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The sectorial intensity of production of 
renewable energy sources in Italy: 

measurement and effects on earnings 
 

Michele Raitano (), Eleonora Romano (*) e Pietro Zoppoli (**) 

Abstract 

The literature on renewable energy sources (RES) does not provide a shared methodology 

to measure the sectorial intensity of production linked to RES. Furthermore, empirical evidence 

on the relationship between RES intensity of production and workers’ earnings is scant. The aim 

of this paper is to fill in these literature gaps providing, on the one hand, an original microdata-

based methodology to measure the RES sectorial intensity of production, and, on the other 

hand, estimating, through panel data techniques, the relationship between RES sectorial 

intensity of production and earnings for a representative sample of Italian workers in the period 

2002-2009. Focusing on the case of Italy in the first decade of the 21
th
 century is very relevant 

given that in that period Italy promoted one of the most generous renewable support schemes 

worldwide. Our main findings are the following: i) the RES sectorial intensity of production in 

Italy largely increased in 2008-2009; ii) on average, the RES sectorial intensity of production 

does not affect earnings levels; iii) remarkably, a clear skill-premium effect emerges when the 

RES sectorial intensity of production increases.  
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1 INTRODUCTION 

In recent years EU policies have been driven by low-carbon strategies aimed at reducing 

greenhouse gases (GHG) emissions. While the development of technologies related to 

renewable energy sources (RES) brings benefits in terms of GHG emissions reduction and, in 

general, environmental quality, the impact of such development on economic performance is 

unclear and deserves additional theoretical and empirical analysis. Indeed, EU and national 

policies fostering the transition to a low-carbon economy can generate non-negligible economic 

effects which need to be accounted for in order to guarantee an overall coherent and effective 

implementation of low-carbon strategies. For instance, the development of renewable energy 

capacity may be associated with positive economic effects, such as the promotion of green 

employment and high-quality jobs, the lowering of the energy deficit, the reduction of energy 

dependence and of the exposure to fuel-price volatility. However, against these positive effects, 

negative economic effects can also result, for example, the costs of renewable energy support 

schemes borne by final consumers or tax payers, as well as the costs related to grid 

development, to congestion and to reserve capacity. On the whole, renewable energy 

innovations may cause changes in industrial activities and, therefore, may affect labour market 

outcomes. However, any analysis of the impact of RES technologies on labour market 

outcomes requires prior measurement of the economic activities linked to the production of 

renewable energies. 

The aim of this paper is to measure the development of RES in Italy over the period 2002-

2009 and to evaluate the impact of the development of renewable energies, in particular on 

workers’ earnings. Indeed, a careful review of the literature has brought out two main limits of 

existing studies on the impact of renewable energies which we intend to overcome in this paper. 

The first limit regards the lack of an official and shared definition of “renewable energies 

sector”, as well as of green sectors. Specifically, the economic activities linked to renewable 

energies have never been officially identified on the basis of a robust and common statistical 

approach. For this reason, estimates of the economic impact (e.g., in terms of value added, 

employment levels, earnings dynamics) of the development of such sectors may differ 

according to the boundaries assigned to them. The second limit concerns the almost exclusive 

focus on employment level changes characterising the existing studies on the labour market 

effects of the development of the renewable energies sector. Other labour market outcomes, 

such as earnings levels and differentials, are instead disregarded. 

With regard to the issue of the measurement of RES production, among others, Wei et al. 

(2010) and Blanco and Rodrigues (2009) draw attention to the general problem of finding 

agreed statistical definitions of green sectors at national, regional and international level. Some 

recent efforts in this direction have been made, such as the “Guidelines concerning a statistical 

definition of employment in the environmental sector” adopted at the 19th International 

Conference of Labour Statisticians (ICLS 2013). However, Bezdek et al. (2008) point out that 

“there is no rigorous, well-accepted definition of environmental job” and, five years later, 

Deschenes (2013) still underlines that “there is no universally accepted definition of what 

constitutes a ‘green job’ ”. 
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In order to carry out statistical analyses on green sectors and jobs many national 

governments have developed national initiatives to define green jobs (for a review of these 

initiatives, see OECD 2012a; OECD 2012b; BLS 2010; OECD 2014) and several operational 

definitions of green jobs have been applied up to now in different countries. Most of them take 

an industry approach, i.e. they identify green jobs with employment in industries producing 

“green goods and services” (OECD 2012a)
1
. In other cases, a wider approach has been 

adopted in order to take into account green occupations across the whole economy. This is the 

case of the industry-based definition developed by the United Nations Environmental 

Programme and the ILO (UNEP et al. 2008), which includes employment in industries 

dependent on environmental resources and quality. 

