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Abstract:

The electrification of the economy is a necessity for the decarbonization process, which,
at the same time, is needed to mitigate climate change. In line of this Energy transition,
everything seems to indicate that an increase of renewable energy is needed. However, as
(Cowell, 2010; Nadai & Labussiére, 2009) or (Meyerhoff et al., 2010) point out,
sometimes the modification of the territories where the plants are installed is not
beneficial for those areas, which are usually rural (landscape, biodiversity, noise, etc.)*.
As also highlighted by Fabra et al. (2022), deployment of renewable energy is
increasingly facing a significant barrier: the opposition of local communities. Thus, it is
clear that renewables are needed, but, which is the way for this ecological transition to be
at the same time positive for the socioeconomic future of the actual inhabitants of the
territory where plants are installed?

! Many of the plants are intended to be located in low-productivity agricultural land. These areas have in
common the good conditions of solar radiation and/or wind intensity, the relatively low price of land, a low
population density and few economic alternatives. However, many of these areas are home to unique natural
values, such as steppe birds, which contribute to the attractiveness of Spain as a destination for thriving
nature tourism. Several of these species are in a critical situation.



The impacts of the installation of the plants (solar panels, windmills, or even hydropower
plants) can have several aspects. In this paper we will focus on windmills and try to shed
light on various questions. First, where are we evaluating the impact? The effects for the
planet in the sense that at global level emissions will be reduced are not the same that the
impact for the area where the plants are installed. Second, time should be taken into
account: impacts are different in the short and in the long run. Third, the effects can be
analyzed from several perspectives: Economic, social, and environmental. In all of the
above levels, impacts could be positive or negative.

From all the possible approaches that can be taken, in this study we will focus mainly in
the economic evaluation perspective, although some social and environmental ideas will
also be shown. To this end, we will use the input-output methodology to estimate the
impacts on production and employment. Input-output methodology (Leontief, 1941) is a
good tool because it is able to quantify all the relations among sectors and agents and it
can also be used to analyze effects of exogenous changes, because it takes the direct and
the indirect effects (derived from the intersectoral relations) into account. Its extensions
let also analyze impacts in terms of environment, see (Duarte et al., 2002) or (Cazcarro et
al., 2013). For the case of the social impact, surveys should be made.

We particularize the analysis for a case study in Spain, which has also been studied in the
literature, e.g. in Alvarez-Farizo and Hanley (2002), where public preferences over the
environmental impacts of wind farms are analyzed. Concretely, we analyze the case of
the Matarrafia region, an Aragonese group of municipalities, sited in the East of the Teruel
province, whose territory corresponds approximately with the basin of the Matarrafa river
(tributary of the Ebro river), and the Aragonese part of the basin of the Algars river (which
is tributary of the Matarrafa river). Thus, most of the 18 municipalities of the Matarrafia
region (Arens de Lledo, Beceite, Calaceite, Cretas, Fornoles, La Fresneda, Fuentespalda,
Lledd, Mazale6n, Monroyo, Pefiarroya de Tastavins, La Portellada, Rafales, Torre de
Arcas, Torre del Compte, Valdeltormo, Valderrobres, and Valjunquera) are within the
basin of the Ebro river.

Thus, in line with other studies such as (Garcia-Marquez et al., 2021)?, the final objective
of the paper is the evaluation of the economic impacts of the wind power implementation
in the Matarrafia region.

For this purpose, we count with two main data sources, namely, aggregated regional data
for the economic and demographic variables and census and economic data disaggregated
by sectors. Municipal level of the disaggregation has been possible thank to the
Aragonese Institute of Statistics (IAEST in its Spanish acronym). Specifically, we have
obtained affiliation data by sectors with high spatial (municipality) and sectoral levels.

Our starting point is a multi-regional input-output table (MRIOT) that consists of five
main regions (Almazan-Goémez et al., 2019). However, the information it contains does
not fit the proper disaggregation for this study. Therefore, it will be necessary to move
from a matrix comprising the 5 key-regions of the Ebro river basin (ERB) to one focused
on the 3 sub-counties that encompass the Matarrafia county.

2 As a novelty and the main difference with this work is that, in this paper, we analyze the effects in a more
specific and small area than the Aragonese Community. To this end, as we will see, we will use a
multiregional input-output table downscaled to a municipal level, which will be very useful to see the
impact on employment in a lower scale.
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To do that, we have constructed an auxiliary matrix that contains the sectoral weightings
of each industry included in the MRIOT for each of 1,480 municipalities of the ERB.
Then, we aggregate this sectoral-weightings matrix to obtain 8 vectors that represent the
3 sub-counties (Northeast, Center, and Southwest) of Matarrafia county, 2 adjacent
counties (Bajo Aragon and Bajo Cinca), the rest of Huesca, Rest of Zaragoza, and Rest
of Teruel. Seven additional vectors were then added to this vector set to represent the 4
other autonomous communities considered in the base MRIOT, the rest of Spain, the
European Union, and the rest of the world.

