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Abstract

Brazil’s sugarcane sector is a significant source of employment, and operates at the intersection of
energy, agriculture and land use. Its future development will be affected by the values, decisions and
actions of key actors. Accordingly, we report on the results of qualitative semi-structured interviews
with 19 participants with expertise in relation to Brazil’s sugarcane sector. We used visual aids, and
reflections on past events, to structure and contextualise discussions about the future prospects for
the sector as a whole, and for four of its potential products — sugar, ethanol, electricity and biogas.

Interviews revealed general expectations of continued growth in the sector, particularly for its energy-
related products. However, the possibility of future challenges and tensions is still evident. We suggest
three inter-related areas for ongoing reflection. First, there may be value in balancing the desire for
minimal intervention, technology neutral styles of policy, with the need for policy that is clear, long-
term and impactful. In some cases, more targeted policies for particular actors or emergent
technologies, may also be justified. Second, increased clarity on the broader objectives for the sector,
including the relative prioritisation of economic, social and environmental objectives, may help
industry to make the long term investments consistent with the kind of deep innovation for which
there is potential. Third, it is worth reflecting on how the above issues in combination can be leveraged
into a global leadership strategy, with consideration of the relative robustness of different leadership
strategies within broader emerging global dynamics.
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Highlights:

. Perceptions of key actors are pertinent to future prospects for energy sectors

o Experts interviewed on perceptions of past and future of Brazil’s sugarcane sector
. Long term clarity of policy and targeted measures may support diverse investors
. Clarity on environmental objectives will support long term innovation

. Opportunities for global leadership, in the context of broader global dynamics



1. Introduction

The Sustainable Development Goals, adopted in 2015 by all United Nations member states, set out a
global agenda for addressing economic, social and environmental development [1]. This includes
taking urgent action to combat climate change in a manner consistent with equity and justice [2].
There are many positive synergies between addressing climate change and the wider SDG agenda;
however, there are also risks of trade-offs, as low carbon technologies can have impacts on natural
resources, social structures and human rights [3].

Bioenergy has been explored as a means of promoting environmental, economic and social
development simultaneously, as a low carbon fuel that creates jobs and brings income to communities
[4-7]. However, in other contexts trade-offs have been identified, and the sustainability of bioenergy
has been questioned [8-10].

Brazil has a well-established and extensive modern bioenergy industry, primarily associated with its
production of ethanol from sugarcane, and is a signatory to the SDGs and the Paris Agreement. Brazil’s
Nationally Determined Contribution (NDC), submitted under the terms of the Paris Agreement,
highlights the role of the ‘sustainable use of bioenergy’ in keeping global temperature rise below 2°C
[11]. However, the original development of Brazil’s sugarcane ethanol industry was rooted in the
more social and economic concerns of creating jobs and reducing dependence on imported oil [12].

As in the past, the future of the sugarcane sector will be affected by the balance of these various
objectives, and the values attributed to them by key stakeholders and decision makers in the sector.
In this paper we therefore consider the future prospects for the Brazilian sugarcane sector and four
of its potential co-products — sugar, ethanol, electricity and biogas — by reporting on a series of
qualitative semi-structured interviews with relevant industry actors. We aim to explore the factors
affecting the policies and strategies of key actors who will drive the future evolution and diversification
of the sugarcane sector in Brazil. By reflecting on past dynamics we aim to deepen our understanding
of the current perceptions and future expectations of key actors about the sector, thereby enhancing
our understanding of its future possibilities.

2. Material and methods

Our research aims to consider the factors affecting the policies and strategies of key actors on the
future development of Brazil’s sugarcane sector. The theoretical framework for this research arises
from the principle that the policies and strategies of actors are influenced by their internal paradigms
or mental models. Contributions in a wide range of fields have observed the significance of such
internal models in influencing actor behaviour. In the context of corporate scenarios, the role of
‘mental models’ which affect the ‘world views’ of managers, has been observed [13, 14]. In political
science, terms such as ‘ideology’ [15-20] and ‘doctrine’ [21] have been used to describe the narratives
[17] and ‘mental models we all carry of how the world works‘ [15], which ‘guide our present actions
according to our expectations of what will happen in the future’ [21]. Hall’'s concept of policy
paradigms is closely related, being ‘a framework of ideas and standards that specifies not only the
goals of the policy and the kind of instruments that can be used to attain them, but also the very
nature of the problems they are meant to be addressing’ [22]. A number of other authors have
adopted Hall’s concept of the policy paradigm as an ‘interpretative framework’ [22] that affects views



on preferred policy choices and desired outcomes [23-26]. Because of the importance of such
interpretive frameworks on policy development, Hall calls for ‘a more complete account of the role
that ideas play in the policy process’[22].

On the basis of the insights from these independent but related lines of thought, we propose that a
valuable contribution to understanding the future prospects for the sugarcane sector can be achieved
through understanding the ideas and value frameworks of key actors relevant to the system, whose
actions and strategies will be influential on its future evolution.

Accordingly, we adopt a qualitative approach to data collection. Qualitative research is person-
centred, contextual and holistic, and interested in subjective meanings [27]. More specifically, we
adopt the semi-structured interview method, which ‘reflects an ontological position that is concerned
with people’s knowledge, understandings, interpretations, experiences, and interactions’ [28]. As a
result of a ‘flexible and fluid structure’ a semi-structured interview ‘can be shaped by the interviewee’s
own understandings as well as the researcher’s interests, and unexpected themes can emerge’ [28].
Semi-structured interviews have been used to explore perceptions of key actors in a range of contexts
relating to energy, climate change and the SDGs [29-33].

Unlike probabilistic or randomised samples, ‘qualitative samples are purposive, that is, selected by
virtue of their capacity to provide richly-textured information, relevant to the phenomenon under
investigation’ [34]. Purposive sampling uses researchers’ judgement to identify ‘information-rich’
cases [35] — participants with expert or in-depth knowledge about the topic under study, and the
willingness to communicate and reflect on it [36, 37]. Whilst ‘there are no rules for sample size in
qualitative inquiry’ [35], sample sizes are usually small, relative to quantitative studies, in order to
allow in-depth analysis of the material gathered [31, 34, 36]. Such methods are clearly not able to
achieve the breadth and generalisability across large populations, available to many quantitative
methods; rather their strength lies in in-depth engagement with participants specifically chosen for
their knowledge and experience [37].

