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Outline
• Quick overview: Global warming, greenhouse gases emissions and 

goals for reductions

• Sugarcane ethanol: 
• How it is produced
• Advantages and concerns

• Specific environmental issues of sugarcane biofuel production in 
Brazil

• Possible solutions

Presenter
Presentation Notes
Commitments from countries



GHG Emissions & Global Warming

Carbon dioxide
(CO2)

(1979-2017)

(1958-2018)

(1978-2017)

Presenter
Presentation Notes
I have to say that I’m really glad that Dr. Bosch came here a couple of weeks ago to talk about climate change.  I know he’s shown this figure of increasing CO2 concentration, and also showed a similar figure to this, with increasing global mean temperatures. So, I hope that by now, we all agree that climate change is real, that’s happening fast, that it is man made. nitrous oxide has 298 times the atmospheric heat-trapping ability of carbon dioxide (CO2), 114 years before removed from atmCO2 lasts about 100 yrsMethane about 10 yrs, 30 times more potent at trapping heat as CO2



Projections of Future Global Temperatures

Artic Meltdown
Melting Ice Sheets

Severe Droughts
Sea Level Rise
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I know Dr. Bosch also showed you this figure or some version of it with projections of future global temperature increases based on different emission scenarios – Low high medium.  Basically, predictions are that if we don’t decrease the present rate of emissions starting right now to get the mean global surface temperature to increase to a more tolerant level of 3 degrees, there will be terrible consequences, Including sea level rise, more droughts etc etc.Intergovernmental Panel on Climate Change (IPCC) Graph of Future Temperature Change under Alternative Greenhouse Gas Emission Scenarios 



A special IPCC report came out on 
Monday!

Limiting global warming to 1.5 degrees 
versus 2 has big benefits, the IPCC says.
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In fact, a special report from the IPCC came out this week, on Monday, and it was highly publicized on the media.  The Intergovernmental Panel on Climate Change (IPCC) released its special report on the impacts of both a 1.5 and 2 degrees Celsius increase in global average temperatures above pre-industrial levels, and on the actions that would be needed to avoid exceeding those temperature limitation goals.The report will provide vital information to countries as they consider whether to enhance the ambition of their emissions limitation pledges (which are referred to as “nationally-determined contributions,” or NDCs) under the Paris Agreement; as the report makes clear, those current collective pledges are nowhere near adequate to meet the goal set forth in the Agreement of “holding the increase in the global average temperature to well below 2⁰C above pre-industrial levels and pursuing efforts to limit the temperature increase to 1.5⁰C above pre-industrial levels.One of the key messages that comes out very strongly from this report is that we are already seeing the consequences of 1°C of global warming through more extreme weather, rising sea levels and diminishing Arctic sea ice, among other changes,” said Panmao Zhai, Co-Chair of IPCC Working Group I.