In addition to the lack of a shared definition of the renewable energies sector, there is a 

second serious gap in the literature regarding the focus of existing studies on the impact of 

renewable energies technologies on labour market outcomes. Labour market outcomes have 

been evaluated with different methodologies, from a macroeconomic perspective as well as from 

a microeconomic point of view, according to the specific goal of the analysis. However, most 

studies
2
 have focused on employment creation or destruction potential (distinguishing direct, 

indirect and induced employment effects)
3
 of renewable energy policies while disregarding other 

labour market outcomes. Specifically, no attention has been paid to the relationship between RES 

development and earnings dynamics as an indicator of costs or benefits associated with 

renewable energy policies
4
. 

In particular, studies based on input- output analysis (e.g., Lehr 2008 and Lehr et al. 2012) 

as well as those based on neoclassical general equilibrium models (e.g., Goettle and Fawcett 

2009; Chateau et al. 2011)investigate the effects of green policies on some labour market 

outcomes, but they do not provide clear suggestions as to the effects of RES development on 

earnings distribution. 

To the best of our knowledge the only published study
5
 investigating the impact of green 

policies on wages is Walker (2013), who makes use of linked employer-employee data for the 

US to estimate the long-term wage effects of job displacement due to environmental regulations. 

Deschenes (2014) and Pestel (2014) argue that the lack of studies on the effect of RES policies 

                                                      

1
 Following the 1999 OECD/Eurostat definition of eco-industries (i.e. industries producing environmental goods and 

services, such as pollution and resource management industries), the European Commission estimated that green jobs 

account for 2% of total employment in the EU area (European Commission 2009). Using a similar approach BLS (2010) 

estimated that green jobs accounted for 1.5-2% of total employment in the US in 2008. 

2
 See Kammen et al. (2014); Hillebrand et al. (2006); Lehr et al. (2008); Del Rio and Burguillo (2008); Blanco and 

Rodrigues (2009); Sastresa et al. (2010); The Solar Foundation (2010); Wei et al. (2010); Lambert et al. (2012); Lehr et 

al.(2012); Walker (2011). 

3
 Direct effects refer to the demand for goods and services in sectors directly impacted by renewable energy production 

(e.g. the construction of a wind-farm); indirect effects are represented by those effects regarding productive sectors 

indirectly linked to renewable energy (e.g. steel industry); induced effects include the general expansion of private 

expenditure on goods and services triggered by the investment in renewable sources. 

4
 Other studies focus, instead, on the implications of RES development on the energy market, in particular on wholesale 

electricity prices (Clò et al. 2015), on the variance of spot-market prices (Woo et al 2014) and on the skill content of jobs 

(Cox et al. 2013). 

5
 Few other attempts to study wage dynamics in relation to green sectors development have been made (Becker and 

Shadbegian 2008; Elliot and Lindley 2014). 
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on earnings levels and inequality is due to the unavailability of both a sound theoretical 

framework and specific microdata on workers in the renewable energies sector. 

In response to the lack of an official and shared definition of the renewable energies sector 

and the disregard in the existing literature of the effects of RES development on labour market 

outcomes other than employment levels, our study focuses on both: we propose a new 

methodology to measure the RES sector using official statistical classifications of economic 

activity and, drawing on our results, we carry out an empirical analysis for Italy of the impact of 

RES development on earnings levels and inequality in the period 2002-2009. 

Focusing on the case of Italy in the first decade of the 21th century is very relevant given 

that in that period Italy promoted one of the most generous renewable support schemes 

worldwide. Major changes concerned the growth in wind and photovoltaic power capacity 

promoted by national support schemes, in particular solar power generation greatly increased 

(Clò et al. 2015). Wind power capacity has been mainly supported through a Green Certificates 

Scheme, while solar power capacity has been directly subsidized through a Feed-in Premium, 

known as Conto Energia, which, according to IEA (2011) represents one of the most impressive 

supporting schemes in the world. 

