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Abstract

Brazil's northeast is now the region with the largest installed capacity of
renewable energy, predominantly wind and solar power. The purpose of this
research is to show the relationship between the installation of renewable
energy power plants and the economic development in the northeast of Bra-
zil. The methodology used is the generalized spatial two-stage least-squares
regression with a spatial lag of the dependent (GDP per capita and salary
growth) and independent variables (presence of solar or wind power plant).
The results indicate that the presence of renewable energy power plants is
beneficial only in terms of GDP per capita growth and not in terms of salary
increases. Moreover, the municipalities that benefit the most in terms of GDP
per capita growth are the neighboring ones, meaning that the spillover effect
is greater than the direct effect. Consequently, renewable power should be
adjusted to economic and social situations to avoid local tensions with tradi-
tional resource users and inhabitants.
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Resumen

El Nordeste se convirtio en la region brasilefia con mayor capacidad instalada de
energia renovable, predominantemente edlica y solar. Esta investigacion tiene
como objetivo mostrar la relacién entre la instalacion de centrales eléctricas
de energia renovable y el desarrollo econdmico en la region Nordeste de Bra-
sil. La metodologia utilizada es la regresion espacial generalizada de minimos
cuadrados en dos etapas con un desfase espacial de las variables dependientes
(PIB per capita y crecimiento salarial) e independientes (presencia de planta
solar o edlica). Los resultados indican que la presencia de centrales eléctri-
cas de energia renovable es beneficiosa solo en términos de crecimiento del
PIB per capita y no en términos de crecimiento salarial. Ademas, los munici-
pios mas beneficiados en términos de crecimiento del PIB per capita son los
vecinos, es decir, el efecto derrame es mayor que el efecto directo. En conse-
cuencia, la energia renovable debe ajustarse a las situaciones economicas y
sociales para evitar tensiones locales con los usuarios y habitantes tradicio-
nales de los recursos.
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1. Introduction

In less than a decade, Brazil has gone from being a zero-wind and solar power
country to becoming the 10th largest producer in the world. Until 2006, gen-
erating electricity from the wind and sun was insignificant in Brazil. But in
2002, a federal government incentive program for renewable energy sources
was launched, which gained strength from 2009 onwards (Oliveira Neto;
Lima, 2016).

Brazil's northeast is now the region with the largest installed capacity of renew-
able energy, predominantly wind and solar power. Incentive policies allowed
the region to pioneer the installation of wind and solar plants (Oliveira Neto;
Lima, 2016). There are 472 installed parks. According to the Global Wind Energy
Council (GWEC), which measures global wind energy data, in 2017, Brazil sur-
passed Canada in the capacity ranking and now ranks 8t

With the growing use of renewable energy, especially wind energy, the north-
east region has attracted large investments. These investments may bring ben-
efits to society, both economically and socially.

However, some studies (Bell et al., 2005; Bell et al., 2013) on developed coun-
tries evinced that these power plants may lead to the opening of a "social
gap,” defined as the difference between national public opinion favorable
to wind and solar power plants and local opposition to these power plants,
which has often resulted in canceled projects. The building and implementa-
tion of renewable power plants without compensation or mitigation —known
as "imposition"— may cause conflicts between people and the donors of these
plants. “Imposition” occurs when investors and planners concentrate on tech-
nical questions of efficiency and production quality above social factors, such
as the human connection to a place, identity with the landscape, and disrup-
tion to resource-based livelihoods (Brannstrom et al. 2017).

Given the above, the purpose of this research is to reveal the relationship
between the installation of renewable energy power plants (wind and solar)
and the economic development in Brazil's northeast region. The methodology

3 See: https://gwec.net/newsroom/press-releases/. [Last accessed: 07/08/2019].
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used is the generalized spatial two-stage least-squares regression with the
dependent and independent variable spatial lag.

This method accounts for spatial correlation (dependence) in the dependent
variable. Such specifications are motivated by theoretical arguments that
highlight the importance of neighborhood effects, or spatial externalities that
cross the borders of the region/municipality and stand out in the dependent
variable (Fischer, Wang, 2011).