From the Earth Summit in Rio de Janeiro 
to the Paris Agreement

2015

1992 2015
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WE’ve been talking about global warming and ways to reduce GHG emissions for about a quarter of a century. Since the Earth Summit in Rio de Janeiro in 1992.The Paris Agreement, in 2015, was the culmination of negotiations and talks during this time.Under the Paris Agreement, each country must determine, plan, and regularly report on the contribution that it undertakes to mitigate global warming.[6] No mechanism forces[7] a country to set a specific target by a specific date,[8] but each target should go beyond previously set targets. In June 2017, U.S. President Donald Trump announced his intention to withdraw his country from the agreement. Under the agreement, the earliest effective date of withdrawal for the U.S. is November 2020, shortly before the end of President Trump's current term. In practice, changes in United States policy that are contrary to the Paris Agreement have already been put in place.Em 12 de dezembro de 2015, cidadãos de todo o planeta, reunidos na França, celebraram a conclusão de um longo processo de negociação multilateral para um grande acordo global sobre mudanças climáticas. Emocionado, o ministro francês de Relações Exteriores, Laurent Fabius, batia o martelo que selava o nascimento do Acordo de Paris.�Muitos governos ratificaram o acordo já no início de 2016, estimulando outros a fazer o mesmo. Mas depois que Trump saiu,A Alemanha, anfitriã da COP23, realizada ano passado sob a presidência das Ilhas Fiji, deu todas as indicações de que não atingirá sua meta de redução de 40% de suas emissões em 2020 em relação aos níveis de 1990. E o Brasil, muitas vezes visto como líder entre os países em desenvolvimento nas negociações de clima e em redução de emissões, pela queda nas taxas de desmatamento, viu o presidente Michel Temer levar adiante uma agenda voltada ao atendimento de demandas da retrógrada bancada ruralista e do setor de petróleo e gás.Meta do Brasil – 37% dos niveis de 2005
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Presently, the top emitters of GHG are China, Europe and the US, but emissions from China have been really significant since the 90’s.  In the US and Europe, they been significant since the 50s and 60’.China saw the largest increase in single-sector emissions from 2012 to 2013 from its energy production. The majority of these emissions came from an increase in electricity production, heating and transportation. The top three greenhouse gas emitters— China, the European Union and the United States—contribute more than half of total global emissions, while the bottom 100 countries only account for 3.5 percent.1 Collectively, the top 10 emitters account for nearly three-quarters of global emissions. The world can’t successfully tackle the climate change challenge without significant action from these countries.On 1 April 2016, the United States and China, which together represent almost 40% of global emissions, issued a joint statement confirming that both countries would sign the Paris Climate Agreement. 175 Parties (174 states and the European Union) signed the agreement on the first date it was open for signature. A lot has happened since countries met in Paris in 2015 and agreed on an accord to combat climate change. So far, more than 170 countries have ratified or otherwise joined the Paris Agreement, representing more than 80 percent of global emissions. Several major economies, including Canada, Germany and Mexico, have also developed long-term plans to decarbonize their economies.country-specific CO2 emission totals of fossil fuel use and industrial processes (cement production, carbonate use of limestone and dolomite, non-energy use of fuels and other combustion, chemical and metal processes, solvents, agricultural liming and urea, waste and fossil fuel fires). Excluded are: short-cycle biomass burning (such as agricultural waste burning), large-scale biomass burning (such as forest fires) and carbon emissions/removals of land-use, land-use change and forestry (LULUCF).The Green Revolution, or Third Agricultural Revolution, refers to a set of research and the development of technology transfer initiatives occurring between 1950 and the late 1960s, that increased agricultural production worldwide, particularly in the developing world, beginning most markedly in the late 1960s
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Therefore, emissions goals for each country or region under the Paris climate agreement vary depending on main sources and feasibility of goals.Under the Paris Agreement, each country must determine, plan, and regularly report on the contribution that it undertakes to mitigate global warming.[6] No mechanism forces[7] a country to set a specific target by a specific date,[8] but each target should go beyond previously set targets. The United States has committed to reduce its greenhouse gas emissions by 26-28 percent below the 2005 level in 2025, and to make “best efforts” to reduce emissions by 28 percent. That would include curbs on carbon dioxide, methane, nitrous oxide, perfluorocarbons, sulfur hexafluoride and nitrogen trifluoride, all of which contribute to global warming.



Greenhouse Gas Emissions

Carbon dioxide equivalent (CO2 eq) is a measure used to compare the emissions from various greenhouse gases 
based upon their global warming potential. ... This meansthat emissions of one million metric tons of methane 
is equivalent to emissions of 21 million metric tons of carbon dioxide