More in detail, in order to fulfil the first objective of our study, we base on the RES 
production chain, building an index of the intensity of renewable energy production (RES index) 

characterising each 3-digit NACE Rev. 1.1 group. In this way, we obtain a “horizontal” definition 

of the RES sector, stemming from an index-based classification of 3-digit NACE Rev. 1.1 

groups. Making use of our RES index and of a panel of micro-data on Italian private employees 

(AD-SILC), we then undertake an empirical analysis of earnings dynamics and inequality in 

relation to the development of the RES sector, in line with the second objective of our study. 

Carrying out econometric analysis, we assess whether earnings levels and inequality move 

according to the RES index. In other words, we want to ascertain the effect of RES development 

on earnings levels and, mostly, on the earnings gap between skilled and unskilled workers in 

Italian industry. This serves the purpose of testing the hypothesis of a skill-biased technical 

change (SBTC) mechanism (Bound and Johnson 1992; Acemoglu 2002;Acemoglu and Autor 

2010) due to the development of RES technologies.In the SBTC framework, the earnings gap, 

considered as the main cause of increasing earnings inequality since the 1980s, is a 

consequence of the development of ICT technologies which has triggered an increase in the 

demand for high-skilled workers not compensated by an equal increase in their supply, thus 

leading to higher earnings for those workers. Furthermore a reduction in the demand for low-

skilled workers has reduced their earnings. While the link between earnings and green 

technologies, in particular RES technologies, has not been deeply investigated, some recent 

studies have focused on the employment effects of green innovations and some empirical 

evidence is consistent with the SBTC hypothesis: Pfeiffer and Rennings (2001)argue that green 

innovation encourages the demand for high-skilled workers while discouraging the demand for 

low-skilled workers and Horbach and Rennings (2013) suggest that the increase in the demand 

for high-skilled workers induced by cleaner technologies may be implied by a reorganisation of 

industrial processes at firm level. 

The paper is organized as follows. Section 2 introduces data, methodology and the 

empirical strategy adopted to measure the intensity of renewable energy production and 

analyse the link between the earnings distribution and such intensity. Section 3 reports 
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descriptive evidence about the development of RES and the results of the micro-econometric 

analysis focusing on the relationship between RES and earnings dynamics and inequality. 

Finally section 4 concludes and provides some policy implications. 

2 METHODOLOGY AND DATA 

This section is divided in three sub-sections. The first contains a detailed description of our 

methodology to measure the sectorial intensity of production of RES. For this purpose we make 

use of the 2002-2009 Istat surveys on industrial production (Rilevazioni annuali della 

produzione industriale - Prodcom).The second presents the longitudinal dataset AD-SILC 

providing the individual working histories of a representative sample of Italian workers, also 

collecting detailed information on firms’ characteristics that are merged with the sectorial 

variables obtained through the Istat surveys. Finally, we present our empirical methodology to 

estimate the association between RES development and earnings. 

2.1 A measure of RES  intensity in Italy based on Istat surveys on industrial production 

No studies are available on the value chain and the exact contribution of RES production to 

economic performance, due to the difficulty to measure it. Most studies use input-output 

analyses, which refer to aggregated sectors of economic activities and related data, or specific 

surveys which often lack comprehensiveness and reliability. 

We propose a microdata-based methodologyto measure the economic activities linked to 

RES production, which allows us to reach the greatest level of disaggregation of related 

economic activities available in the official statistical classifications. Specifically, we exploit the 

information contained in Istat surveys on the different typologies and levels of production of 

industrial goods produced in Italy. Such data are expressed in values and volumes, detailed 

followingthe European statistical classification of industrial products, i.e. the 8-digit Prodcom list, 

as well as the NACE Rev. 1.1. classification
6
. 

We “horizontally” measure the renewable energy sector by means of the industrial products 

that can be linked to RES production (wind energy power, solar thermal and photovoltaic systems, 

geothermal power, biomass). In other words, we select the Prodcom codes corresponding to RES 
production for the period 2002-2009, when massive support schemes for the promotion of RES 
were implemented in Italy. To this end, we build on the definition provided by Wind (2008), who 

identifies key climate-mitigation technologies and associated goods relevant to the production of 

renewable energies and we use the Harmonized System (HS)
7
. In particular, Wind (2008) 

provides a list of HS codes referred to 2007 that can be linked to RES production. Drawing on the 

correspondence tables provided by Eurostat’s RAMON Metadata Server
8
, we convert2007 HS 

                                                      

6
 Prodcom data refer to the total population of Italian industrial enterprises with at least 20 employees and to a 

representative sample of industrial enterprises with a number of employees included in the range of 3 and 19. 