Our purposive sampling strategy drew on our own knowledge to identify important organisations with
involvement in or connection to the sugarcane sector from a range of standpoints. Individuals within
these organisations with knowledge of and expertise in sugarcane were then identified and contacted.
We aimed for a diversity of opinions amongst those connected to the sector, but as we were interested
in ‘insider perspectives’ [27] we did not aim to sample amongst experts in other fields outside the
sector. In accordance with a general guiding principle in qualitative research, sampling was
undertaken until data saturation was achieved, that is, the point where the team judged that no new
themes or substantive information were arising. [36, 37].

Interest in the research was high as indicated by a response rate of 73%. A total of 17 semi-structured
interviews with 19 participants were conducted during August 2019. Interviews took place in Sdo
Paulo, Rio de Janeiro and Brasilia, according to the locations of the participants, whose occupations
spanned industry (n =5), academia (n = 6), government policy maker (n =5), government policy advisor
(n=1) NGO (n =1) and finance (n = 1).

Table 1 lists the categories of interviewee, along with the abbreviation by which we refer to them in
the following sections. Individuals within each category are distinguished by a number appended to
the category abbreviation (e.g. IND1, IND2, etc.).



Table 1: Interviewees by category

Category Detail Number of interviewees | Abbreviation
Industry Energy companies | 5 IND
and industry

associations

Academia Energy, agriculture | 6 AC
and sugarcane
sector expertise

Government  policy | Agriculture and | 5 GOV
maker energy

departments and

divisions
Government  policy | Advisor 1 GVA
advisor
NGO Third sector | 1 NGO

organisation

Finance Investment 1 FIN
institution

The design of the interview built on recommendations to begin semi-structured interviews ‘with open
guestions... which invite the participant to talk freely’ [36], to use events that illustrate phenomena of
interest as building blocks for the interview [38], and on the usefulness of card-based activities and
visual aids in structuring the interview, enhancing engagement and reflection, and reducing
interviewer bias [39]. Furthermore, we hypothesised that internal mental models, as well as framing
our views on current choices and future outcomes [13-15, 21, 22] also affect our perceptions of the
past. If so, a useful way of contextualising interviewees’ views on the future could be through exploring
their interpretations of past events.

Accordingly, we begun each interview by introducing reflection on the past in an open ended way.
We presented a graphic showing the growth in Brazil’s sugarcane production since the 1960s, and
simply asked the interviewee to explain and interpret it to us. Having discussed the past, the
interview then turned to the future. Drawing again on Rowley’s insights on card-based activities and
visual aids [39], we asked interviewees to play a ‘game’ and make projections of expected growth or
lack of growth in each of the four products, across three time periods, using a grid shown here as



Table 2.



Table 2: Interview template

Whole Sugar Ethanol Electricity Biogas
sector

Short-term (2025)

Mid-term (2030)

Long-term (beyond

2030)

T = increased activity l = decreased activity — =no change 0 = no activity at all

We asked the interviewees to explain their reasons for each of their projections, compared differences
in outlooks for the different products and discussed interlinkages between them. The earlier
contextualisation in past events encouraged participants to move fluidly and intuitively between
future possibility and past experience. Interviewers held a checklist of questions to prompt
interviewees during the ensuing discussion if needed, including about the impacts of policies and
regulations at the federal and national levels, national and global demand, trends in other parts of the
energy system, the role of technological developments, and risks and challenges for the sector.
However, interviewees were primarily given the opportunity to explain their perspectives on the
future in the way most intuitive to them.

The interviews were recorded, transcribed and, when carried out in Portuguese, translated into
English. In this paper we present our results in a manner that reflects the structure of the interviews
and our analysis of them: past dynamics; current and future prospects for each of the products; and
cross cutting themes. In addition to presenting and analysing the interview data, we have
contextualised it throughout with data from official government and industry sources as well as
academic literature. In some cases, this is simply to provide additional factual corroboration on historic
events referred to by interviewees. In other cases, we have contextualised interviewees’ opinions with
other sources, sometimes offering a different perspective. Whilst our primary objective is to present
‘insider perspectives’ [27] of the sugarcane sector, we do so in the understanding that this may not
necessarily be representative of broader views from other sectors. Our intention in providing
additional contextualisation is not to undermine or discredit our interviewees’ perspectives, but rather
to highlight possible differences in outlook between some interviewees and other widely held views,
including those outside of the Brazilian sugarcane sector, which is the primary focus of our research.
All data is presented as anonymous to respect confidentiality and adhere to ethical standards.

3. Results

In this section we present the results of the interviews integrated with evidence from the literature,
which provides context to the opinions given. We first reflect on the past dynamics of the sector, then
consider its current status and future prospects, discussing interviewees’ specific projections and
expectations about each of the four principal products. Following this we draw out some common
cross-cutting themes that emerged in different interviews in relation to various aspects of the sector.
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3.1. Past dynamics

The past dynamics of Brazil’s sugarcane sector have been affected by demands for multiple products.
In 1975, in the context of rising global oil prices, the Brazilian government inaugurated the
“PROALCOOL” programme to increase the production of ethanol, which could be blended with
gasoline, thereby reducing the country’s dependency on imported oil [12, 40]. Vehicles capable of
running on pure ethanol were later developed, accounting for 80% of all new vehicle registrations by
1983 [41]. All interviewees cited this programme as the key factor behind the rapid increase in Brazil’s
sugar cane production from the mid-1970s, as shown in Figure 1.

