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ARTICLE INFO ABSTRACT

Brazil is the largest producer of sugarcane ethanol worldwide (28 billion litres in 2013) and its production is
expected to increase substantially in the coming years. As the sugarcane ethanol sector contributes significantly
GDP to the national economy, an expansion of production impacts GDP, employment and trade; these impacts are not
Employment equally distributed throughout the country, nor between income classes. These differences between regions and
g;:;:ll distribution income classes are not well understood since previous studies on socio-economic impacts used high aggregation
Spill-over effects levels. The objective of this study is to compare the distribution of socioeconomic impacts of sugarcane ethanol
Social impacts production expansion in Brazil, including the interregional effects, across three microregions in the Centre South
Sustainability and different income classes. The spatial distribution of sugarcane for the supply of 54 billion litres of ethanol in

2030 was used as input for an interregional input-output model. Three scenarios for the quantity and location of
sugarcane production are studied, based on measures to limit land use (i.e. second generation ethanol, higher
agricultural yields). The results show that expansion of sugarcane ethanol production in Brazil in 2030 could
increase the national GDP by 2.6 billion USD and employment by 53,000 fte. In general the microregional
benefits of sugarcane expansion outweigh the downsides from displaced production of other crops and livestock.
The microregions also benefit to varying extents from sugarcane ethanol expansion outside their borders.
Additional employment is primarily generated in lower income classes. There are considerable differences in the
impacts across the regions, these are related to the structure of the local economy and the scenario and not only
dependent on the local potential for sugarcane expansion. Socio-economic impacts of biofuel production should
thus be studied on lower aggregation levels to include these differences in benefits across regions and income
classes.
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1. Introduction

Global energy security and climate change mitigation are important
drivers for a shift towards alternative, renewable energy sources [1].
Bioenergy is currently the most important renewable energy source [2]
and it is expected to play a substantial role in the diversification of the
energy mix in the future [3]. A key role is reserved for biofuels that
replace liquid fossil fuels in the transport sector in the short to mid-term
[4]. Brazil has become one of the most prominent producers of re-
newable transport fuel in the world since the launch of the Pré-Alcool

* Corresponding author.

policy in 1975, in which the Brazilian government promoted and sup-
ported the development of the sugarcane ethanol sector [5]. Today, the
country is the second largest producer and an important exporter of
ethanol globally [6,7]. Production in the harvest year 2013/14 equalled
just over 28 billion litres [8], and is expected to grow in the coming
years [9,10].

In addition to its renewable character, the use of ethanol instead of
fossil fuels is associated with environmental benefits, such as climate
change mitigation and reduction in lead and sulphur emissions [11].
However, with increasing production, the sugarcane ethanol sector has
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come under greater scrutiny with regards to its sustainability. Despite
only 1.2% of the total land surface in Brazil being occupied with su-
garcane [12], concerns have been expressed about land use change and
associated deforestation, risks of losing biodiversity and negative im-
pacts on water quality and availability [11,13-18]. These problems
could be exacerbated by the expected increases in demand for and
production of ethanol.

It is not only environmental sustainability that is important for
sustainable development, as socio-economic sustainability is also an
important aspect [19,20]. This is also reflected in the United Nations
Sustainable Development Goals (SDGs) that include goals such as
poverty reduction, decent work, economic growth and improving rural
livelihoods [21]. A literature review shows that biofuel feedstock pro-
duction can also contribute to socio-economic development in rural
regions [10,22-26]. These contributions to rural development can be
made through investments in capital goods and additional demand for
labour in the conversion plants and on the field. Furthermore, reduced
dependency on (fossil) fuel imports, together with the export potential
of biofuels, can strengthen national and regional economies [27,28].
Indirect contributions result from increased production in the sectors of
the economy that supply inputs to the biofuel sector. Furthermore, in-
creased employment can add household income and purchasing power
which generates additional spending in the economy (also called in-
duced impacts) [29]. With an increased role for biofuels in the future
energy supply, positive effects are expected on the key socio-economic
indicators GDP, employment and trade [17]. However, an expansion of
biofuel production and the related impacts will not be evenly spread
throughout the country [30]. Rather, the direction and the size of im-
pacts in each region depend on specific dynamics and characteristics of
the production region. Furthermore, employment will not be evenly
distributed across all income classes and some will benefit more from
sugarcane ethanol expansion than others [31,32]. Hence, it is important
to understand not only the net economy-wide impacts of expanded
biofuel production, but also the distribution of these impacts. This in-
formation can help to identify socio-economic opportunities and threats
of biofuel expansion for different regions and income classes. This is
especially relevant for Brazil where inequalities between regions and
income classes in society are large [33].