With this, we have a MRIOT with 27 industries, where Agriculture is disaggregated into
Agriculture (which distinguishes 36 crops), livestock and fishing, having finally 69
industries. There, energy sector is aggregated in only one sector, sector of code 35, NACE
Rev. 2, comprising Supply of electricity, gas, steam. and air conditioning.

In Langarita et al. (2021a) an input-output table is constructed from the supply and use
tables, where a disaggregation of the energy and electricity sectors was previously
addressed?®. Specifically, the starting point was the supply and use tables (SUTSs) for Spain
of 2016 (NSI, 2019). As in this case, there, the energy industry was initially aggregated
in only one sector. Since SUTSs distinguish between industries and commaodities, we have
to clarify that the energy product was disaggregated into Electricity and Gas.

For the case of the industries, the energy sector was first disaggregated into: “Electricity”,
and “Gas and steam and air conditioning”. Then, the estimation of the percentage of
“Related activities to the electricity sector” was carried out, and Electricity was
disaggregated into: “Real electricity”, and “Related activities”. The rest of the electricity
was disaggregated, making use mainly of SABI (2017), into: “Generation”,
“Transmission”, “Distribution”, and “Commercialization”. Generation of electricity was,
at the same time, split into several production technologies: hydropower; conventional
thermal: coal, oil, gas; nuclear; wind; and other types (where solar, biomass, and biogas
are included). A similar disaggregation was done for commodities. Specifically, in the
supply table, Electricity products were disaggregated proportionally to the total
production of the industries, except for Nuclear energy. In the use table, electricity sub-
products were disaggregated proportionally to their productions. Finally, the GRAS
method (Junius & Oosterhaven, 2003; Lenzen et al., 2007) was applied to balance the
SUTs. With these two disaggregated supply and use tables, an industry-by-industry
symmetric input-output table was constructed by the authors, following model D of
(Eurostat, 2008).

The Matarrafia region is relatively extensive in the context of Aragon. To carry out a more
detailed analysis, has it has been already said, it has been divided into three sub-regions:
Northeast, Center, and Southwest. In the North there are more agricultural lands and in
the more mountainous South forest land predominates. The central zone presents
smoother orography and an equitable distribution of land uses for agriculture and forestry.

The distribution of wind power in the Aragonese territory shows a rapid increase that,
according to data from the state decarbonization plans, will continue in the near future.

3 The objective of that study was completely different, since the input-output table was there used for the
calibration of a Computable General Equilibrium (CGE) model.



Specifically, we found 214.5 MW to be installed in the Matarrafia region, departing from
basically no previous installation.

Parallel work by some of the authors is being developed on the factors driving changes
in the municipalities, related to value added and income (“on the nature and Causes of the
Wealth of Municipalities”), population and employment changes, studied under different
econometric analyses. Also Fabra et al. (2022) have recently addressed the question of
whether the deployment of renewables (mainly solar and wind) create or not local jobs,
especially in rural areas where this is more clearly happening. Their main findings are
that on average, solar investments increase employment by local firms (mainly during the
construction phase), but the effects on unemployment of local residents are weak. The
effects of wind investments on local employment and unemployment are mostly non-
significant.

Within these two contexts (on the one hand, studying the factors for the evolution,
development, population attraction, etc. of municipalities; and on the other, the effects of
renewables deployment in territories, especially “rural”), the article aims to tackle the
implications for the municipalities in the Matarrafia of such deployment, also mainly in
terms of emissions, but as regards additional implications (for value added, and other
more qualitative aspects, etc.) as well. The approach is methodologically very different
from that of Fabra et al. (2022). Theirs is to exploit the variation in the timing and size
of the investment projects across more than 2,000 Spanish municipalities from 2006-
2020. In our case, the focus is on the actual direct and indirect effects (value added,
employment, remuneration of labour and capital, etc.) based on the current final demands,
and on those effects of specific investments, especially in wind energy. In order to do
that, we convert the MW to be installed to monetary units based on the actual wind parks
budgets. Capital matrices and vectors are used to convert to link those expenditures with
sectors. Then in order to see the direct and indirect effects of those investments, we use
the labour multipliers obtained from the described employment data and MRIO. The
effects can be observed both within the municipalities of the Matarrafa, as well as in all
other regions. Ultimately, policy implications of the findings are derived, especially for
the municipalities and subregions of the Matarrafia region, but it might also illustrate the
results and challenges ahead for many -especially rural- areas being object of these type
of deployments.
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