However, by the mid-1980s, falling global oil prices, high sugar prices, and the removal of government
export controls on sugar, meant that ethanol became less competitive and sugar the more attractive
product for the sugarcane industry, leading to ethanol shortages [12, 42, 43]. Although overall
production of sugarcane continued to rise, the production of ethanol stagnated (Figure 1) and sales of
ethanol vehicles fell (Figure 2).

As interviewees overwhelmingly agreed, the prospects for ethanol changed again dramatically in 2003
with the introduction by automotive manufacturers of flex-fuel vehicles (FFVs). FFVs are capable of
running on any mixture of ethanol and gasoline. This flexibility resolved the problem of trust in the
reliability of ethanol which had severely curtailed sales of pure ethanol vehicles [44]. The government
supported the new vehicles through tax exemptions (FIN), and the tax system also continued to
support ethanol fuel, albeit with some variation between states (GOV4, IND1, IND3, IND5 and [45]).
Sales of FFVs increased dramatically (Figure 2), as did the production of ethanol (Figure 1), creating
growth in the sector, and attracting international investment [12, 43].
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Figure 1: Evolution of Sugar and Ethanol Production in Brazil (1950-2015). Source: Based on data from CONAB [46]
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Figure 2: New vehicle registrations in Brazil by year and fuel type, 1957-2017. Source ANFAVEA [41]

Electricity is another potential energy co-product of sugarcane. From every tonne of raw sugarcane
crushed there remains around 0.3 tonnes of fibrous residue, known as bagasse [42]. This bagasse can
be combusted to generate electricity, which generally enables mills to be self-sufficient in power [45].
In 2004, power sector reforms [47, 48] increased incentives for alternative power sources such as
biomass, creating opportunities for sugarcane mills to sell excess power to the grid. There was a strong
growth in biomass capacity added to the electricity system during the first decade of the 2000s (Figure
3 and [49]), sugarcane mills being the dominant source of biomass power [49]. In 2018, 54% of
sugarcane mills were involved in exporting power to the grid [45]; this represented 7% of total
installed capacity [49] and 3.9% of total electricity generated [45].
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Figure 3: New biomass installed capacity in the Brazilian electricity system. Source: adapted from UNICA [49]

In the context of particularly strong industry growth from the early 2000s (Figure 1 and Figure 3), the
ensuing decade has been referred to as a period of ‘ethanol diplomacy’ [50], as recalled in interview
by one government policy maker:

We can say that we had here in Brazil a presidential diplomacy of ethanol. Lots of MOUs [Memoranda of

Understanding] were signed, and we had a strong agenda, the President was really engaged in this process
(GoV4)

The ethanol diplomacy period was characterised by energetic and high-level engagement with the EU
and the US, with other South American countries and with African countries, with objectives including
knowledge transfer, research collaboration, and the potential for Brazilian companies to benefit from
exporting technologies at all stages of the supply chain [50, 51]. Institutional changes, [51] and
infrastructure investments [12] reflected growing interest in international export markets. The sense
of ambition during this period was recalled by one interviewee: “we thought that we could access
European Union market and also the US market” (GOV4).

However, towards the end of this decade this rapid growth and general sense of optimism was
abruptly attenuated. One factor was the general effect of the financial crisis of 2009 reducing the
availability of credit [50, 52], resulting in a “lack of money to invest” (GVA). In addition, the discovery
in 2006 of substantial oil and gas reserves off the coast of Brazil [53], may have contributed to a change
in policy focus at the Federal level [50]. It was suggested by one policy maker that at this time, biofuel
came to be thought of as “an old thing, now we have oil” (GOV5). Poor climatic conditions reduced
yields [50], and high global sugar prices in early 2011 [45] encouraged the industry to divert towards
sugar production, reducing the supply of ethanol and causing prices to rise substantially, such that
“the consumer paid a huge price” (GOV 4). The government took measures to freeze gasoline and
diesel prices as a means of controlling rising inflation [52], further eroding the competitiveness of
ethanol. These factors caused stagnation in ethanol production, to the extent that “we almost killed
the industry” (GOV5). Lack of clarity on the strategic outlook for ethanol was cited in relation to this
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period (GOV4, IND3). As a result of these factors the sector entered a period of recession, causing
numerous plant closures (IND3 and [54]).

As these events demonstrate, the Brazilian sugarcane sector can be strongly affected by domestic
energy policies, as well as by global commodity prices, as most mills are able to vary their relative
production of sugar and ethanol in response to the market. Figure 4 depicts the sensitivity of
production shares of sugar, anhydrous ethanol (which is blended with gasoline), and hydrous ethanol
(which is used directly in FFVs) to the relationship between ethanol and gasoline prices. The global
price of sugar is also a major factor (NGO, IND3, AC4, GOV1), and it has been falling since 2011 [45],
causing problems for the industry [50]. Some interviewees pointed to recent a shift in the industry
away from sugar production and towards ethanol (NGO, IND3), due to relative prices, as shown in
Figure 4. The current low sugar prices were judged to have been caused by a range of factors, including
increased production efficiency in other exporting countries, causing an increased surplus (IND3). As
a result, “the sector is in a difficult situation now” (AC4).
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Figure 4: Relative production of sugar, anhydrous and hydrous ethanol in Brazil, based on percentage shares of total
recoverable sugar diverted to each product; and ratio of price per litre of hydrous ethanol to gasoline, 2008/09-2018/19.
Source: Based on CONAB [46] and EPE [45].

3.2.  Current status and future prospects

Despite recent challenges, Brazil remains the world’s largest processor of sugarcane [55]. It is the
second largest producer of ethanol, behind the US [56], and the second largest producer of sugar,
behind India [57]. Activity is concentrated in the central-south region of the country, especially in the
state of Sdo Paulo [58-60], although expansion has also been occurring in other states including
Parana, Minas Gerais, Mato Grosso do Sul and Goias [60].