Two lags are used to see which one best fits the analyzed situation and con-
sequently identify which way the spillovers occur. In the first situation, the
spatial lag of the dependent variable (GDP per capita or average salary) is
verified; in the second, the spatial lag of the independent variable (presence
of renewable energy plants) is tested. The methodology used in this study is
similar to that used by Jeetoo (2022) and Chica-Olmo et al. (2020), which
focused their research on the spatial relationship between economic growth
and renewable energy consumption, respectively, in sub-Saharan Africa and
26 European countries.

The paper is divided into 6 sections, including this introduction. The second
section presents a literature review on the social and economic effects of
renewable power plants. The third section shed light on the situation of renew-
able energy in Brazil and the country's northeast region. The fourth section
presents the data and the methodology used in the paper. The fifth section
shows the results of spatial autoregression, and finally, conclusions are pre-
sented in the last section.

2. Literature review

The use of wind and solar energy to generate electricity is an important vector
of social development especially if it is used to serve isolated communities,
as it allows universal access to energy at lower costs and it creates numerous
jobs (Simas and Pacca, 2013). Such new economic opportunities could there-
fore reduce the rural exodus, which is one of the major causes of poverty.

However, decisions about the location of wind farms must be made taking into
account other possibilities of land use in the region of interest. The location
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of wind farms in conservation areas and areas intended to serve indigenous
communities is another concern (Fearnside, 2013).

According to Simas (2012), among the different impacts brought by the instal-
lation of wind and solar farms in a given region, the following stand out:
technological and industrial development, which can promote innovation,
participation in new markets, and entrepreneurship; and energy independ-
ence, which provides access to electricity, the use of local resources, as well
as the allocation of public resources in other sectors. The impacts also include
job creation, which in turn leads to increased incomes, job training, reduced
immigration flows, and increased supply of goods and services, corroborat-
ing regional and local development. However, Simas (2012) also points out
that the lack of qualified professionals, especially in positions that require a
high level of training, can reduce the positive effects of power plant creation.

Brannstrom et al. (2017) compare renewable power plant creation in North
America and Europe with Brazil: notably, the economic institutions in Brazil's
northeast region do not benefit the host communities. According to the same
authors, land rent and royalties are reported positively in local media, but
these benefits move to formal landowners, who may have unfairly acquired
the land. Finally, Brannstrom et al. (2017) conclude that no institutions have
been established to generate royalties or other economic benefits to host com-
munities. In contrast, institutions in Brazil allow for capital accumulation by
local political and economic elites.

Bell et al. (2005) evinced two types of gaps associated with wind power
plants: social and the individual gaps. The social gap is given by society's high
degree of support for wind energy shown in opinion surveys and the low rate
of achievement in developing new power plants. The individual gap is that
which occurs when an individual has a positive approach to wind power in
general but vigorously disagrees with a particular wind power development.
These two gaps explain that renewable energies can be positive at a macro
level but negative or not beneficial at a micro-local level. The projects may
also create local benefits, but the social and environmental costs are more
valued, and therefore a negative net benefit is obtained.
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3. Renewable energy in Brazil and its northeast region.

The use of renewable energy in Brazil places the country in a prominent posi-
tion in the regional and international scenario. According to data from the
International Renewable Energy Agency (IRENA), renewable sources contrib-
uted 83.0% in the electricity capacity (IRENA, 2021).

Table 1 compares the shares of renewable energy on total electricity capac-
ity in Brazil with the same share in other areas in the world during the 2011-
2020 period. The table shows that Brazil has a larger share of renewable energy
than the average of other regions in the world over the period considered.
Even when considering the average share of South America, Brazilian lead-
ership is confirmed.

Table 1. Renewable energy share of electricity capacity

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Brazil 793 794 788 795 800 808 814 832 833 830
World 25,1 262 272 282 295 308 321 332 346 366
Africa 187 188 191 196 202 20.1 211 216 217 223
Asia 218 226 243 257 271 286 303 319 332 357

C. America and the 242 258 259 270 294 319 335 339 359 362

Caribbean

Europe 340 363 382 394 412 428 444 454 478 498
North America 194 208 215 224 239 254 263 274 286 304
Oceania 268 286 301 31.1 325 342 359 378 421 462
South America 649 640 633 639 642 649 654 663 673 678

Source: Authors based on IRENA (2021)

Over 34 of Brazil's energy matrix derives from hydroelectricity, but the author-
ities are encouraging solar and wind energy as primary alternatives. The great-
est potential for wind energy in Brazil is during the dry season, so this type
of energy is excellent against low rainfall and the geographic distribution of
water resources in the country.