7
 The HS is the commodity classification system developed by the World Customs Organization deriving from the 

International Convention on the Harmonized Commodity Description and Coding System. 

8
 The correspondence tables are available at: http://ec.europa.eu/eurostat/ramon/relations/index.cfm?TargetUrl=LST_REL 

http://ec.europa.eu/eurostat/ramon/relations/index.cfm?TargetUrl=LST_REL
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codes by means of the 2007 Combined Nomenclature classification (CN8) and, subsequently, 

2007 CN8 codes are converted into 2007 Prodcom codes. We consider 2007 as the base-year for 

our definition of RES production in terms of Prodcom codes; by means of Prodcom 

correspondence tables we then obtain the list of codes for the periods 2002-2006 and 2008-2009
9
, 

namely the list of Prodcom codesof RES production for the entire period 2002-2009. Note that 

each Prodcom code is associated with one or more NACE Rev. 1.1 groups of economic activities.  

We use the list of Prodcom codes to calculate the shares of value of production that can be 

referred to RES production. We then link the shares of RES production in terms of Prodcom 

codes to 3-digit NACE Rev.1.1 codes, i.e. we calculate the shares of value of production 

referred to RES for each 3-digit NACE Rev.1.1 group. Finally, we define the index of RES 
sectorial intensity of production (RES index) as the ratio of the industrial production referred to 

RES and the total industrial production for each 3-digit NACE Rev.1.1.The main goal of the 

construction of the RES index is to link this variable with those provided by the AD-SILC dataset, 

which tracks Italian workers’ careers and earnings over time. 

2.2 Description of the AD-SILC dataset and merge with Istat surveys on industrial production 

AD-SILC is an original panel on individual working histories recently built by merging the 

Italian 2005 wave of the European Union Statistics on Income and Living Conditions (EU-SILC; 

the Italian sample is called IT-SILC) with the administrative records on individuals’ working 

histories since their entry into the labour market, which are collected in files managed by the 

Italian National Social Security Institute (INPS). It contains data up to 2009 and collects detailed 

information from administrative sources on workers’ characteristics (e.g., gender, age, region of 

work, contractual arrangement, gross earnings)on a yearly basis.AD-SILC records regard public 

and private employees as well as all types of self-employed. Furthermore, crucial for  our 

objectives, AD-SILC also contains firm characteristics for private employees, namely the type 

(i.e., if the firm is a parent company, a subsidiary company or an independent company), size 

(i.e., the  number of employees or the number of employees of the holding company the firm 

belongs to)and the sector of activity coded at 3-digit NACE Rev.1.1 level since 2002.Given all 

types of workers tracked since their entry in the labour market, the administrative sources allow 

us to exactly measure, for each individual, effective seniority in the labour market and tenure in 

a specific firm (both variables are expressed in years). Thanks to the time-invariant information 

collected in IT-SILC, AD-SILC also records workers’ educational attainments, which we 

consider as the skill proxy. 

In order to study the relationship between RES development and earnings inequality, AD-

SILC is matched with data on the RES index coded at the 3-digit NACE rev. 1.1 classification, 

thus obtaining the new ReAD-SILC dataset (see Figure 1) that allows us to study the 

relationship between the development of renewable energies and earning dynamics for Italian 

workers, following the econometric strategy detailed in the next section. 

 

                                                      

9
 In the code conversion process we take account of the fact that from one year to another  two or more codes may be 

aggregated into one code (or one code split into two or more codes). Accordingly, the corresponding value of production 

was summed up (or equally divided). 
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Fig. 1 Sources of the ReAD-SILC dataset 

Our empirical analysis focuses on private employees given the availability of firm 

characteristics for this type of workers. We observe their earnings over the period 2002-2009 

(before 2002 NACE rev. 1.1 is not available in AD-SILC)
10

.The measure of earnings used in this 

paper is annual gross earnings from private employment (hourly wages are not available in 

administrative sources), converted in 2010 constant prices using the consumer price index. To 

reduce the impact of outliers we dropped the top and bottom 1% of the annual earnings 

distribution in each year. To overcome difficulties associated with the much more fragmented 

working careers of females, we only consider males aged 15-64, excluding non-Italian citizens 

because the retrospective AD-SILC sample under-represents immigrants in past years. The 

final sample used in this paper is made of 49,865 longitudinal observations relative to 8,707 

male workers that worked as private employees over the period 2002-2009. 