We asked our interviewees to describe their expectations for the future prospects of the sector. Their
responses are summarised in Figure 5. In some contrast, perhaps, to recent conditions, clear majorities
of respondents expected overall growth in the sector. More specifically, respondents were most likely
to cite the three energy-related products as the key drivers of future growth. Expectations for sugar
were notably more mixed, the majority of respondents expecting a levelling off of demand or a
decrease, in all three time periods. This suggests the continued importance of diversification, perhaps
in particular into energy-related products.
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We now highlight some interviewee perspectives on each of the four products, before continuing to
discuss cross-cutting themes.
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Figure 5: Interviewees’ projections of developments in the whole sugar cane sector and principal products, in the short term
(Panel a), medium term (Panel b) and long term (Panel c). N=18. This differs from the total number of interviewees (19) as
two were interviewed together and filled in the tables jointly. Where categories do not sum to 18, this indicates that one or
more interviewee declined to make a projection in this category.
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3.2.1. Sugar
As shown in Figure 5, the future outlook for sugar was subject to the most mixed response.

Some participants considered continued growth in sugar production possible due to continuing
increases in global demand (GVA, GOV2, IND1, IND4), not least ‘as you have new consumers coming
into the market’(GVA).

However, others projected either a stabilisation in sugar demand or a decline (AC1, AC2, AC3, AC5,
FIN, NGO) — the latter particularly in the long-term time horizon, due to increasing awareness of the
health impacts of sugar consumption. An industry representative argued that for these reasons
diversification away from sugar was important for the sector:

The world is trying to move towards ethanol diversification and production... if you stay alone in sugar the
sustainability of the country's sector will not grow and is creating problems for the sector (IND3).

3.2.2. Ethanol

Most interviewees felt that the most significant driver of future ethanol production would be a new
national biofuel policy known as ‘RenovaBio’ which is designed to boost production and use of
biofuels, and expected to begin in 2020 [61].

RenovaBio sets annual targets for the carbon intensity (Cl) of transport fuel, over a rolling ten-year
time frame, with a reduction of the overall Cl of fuels of 10% targeted over the next ten years (GOV4
and [62]). Each year the overall annual target is to be translated into mandatory individual targets for
each liquid fuel distribution company in Brazil, in proportion to their market share [63]. The policy also
sets up a tradable decarbonisation credit, the CBIO, through which distributors can meet their targets.
CBIOs are generated by producers of biofuel, in proportion to the quantity of biofuel produced, but
also in proportion to their Energy-Environmental Efficiency Grade (NEEA), established by a third-party
certified life-cycle analysis of their production process [64]. The policy is intended to offer flexibility
to fuel distributors in meeting their targets in the most cost-effective way, whilst also incentivising
energy- and environmentally-efficient production processes.

Levels of approval, and indeed enthusiasm, for the policy amongst interviewees, were striking:

Thinking about a horizon of about 10 years... what will most influence will be RenovaBio... that | think it will
be the next key factor there that will make the sector grow a lot in Brazil (NGO).

There are still some uncertainties. It has been suggested there may be a risk of a perverse incentive
for larger distributors to buy themselves out of the scheme by paying a fine which is capped at RS
50m, and that if the scheme’s environmental requirements are relaxed, this could undermine its
credibility [64]. Further, the currently unknown market price of the CBIO tradable certificate was
considered a potential barrier by some interviewees (AC5, GOV1), as “if you don’t know the price of
the credit, how can the producer invest?” (AC5).

While fermentation of sugars from sugarcane has historically been the dominant means of producing
ethanol in Brazil, other production routes are possible. For many years the potential of ‘second
generation’ ethanol produced from lignocellulosic material has been discussed [40, 52, 65, 66]. Second
generation ethanol elicited mixed views from interviewees. One government policymaker described
the technology as “ready. It’s already working” (GOV5). Others were more cautious (AC3 AC4, FIN,
GOV3, GVA, IND3, IND4) or sceptical (GOV2, IND1) based on historical experience:
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We've been talking about cellulosic ethanol... for at least 10 years... We're in 2019 and it hasn't changed
much (IND1).

Another potential feedstock for ethanol is corn. Extensively used in the US, its use for ethanol in Brazil
has been growing rapidly, increasing from 11,000 m3 in 2013 to 720,000 m? in 2018 [45], although
2018 production was still only equivalent to 2% of sugarcane ethanol [59]. Corn ethanol production is
concentrated in the states of Mato Grosso and Goias [45]. Flexible biorefineries, designed for both
sugarcane and corn, are able to process corn during the hiatus period between sugarcane harvests,
when the plant would otherwise be idle, increasing the annual utilisation factor of the plant [45, 54].
This potential synergy led some interviewees to discuss the production of ethanol from corn
enthusiastically (GOV5, GOV1, NGO). Interviewees also drew attention to corn’s potential synergies
with other crops like soy, and with livestock intensification (GOV2, GOV5).

In discussions of future transport in the context of global decarbonisation, the role of electric vehicles
(EVs) is often considered [67, 68]. Some interviewees also considered the possibility that in the long
term “ethanol will face big challenge from electric vehicles” (GVA). It was suggested that global
automotive manufacturers might be unlikely to “maintain a factory to produce combustion engines
just for the Brazilian market”, if the rest of the world had transitioned to EVs (IND2). However, greater
numbers of interviewees from all backgrounds did not believe that EVs would displace ethanol
vehicles in Brazil, in the near or medium term, if at all. This was for a variety of reasons including the
costs, infrastructure requirements and technological challenges of EVs (AC2, AC4, FIN, GOV1, GOV2,
IND3, IND4, NGO). Some envisaged partial electrification through hybrid electric FFVs (AC2, AC4, FIN,
GOV1, IND3, IND5, NGO) and some considered the long term development of fuel-cell vehicles capable
of running on ethanol (AC3, GOV1, GOV4, IND3,) — forms of electric transport that would still involve
ethanol.

3.2.3. Electricity

Although quantities of electricity exported by sugarcane mills have gradually been increasing since
2010 [49], still only around half of Brazil’s mills export excess power to the grid [45]. Dutra and Szklo
observe that ‘investments in electric power generation are taken with caution by the investors’ [48].
One interviewee commented that at the time many mills were making investment decisions, “to sell
[electricity] was cheap, to buy was expensive. So the mills didn't bother to invest to sell. They only
bothered to invest to be self-sufficient” (IND4).