Brazil held its first wind energy auction in 2009, in a move to diversify its
energy matrix. At the beginning of this decade, a major drought in Brazil lim-
ited water to the country's hydroelectric dams, causing a severe energy short-
age. The crisis, which devastated the country's economy and led to electricity
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rationing, underscored the country's urgent need to diversify its energy sources.
The bidding guaranteed an investment of R$ 9.4 billion in the construction
of wind power generation plants, according to calculations by the Ministry of
Mines and Energy (Gannoum, 2019).

In terms of solar power, MPX Taua —the first photovoltaic solar plant to gen-
erate electricity on a commercial scale in Brazil— was inaugurated in August
2011, in the municipality of Taug, in the state of Ceara. The solar power plant
has an initial generation capacity of 1 megawatt (Solar Taua, 2012).

Table 2 shows the total capacity of renewable energy and divides this capacity
according to the type of energy: hydropower, wind energy, solar energy, and
bioenergy. The first piece of evidence that the table illustrates is rapid growth
of solar energy in the country, as the total capacity moved from 2 megawatts in
2011 to 7881 megawatts in 2020 with a growth rate of 393950% in a decade.

Table 2. Total capacity - Renewable energy

CAP (MW) 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Hydropower 82457 84294 86019 89194 91651 96930 100333 104482 109143 109318
Wind energy 1426 1894 2202 4888 7633 10129 12304 14843 15438 17198
Solar energy 2 3 8 20 41 148 1296 2470 4615 7881
Bioenergy 9028 9922 11601 12343 13311 14187 14578 14819 15357 15650
Total renewable

energy 92913 96114 99830 106445 112637 121395 128512 136614 144554 150047

Source: Authors based on IRENA (2021)

The second, is the equally rapid growth of wind energy: in this case, the growth
rate was 1106% between 2011 and 2020. The third piece of evidence is that
hydropower always represents the largest portion of renewable energies, even
if we can perceive that its importance decreases during the decade: in 2011
this type of energy was 88.749% of total capacity in renewable power, while
in 2020, this percentage decreased to 72.85%. These three pieces of evidence
from Table 2 show that solar and wind power are becoming increasingly impor-
tant as part of the production of renewable energy in Brazil, but also as part
of the country's total level of energy production.

One area of the country that has contributed significantly to obtaining these
results is its northeast region. Figure 1 shows the Brazilian states that com-
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pose the country's northeast region and the location of the region on the
country map.

Figure 1. Northeast region of Brazil and its states

Source: IBGE (2017)

From an economic point of view, Brazil's northeast region is the third-largest
economy among Brazilian regions. Its share in the Brazilian Gross Domestic
Product was 14.48% in 2017, after the South Region (17.04% share in GDP)
and ahead of the Midwest Region (10.02% share in GDP) (Rodrigues Saraiva
Ledo, 2019).

However, it is also the region with the lowest GDP per capita. The average real
monthly household income per capita obtained from all sources in the region
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(R$ 884, approximately US$175) did not reach the country's minimum wage
rate (R$ 1045* approximately US$207). Nationally, the average household
income per capita from all sources was R$1,406 (approximately US$278) in
2019. Inequality presents a similar situation whereby the Gini Index of per
capita household income is higher than in other regions and the situation has
worsened in recent years. Indeed it rose from 0.545 to 0.559 between 2018
and 2019 (IBGE, 2020).

However, in the last few years, Brazil's northeast region has shown positive
numbers in the production of energy from renewable sources. In addition to
holding 86% of the national wind farms, it also started the year 2021 with
records in the generation of solar energy, consolidating itself as a reference
in the use of alternative sources.

Characterized by strong winds, the region is the largest wind energy production
hub in Brazil. Of the total of 769 existing parks in 2019, 670 are distributed
among the states of Rio Grande do Norte, Bahia, Piaui, Ceara, Pernambuco,
Maranhao, Paraiba and Sergipe, according to the Brazilian Wind Energy Asso-
ciation (ABEEdlica, 2019).

Figure 2 shows the localization of wind power plants on the map of Brazil's
northeast region. The municipalities highlighted in red have at least one wind
power plant installed.

The high levels of solar radiation in Brazil's northeast mean that the region
has great potential in terms of generating solar photovoltaic energy. In March
2021, the region reached a record as, in only one day, it accumulated 544
average megawatts, according to information from the National Electric Sys-
tem Operator (ONS, 2021).