Energy Generation

Agriculture

Transportation

Land-use Change
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CO2 from the energy sector is the dominant form and sources.  There are other important and powerful GHG such as methane and nitrous oxide N2) that contribute to the total emissions that we account for all of them together under the name of “CO2 equivalent).  he Energy Sector Is the Major Culprit worldwide, but Action in Every Sector Counts.  Also Carbon dioxide equivalent is a measure used to compare the emissions from various greenhouse gases based upon their global warming potential. ... This meansthat emissions of one million metric tons of methane is equivalent to emissions of 21 million metric tons of carbon dioxideEmissions are When we look at Global Transport is responsible for approximately 23% of total energy-related CO2 global emissions, and the sector is rapidly growing. The Alliance maintains that biofuels, which have a much lower carbon footprint than fossil fuels, are readily available to reduce the carbon emissions of gasoline vehicles in the short run.Energy-related carbon dioxide (CO2) emissions fell in both 2015 and 2016, and they are expected to fall again in 2017, based on forecasts in EIA’s Short-Term Energy Outlook. However, EIA forecasts a 2.2% increase in energy-related CO2 emissions in 2018. An annual increase is not without recent precedent; annual Emissions rose in 2010, 2013, and 2014, although U.S. energy-related CO2 emissions have generally been declining since reaching their peak in 2007. 2016, total global greenhouse gas (GHG) emissions continued to increase slowly by about 0.5% (±1%), to about 49.3 gigatonnes in CO2 equivalent (Gt CO2 eq



Considered a near-term 
feasible solution to reduce 
CO2 emissions from the 
transport sector by many 
countries.
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As emphasized by this new report from the IPCC that just came out, time is of essence.  We need to In 2015, bioethanol as a biofuel was consolidated as Brazil signed the Paris agreement to reduce GHG emissions.Expansion of Brazilian sugarcane ethanol1,2 is seen as a near-term scalable solution to reduce CO2 emissions from the global transport sector.It has been estimated that In contrast to corn ethanol, the Brazilian sugarcane ethanol system may oset 86% of CO2 emissions compared to oil use, and emissions resulting from land-use change to sugarcane are paid back in just 2–8 years3O país foi o primeiro a criar critérios de sustentabilidade para importação de biocombustíveis e já reconheceu que o setor sucroenergético brasileiro tem este comprometimento.Last year, the Climate Ethanol Alliance joined the UN Climate Change Conference in order to showcase the biofuel industry’s efforts towards the transition to low carbon and to inform conversations around accelerating the implementation of the Paris Climate Change Agreement in the transport sector.Em 12 de dezembro de 2015, cidadãos de todo o planeta, reunidos na França, celebraram a conclusão de um longo processo de negociação multilateral para um grande acordo global sobre mudanças climáticas. Emocionado, o ministro francês de Relações Exteriores, Laurent Fabius, batia o martelo que selava o nascimento do Acordo de Paris.�Muitos governos ratificaram o acordo já no início de 2016, estimulando outros a fazer o mesmo. Mas depois que Trump saiu,A Alemanha, anfitriã da COP23, realizada ano passado sob a presidência das Ilhas Fiji, deu todas as indicações de que não atingirá sua meta de redução de 40% de suas emissões em 2020 em relação aos níveis de 1990. E o Brasil, muitas vezes visto como líder entre os países em desenvolvimento nas negociações de clima e em redução de emissões, pela queda nas taxas de desmatamento, viu o presidente Michel Temer levar adiante uma agenda voltada ao atendimento de demandas da retrógrada bancada ruralista e do setor de petróleo e gás.Meta do Brasil – 37% dos niveis de 2005



Advantages of Sugarcane Bioethanol

• Highly effective in generating energy
• Highly efficient at converting solar energy into biomass
• Low nitrogen fertilizer requirements
• Sugarcane is a perennial grass
• Low water footprint in agriculture (no irrigation needed)
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What are the advantages of sugarcane ethanol?First of all.It’s an effective feedstock, perennialIt uses little fertilizer in comparison to corn Sugarcane is highly efficient in terms of nitrogen use efficiency, which is an important factor for its high energy balanceNo irrigationEffective in generating energye life-cycle energy consumption and GHG emissions from using ethanol produced from five feedstocks: corn, sugarcane, corn stover, switchgrass and miscanthusRelative to petroleum gasoline, ethanol from corn, sugarcane, corn stover, switchgrass and miscanthus can reduce life-cycle GHG emissions by 19–48%, 40–62%