Interviewees identified various barriers for currently non-exporting mills to upgrade their boilers in
order to be able to export, including lack of access to capital, and more broadly a lack of interest or
“cultural willingness” (AC1), especially on the part of smaller family firms with limited experience of
the power sector (GVA).

Lack of scale was cited as another barrier, as in smaller mills the amount of bagasse produced can be
insufficient to generate surplus electricity in the quantities that would justify export; lack of proximity
and access to the electricity grid were also seen as disadvantages for many mills (FIN). Furthermore,
bioelectricity projects are now struggling to compete against the falling costs of wind and solar, as
shown in current and recent power auctions (IND5, GVA, AC1).

However, some envisaged the possibility of RenovaBio creating incentives for bioelectricity, as well as
biofuel. The fact that the number of CBIOs a mill can generate for its biofuel is related to its Energy-
Environmental Efficiency Grade (NEEA) (as discussed in Section 3.2.2) could indirectly incentivise
bioelectricity, as “power plants that export electricity have a better carbon footprint and can earn
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more CBIO” (IND5). In addition, if RenovaBio increases ethanol production, this could drive up
electricity production simply due to the greater quantities of bagasse produced (GVA).

Some interviewees drew attention to the potential value that bioelectricity can bring to the electricity
system, balancing the diurnal variability of wind and solar, and the seasonality of hydro (GOV3, IND3
and [45]), as “biomass is seasonal but not intermittent” (IND5). However, even if these positive
externalities were represented in the market price for bioelectricity, the lower prices of solar and wind
would still be challenging to compete against (GVA).

3.2.4. Biogas

The final product considered was biogas, which, like electricity, can potentially be produced from
residues of sugarcane processes, including ‘vinasse’, an acidic slurry with high organic content, of
which 10-15 litres remain for every litre of ethanol produced [69]. In Brazil, vinasse is mainly disposed
of by being spread on the fields to irrigate and fertilise — ‘fertirrigation’ [70, 71]. However, dosage
above recommended values can have adverse effects on water, soils and biota [69, 70, 72-74].
Alternative uses for vinasse have therefore been proposed, one of which is to use it to produce, via
anaerobic biodigestion, a methane rich biogas [69, 70, 75, 76]. The vinasse that remains after this
process maintains fertilising properties, but has reduced polluting potential due to its lower organic
load [69]. Interviewees referred to environmental remediation as an important benefit of the process
(AC1, AC2, AC3, ACS6, FIN, GOV3). The production of the biogas potentially offers an additional energy
product for the industry to valorise.

Biogas is “not a new thing in Brazil” (FIN) — interviewees referred to other potential sources of biogas,
including landfill gas, sewage gas, and other agricultural residues (AC2, AC6, GOV1, GOVS5, GVA, IND2).
However, the technology to produce biogas from vinasse is still incipient, and only a small number of
mills are piloting the technology [77]. Accordingly, interviewees tended to view the co-production of
biogas in sugarcane mills as a longer term option, although one suggested it was “more ready” than
second generation ethanol (FIN).

Various potential end use demands for the biogas that could be produced from vinasse have been
considered, such as distribution through pipelines to natural gas markets, use in heavy goods vehicles
in place of diesel [77, 78], and stationary combustion for power generation or co-generation of heat
and power [71, 75, 79].

Interviewees considered pipeline distribution, as for example, “the Sdo Paulo state government are
looking to inject biogas in distribution pipelines. This could improve production of biogas” (GVA). The
lack of extensive existing infrastructure caused some to argue that biogas could have advantages as a
small-scale distributed option, used for internal industrial processes (AC5, AC6, FIN, GOV1, GVA, IND1
NGO).

The possibility of using biogas in trucks as a replacement for diesel has in part been opened up by the
development of natural gas-powered vehicles (GOV1), and could be applied to the agricultural vehicles
used in the sugarcane production process itself (AC2). This use of biogas could be rewarded by
RenovaBio, as the displacement of fossil fuels would reduce the carbon footprint of ethanol
production, generating more CBIOs (GOV5, GOV4, IND4). However, a downside of distributed biogas
production is the limited potential to supply large-scale and concentrated gas demands, including
large vehicle fleets (AC6).

Scale could be a key challenge to vinasse biodigestion. On the one hand, some economies of scale
would be expected to be required to make the product cost competitive [77]. On the other hand, one
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interviewee emphasised that there were significant technical challenges to large-scale digesters, as a
result of which:

| wouldn't bet on a large scale in Brazil for this industrial application. | think small scale for us, it is enough.
Decentralizing the system for us would be more interesting (AC6).

3.3.  Cross-cutting themes

As part of the discussions on the four main sugarcane products, a number of cross-cutting themes also
emerged, which are discussed in this section.

3.3.1. Policy style: interventionist or liberal?

Most interviewees emphasised the historical importance of policies in supporting the energy-related
sugarcane products. “Ethanol is still struggling to sustain itself independently” (IND1), and policies
were expected to remain critical to the future evolution of the sector, and its energy products in
particular (GVA, AC3). Policies also interact with price dynamics in various globally traded products,
including oil, sugar and corn.

Some interviewees expressed pride in Brazil’s history of creating the sector through programmes such
as PROALCOOL (GOVS5, IND2). However, interviews also revealed caution around the risks of over-
interventionist policy styles. It was acknowledged that PROALCOOL “was a success because the
government controlled everything” (IND2), but also that by the late 1980s “we weren’t able to sustain
that kind of project” (GOV4), leading to the crisis of 1989. In more recent years, government
interventions to hold down the price of gasoline came in for criticism, as a result of which “both
Petrobras suffered a lot and the sugarcane industry closed more than 100 plants” (IND3).