Figure 3 shows the localization of solar power plants on the map of Brazil's
northeast region. The municipalities highlighted in red have at least one solar
power plant installed.

4 https://www.in.gov.br/en/web/dou/-/medida-provisoria-n-919-de-30-de-janeiro-de-2020-240824899
[Last accessed: March 21, 2021].
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Figure 2. Municipalities with at least one wind power plant installed

Source: Authors based on data from ANEEL (2020)

Figure 3. Municipalities with at least one solar power plant installed

Source: Authors based on data from ANEEL (2020)
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4. Methodology and data

The quantitative methodology used in this paper is spatial autoregression,
which is a regression model that takes into account spatial spillover effects.
In regional studies, spatial autoregression plays a crucial role. In comparison
to standard econometric models, which limit spillovers to not exist, a signifi-
cant aspect of spatial econometric models is that the magnitude and impact of
spatial spillovers can be empirically evaluated. This is why, spatial econometric
methods are widely used in regional economic research and are increasingly
used in other social science areas (Elhorst, Vega, 2013).

Specifically, the type of spatial spillover chosen in this research is global spill-
over. Global spillover implies that one change in one place potentially affects
outcomes everywhere. Practically, global spillover means that a change in
municipality i will change the situation in municipality J, its local neighbor
municipality, the neighbors of its neighbors, and so on. Spatial lags and spa-
tially autoregressive errors are defined by the spatial weighting matrix W.

The model (1) is first fitted with a spatial lag of Y based on W:

N
Y. =B, + B, xsolar/wind + 4, ZW"J Y.+ B, controls + ¢ (1)
=

Secondly, model (2) is fitted with a spatial lag of solar/wind based on W:

N
Y, =B, + B, Xsolar/wind + 4, § W, ; solar/wind + B, controls + ¢ (2)
=1
where

- Yisthe dependent variable, which will be the logarithm of the difference in
GDP per capita and the logarithm of the difference in the average monthly
salary in the municipality;

- solar/wind is the variable that identifies the presence of at least one solar
or wind power plant in the municipality;

- W is the spatial weighting matrix. In this research, it is used an inverse-
distance matrix; that is, a spatial weighting matrix whose (i; j)th element
is the inverse of the distance between units i and j;
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- controls are socio-economic variables relative to the municipalities.

The methodology of spatial autoregression has some limitations:

- The fact that the dependent variable depends on its spatial lags may
imply that this variable also depends on the spatial lags of the vector of
covariates, incurring the problem of reflection.

- These models assume linearity in the parameters. This assumption might
not be true in practice.

- There are strong criticisms of the overly simplistic representation of all
spatial dependence in a single coefficient.

- The contiguity matrix W implies a high degree of arbitrariness in its
specification, mainly taking into account the irregularity of the maps of
municipalities and census sectors (Carvalho Ywata; Albuquerque, 2011)

The estimator used in this analysis is the generalized method of moments
(GMM). GMM can be fitted with multiple spatial lags of the dependent vari-
able, multiple spatial autoregressive error terms, and multiple spatial lags of
covariates. The GMM estimator assumes that the errors are independent and
identically distributed (i.i.d.) but does not require normality.

The data used in this paper are from the Brazilian Institute of Geography and
Statistics (IBGE)® and the National Agency of Energy (ANEEL)®. Table A1, in the
appendix, describes each variable used and its origin.

Table 3 below presents the average values of the variables used in this paper
according to the presence of wind and solar power plants in the municipality.
The first two variables are the dependent variables used in the spatial econo-
metric analysis. In this case, it can be observed that municipalities that have
a wind or solar power plant present a greater growth of GDP per capita than
other municipalities in the 2010-2018 period. The same does not happen in
the case of salary growth in the same period.

5 See: http://cidades.ibge.gov.br/xtras/home.php?lang. [Last accessed: March 14, 2021].

6 See: http://www.aneel.gov.br/dados. [Last accessed: March 21, 2021].
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Table 3. Average values of variables according to the presence of renewable power
plants

Wind power  Without wind power Solar power Without solar power

GDP per capita growth 178.48 100.46 164.42 102.33
2010 - 2018 (%)

Salary growth 2010 - 13.64 14.61 11.44 14.77
2018 (%)

Employed (%) 10.36 8.80 10.66 8.79
Population 44833.50 28284.91 77879.09 25830.69
Initial IDEB 4.04 3.88 4.05 3.89
Final IDEB 3.29 3.22 3.35 3.21
Industry (%) 20.11 8.37 15.83 8.82
Administration (%) 40.46 48.26 38.87 48.31

Source: Authors.

