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1. Introduction
Sustainability assessment has been described as policy tool to direct planning and decision-making towards sustainability. Some recent research in this area has explored the potential to strengthen the concept of sustainability for planning by drawing on systems theory, resilience thinking and transition management. In Brazil, instruments for impact assessment are not regulated for strategic levels, although some social and environmental analyses have been done to support decision making. This paper proposes three elements to improve Brazilian ethanol expansion policy towards a suitable design for a sustainability-based strategic assessment. The analysis is focused on national level decision making on how much sugarcane ethanol should be produced, considering the goals defined in the Brazil’s Decennial Plan for Expansion of Energy 2020 and factors at larger and smaller scales which influence the decision-making context. The proposal of a SA design will be based on theories of Gibson et al. (2006), Pope and Dalal-Clayton (2011), Walker and Salt (2006), Grace and Pope (2011), Slootweg et al. (2011) and Loorbach (2007), as well as previous detailed sustainability assessment of sugarcane ethanol.
2. Recent theories about Sustainability Assessment
The term Sustainability Assessment have been used to define the attempt to direct an initiative towards sustainability (Gibson, 2006; Gibson, Hassan, Holtz, Tansey, & Whitelaw, 2005; Hacking & Guthrie, 2008; Pope & Dalal-Clayton, 2011). Considering this conception, Sustainability Assessment can be an ex-ante assessment process, including extensive studies about a wide range of aspects of a project or a strategic proposal, and either an ex-post evaluation process, which seeks to identify opportunities for improvements in existing systems.
Pope and Dalal-Clayton (2011) assert that Sustainability Assessment is more about both the way and the content of an initiative than a new process itself. It is about including an integrative and holistic concept of sustainability in the whole planning processes. From this point of view, several existent initiatives, ex-ante or ex-post, can potentially be improved through a Sustainability Assessment promoting better alignment with the sustainability concept.
Some recent insights about sustainability have been emerged since the beginning of the discussion about the possibility of human society collapse, perceived strongly in environmental disasters, like Minamata and Bhopal cases, and in predictions of a chaotic future, made in The Limits to Growth and more recently, in the IPCC reports on climate change impacts. The discussions about possibilities to deal with the crisis have been showing that minor adjustments in the current development model will not be sufficient, since the consumption pattern allied with the growth of population is the greater problem. Science and technology may contribute, but they are not enough to overcome the crisis, as explored in Jackson (2011).
These and many other contributions have highlighted the need to shift to new model of development. Attending this challenge, some theories emerged in different areas of knowledge contributing with several insights for acting towards sustainability, like the System Theory and the Resilience Thinking, the Ecological Economics, the Transition Management.
Walter and Salt (2006) explore the Resilience Thinking, and point out nine characteristics of a resilient world would have: diversity in all forms; ecological variability; modularity to be less susceptible to chocks; acknowledging slow variables associated with thresholds; tight feedbacks; social capital, promoting trust, well-developed social networks and leadership; innovation, with emphasis on learning, experimentation, locally developed rules; an overlap in governance, with “redundancy” in the governance structures and a mix of common and private property with overlapping access rights; and valued ecosystem services in development proposals and assessments. Slootweg et al. (2011) discuss how resilience thinking can support Strategic Environmental Assessment by strengthening the concept of sustainability.
The Transition Management theory, presented in Loorbach (2007), has as its goal to enable, facilitate and guide transitions to sustainability, once the persistent problems require new approaches to deal with complexity of the modern society and its associated problems, and highlights the need of a multi-actor processes, of adopting an innovation focus besides improvement processes, of dealing with uncertainties, and the importance of the development of a large number of options and a long term view.
Gibson et al. (2005) present eight generic criteria for progress towards sustainability: socio-ecological system integrity, livelihood sufficiency and opportunity, intragenerational equity, intergenerational equity, resource maintenance and efficiency, socio-ecological civility and democratic governance, precaution and adaptation and immediate and long term integration. These criteria must be specified for the particular context to supply a comprehensive set of evaluation and decision criteria, as showed in recent publications (Duarte, Gaudreau, Gibson, & Malheiros, 2011; Gaudreau & Gibson, 2010; Gibson, 2011).
These examples of the state-of-art of sustainability thinking offer valuable insights and provide direction for the evolution of Sustainability Assessment. In this paper we apply this thinking to the context of Brazilian energy planning, and consider how Sustainability Assessment could contribute to the sustainability of the Brazilian sugarcane ethanol.
The importance of sugarcane ethanol in Brazilian Energy Planning
The central body responsible for energy planning in Brazil is the Ministry of Mines and Energy (Ministério de Minas e Energia - MME). Supporting Ministry in technical and strategic studies there is the Energy Research Company (Empresa de Pesquisa Energética -EPE).
The Brazilian energy planning has four main documents to orientate the strategy for energy expansion. The current long term one is the National Energy Plan (Plano Nacional de Energia - PNE), which counts with a detailed diagnosis about the potentialities in the National Energy Matrix 2030 (Matriz Energética Nacional - MEN). For the medium-term, the Decennial Plan for Expansion of Energy (Plano Decenal de Expansão de Energia - PDE) present demand and supply studies for an horizon of ten years, setting a baseline scenario, which signals and guides the decisions of agents in the energy market, once it details which projects are to be implemented ​​in subsequent years to meet the anticipated demand, and directs the government investments. Supporting the development of PDE, the National Energy Balance (Balanço Energético Nacional - BEN) is an annual study that presents an updated diagnosis on the energy generation and consumption in Brazil.
Due to the practical approach and influence on the current investments, this analysis will be focused in the medium term plan, the PDE 2020, which sets out the main measures to be adopted by the government in the decade 2011-2020 (MME & EPE, 2011).
Regarding the forecast of ethanol, the PDE 2020 shows that the total demand in 2020 is expected increase from 28.2 up to 73.3 billion liters, being 73 percent for domestic consumption. Ethanol exports would increase from 1.8 up to 6.8 billion liters. Table 1 shows a summary of the main indicators related to the expansion of energy production and consumption in Brazil.
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	Indicator
	2011
	2020