Brazil’s Sugarcane Agriculture and Ethanol 
Production First Brazilian car on 100% 
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Sugarcane ethanol has been produced in Brazil for decades. It started with the WWII, when gasoline shortage lead the Brazilian government to supplement with ethanol. After the end of the war cheap oil caused gasoline to prevail, and ethanol blends were only used sporadically, mostly to take advantage of sugar surpluses,[35] until the seventies, when the first oil crisis resulted in gasoline shortages and awareness of the dangers of oil dependence.[34][35] As a response to this crisis, the Brazilian government began promoting bioethanol as a fuel. The National Alcohol Program -Pró-Álcool- (Portuguese: Programa Nacional do Álcool), launched in 1975, was a nationwide program financed by the government to phase out automobile fuels derived from fossil fuels, such as gasoline, in favor of ethanol produced from sugar cane the large scale of ethanol production began in Brazil in the 70`s after the world oil crises. In that time Brazil was extremely dependent of oil imports and the rise of the oil prices impacted the whole country economy. After that, Brazilian government implemented many policies to develop of Bioethanol production and diversify the energy matrix of the country, in order to ensure the security of energy supply. Those policies were done first with the aim of ensure the demand by regulating the fuel market, establishing a minimum levels of blend Bioethanol in gasoline, controlling the amount produced and the prices, implementing no taxation for ethanol cars and others subsidies (Nogueira, 2013).Although, also many others policies were also implemented to support and increase the supply of bioethanol in the market improving the knowledge, research and technology of ethanol production and offering financing for Ethanol mills to increase their production capacity, including the industry and plantation area of sugar cane (Dias, 2011).Proalcool program was implemented in the end of 1975. The purpose of the new program was to stimulate domestic fuel ethanol supply obtained from cane biomass by means of aggressive market intervention through quotas, marketing orders, price setting and subsidized interest rates.Oil shock in 1979 brought about new Proalcool activities focused on demand expansion for a system of tax exemptions for buyers of ethanol cars and controlling the ethanol price bellow gasoline price. (Martines-Filho, 2006)In 1990 the “Instituto do Açúcar e do Álcool” (IAA) that is a public institution through which government intervention had been executed, was eliminated. In 1993, the government approved a law in which all gasoline marketed in Brazil would be blended with 20% to 25% of ethanol. This measure ensures the Bioethanol demand, however at that time all ethanol prices were deregulated and determined by market forces that make the prices higher (Martines-Filho, 2006).In 2003, the Brazilian automobile industry launched the first flex-fuel car. Consumers now could decide the mix proportion at every fill-up: pure gasoline, pure ethanol, or a blend. This generated an increase of the ethanol demand.Investments in research and education were also done by the Brazilian state since 70’s. Those measure supported the development of Bioethanol industry and sugar cane plantations.  The increase of sugar cane yields is result of new variety development, biological pest control introduction, improved management, mechanization and greater soil selectively. Yields are now over 80 tons/hectare, it is means 94% more productivity that was 70’s (Martines-Filho, 2006).Nowadays the government policy is related to ensure that the transformation to a market-driven sector proceeds smoothly and to support the improvement of industry’s environmental performance. The Bioethanol market is well established in Brazil, so the state is more active in regulate the environmental impacts of industry expansion. Concernment about soil and water degradation, impact in food production, land use changes and burning of fields are being analyzed and regulate by the government (Nogueira, 2011)



Brazilian Ethanol Export Increases
Brazilian Ethanol Export 

1989 - 2008 2008 - 2017
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After 2003, Brazil saw an great increase in export as demand for renewable energy increased as global demand for renewable energy increased.With that, concerns about emissions during the lifecycle of production and about other environmental impacts increased as well.



Brazilian Ethanol Export Increases
Brazilian Ethanol Export 

1989 - 2008 2008 - 2017
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After 2003, Brazil saw an great increase in export as demand for renewable energy increased as global demand for renewable energy increased.With that, concerns about emissions during the lifecycle of production and about other environmental impacts increased as well.



