affects the household’s income. The only repercussions in the medium term, commonly observed in a demand-based expansion, are the increased inflation (CPI: +4.42% in 2030), the greater imports dependence (imports: +3.75% in 2030), and the decline of the international competitiveness of the Greek economy (exports: −10% in 2030). Finally, our results are in line with those for Member States having similar energy targets and investments needs with Greece, as well as with those of the study conducted by the EC regarding the compatibility with Paris-agreement policies.



Based on the limitations of our study, we also envision some expansions of it that could be considered in future research. For instance, in our study, we use a “one-way linkage” between the bottom-up, energy models, and the top-down, macroeconomic model. A more consistent way of linking the two approaches would be to employ a “two-way linkage”, as well as to account for uncertainties against different plausible socioeconomic trajectories [89]. Moreover, apart from the economy wide impacts that this paper focuses on, the regional ones could be examined to evaluate the fairness of the distribution of the projected impact. In doing so, agent-based models [90] could be incorporated to examine the impact of local agents’ (e.g., power generators) decisions [91]. In addition, given that the COVID-19 crisis forced governments to undertake containment measures to halt the spread of the virus, large costs on economic activity have unexpectedly emerged, which could be taken into account to better simulate the implications of “green” policy measures in the short-term. Finally, EU revised its climate targets in December of 2020, setting even more ambitious ones [92]. This change is going to force Member States to revise their corresponding climate objectives, triggering further evaluations and simulations.
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Figure 1. Graphical display of the evolution of the GDP of Greece over the 2020–2025 and 2026–2030 periods under the BAU, mild, and rapid delignitization scenarios. The grey area indicates the 95% Confidence Interval (CI) of the rapid delignitization scenario’s pathway with respect to model parameters’ variability. 
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Figure 2. Graphical display of the household demand (plot A) and income (plot B) over the 2020–2025 and 2026–2030 periods under the mild and rapid delignitization scenarios. 
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Figure 3. Graphical display of the evolution of the Consumer Price Index (CPI; plot A), the Producer Price Index (PPI; plot B), the price index of imports (plot C), and the price index of exports (plot D) over the 2020–2025 and 2026–2030 periods under the mild and rapid delignitization scenarios. 
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Table 1. Main quantitative targets set for 2030 under the final and draft versions of the Greek National Energy and Climate Plan (NECP). The aspiration level of the final NECP targets is evaluated against the core European ones to facilitate comparisons [16].
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	Variable
	Final NECP
	2030 Targets Draft NECP
	Final Targets Aspiration





	RES Share in Gross Final Energy Consumption
	≥35%
	31%
	Increased ambitious (core EU target 32%)



	RES Share in Gross Final Electricity Consumption
	61–64%
	56%
	           —



	Final Energy Consumption
	  ≈ 16.1 − 16.5   Mtoe (≥38%

vs. 2007 predictions)
	18.1 Mtoe; 17.3 Mtoe without ambient heat (32% vs. 2007 predictions)
	Increased ambitious (core EU target 32.5 %)



	Share of Lignite in

Power Generation
	0%
	16.50%
	—



	Reduced Greenhouse Gases
	≥42% vs. 1990;

≥56% vs. 2005
	33% vs. 1990;

49% vs. 2005
	Same level of ambitious (overcompliance in non-ETS sectors)



	Additional Investments
	43.8 billion
	34.7 billion
	           —
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Table 2. Gross Domestic product (GDP) and population projections considered in the present study for simulating the economic and societal impact of the targets set under the draft and final versions of the Greek NECP. These variables were also the exogenous parameters of the energy models used for preparing the NECPs and estimating the evolution of energy intensity and gross inland energy consumption (GIEC) [16,69].
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Year

	
Results

	
Input




	
Energy Intensity

(ktoe/ mil. Euro)

	
GIEC (ktoe)

	
GDP

mil. Euro

	
Population

(Million People)




	
Draft NECP

	
Final NECP

	
Draft NECP

	
Final NECP






	
2020

	
0.12

	
0.12

	
23,442.94

	
23,442.94

	
200,082

	
10.691




	
2025

	
0.10

	
0.10

	
21,246.34

	
22,149.48

	
221,662

	
10.538




	
2030

	
0.09

	
0.08

	
21,429.67

	
20,657.10

	
244,733

	
10.368
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Table 3. Baseline growth rates provided as shocks to Global Trade Analysis Project (GTAP) for constructing the Business as Usual (BAU) scenarios of Greece and Rest of World (RoW) over the periods 2020–2025 and 2020–2030.
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Variables

	
Growth Rates (%)