The interventionist style was at minimum associated with inefficiency and lack of competitiveness;
some going further to allege or imply an association with corruption (AC4, IND1, IND4). In this context,
RenovaBio was widely welcomed as an innovative policy that did not involve subsidy or over-
intervention from the state. The Ministry of Mines and Energy (MME) states that ‘unlike traditional
measures, RenovaBio does not propose the creation of a carbon tax, subsidies, presumed credit or
volumetric mandates to add biofuels to fuels’ [80]. Interviewees picked up on these themes, observing
that whereas “we are used to tax, subsidies, this programme is completely different, it's very
interesting” (AC5), and that “our driver is not subsidies” (GVA). Technology neutrality was also valued,
as “the strongest will survive... the most competitive, reliable” (GOV4).

However, if RenovaBio’s targets do succeed in increasing biofuel sales beyond what would otherwise
have been competitive in the absence of intervention, this will increase costs for distributors, which
will in turn be passed through to consumers at the pump. As such, “Renovabio is a programme that
indirectly generates subsidy” (IND1); “in practice, it's a cross-subsidy” (GVA).

This illustrates the delicate balance between the desire for avoidance of intervention, and the
necessity of some impacts if any effect is to be generated at all. Non-intervention can conversely risk
lack of clarity, particularly for more emerging technologies. One interviewee argued that “public policy
has to be clear, so when you get into a project and make a medium and long term investment you
know you'll get a return”, and complained that “we never had a medium-long term policy. So you kind
of have to guess year after year what you're going to do” (IND3).
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3.3.2. Long-term policy objectives: economic, environmental, social?

The clarity and longevity of policies are affected by the long-term persistence of the objectives that
motivate them. At the start of PROALCOOL, as one interviewee observed, “the main objective of that
policy was economic. Brazil needed to substitute imports” (GOV4). However, in subsequent years “the
climate change agenda started, the Kyoto protocol... so we began to discuss biofuels as a path to a
greener economy” (GOV4).

MME identifies the objectives of RenovaBio as being concerned both with energy security and
reduction of greenhouse gas emissions [80]. Although Brazil remains a signatory to the Paris
Agreement, recent political developments have thrown some doubts over whether Brazil wishes to
continue to position itself as a global environmental leader [81-84]. It was therefore interesting to find
that the environmental objectives of biofuels remained highly prominent for several interviewees. The
value of biofuels in contributing to GHG mitigation was widely espoused, in some cases quite
passionately:

| think we can save the world from climate change using plants (GOV5).

Several interviewees (AC1, AC4, GOV2) linked the objectives of RenovaBio to Brazil’s NDC, which
includes an ‘indicative contribution’ to ‘reduce greenhouse gas emissions by 43% below 2005 levels in
2030’ [11]. Renovabio extends over a 10-year time horizon, but the lack of further targets beyond this
caused one interviewee to predict lack of growth in the sector beyond 2030 (NGO).

Participants frequently emphasised Brazil’s historical role as an environmental leader:

Brazil has always had a clean energy matrix... it's kind of already in our blood (IND2).

Some also expressed a desire for the country to maintain this leadership role — “to be ahead and show
to other countries” (AC5) — and to further increase its ambition beyond that stated in the NDC (AC1).
However, others felt that as Brazil’s energy system was “the most renewable energy matrix in the
world,” decarbonisation was “still not an issue for Brazil... it’s a nice to have... but it’s not mandatory”
(AC4), and that:

Everything is renewable here! We've been using biofuels since 1975... Decarbonize what? In Europe... they're
still full of diesel cars in the cities (GOV3).

Some also prioritised the objectives of reducing fossil fuel imports and job creation (AC4, AC5, NGO,
GOV1), and emphasised that the sector should “have positive economic and social impacts in possible
new regions” (AC3).

However, one interviewee questioned the socioeconomic benefits of sugarcane compared to other
sectors (AC1). Another suggested that if security of supply and job creation are the principal objectives,
these could arguably be just as well satisfied by the oil and gas sector, particularly given the apparently
huge potential of the pre-salt reserves (IND1).

3.3.3. Fossil fuels and biofuels: trade-offs or synergies?

The balance between economic and environmental objectives has direct salience for the balance
between fossil fuel and biofuel energy sources, particularly as, since the discovery of the extensive
‘pre-salt’ oil and gas reserves [53], fossil fuels may also able to meet economic and security of supply
objectives (IND1).

Several interviewees emphasised the economic potential of pre-salt oil reserves, one expressing the
view that “the country cannot abandon such a wealth” (GOV1). The resulting potential conflict with
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biofuels was noted by some (GOV1, IND2). One interviewee expected pre-salt oil and gas to be cost-
competitive, and asked “who do these products compete with? With ethanol, with biodiesel... So, the
fightisn't easy” (IND1). One participant noted that the scale of investments currently being considered
would entail some level of fossil fuel lock-in for several decades (AC4).

On the other hand, the possibility that in a competition between biofuels and fossil fuels, biofuels
could have advantages, was also explored. Some stressed the large capital expenditure in pipelines
that would be required to bring associated gas from the pre-salt fields to the domestic market (AC2,
FIN), and accordingly their uncertainty about whether gas from the pre-salt would be competitive
(AC4). If currently limited pipeline infrastructure is a barrier for natural gas, others thought this could
present an opportunity for biogas as a decentralised off-grid technology (AC5, AC6, FIN, GOV1, GVA,
IND1, NGO). In this context, the kinds of decentralised biogas options discussed in Section 3.2.4 could
emerge as more competitive. Another stressed the preference that in an “energy transition... ethanol
needs to substitute oil, it can’t just be in addition” (AC1).

However, synergies between biofuels and fossil fuels were also considered. For example, if new gas
demands are developed and pipeline infrastructure is constructed, this could also create opportunities
for biogas, as consumers may “prefer to consume biogas if there is infrastructure” (GVA).

For some interviewees, the perception of Brazil as an emerging economy with huge growing demands
(GOV3, AC3) obviated the need to consider competition between energy sources:

I think ethanol is very important, soy diesel is very important, fossil diesel and fossil gasoline is very important,
and there's room for each of them (IND1).