Presenter
Presentation Notes
In 2008, my colleague from Brazil Luiz Martinelli and I published a paper that talked about all the social environmental problems of sugarcane ethanol from Brazil.  Our intention was to call attention to the problems as bioethanol as the global demand for biofuels was increasing.  In fact, this paper was highly influencial shaping the Renewable Energy Directive 2009 (European Parliament and the Council of the European Union, 2009a), which compels European countries to use renewable transport fuels; the Fuel Quality Directive (European Parliament and the Council of the European Union, 2009b) requires reduction in greenhouse gases (GHG) emissions in the transportat sector by using biofuels. Some of the problems 
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In 2008, my colleague from Brazil Luiz Martinelli and I published a paper that talked about all the social environmental problems of sugarcane ethanol from Brazil.  Our intention was to call attention to the problems as bioethanol as the global demand for biofuels was increasing.  In fact, this paper was highly influencial shaping the Renewable Energy Directive 2009 (European Parliament and the Council of the European Union, 2009a),, which compels European countries to use renewable transport fuels; the Fuel Quality Directive (European Parliament and the Council of the European Union, 2009b) requires reduction in greenhouse gases (GHG) emissions in the transportation sector by using biofuels. Some of the problems 



• Brazil was “discovered” by the Portuguese in 1500
• Sugarcane was introduced in the 1530s

Sugarcane is an old agriculture 
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But many problems continue mostly because of old agricultural practices.  Sugarcane was not cultivated for sustainability goals, this is a new concept that the industry is adapting to.Sugarcane agriculture in Brazil is pretty old. Sugarcane was introduced in Brazil by the Portuguese in the early 16th hundreds for sugar commerce by Portugal and Holland. Practices were manual and depended on slavery and plantations were restricted to the coast of BrazilThe Portuguese discovered Brazil in 1500 and started settling in 1530s to control land holdings and develop agricultureIn the US, the first colony was founded at Jamestown, Virginia, in 1607. Many of the people who settled in the New World came to escape religious persecution. The Pilgrims, founders of Plymouth, Massachusetts, arrived in 1620.he initial purpose for Portuguese colonization in Brazil was to explore and gain new lands as well as resources they might not have access to otherwise.  Once the Portuguese conquered this land and were the ruling power there, they sought to establish settlements in order to command their land holdings and stake in the global trade market. Sugarcane came from New Guinea.  Then it went to India, China and in 600 BC, Sugarcane was cultivated in Persia.In 1400 the Portuguese introduced sugarcane to Madera and Canary Islands.  In 1500, to Brazil.



Sugarcane agriculture is intensive
Soil preparation

Synthetic fertilizer application
During planting or regrowth

Planting every 3-5 yrs
Pesticide &
herbicide application

Harvesting

Transport to mills

Organic fertilizer
application

Land use 
conversion
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It’s also an intensive agriculture, and ethanol production is based on an intensive industrial process that consumes a lot of water and energy.



Ethanol industrial process is complex
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It’s also an intensive agriculture, and ethanol production is based on an intensive industrial process that consumes a lot of water and energy.



Industrial process produces high volume of waste

Liquid

Solid
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It also produces high volumes of waste 



Future

Colonial Brazil

Present

Sugarcane agriculture 
expansion and loss of biodiversity
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When sugarcane expansion started expanding even further. Other questions came up regarding the long term impacts of land use change.Expansion of sugarcane cultivation for biofuel in areas not under environmental protection or reserved for food production could also reduce global emissions of carbon dioxide by up to 5.6%, according to a study by researchers in Brazil, the US and Europe published recently.As a result, it would be possible to reduce oil consumption by 3.8%-13.7% and net global emissions of CO2 by 1.5%-5.6% by 2045 compared with data for 2014.Under Scenario 1, sugarcane expansion was limited to existing pasturelands that could be replaced with the crop according to the Sugarcane Agroecological Zoning Plan (ZAE Cana) established in 2009 by EMBRAPA, the Brazilian Agricultural Research Corporation.Under Scenario 2, sugarcane production was expanded not only to areas available for the crop identified by ZAE Cana but also to areas that will not be needed to grow food crops and animal feed, even assuming a rise in demand for food in the coming decades due to population growth.Scenario 3 was the same except that it included natural and semi-natural vegetation that can be legally converted to cropland.Nosso conhecimento sobre os impactos do etanol de cana produzido no Brasil ainda é limitado, especialmente para a água e os solos, e essa falta de conhecimento é um sério obstáculo naavaliação da sustentabilidade de biocombustíveis de cana-de-açúcar. Even if new plantation areas respect the Sugarcane Agroecological Zoning, which is a Brazilian Law in effect since 2009 to guarantee that the sugarcane culture does not threaten major biodiversity areas, sugarcane can expand way beyond present area.We show that Brazilian sugarcane ethanolcan provide the equivalent of 3.63–12.77Mbd1 of crude oil by2045 under projected climate change while protecting forestsunder conservation5 and accounting for future land demandfor food and animal feed production. The corresponding rangeof CO2 osets is 0.55–2.0 Gigatons yr1. This would displace3.8–13.7% of crude oil consumption and 1.5–5.6% of net CO2emission globally relative to data for 20146,7.