+ In terms of quantity of minimum wage.

In the case of independent variables, municipalities with renewable power
plants have, on average, a bigger share of the population employed, a larger
population, a better indicator of initial IDEB, a larger share of added value from
industry, and a smaller share of added value from public sector administra-
tion. Considering the final IDEB, the figures indicate that there is no relevant
difference between municipalities with and without renewable power plants.

The following table (Table 4) presents the percentage of dependent variable
growth (GDP per capita growth and average salary growth) in the municipal-
ities where at least a renewable power plant is installed and in their three,
ten, and twenty nearest neighbor municipalities.

Table 4. Percentage of the growth of dependent variables in municipalities with
power plants and their neighbors in the 2010-2018 period

GDP per capita growth (%) Wind Solar
Municipalities with power plants 178.48 164.42
3 nearest neighbors 153.83 120.64
10 nearest neighbors 143.67 116.29
20 nearest neighbors 131.36 111.68

Average salary growth (%) Wind Solar
Municipalities with power plants 13.64 11.44
3 nearest neighbors 14.23 12.89
10 nearest neighbors 13.96 13.58
20 nearest neighbors 13.83 13.59

Source: Authors.
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These percentages show that, in the case of GDP per capita growth, the pres-
ence of wind and solar power plants seems to have an effect on neighbors,
which is larger for nearest neighbor municipalities and diminishes as more
distant municipalities are considered. Moreover, comparing the percentages of
neighbors in this table with the percentages of municipalities without renew-
able power plants (100.46% and 102.33%) in Table 3, the former appear to be
larger than the latter; that is, municipalities without a power plant but local-
ized near a municipality with power plant displayed a larger increase in GDP
per capita than other municipalities without power plants. The same is not true
in the case of average salary growth, whose percentage is almost constant in
both wind and solar plants in the four situations considered (municipalities
with power plants, three, ten, and twenty nearest neighbor municipalities).

5. Results

The results are divided into two subsections according to the dependent varia-
ble considered in the econometric analysis: in the first subsection, the depend-
ent variable is GDP per capita growth; in the second, the dependent variable
is the average salary growth.

5.1 Effects on GDP per capita

The first results come from an econometric analysis of the presence of wind
power plants with a spatial lag of the dependent (Log GDP per capita) and inde-
pendent variable (Wind). Table 5 presents the results of spatial autoregression.

Table 5. Wind power plant and GDP per capita: spatial lag of the dependent and
independent variable

Variable Model with a spatiall lag of the Modell with a spatial !ag of the
dependent variable independent variable

Wind 0.141 ™ 0.063
Employed 0.016 ™ 0.015 ™
Population -0.001 *** -0.001 **
Initial IDEB -0.120 ™ -0.130 ™

Final IDEB 0.127 ** 0.127
Industry 0.681 ** 0.599 **
Administration -2.254 " -2.351 "

Log GDP per capita 0.025 ***

Wind 2.380 **

Note: significance levels: * 10%; ** 5%; ** 1%.

Source: Authors.
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The first column illustrates the results for the model with a spatial lag of
the dependent variable (Equation 1 in the previous section). In this case, it is
assumed that spatial spillovers occur in the following way: the presence of
wind power plants in municipality i changes GDP per capita in municipality i,
which consequently affects its neighboring municipalities.

The second column illustrates the model with a spatial lag of the independ-
ent variable (Equation 2 in the previous section). In this case, it is assumed
that spatial spillovers occur as follows: the presence of wind power plants
in municipality i changes GDP per capita in municipality i and directly in the
neighboring municipalities.

The results reveal that spillovers occur because wind power plants, as well as
influencing their municipality, affect the neighboring municipalities. Namely,
the second column shows a larger spillover effect than the first column. More-
over, in the second column, the direct effect of wind power plants on their
municipalities is not statistically significant, demonstrating that these plants
lead to a larger benefit for municipalities of the nearby region than for the
municipalities where plants are installed.