2.3 Econometric strategy 

The main goal of our empirical investigation is to ascertain the effect of the development of 

the RES sector - as measured by the above-defined RES index – on the earnings gap between 

skilled and unskilled workers in Italy. To this end we carry out panel estimates on a sample of 

Italian male workers. 

Specifically, in order to explore the relationship between earnings and the RES index, we 

estimate the following earnings equation, through panel data techniques, as our baseline model: 

 𝑤𝑖𝑗𝑡 = α0 + α1𝐼𝑖𝑗𝑡 + α2sk𝑖𝑗𝑡 + α3RES𝑗𝑡 + α4𝑋𝑗𝑡 + α5sk𝑖𝑗𝑡 * RES𝑗𝑡 + τ𝑗 + μ𝑡 + ∈𝑖𝑗𝑡 (1) 

                                                      

10
 However, years prior to 2002 and periods spent as public employees or self-employed are taken into account to 

precisely identify effective seniority in the labour market. 
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where the dependent variable 𝑤𝑖𝑗𝑡 is the log of annual gross earnings from private employment 

of individual 𝑖 in sector 𝑗 in year 𝑡; RES𝑗𝑡 is the value of RES intensity of production in sector j  in 

year 𝑡 (ranging from 0 to 1); the dummy variable sk𝑖𝑗𝑡 is the proxy of workers’ skills, as it 

distinguishes skilled workers (those with at least 13 years of education)
11

 from unskilled workers 

(those with less than 13 years of education), while the effect on skill premia is captured by 

interacting the RES index with the dummy sk𝑖𝑗𝑡
12

. As regards control variables, 𝐼𝑖𝑗𝑡, is a set of 

variables measuring individual characteristics (e.g., age, age squared, workers’ total seniority 

and its square, the region where the individual works); 𝑋𝑗𝑡, is a vector of firm-specific 

characteristics (the log of firm size and firm type); τ𝑗 represents 3-digit NACE group fixed 

effects; μ𝑡 denotes time-specific effects (year dummies); and ∈𝑖𝑗𝑡 is a normally distributed 

disturbance term.  

With regard to our main goal of testing whether RES technologies influence earnings 

inequality, we are interested in the α
5
 coefficient: a positive and significant coefficient would 

confirm the hypothesis of a skill- premium for skilled workers in the industrial sectors with higher 

values of the RES  index. 

Ina further “Full” specification of the estimated model, we also take account of additional 

workers’ characteristics, namely the tenure in the firm plus a dummy variable for white-collars 

and managers (compared to blue-collars). By contrast, we also run the baseline model 

excluding the interaction between the RES index and the high-skilled dummy (“No interaction” 

model in section 3), in order to estimate the linear relation between earnings and the RES index, 

without distinguishing workers according to their skill level. 

We carry out both random and fixed effect models. Fixed effects models allow us to control 

for individual time-invariant unobserved heterogeneity. However, they do not allow us to 

estimate the coefficients associated with time-invariant characteristics, as educational 

attainment. To overcome this limitation, we also carry out random effects models. Estimates are 

run both on all NACE groups (except for agriculture and public administration)as well as only on 

the restricted sample of manufacturing. 

Moreover, in order to provide robustness checks we run FE estimates of the baseline model 

also including three additional control variables among the covariates in a sequential way. First 

of all, we add the interaction between the dummy sk𝑖𝑗𝑡 with time dummies, in order to control for 

any time trend in the earnings of skilled workers. Secondly, we include an outsourcing intensity 

indicator (𝑂𝑢𝑡𝑖𝑗𝑡), built at 2-digit NACE Rev. 1.1 using data drawn from Istat Input-Output tables 

for the period 2002-2009. Following Feenstra and Hanson(1999) and Broccolini et al. (2011) 

this indicator is defined as: 

 

 

                                                      

11
 We prefer to aggregate upper secondary and tertiary educated workers in a single category because the share of 

tertiary educated workers is rather limited in the Italian labour force (around 7% in the ReAD-SILC dataset). 