	Total demand for ethanol (billion liters)
	28.2
	73.3

	Brazilian exports of ethanol (billion liters)
	1.8
	6.8

	Sugarcane amount to meet ethanol and sugar demand (million tons)
	625
	1,126

	Area of ​​sugar cane required to meet demand (million hectares)
	8
	14.4

	Car fleet (million units)
	29 (2009)
	56

	Gasoline (types A + C) demand (billion liters)
	57,425
	50,268


Source: drawn from MME & EPE (2011).

The PDE 2020 projections were made based on economic and demographic projections and also on sectorial tendencies (industrial, residential and transport). The forecast considers the cars will practically double in Brazil from 2009 to 2020 and considers those cars will be mainly fueled by ethanol, given the decrease of gasoline A and C consumption. The plan also considers that there will be no penetration of electric vehicles in the Brazilian market until 2020. Based on this, the Brazilian energy planning goal is to maximize the production of ethanol for domestic and external market.
From the numbers of ethanol and sugar demand, the plan sets out proposals for increasing the supply with the expansion of industrial capacity. The projection indicates that to attend the demand will be necessary an increase of 501 million tons of sugarcane, 6.4 million hectares of sugarcane, and 99 new industrial plants, considering an increasing in the ethanol average production capacity from 290 up to 350 billion litter per year in the mills (MME & EPE, 2011).
Regarding the impact of new technologies, the forecasts are indicative, and show the sugarcane productivity could be increased from 77.4 to 89.2 tons/ha, the average water consumption can be reduced from 1.83 m³/ton crushed sugarcane up to almost zero, by using the water contained in the sugarcane stalks. Also, the vinasse production can be reduced from 13 to 3 litters/ethanol litter. Finally on diversification of production, the plan calls at the end of the ten-year period there will be just modest production volumes of advanced biofuels such as lignocellulosic ethanol, cane diesel, biokerosene, as well as bioproducts obtained by new technological processes.
After presenting the demand and supply studies, the PDE 2020 presents a synthetic socio-environmental analysis. The main issues addressed in this section are the substitution of pasture and agriculture areas by sugarcane, the availability of water, biodiversity threats and the employment level.
Regarding to the substitution of other crops, the plan identifies two most important areas for the sugarcane expansion, analyzing the increase in proportion among sugarcane and pasture and sugarcane and agriculture. However, the analysis is limited to 2011-2012 period, for the eleven mills that were already in implementation phase. The study assumes the expansion will prioritize the pasture areas, and shows the percentages of substitution in the two areas. In the first area, the sugarcane will increase from 19 to 26 percent, and in the second one, from 21 to 31 percent.
The socio-environmental analysis also cites limitations in the two areas for expansion. In Area 1, the main limitations are the existence of protected areas and low native vegetation cover, currently in 14 percent, which implies the need for better care of the remaining fragments of vegetation. In Area 2, the main limitation is the high water demand due to the demand of agribusiness (MME & EPE, 2011). The Plan points out there is a clear trend of changing in the current land use and reaffirms the importance of zonings to regulate sugarcane expansion, like Sao Paolo state developed. The analysis concludes despite these limitations, there is technical feasibility for expansion occurs in a sustainable manner. 
As for the employment in sugarcane industry, the plan shows despite the ratio ‘agriculture jobs’/’industrial jobs’ have decreased in recent years, there is a strong expansion of the sector, which will suffer a loss in the level of employment, with a reduction of 18.2 thousand jobs in a total of 207 thousands. The main cause is the mechanization which increases the productivity from 8.7 ton per day per employee in the manual cutting up to 300 ton per day per employee in the mechanized process. 
The document also notes that there is growth trend of the participation of independent suppliers in sugarcane production, surpassing the proportion of 50% in 2014. Thus, the production of sugarcane in small and medium farms can increase in a strong way, and this inclusion of small producers into the market seems to sign a new kind of concentration of productive land. The increasing participation of suppliers in meeting the demand for sugarcane also indicates that they should focus, too, the labor force in the cane crop. Therefore, government initiatives and the sugarcane industry, in order to promote better conditions for rural workers, should incorporate to the discussions representatives of independent suppliers and extend initiatives for them.
Sustainability Assessment contributions for Ethanol Planning
The sustainability theories discussed previously have extensive and broad contributions to planning processes. Considering this, the analysis will focus on three aspects of the design of the plan, clearly related to the objectives of the Decennial Plan.