Considering the independent variables in both models, we can see that, on
one hand, Employed, Final IDEB, and Industry show a positive and significant
coefficient, which expresses the usual correlation between GDP per capita and
employment, human capital creation, and industry. On the other hand, the
possible interpretation of the negative coefficient in the Population variable
could be due to the fact that the population enters the formula of GDP per
capita as a negative element. A limiting factor of the Initial IDEB coefficient
could be due to the fact that the variable only has data from 2011. To obtain
more conclusive results on this variable, it is necessary to observe a longer
series of data. The negative coefficient of the Administration variable would
show the Brazilian public sector's inefficiency in producing economic growth.
However, for a proper interpretation of the model, a calculation of direct and
indirect effects after the regression is needed. Calculating direct and indirect
effects after the regression is essential for the proper interpretation of the
model. These effects can be read directly as the change in the metric of the
dependent variable per incremental change of the covariate averaged across
all the spatial units (observations).
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The direct effect is the effect of the change within the municipality, ignoring
spillover effects. The indirect effect is the spillover effect (StataCorp, 2021).
Table 6 presents the direct and indirect effects of the two models.

Table 6. Direct and indirect average impacts of wind power plants on GDP per capita
Average impacts Model with a spatial' lag of the Mode'l with a spatial !ag of the
dependent variable independent variable
Direct 0.141 0.063
Indirect 0.003 ** 2.118
Total 0.144 ** 2.181

Note: significance levels: * 10%; ** 5%; ** 1%.

Source: Authors.

In the case of the spatial lag of the dependent variable, the own-municipality
direct effect is the increase of the GDP per capita by 0.141 percentage points.
The presence of wind power plants increases GDP per capita in the municipality,
and that increases spillover to further increase GDP per capita in neighboring
municipalities. The result is a 0.003 increase in GDP per capita (indirect effect).
The total effect is the sum of the direct and indirect effects, which is 0.144.

In the case of the spatial lag of the independent variable, the direct effect
is 0.063, but this is not statistically significant. The presence of wind power
plants in the municipality spills over to increase GDP per capita in neighbor-
ing municipalities. The result is a 2.118 percentage points increase in GDP per
capita (indirect effect). The total effect is 2.181.

Table 7 shows the results of spatial autoregression in the presence of solar
power plants.

The results are similar to the previous analysis: the spatial lag of the depend-
ent variable is smaller (0.025) than the spatial lag of the independent varia-
ble, which has a coefficient (3.357) that is even higher than the analysis of
wind power plants.

The coefficients of the other variables have the same sign and explication as
for the case of wind power.
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Table 7. Solar power plant and GDP per capita: spatial lag of the dependent and
independent variable

Variable Model with a spatial_ lag of the Mode_l with a spatial !ag of the
dependent variable independent variable

Solar 0.102 * 0.029
Employed 0.016 ™ 0.014 ™
Population -0.001 ** -0.001 ®*
Initial IDEB -0.116 ™ -0.132 ™

Final IDEB 0.122 0.104 **
Industry 0.776 ™ 0.690 ***
Administration -2.223 ™ -2.387 ™

Log GDP per capita 0.025 **

Solar 3.357 **

Note: significance levels: * 10%; ** 5%; *** 1%.

Source: Authors.

Table 8 presents the direct and indirect effects of the two models. The results
in this table again highlight the fact that spillovers occur largely through the
independent variable. In the second column, the direct effect is close to zero
and is not statistically significant, while the indirect effect is 2.987, indicat-
ing that the presence of solar power plants in a municipality increased 2.987
percentage points GDP per capita in the neighboring municipalities.

Table 8. Direct and indirect average impacts of solar power plants on GDP per capita
Average impacts Model with a spatial. lag of the Mode.l with a spatial _Iag of the
dependent variable independent variable
Direct 0.102 * 0.029
Indirect 0.002 2.987 **
Total 0.104 * 3.017 ™

Note: significance levels: * 10%; ** 5%; ** 1%.

Source: Authors.

The positive results for the relationship between renewable energies and GDP
per capita are supported by the literature. Apergis and Payne (2010) researched
the causal relationship between renewable energy consumption and economic
growth for twenty OECD countries in the 1985-2005 period. The results indi-
cated that there would be a long-term equilibrium relationship between real
GDP, renewable energy consumption, gross fixed capital formation, and work-
force. The authors also concluded that there would be a bidirectional causal-
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ity in both the short and long term between the consumption of renewable
energy and economic growth. Apergis and Payne (2012) reached the same
conclusion when analyzing 80 countries in the 1990s.