12
 Note that when the interaction between the RES index and the dummy on high-skilled is included among the 

regressors, the coefficient estimated for the non interacted RES index measures the effect of RES sectorial intensity of 

production on earnings of low-skilled workers. 
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where Mkǩ  is the cost for intermediate inputs that the 2-digit NACE Rev 1.1 division k imports 

from the same 2-digit NACE Rev 1.1 division ǩ abroad and Ikt is the total (imported and 

domestic) intermediate costs of division k. The reason for including such control lies in the role 

played by international outsourcing in increasing the relative demand for non-production (i.e. 

skilled) workers as suggested by several empirical studies (e.g., Geishecker and Gorg 2003; 

Helg and Tajoli 2005; Hijzen 2007).Finally, we also take account of the share of skilled workers 

at 3-digit NACE group level in order to further control for a sectorial characteristic that could mix 

up with the effect of RES technologies. 

3 RESULTS 

3.1 Descriptive evidence 

In this sub-section some descriptive statistics about the dynamics of the RES index over 

time are reported. In particular, Figure 2 shows the time trend of the RES index in percentage 

terms for all NACE groups, between 2002 and 2009. The histograms represent the trend over  

these years for the different RES technologies included in the analysis (i.e. wind, photovoltaic, 

geothermal, biomass) while the line represents the overall RES index, which is the one we 

include in the econometric analyses of section 3.2. The trend of the RES index is mainly driven 

by solar photovoltaic energy, with an almost stable level between 2002 and 2007 and a steep 

increase in the last two years (see Figure 2). This finding is consistent with the massive support 

schemes for the promotion of solar energy implemented in those years in Italy. On the whole, 

the share of production attributable to RES production (i.e., the value of the RES index) ranges 

from less than 2% in 2002 up to 3.5% in 2009.  

In Figure 3 we report the same information for manufacturing. We observe the same trends 

as in the previous figure even if, as expected, given that most of RES production concerns 

manufacturing, the index levels are higher in all periods.In this case, the value of the RES index 

ranges from 3.5% in 2002 up to 7.0% in 2009. 

The last two figures (Figure 4 and Figure 5) report the time trends of the RES index for the 

period 2002-2009 by geographical area – given the wide differences in the productive structure 

among Italian regions – respectively for the full sample including all NACE groups and for the 

restricted sample including only manufacturing. In both cases, the RES index shows quite a 

stable trend in the three areas up to 2007. Since 2008, a general increase in the RES index 

level is observed and a particularly steep rise characterises the Centre and the South, whose 

RES indices are lower than that referred to the North up to 2007 but outdo the latter in more 

recent years. 
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Fig. 2 Time trend of the RES index (%). All NACE groups. 

Source: own elaboration on the ReAD-SILC dataset. 

Fig. 3 Time trends of the RES index (%) . Manufacturing 
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Fig. 4 Time trends of the RES index (%) by geographical area. All NACE groups 

Source: own elaboration on the ReAD-SILC dataset. 

Fig. 5 Time trends of the RES index (%) by geographical area. Manufacturing 

Source: own elaboration on the ReAD-SILC dataset. 
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3.2 Econometric analysis 

The results of the micro-econometric analysis of the relationship between annual gross 

earnings and RES sectorial intensity of production, carried out following the empirical strategy 

described in section 2.3, are reported in this sub-section
13

. 

When the interaction between the high-skill dummy and the RES index is not included 

among the regressors (“No interaction” model) a statistically significant association (at the usual 

confidence levels) between workers’ earnings and the RES sectorial intensity of production 

does not emerge in both random and fixed effects estimates carried out on all NACE groups 

(Table 1). This result is confirmed in both the baseline and the “Full” model (note that in this 

case the coefficient of RES indicates the effects of RES intensity of production on low-skilled 

earnings). By contrast, a significant association between skill-premium and RES sectorial 

intensity of production emerges in both models, as shown by the interaction term High-

skilled*RES, that suggests that the higher the RES index, the higher the gap between high-

skilled and low-skilled annual earnings. 

Tab. 1  Panel estimates of the association between log annual earnings and the RES index (all NACE groups) (1) 

 "No interaction " "Baseline" "Full" 

RE FE RE FE RE FE 

b/se b/se b/se b/se b/se b/se 

High-skilled 0.2311*** . 0.2273*** . 0.1505*** . 

 
[0.0131] . [0.0133] . [0.0134] . 