3.3.4. Land use: abundance or constraints?

Land use impacts have received considerable attention in the context of biofuels, including the
potential for environmental impacts arising from land use change (LUC) [85], and competition with
food production [86]. Arguments against the relevance of such concerns in the Brazilian context have
tended to emphasise the relatively small proportion of agricultural land planted under sugar cane, and
the fact that the bulk of sugarcane activity takes place in the centre-south region, far from sensitive
biomes such as the Amazon and the Pantanal [65, 87, 88]. However, Smeets et al. identified possible
concerns with food-fuel competition, as well as risks of impacts on another biome, the Cerrado, which
is located much closer to the central-south production regions [89], and more recent data indicates
some north and eastward expansion of sugarcane areas, including into Goias and Mato Gross do Sul
[60]. Further, although evidence suggests that sugarcane expansion has mainly tended to displace
directly other agricultural land [90, 91], there is also some evidence of indirect land use change, where
the displaced agricultural activity itself is relocated and displaces natural vegetation — although
precisely quantifying such effects is uncertain [92]. However, some analyses have suggested that
future sugarcane expansion could induce indirect land use change in the Pantanal [93], Cerrado and
Amazon [91].

Some interviewees discussed LUC as a potential risk associated with increased sugarcane production,
including the LUC emissions from converting new land into sugarcane production (NGO), and drew
attention to the saturation of available land area in current dominant producing regions, and the
increasing trend of expansion into ‘frontier’ areas, such as Mato Grosso and Mato Grosso do Sul
(IND1).
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Some participants recalled the substantial impact of LUC and deforestation in Brazil’s overall GHG
emissions, as reflected in the NDC (AC1, IND2). In this context, one emphasised the preference that
agricultural land use should not only stabilise, but decrease in real terms (AC1)

However, it was also noticeable that a large proportion of the interviewees expressed strong views
that there were no environmental problems with the Brazilian sugarcane ethanol industry. Some
emphasised that RenovaBio includes sustainability criteria that would work against deforestation. The
Sugarcane Agroecological Zoning (ZAE Cana) was also widely referred to as a mechanism to ensure
expansion would be ecologically sustainable (GOV4, GOVS5, IND3, IND5). However, in November 2019,
after the period in which the interviews took place, the ZAE was revoked by Presidential Decree [94,
95].

Some interviewees emphasised the absence of land use conflict. In common with contributions
referenced above, such responses often pointed to the distance between the main sugarcane
producing areas, currently largely in Sdo Paulo state and the south, and environmentally sensitive
biomes such as the Amazon. They also pointed to the relatively small area of land under sugarcane
relative to other agricultural areas, especially pasture, and to the size of the country as a whole (AC2,
AC3, AC4, GOV5). They emphasised that even small improvements in the productivity of pasture could
free up large areas capable of absorbing any expansion from sugar cane or other crops (FIN, GOV2).

Productivity improvements were also envisaged as possible within the sugarcane sector itself,
including through replanting of crops, development of new crop varieties, learning by doing following
the relatively recent changes in mechanisation in the sector, the development of second generation
ethanol, as well as the introduction of ‘internet of things’ technologies to enable precision irrigation
and optimisation of equipment maintenance (AC2, AC3, FIN, GOV4, GOVS5, IND2, IND4, NGO). Through
such means, it was felt that output could increase, but “with an area of sugarcane that already exists”
(NGO).

However, in recent years sugarcane productivity and yields in Brazil have not substantially increased
[45,90, 96, 97]. Noting this, one interviewee was not clear that productivity would necessarily increase
in the future (IND1).

3.3.5. Industry structure

The industry structure has undergone several changes during different phases. There was
considerable entry of large foreign companies into the sector during the boom period leading up to
2008 (AC1, GOV2, IND3, IND4). Following the more recent contraction in the industry “consolidation
will still exist, because you still have many plants in difficulty” (GOV2). Indeed, one interviewee
suggested that internationally it is now considered a “good time to buy plant in Brazil” (NGO).

Several interviewees commented that the size and access to capital of the larger actors means they
have better potential to invest in more diverse and technologically advanced options, such as biogas,
bioelectricity and potentially second generation ethanol, than smaller family firms (NGO, AC1, AC4,
AC5).

This discussion was given important context by reflections on the importance from a commercial
perspective of flexibility (AC2, IND2), given the numerous interactions of national and global demands,
and commodity prices, that can affect profitability — “being flexible is the key point for making money
in this industry” (AC2). This suggests that targeted support, for example dedicated credit lines (AC4),
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to help smaller players access co-product technologies and thereby diversify their strategies, could be
crucial to their survival.

3.3.6. Global drivers

PROALCOOL began as a national policy to improve Brazil's self-sufficiency and resilience to the
vicissitudes of global energy markets [12]. In contrast, the period of ‘ethanol diplomacy’ hoped to
build international engagement in biofuels [50]. A government policy maker recalled that “we thought
that we could access European Union market and also the US market”, but “the market didn’t come
as they thought it would come. The US kept its barriers... and of course the EU market was much more
difficult to access” (GOV4). The US supported its domestic corn ethanol industry (GOV4, GOV5) and
overtook Brazil as the global leader in ethanol production in 2006 [98].

As reported by Afionis et al, attempts to develop ethanol coalitions with the EU also foundered [50].
Several of the interviewees were critical, even frustrated with the EU position. One complained that
Europe “didn’t like ethanol... they build all the barriers... they started the discussion of food versus
fuel...” which the interviewee argued was “a political agenda” (GOV5). Others also critically
characterised Europe as being too focussed on environmental impacts and trade-offs with food
supply, which they argued was not an issue at least for Brazilian biofuels (AC2, FIN).

Nonetheless, several interviewees remained optimistic about future ethanol export markets, raising
the prospect that biofuel blending mandates in India and China could create substantial new global
demands for ethanol (AC1, AC2, FIN, GOV2, IND3, IND5, NGO).