The direct, indirect and induced socio-economic impacts of bioe-
nergy production can be assessed ex-ante by input-output (I0) analysis.
10 analysis has been applied in a number of studies as a tool to quantify
the socio-economic impacts of biofuel production, but these studies are
often performed on a national level [27,34-36]. Souza et al. used a
hybrid method of IO analysis and social life cycle assessment to dif-
ferentiate impacts on different stakeholders (e.g. workers, consumers,
society), but focuses on the national level. Thereby, they overlook re-
gional differences within a country, such as the heterogeneity of the
structure of the economy, and they mask the (uneven) distribution of
socio-economic impacts within a country. Other studies have used re-
gional IO analysis to remedy this drawback [38-40]. Although these
studies consider a more local level, their disadvantage is that the study
area is analysed as a separate entity, not taking into account the eco-
nomic connections with other regions or the country as a whole. This
makes it impossible to analyse spillover effects and to compare impacts
between different regions. In addition, these studies estimate only net
employment effects of bioenergy production, and do not differentiate
between different types of labour based on skills or remuneration, al-
though this may vary and contribute to inequality — an effect that would
counteract meeting the SDGs.

A number of inter-regional IO studies has been performed specifi-
cally for the Brazilian sugarcane ethanol sector. In these studies, dif-
ferent levels of aggregation can be found. Studies that are performed on
a macroregional level are based on a division of the country into two to
five regions [41-44]. Zooming in on one or more of the 26 states of
Brazil, increased the level of detail. For example, Moraes et al. [45]
consider Sao Paulo state, Herreras Matinez et al. [46] analyse the North
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East of Brazil, and Compeédn and Polenske [47] make a comparison
between the North East and South East regions. In this study, a next step
is taken by adding an additional level of detail by including micro-
regions, a sub-state administrative level in Brazil, in an IO model.

Thus, the aim of this study is to compare the distribution of socio-
economic impacts of sugarcane ethanol production expansion in Brazil
on a microregional level, including the interregional effects. This paper
zooms in on Piracicaba, Presidente Prudente and South West Goids,
three microregions in the Centre South of Brazil and considers effects on
GDP, employment and imports related to the increased sugarcane
ethanol production in 2030. To capture the effects on different types of
labour, the distribution of employment by income class will be ana-
lysed.

To calculate the socio-economic impacts of biofuel production ex-
pansion, we couple the outcomes of the macro-economic MAGNET [48]
model and the land use allocation model PLUC [49,50] to a new inter-
regional I0 model (modified from [51]). The combination of MAGNET
and PLUC gives a spatially explicit distribution of sugarcane production
and other land use in 2030. The region-specific characteristics of the
economy are reflected in the inter-regional IO model that allows for
variation between regions in the input and output of the economic
sectors. These characteristics are further supplemented by region-spe-
cific cost structures of the sugarcane and ethanol industry, based on
Jonker et al. [52].

2. Case study area

As a result of a policy-driven demand from abroad and a growing
domestic market, Brazilian ethanol production is expected to expand
significantly in the coming decades [9,11,53]. Within Brazil, sugarcane
cultivation and ethanol production predominantly takes place in the
Centre-South (CS) and to a lesser extent in the North East region (see
also Section 3). As the growth is expected to primarily take place in the
Centre-South region of Brazil [54,55], therefore this study focuses on
this region. The Centre-South is generally favoured by higher R&D in-
vestments, more advanced technologies, better soil and climate condi-
tions and consequently a higher productivity than the North East [56].

The effect of the sugarcane ethanol expansion is assessed for three
microregions within the CS region: Piracicaba, Presidente Prudente and
South West Goiés (see Fig. 1). Microregions are legally defined ad-
ministrative areas that consist of a number of municipalities, e.g. Sao
Paulo state consists of 645 municipalities distributed over 63 micro-
regions [57]. The choice for these microregions was made based on
expected future dynamics with regard to sugarcane cultivation area.
Piracicaba is the smallest of the three microregions, but is has been an
important and stable producer of sugarcane in Sao Paulo state over the
past decades [58]. However, due to its relative hilliness not all areas are
suitable for mechanised harvesting as required at the latest by 2021
under the State Law [59] and Agro-Environmental Protocol [60].
Therefore, the total sugarcane cultivation area in this region is not
expected to expand further. The planted area of sugarcane in Piracicaba
peaked in 2010 with a total area of 1700km? and decreased to
1530 km? in 2014 [12]. Presidente Prudente and South West Goids are
expansion areas where the area of sugarcane production rapidly in-
creased over the past years. Presidente Prudente is considered as one of
the last available regions in Sao Paulo state that is suitable for large
scale sugarcane expansion [61]. The total cultivated area of sugarcane
in this microregion increased by 545% between 2000 and 2014 [62].
South West Goids is relatively new to sugarcane production. Between
2000 and 2014 it has witnessed an sevenfold increase in the sugarcane
area, reaching nearly 2500km? [62], and a further expansion of su-
garcane cultivation is expected to take place [63].

In addition to the variation in the sugarcane production and ex-
pansion potential, also the macro-economic structure of the regions
differs. For instance, in South West Goids more than a quarter of GDP
comes from agriculture, in contrast to Piracicaba where it is only 3%.
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