	
Greece

	
RoW




	
2020–2025

	
2020–2030

	
2020–2025

	
2020–2030






	
GDP

	
+10.79

	
+22.32

	
+16.19

	
+33.42




	
Population

	
−1.43

	
−3.02

	
+4.48

	
+8.55




	
Labor force

	
−2.08

	
−4.37

	
+4.43

	
+8.05




	
Capital

	
−4.78

	
−5.59

	
+15.22

	
+32.76
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Table 4. Shock rates applied upon the Greek economy over the 2020–2025 and 2020–2030 periods to construct the rapid and mild delignitization scenarios.
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Variables

	
Shock Rates (%)




	
Rapid Delignitization

	
Mild Delignitization




	
2020–2025

	
2020–2030

	
2020–2025

	
2020–2030






	
Primary Energy Production

	
−5.52

	
−11.88

	
−9.37

	
−8.59




	
Energy Imports

	
−5.52

	
−11.88

	
−9.37

	
−8.59




	
Energy Exports

	
+5.52

	
+11.88

	
+9.37

	
+8.59




	
Total Investments

	
+73

	
+152

	
+57

	
+121
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Table 5. Shocks on Member States’ general economies triggered by implementing the measures foreseen under the final NECPs, and the key macroeconomic impacts arisen by simulating these shocks over the 2020–2030 period [3].
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Country

	
Final NECP Target Scenario

Shocks (%) Over 2020–2030

	
Macroeconomic Impacts

(% Deviation vs. BAU Over 2020–2030)




	
GHG Emissions [×]

	
RES Share (%)

	
Consumption

	
Investments (% of

GDP per Annum)

	
GDP

	
Employment

	
Income




	
GFEC

	
GFElC

	
Final

	
Primary






	
Austria

	
≈  − 13   [#]

	
+11

	
+5

	
−2

	
−3

	
+3.9

	
   ≈ 0   

	
+0.3

	
-




	
Croatia

	
≈−5

	
+7.8

	
+16.8

	
−2

	
−23

	
+3.6

	
+2.5 [⊕]

	
+2.4 [⊗]

	
-




	
Cyprus

	
−19

	
+8.1

	
+14.5

	
−3

	
−4

	
+2.26

	
+0.25

	
+0.25

	
-




	
Finland

	
−25

	
+10

	
+12

	
−6

	
−3

	
+0.8

	
−0.59

	
−0.15

	
-




	
France

	
−29

	
+10

	
-

	
−8

	
−8

	
+2.44

	
+2

	
+400 K [∓]

	
-




	
Germany

	
−27

	
+19.2

	
+19.7

	
−12

	
−18

	
+0.8

	
+1.5

	
+0.5 [*]

	
+1.7 [*]




	
Greece

	
−26

	
+15.3

	
+31.8

	
−2.5

	
−17

	
+2

	
-

	
+59.4 K [∓]

	
-




	
Italy

	
−19

	
+11

	
+18.8

	
−11

	
−12

	
+6.75

	
−0.18

	
+1170 K [∓]

	
-




	
Latvia

	
−18 [#]

	
+10

	
+16.8

	
−11

	
−11

	
+2.65

	
-

	
+10.7 K [∓]

	
-




	
Lithuania

	
−24

	
+15

	
+15

	
−19

	
−19

	
-

	
+1.72

	
+1.56

	
+2.1




	
Luxembourg

	
−38 [#]

	
+14

	
+21.7

	
−22

	
-

	
+0.72

	
+1.1

	
+0.3

	
−0.9




	
Malta

	
+14 [□]

	
+2.2

	
≈+1

	
≈+30

	
≈+30

	
+4

	
-

	
+200 [∓]

	
-




	
Poland

	
−13

	
+8

	
+9.7

	
−6

	
−5

	
+3

	
0

	
0

	
-




	
Romania

	
−4

	
+6.3

	
+8.4

	
+4

	
-

	
+5.76

	
>+30

	
-

	
+34 [*]




	
Slovakia

	
−17

	
+5.2

	
+4.9

	
−0.43

	
+0.51

	
+0.8

	
+0.9

	
-

	
-




	
Slovenia

	
−21

	
+2

	
+9.8

	
−4

	
−6

	
+4.14

	
+2.4

	
+1.39 [*]

	
+2.26 [*]




	
Spain

	
−31

	
+21.8

	
+32

	
−15

	
−19

	
+1.82

	
+2.1

	
+1.7 [*]

	
-




	
Sweden

	
-

	
+16

	
-

	
−13

	
−14

	
-

	
−0.35 [*]

	
-

	
-








[×] Total GHG emissions excluding Land Use & Cover, [#] non-ETS emissions, [□] energy sector’s emissions, [⊕] % deviation vs. 2018 levels, [⊗] % deviation vs. 2017 levels, [*] % deviation vs. BAU in 2030, [∓] deviation measured in employees.
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