Human Population: ~208 million

BRAZIL
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Just to give an idea of scale, here is a map of Brazil in South America and in relation to the US.The American territory is approximately 9,2 million sq km, while Brazil’s is approximately 8.5 million sq km. Meanwhile, the population of United States is ~330 million people (almost 210 million in Brazil).



Specific Concerns
1. What are GHG emissions during bioethanol lifecycle?

1. Agricultural phase
2. Industrial phase
3. Land-use change

2. What are other environmental impacts?
1. Surface water pollution
2. Groundwater pollution
3. Water use
4. Degradation of aquatic ecosystems

3. Does sugarcane ethanol production compete with food production?

4. What best management practices can help reduce environmental impacts?
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More specifically, here are some of the specific questions asked about sugarcane bioethanol



Specific Concerns & My Research
• What are GHG emissions during bioethanol lifecycle?

• Agricultural phase
• Industrial phase
• Land-use change

• What are other environmental impacts?
• Surface water pollution
• Groundwater pollution
• Water use
• Degradation of aquatic ecosystems

• Does sugarcane ethanol production compete with food production?

• What best management practices can help reduce environmental impacts?
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My research in collaboration with colleagues in Brazil addresses several of these questions
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Here is an example of publications that have come out of these collaborations, so for the rest of the talk I’ll summarize what we’ve learned so far.



GHG emissions in the 
sugarcane agricultural phase

Soil preparation

Planting Synthetic fertilizer application Organic fertilizer application

GHG sampling

Crop trash 
accumultation
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To answer this question and facilitate assessment of lifecycle emissions: energy balance and GHG emissions in the production and use of fuel ethanol from cane in Brazil, my colleagues in Brazil I had a project a couple of years ago we conducted in situ experiments to assess emission rates of three GHG (CO2, N2O, and CH4) in sugarcane fields in Brazil under different fertilizer application practices typically used in the main stages of the crop, and with increasing crop trash accumulation on the soil surface which results from mechanized harvesting.  



GHG emissions from sugarcane agriculture are relatively 
low but crop trash accumulation increases rates and offset 
fossil-fuel savings after N synthetic fertilizer and organic 
fertilizer (vinasse) were applied.

Carmo, Filoso, Pitombo and others. 2012. Global Change Biology Bioenergy
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This study has helped define management practices to reduce emissions for ethanol certification process. Sustainability certification of bioethanolAmong the most applied sustainability-oriented instruments in the sugarcane ethanol sector are the Environmental Impact Assessment (EIA) and the Bonsucro Certification. EIA is a mandatory decision support tool for environmental authorities to approve sugarcane ethanol projects, and the Bonsucro certification is a voluntary scheme that aims to demonstrate to external stakeholders the performance of sugarcane ethanol industry on sustainability issuesCurrently, approximately 66% and 49% of the global anthropic N2O and CH4 emissions, and 15% of the CO2 are from agriculture (FAO, 2003).



Emissions increase 
with intensification of 
pasture management.

Bento, Filoso, Pitombo and others. 2018. JEM

GHG emissions during
land-use change
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However, in a new study that my collegues in Brazil and I published recently, we show that expansion of sugarcane over degraded pastures is leading to the intensification of pasturelands, increasing GHG emissions because of N fertilizer application. BMPs can prevent this to a certain extent.



Erosion risk based on
land-use in 1978

Erosion risk predicted for expansion of 
sugarcane agriculture

15 years...