RES 0.0379 0.0311 -0.0468 -0.0643 -0.0547 -0.0699 

 
[0.0395] [0.0404] [0.0665] [0.0704] [0.0656] [0.0697] 

High-skilled*RES 
  

0.1596** 0.1809** 0.1453** 0.1742** 

   
[0.0738] [0.0806] [0.0729] [0.0799] 

N 49865 49865 49865 49865 49865 49865 

(1) Control variables in all models are: age and age squared, seniority and seniority squared, firm size, dummy for firm's type, dummies for regions 

of work, time dummies, sector dummies (at 3-digit NACE rev 1.1). In the "No interaction" model the interaction between the high-skilled dummy 

and the RES index is not included. In the "Full" model tenure in the firm and a dummy for white-collars (compared to blue-collars) are added to the 

“Baseline” model. Robust standard errors in parenthesis. * p<0.10; ** p<0.05; *** p<0.01. 

Source: own elaboration on the ReAD-SILC dataset. 

 

These main findings are confirmed when the regressions are run on the subsample of 

individuals working in manufacturing (Table 2). In the “No interaction model” the RE estimate 

shows a significant association (at the 90% level) between RES and mean earnings, but this 

association seems to be driven by the premium favouring the high-skilled, as evident in both the 

baseline and the “Full” model. Indeed, in these models the coefficient of the interaction between 

high-skilled and RES is always significant, whereas the linear effect of RES disappears. 

 

                                                      

13
 The tables of section 3.2 report only the coefficients of the main variables (i.e. high-skilled dummy, RES index and the 

interaction between these two variables). Full outputs of the regressions including the estimated coefficients for all 

covariates are available upon request. 
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Tab. 2 Panel estimates of the association between log annual earnings and the RES index (manufacturing) (1)  

 "No interaction " "Baseline" "Full" 

RE FE RE FE RE FE 

b/se b/se b/se b/se b/se b/se 

High-skilled 0.2483*** . 0.2422*** . 0.1506*** . 

 
[0.0159] . [0.0162] . [0.0161] . 

RES 0.0670* 0.0634 -0.0124 -0.0325 -0.0157 -0.035 

 
[0.0390] [0.0400] [0.0658] [0.0706] [0.0652] [0.0700] 

High-skilled*RES 
  

0.1510** 0.1833** 0.1321* 0.1754** 

   
[0.0725] [0.0797] [0.0724] [0.0794] 

N 29627 29627 29627 29627 29627 29627 

(1) Control variables in all models are: age and age squared, seniority and seniority squared, firm size, dummy for firm's type, dummies for regions 

of work, time dummies, sector dummies (at 3-digit NACE rev 1.1). In the "No interaction" model the interaction between the high-skilled dummy 

and the RES index is not included. In the "Full" model tenure in the firm and a dummy for white-collars (compared to blue-collars) are added to the 

“Baseline” model. Robust standard errors in parenthesis. * p<0.10; ** p<0.05; *** p<0.01. 

Source: own elaboration on the ReAD-SILC dataset. 

Note also that the size of the estimated coefficients of the interaction between high-skilled 

and RES is rather similar in RE and FE estimates in both Tables 1 and 2 and, interestingly, it is 

higher in the latter case, when individual time-invariant unobservable heterogeneity is controlled 

for. 

The evidence of an association between the RES index and the skill premium is clearly 

confirmed by robustness checks, i.e., when the FE baseline model is run including several 

further control variables, as the interactions between time and skill dummies, the outsourcing 

index and the sectorial share of high-skilled workers. These results hold true both in the case of 

all sectors and that of manufacturing (Table 3). 

Tab. 3 Robustness checks of the association between log annual earnings and the RES index: FE estimates (1)  

 B1 B2 B3 

All sectors Manufacturing All sectors All sectors Manufacturing All sectors 

b/se b/se b/se b/se b/se b/se 

RES -0.0434 -0.0158 -0.0426 -0.0160 -0.0426 -0.0157 

 
[0.0702] [0.0704] [0.0702] [0.0704] [0.0702] [0.0704] 

High-skilled*RES 0.1400* 0.1461* 0.1394* 0.1453* 0.1394* 0.1453* 

 
[0.0805] [0.0797] [0.0806] [0.0796] [0.0806] [0.0796] 

N 49865 29627 49865 29627 49865 29627 

(1) Control variables in all models are: age and age squared, seniority and seniority squared, firm size, dummy for firm's type, dummies for regions 

of work, time dummies, sector dummies (at 3-digit NACE rev 1.1). In the "No interaction" model the interaction between the high-skilled dummy 

and the RES index is not included. In the "Full" model tenure in the firm and a dummy for white-collars (compared to blue-collars) are added to the 

“Baseline” model. Robust standard errors in parenthesis. * p<0.10; ** p<0.05; *** p<0.01. 