5.2 Effects on average salary

The first analysis is about the effects of wind power plants on average salary
growth. Table 9 presents the results of spatial autoregression.

Table 9. Wind power plant and salary: spatial lag of the dependent and independent
variable
Variable Model with a spatial. lag of the Mode_l with a spatial _Iag of the
dependent variable independent variable

Wind -0.073 0.073

Employed -0.022"* -0.025™*

Population -0.001 -0.001

Initial IDEB -0.024 -0.020

Final IDEB -0.042 -0.017

Industry 1.175"* 1.237*
Administration 0.521* 0.455

Log salary 0.422*

Wind -3.599™

Note: significance levels: * 10%; ** 5%; ™™ 1%.

Source: Authors.

The first aspect to be highlighted is the fact that, in this analysis, fewer vari-
ables are statistically significant than in the same analysis conducted for GDP
per capita as the dependent variable (Table 5 in the previous subsection). The
second aspect is that the presence of wind power plants in a municipality
appears to be uncorrelated with average salary growth in the municipality: in
both models, the Wind variable is statistically insignificant.

The third aspect is relative to spatial lags. In the model with a spatial lag of the
dependent variable, the coefficient (0.422) of the variable that defines
the spillover is smaller in absolute terms than the coefficient (-3.599) in the
model with a spatial lag of the independent variable.

This second spillover appears to be predominant in describing the spillover in

the case of wind power plants. This is confirmed in the following table (Table
10), which shows the direct and indirect average impacts.
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Table 10. Direct and indirect average impacts of wind power plants on average salary

Average impacts Model with a spatial lag of the depen- Model with a spatial lag of the

dent variable independent variable
Direct -0.073 0.073
Indirect -0.047 -3.279™
Total -0.120 -3.206™*

Note: significance levels: * 10%; ** 5%; ** 1%.

Source: Authors.

The only impacts that are statistically significant are the indirect and the total
in the model with a spatial lag of the independent variable. These impacts are
negative; that is, the presence of wind power plants in a municipality seems
to reduce the average salaries of workers living in neighboring municipalities.
This evidence is supported by the study by Araujo, and Freitas (2008), which
explains that the operation and maintenance of wind power plants, in gen-
eral, do not demand many well-paid jobs locally. It is possible to operate and
control the power plants at a distance using computers.

Moreover, Aradjo (2016) explained that renewable power plants normally cre-
ate vacancies for outsourced civil construction employees. However, these jobs
are temporary, lasting approximately six months and in the operation phase,
the number of jobs decreases. For example, some parks only have 10 employ-
ees performing maintenance and surveillance activities.

Another issue that has worried the local populations is the constant process
of migrating workers during the installation phase of the plants and the sub-
sequent unemployment of these individuals once the plants start to be oper-
ative. This phenomenon appears to have occurred frequently in wind projects,
and there are reports of it occurring in other energy projects.

Moving on to solar power plants and their effect on average salary, Table 11
shows the results for the models with a spatial lag of the dependent varia-
ble and independent variable. The results are similar to the previous results
relative to wind power plants (Table 9). In this case, the table shows that the
coefficient that describes the spillover in the case of the independent varia-
ble is still negative and higher in absolute terms than the coefficient for wind
power plants.
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Table 11. Solar power plant and salary: spatial lag of the dependent and independent
variable
Variable Model with a spatial. lag of the Mode_l with a spatial !ag of the
dependent variable independent variable

Solar -0.139 -0.067

Employed -0.022*** -0.026™*

Population -0.001 -0.001

Initial IDEB -0.026 -0.026

Final IDEB -0.037 0.024

Industry 1144 1.194**
Administration 0.494* 0.430

Log salary 0.416™*

Solar -4.272"

Note: significance levels: * 10%; ** 5%; *** 1%.

Source: Authors.

Table 12 continues the analysis by presenting the direct and indirect impacts
of the solar power plant on the average salary. The results in terms of impacts
are similar to the previous analysis: the only impacts that have statistical sig-
nificance are the indirect and the total in the case of the model with a spa-
tial lag of the independent variable. These impacts are negative; that is, the
presence of solar power plants in a municipality seems to reduce the average
salaries of workers living in neighboring municipalities.