Furthermore, global low carbon future trajectories could have critical roles for bioenergy, including in
hard to decarbonise sectors and in achieving negative emissions [99-101]. Interviewees considered
the potential longer term economic benefits from pursuing a low carbon agenda in a global context of
decarbonisation. In a world with high demand for carbon credits, “we could finance some projects
here using international money” (AC5). Brazil’s potential to achieve negative emissions, for example
by attaching carbon capture and storage to ethanol production (IND2, AC2), or through reforestation
(IND2), could also be a critical source of emissions credits in a world attempting to reach net-zero
emissions, making Brazil a key player “in world economy and environmental terms” (AC2). Several
participants also raised the possibility of producing biokerosene, as a possible way of achieving low
carbon air travel (AC5, GOV1, GOV3,). Additional products, within the broader scope of a
‘bioeconomy’, were also considered, including chemicals, fertilizers and renewable plastics (AC3,
GOV3, IND2, IND3).

However, some interviewees were more sanguine about global markets (AC5, GOV2), one
commenting “we have still issues producing to meet the demand here” (AC5).

4. Discussion

Our discussions with sector experts revealed broad expectations of continued growth in Brazil’s
sugarcane sector, with product diversification expected to be a key strategy. However, history has
shown that growth in the sector has not been constant and inevitable, but dependent on policies, on
the broader context and motivations for those policies, and on global dynamics. Each of these factors
will continue to influence profoundly the future evolution of the sector.

Past policies such as PROALCOOL famously had a dramatic impact on the sector, and interviewees
were still conscious of the importance of policy signals in the sector today. At the same time, there
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was considerable awareness of history’s lessons on the perils of top-down government intervention,
in contrast to which the new policy RenovaBio was praised for its less interventionist, more
technology-neutral style. However, history suggests that transformative change does require strong
and consistent forms of intervention, and that such programmes can have long term and beneficial
impacts for the economy and for technological innovation [65]. Learning from PROALCOOL suggests
that long-term internal policy stability should be combined with some degree of agility to respond to
external factors, such as the prices of related global commodities. Looking forward, there are
opportunities for further diversification in energy conversion technologies and products; however,
several of these are at nascent stages of development. In addition, in spite of consolidation trends
[54], the sector remains somewhat heterogeneous, and includes smaller actors whose access to
capital and appetite for risk may be limited. In such conditions, it may be that some more granular and
technology- or actor-targeted policy support, may also be justified, as well as more purely technology-
neutral frameworks.

Whereas in the 1970s domestic biofuels were the answer to the question of security of supply, since
the discoveries of major domestic fossil fuel reserves, they are no longer exclusively so. In such context
the balance between economic and environmental motivations for bioenergy policies becomes salient
to their stability and longevity. Some interviewees felt that environmental motivations were central
to bioenergy policies, and hoped that Brazil would maintain a global environmental leadership role;
others felt that the pre-salt reserves were too valuable a resource not to exploit, and that Brazil’s
already relatively low carbon energy system meant that it should feel no obligation to forgo such
wealth. Although several interviewees expressed the view that there was no competition between
fossil fuels and biofuels, others felt — and history, perhaps, suggests — that they do tend to compete
for the same energy services.

History also emphasises that the commodities involved in the story of Brazil’s sugar cane sector — fossil
fuels, biofuels and sugar — are global commodities and thus subject to global market vicissitudes. But
they will also be driven in the coming decades by deep global concerns — climate change and health.
The uncertainties inherent in these dynamics are worth reflecting upon. Being a major player in each
of these three commodities could enable Brazil to influence global innovation trends in a way
conducive to its own development strategies, as was the ambition during the ethanol diplomacy
period. Writing in 2016, Afionis et al observed ‘a lack of domestic strategy and vision’, commenting
that ‘Brazil’s ethanol diplomacy has been impacted by this domestic standstill’ [SO]. Returning to an
internationally influential position on biofuels would require a clear strategy, and particularly in view
of doubts in many places outside of Brazil as to the sustainability of biofuels, the ability to demonstrate
clearly their compatibility with environmental and social protection [95]. Furthermore, although Brazil
is a highly influential world actor, there are also elements beyond its control. It may be worth
considering high sunk-cost investments in energy infrastructure in the context of alternative global
energy scenarios. As one example, in a low carbon future, advanced and sustainable biofuels may be
extremely high value commodities [99-101], whereas fossil fuel production would be subject to
declining demands [102].
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5. Conclusions

We have explored the future prospects for Brazil’s sugarcane sector, using semi-structured interviews
with expert stakeholders. Through considering past dynamics, we uncovered key actors’ perceptions
of the sector which may be critical in forming its future direction. In conclusion, we offer three areas
of reflection, the consideration of which may be conducive to effective strategizing for policy makers,
industrialists and academics.

First, alongside the clear preference, as expressed by the majority of interviewees, for minimal
intervention, technology neutral styles of policy, there may also be value in ensuring that this is
balanced with the need for policy that is clear, long-term and impactful. It is possible for long-term
frameworks to incorporate flexibility to respond to global external conditions, increasing resilience.
There may also still be a role for technology- and sector-specific targeted action, including for nascent
technologies and small as well as larger actors, in addition to technology neutral frameworks.

Second, increased clarity on the broader objectives for the sector, including the relative prioritisation
of economic, social and environmental objectives, may help industry to make the long term
investments consistent with the kind of deep innovation for which there is potential. A clear and long-
term (post-2030) strategy on the role of biofuels in Brazil's energy system, their relation to social,
economic and environmental objectives, and how this affects synergies or trade-offs between
bioenergy and fossil fuels in Brazil’s future energy mix, would assist in this.

Third, it is worth reflecting on how the above issues in combination can be leveraged into a global
leadership strategy. In which area does Brazil wish to show leadership, and how can leadership best
be demonstrated? How resilient are the different possible strategies to alternative global scenarios,
that could affect the relative value of each commodity? Though Brazil is a major and influential global
actor and the world’s largest sugarcane producer, a strategy that is also sensitive to broader global
dynamics will render successful outcomes more likely.
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