Based on the decision questions presented by Morrison-Saunders & Therivel (2006), it’s possible identify that the PDE 2020 is seeking to address  the strategic question “how we can achieve ethanol demand X?”. We argue that instead of this, it has potential to answer the more strategic question “how much ethanol can be produced in a sustainable way in Brazil?”
However, the difference in answering these two questions will only appear if the studies are able to consider core issues of sustainability. For this end, this study proposes three starting points that can help to improve the decennial plan towards a Sustainability Assessment design, which are the establishment of clear links to other sectors, the development of a desired scenario and alternatives to reach it, and defining required actions to other levels/sectors to guide a sustainable sugarcane expansion. 
Links among plans
It is fundamental to define thresholds for biomass development in face of the whole national context. Regarding the link between the ethanol planning and other plans, two important ones emerge: land use and transport.
As for land use strategy, two of the most crucial limits to development of energy from biomass are the competition with both food crops and forests for land. The ethanol must be developed without threatening food security and biodiversity conservation, which requires clear rules to guide the territorial development. A long-term territorial plan should also be developed, considering an integrated forecast of biodiversity and agriculture development, including cattle, soy, corn, wheat, fruits, vegetables and non-food agriculture like wood, eucalyptus, rubber tree, flowers, energy crops and also family agriculture. 
Current studies of the Ministry of Agriculture shows there are 91 million hectares available for agriculture and the predictions shows expansion of several agribusinesses. Hence even if sugarcane didn’t fill these new areas, probably other crops will expand on them, so agriculture regulation is fundamental to guide the development of agriculture sector. Ministry of Agriculture also published a specific zoning showing there are 64.7 million hectares of soil suitable for cultivation of sugarcane (MAPA & EMPRAPA, 2009), which can be considered an important support of government to a stronger expansion of this crop.
Regarding transport, the PDE 2020 considers an increased participation of private transport in relation to collective transport. Considering the current chaotic state of mobility in several big and medium size Brazilian cities, this forecast signs a harmful situation. There are sustainable mobility plans under gestational phase at national and local levels, but it seems, their goals are still not influencing the demand for vehicles, and a stronger strategy must be developed to feed fuel projections.
There are other important strategies that compose the set of prior decisions of how much ethanol will be produced, as rural development and employment, which are not gathered in a unique plan, but permeate several initiatives.
Sustainability scenario
The PDE 2020 is focused on attend the demand, and is not exploring other options. The results from demographic, macroeconomic and sectorial trends analysis can be influenced in order to reach a more desired state in 2020. Drawing a desired scenario is an important step to planning to sustainability, as it enables identify problems in the trends and then potential policies to redirects society towards better levels of well-being and environmental quality. The process of a scenario development stimulates debate and new thinking, and has potential to analyze the context on a broader way.
Aligned with the development of a shared vision for ethanol and energy in Brazil, the plan could also explore several options to reach a desired state. Exploring a wide range of alternatives increases the resilience of the plan, and has potential to shape a more adaptive plan, which is more prepared to meet the sustainability challenges. 
Other important element for the scenarios development is the inclusion of uncertainties and risks in the analysis. For sugarcane case, one of the most important uncertainties is about the influence of climate change in agriculture, once droughts and excessive rain reduce the productivity in the fields. In terms of impacts, the huge increase in large areas of sugarcane monocrops can affect biodiversity, especially in areas where the connectivity among fragments is not established. Another one is about the capacity of small cities which does not have sugarcane receive big companies and its workers, and its effects for local society. 
This last one is a very sensitive issue, because several cities in the expansion area do not have enough infrastructures to receive big companies, and the investments must be shared by industry and higher levels of government in order to prepare the city to withstand a new reality. Putting the responsibility for local issues in the hands of individual companies certainly will cause effects which the government will have to bear later.
Required actions to other levels/sectors to guide the expansion