Source: own elaboration on the ReAD-SILC dataset. 

The estimated coefficients measure the change in annual earnings associated with a unitary 

change in  the RES index that, as already stated, ranges from 0 (when no sectorial production is 

attributable to RES) to 1 (when the whole sectorial production is attributable to RES). To better 
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quantify the size of the estimated impact of RES sectorial intensity of production on the skill 

premium, we measure the size of the High-skilled*RES coefficient for a variation of 1 standard 

deviation of the RES index (the standard deviation of the RES index amounts to 0.081 in all 

sectors and to 0.111 in manufacturing). As shown in Table 4, an increase in the RES index by 

one standard deviation is associated with an increase in earnings ranging between 1.2% and 

1.5% in all sectors according to RE and FE estimates, while the size of the effect is larger in the 

case of manufacturing (the size of the effect ranges between 1.5% to 2.0%). 

Finally, it is also interesting to quantify the share of the total skill premium that can be 

explained by the RES sectorial intensity of production. This quantification can be carried out for 

the RE effects model, as the coefficient of the time-invariant high-skilled dummy is not 

estimated in FE models. Noticeably, from our estimates a relevant value for the share of skill 

premium explained by RES sectorial intensity of production emerges, ranging between 5.1% 

and 5.6% in all sectors and between 5.9% and 6.8% in manufacturing. 

Tab. 4. Quantification of the impact of the RES index on the skill-premium according to the "Baseline" model. 
Percentage increase in earnings when the RES index increases by a standard deviation  

  All sectors Manufacturing 

Random effects   

High-skilled*RES 1.2 - 1.3 1.5 - 1.7 

Share of the whole skill-premium explained by RES  5.1 - 5.6 5.9 - 6.8 

Fixed effects   

High-skilled*RES 1.4 - 1.5 1.9 - 2.0 

Source: own elaboration on the ReAD-SILC dataset. 

4 CONCLUSIONS AND POLICY IMPLICATIONS 

The transition to a low-carbon economy induced by EU policies in recent years has 

generated important economic effects, which must be evaluated in order to establish the impact 

and efficacy of implemented policies. In this regard, the first objective of our study was to 

provide an original methodology to measure the renewable energy sector making use of official 

statistical classifications of products and economic activities, with a view to fill an important gap 

in the economic literature. We proposed an original microdata-based methodology, which 

allowed us to reach the greatest level of disaggregation of economic activities available within 

the official statistical classifications. More specifically, we used Prodcom data for Italy provided 

by Istat surveys on industrial production and, drawing on the renewable energy value chain, we 

obtained a horizontal measurement of the renewable energy sector by means of an index-

based classification of 3-digit NACE Rev.1.1 groups. 

The time-trends for 2002-2009 of our renewable energy intensity of production indices 

suggests that, after a stable evolution in the first years, the intensity of renewable energies 

intensity of production significantly increased in 2008-2009, which could be linked to the 

massivesupport schemes employed in Italy in the first decade of the 21th century in order to 

achieve national Europe 2020 targets. 

  



 

  

18 
 

The second objective of our study was to fill another significant gap in the literature, 

regarding the analysis of the effects of renewable energy development on labour market 

outcomes beyond just employment levels, such as on earnings. To this end, making use of a 

rich longitudinal dataset on Italian workers’ careers, we undertook an empirical analysis of the 

relationship between individual earnings and the sectorial intensity of RES production, using the 

horizontal definition of the latter obtained in the first part of the study. In particular, we wanted to 

ascertain the effect of RES sectorial intensity of production on the earnings gap between skilled 

and unskilled workers in Italy, consistently with a skill-biased technical change mechanism. 

Based on our analysis, we found that the higher the RES intensity sectorial production, the 

higher the skill premium. 

Possible future lines of research could deal with the extension of our analysis for the years 

after 2009 (when proper data become available), also in order to take account of the long-term 

effects of the economic crisis that began in 2008. Furthermore, conditional on data availability, 

the same methodology could be applied to other countries, with the aim of carrying out 

international comparisons. In conclusion, further work is needed with regard to the collection of 

statistics on green sectors with a view to defining an internationally agreed framework for the 

development of shared and robust statistical standards and methods. Such a framework would 

greatly facilitate quantitative analysis of the economic and sectorial impact of specific green 

policies, allowing for more refined analysis and policy conclusions. 
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