Table 12. Direct and indirect average impacts of solar power plants on average salary
Average impacts Model with a spatial. lag of the Mode.l with a spatial !ag of the
dependent variable independent variable
Direct -0.139 -0.067
Indirect -0.089 -3.892*
Total -0.228 -3.959"*

Note: significance levels: * 10%; ** 5%; *** 1%.

Source: Authors.

6. Conclusions

According to the predominant point of view among agents of the State, the
business sector, and part of civil society, the renewable power matrix is consid-
ered ‘clean’, as it does not accentuate climate change. The term 'clean energy’,
created in the context of climate negotiations, encompasses technical energy
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generation processes that, despite the non-emission of greenhouse gases into
the atmosphere, have caused undesirable changes to ecosystems and social
conflicts. The territorial implications caused by these so-called ‘clean’ energy
sources are currently disregarded in most of the literature on the subject.
Therefore, this article sought to analyze the socioeconomic implications of
the implementation of wind farms in Brazil's northeast region.

The results of the spatial econometric analysis indicate that the presence of
renewable energy power plants is beneficial only in terms of GDP per capita
growth and not in terms of salary growth. Moreover, according to the model
with a spatial lag of the independent variable, the most benefited municipali-
ties in terms of GDP per capita growth are not those where plants are installed,
but rather, the neighborign municipalities; that is, the spillover effect is greater
than the direct effect.

The wind and solar projects are usually installed in 'empty territories’, with
little or no social and cultural activity. These projects could provide people
with an opportunity to overcome their conditions of underdevelopment, but
in most cases, they do not. There is a lack of social policies in these locations,
before and after the construction of power plants.

This is not new when we consider renewable power plants in developing coun-
tries. For example, in Mexico, local groups have been known to complain about
how they are treated by the wind power producers. Producers promised pro-
gress, jobs, and millions in investment in clean energy, but the investments
only benefited businessmen, all the technology was imported, and the power
was not supplied at a reduced price for local inhabitants (Stevenson, 2009).

Some public policies may be suggested to help to overcome this situation.
Renewable power should be adjusted to economic and social situations to
avoid local tensions with traditional resource users and inhabitants.

A first policy should involve the strengthening of property rights which could
increase the bargaining power of local populations allowing them to have
larger benefits from renewable energy. This policy is following the guidelines
of the U.N. Secretary-General, leading up to the 26th U.N. Climate Change
Conference in November 2021, who affirmed that it is crucial for developing
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countries to address land rights to reduce future conflicts around renewable
energy development.

A second policy should involve the creation of instruments financed by firms of
power plants that could benefit local municipalities. These instruments could
include, for example, funds for education and employment, special energy
tariffs for the local population, and long-term infrastructure. This policy has
a similar precedent in Brazil, which involves oil royalties. Qil royalties are a
financial compensation due to the beneficiary municipalities by companies
that produce oil and natural gas in Brazilian territory: a remuneration to soci-
ety for the exploitation of these natural resources.
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Appendix
Table A1.

Variables

Log GDP per capita

Log salary

Wind
Solar
Employed
Population

Initial IDEB

Final IDEB

Industry

Administration

Variables

Description
Dependent

Natural logarithm of the difference of GDP per capita
in the municipality between 2010 and 2018.

Natural logarithm of the difference of the average
salary in the municipality between 2010 and 2018.

Independent

Equal to 1 when the municipality has at least 1 wind
power plant installed between 2010 and 2018; equal
to O otherwise.

Equal to 1 when the municipality has at least 1 solar
power plant installed between 2010 and 2018; equal
to 0 otherwise.

Percentage of population employed in the municipality
in 2018.

The total population in the municipality in 2010.

Value of IDEB for initial years (15-5%) of primary school
in 2011. The Basic Education Development Index (IDEB)
is an indicator that measures the quality of education
in public schools. IDEB is measured every two years
and presented on a scale of zero to ten.

Value of IDEB for final years (6™ -9%) of primary school
in 2011. The Basic Education Development Index (IDEB)
is an indicator that measures the quality of education
in public schools. IDEB is measured every two years
and presented on a scale of zero to ten.

Industry added value in thousands of Real in 2018.

Administration (public sector) added value in
thousands of Real in 2018.
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