Once the best alternative scenario was chosen, the plan can indicate government programs that should be launched to support the development of the sugarcane industry in the most sustainable way possible. Since the government is not directly responsible for the production of ethanol, it is necessary that the rules for the proper production by the private sector are established in advance.
As states has different experiences in regulating the sugarcane sector, an interesting action is share the most successful cases and requires improvements from regulation in all sugarcane producer states.
Sao Paolo state has an advanced experience in regulating the sugarcane industry, including specific rules for environmental licensing process based on an agro-environmental zoning and a voluntary cooperation protocol to guarantee a higher level of industry performance. The zoning indicates areas where additional actions are necessary to reduce water consumption, to protect local fauna, to increase connectivity (SMA, 2008) among other aspects. The cooperation protocol is focused on the ten most important impacts of sugarcane industry, and monitors the performance of the mills annually, those ones that meet the requirements receive a seal of compliance from government (SMA, SAA, & ORPLANA, 2008; SMA, SAA, & UNICA, 2007). However, despite the efforts and good results in Sao Paolo state, more research is needed to understand the sustainability impacts of these set of policies, in order to seek continuous improvement.
The PDE 2020 recognizes the importance of Sao Paulo initiatives, but is not analyzing the regulatory context and capacity of other states handle the expansion of ethanol in a sustainability based way. Among the measures to be adopted are state zonings of water availability to identify areas where the consumption needs to be lower; specific rules biodiversity protection in each biome, and social and environmental indicators related to the ethanol expansion to be monitored. The plan has potential to highlight the requirements to guarantee a better development of the sugarcane industry, and even associate public funding to fulfillment of certain requirements.
Planning sustainability for a complex world
The Brazilian ethanol planning adopted a model focused on meet the demand, without exploring in detail the consequences of the demand, and presenting a brief socio-environmental analysis. The medium-term energy planning gives inputs to the main funding for expansion of sugarcane industry, so all the important issues must be addressed before the final decision making to guarantee the plan is pointing to one of our best shots.
Seeking to propose a suitable design for a sustainability-based strategic assessment for the Brazilian ethanol expansion policy, this paper explored three fundamental elements in the structure of the energy planning aiming expand the horizons of PDE 2020 to explore sustainability contributions in a deeper way. These elements are the establishment of clear links to other sectors, the development of a desired scenario and alternatives to reach it, and defining required actions to other levels/sectors to guide a sustainable sugarcane expansion.
Ethanol is considered an advanced biofuel, with great potential of reduce GHG emissions, and is certainly an important piece of a decarbonization strategy to Brazil and even other countries. However, GHG emission is only one aspect of sustainability of biofuels, and the ethanol planning must be developed looking at a broader context. Thereby, developing a more sustainable ethanol planning requires strong links with definitions of other sectors, especially land use (agriculture and biodiversity) and transport strategies.
Regarding the establishment of a desired scenario, it is important to built a multi-actor and multi-level dialoguing process. In this step, a deep description of the current state and potentialities need to be addressed in order to base the development of a set of alternatives to reach the desired state. To this end, a set of well-established theories can contribute with some concepts to guide such a process, as thresholds, environmental services, precaution and trade-offs, seeking reach socio-environmental integrity, livelihood sufficiency and opportunity, equity and resource maintenance and efficiency, as examples.
Finally, the PDE could detail the next steps to the implementation of an ethanol expansion strategy, defining requirements for states and municipalities and also their role in the ethanol policy. It strengthens the importance of the plan as a central piece for the development of sugarcane industry, and can ensure that the plan objectives will be achieved in the most sustainable way.
The conclusion of the PDE 2020 socio-environmental analysis stands out the challenge of improving and incorporating the concept of sustainability in energy planning and this paper pointed out some opportunities for improvement. It is a challenge for researchers and practitioners to find the connections between the most advanced sustainability theories and the concrete world of the energy planning, and this work is an initial attempt in this direction. The proposed approach to ethanol planning in Brazil could be more successful than the current model, in ways that could bring positive sustainability and resilience contributions for energy, agriculture and environment futures in Brazil.
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