Piracicaba River Basin

Other environmental impacts: Soil erosion

Sugarcane watersheds 
have high rates of soil 
erosion.
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We we compare the soil erosion risk for 1978 with for 1993. The changes in land-use for these period (1978-1993), increase of the area covered with sugar-cane and the replacement of pasture by silvilculute significantly increases the risk of erosion in the basin. 



Erosion risk based on
land-use in 1978

Sugarcane expansion 
neglects protection of 
first-order streams.

Degradation of low-order streams
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We we compare the soil erosion risk for 1978 with for 1993. The changes in land-use for these period (1978-1993), increase of the area covered with sugar-cane and the replacement of pasture by silvilculute significantly increases the risk of erosion in the basin. 



Sugarcane expansion in areas of low water 
security

45 million people

208 million people
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Sugarcane is high intensity agriculture and as such, 



From: Vorosmarty et al., 2010, Nature 467, 555-561.

Water quality degradation is the main 
water security threat in Brazil!



River Ecosystems as Integrators of 
Environmental Changes

Watershed

Global
Regional

Reach-scale

Presenter
Presentation Notes
River networks are integrators of processes and conditions at multiple scales and therefore are particularly sensitive to all the human-driven the environmental changes that are occurring.  Therefore, my research is most focused on riverine systems. NEXT SLIDE



Soil compaction and gully 
formation increases sediment 
export in streams

Suspended 
sediments in 
streams
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Figure 1.8 (a) Berms extremities (stars) and erosional features (dots: permanent gullies-red, ephemeral gullies-yellow, and rills-green) within study catchments. Pink lines are continuous erosional features within sugarcane fields (top). (b) Detail of one of the study catchments (P7) to show that gullies were occurring at berms extremities (bottom) 



Surface water pollution: Excess nutrients

Years of fertilizer 
application in sugarcane 
fields increase N and P 
concentrations in streams.



Contamination of macroinvertebrates with 
heavy metals

Corbi et al., 2008. Water Air Soil Pollut.

High concentrations of 
heavy metals in 

macroinvertebrates found in 
streams draining sugarcane 

fields and w/o riparian 
buffers
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It goes up the trophic chain
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So, while Brazilian sugarcane ethanol is definitely a good solution to reduce CO2 emissions from the global transport sector.Growing realization of a vast potential indicates the need to further enhance the environmental benefits of sugarcane ethanol by optimizing the agricultural production chain.



Adoption of Best Management Practices 
is needed!

No till Riparian buffer conservation 
and restoration

Forest conservation 
and restoration
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Based on this improved knowledge, the adoption of best management practices is among researchable priorities that can be developed to consolidate the large potential of sugarcane production towards greater sustainability.Just like here in the Chesapeake Bay, the adoption of bmps is key.



Focus of my research in Chesapeake Bay
STREAM RESTORATION

STORMWATER RUNOFF
MANAGEMENT 

WETLAND 
RESTORATION WATERSHED MANAGEMENT 

MEASURES
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Luckily, that’s a lot of what I study here in the Chesapeake Bay.  bmps that we use are effective at reducing environmental impacts, especially on water and now on GHG emissions had many projects in the past few years looking at effectiveness of urban stream restoration at reducing nutrient and TSS loads to CB.So, I’m going to talk about these projects and show you some of the results.I’m in the process of synthesizing the data that I’ve collected with these different projects with a new CBT grant in order to provide science based information on the performance of stream restoration to water resources managers and the general restoration community. These projects have been especially helpful to improve our understanding of the connections between hydrological and biogeochemical processes at the management scale.
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You’ve probably seen the UMCES logo …  Well, now you know it’s not just a logo.  



Conclusions

• Brazilian bioethanol is a good and feasible option for reducing 
GHG emissions.

• Environmental impacts can be dramatically reduced with the 
adoption of effective best management practices (BMPs).

• Improving knowledge about BMP effectiveness is essential to 
increase the sustainability of sugarcane ethanol production in 
Brazil.
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Among the most applied sustainability-oriented instruments in the sugarcane ethanol sector are the Environmental Impact Assessment (EIA) and the Bonsucro Certification. EIA is a mandatory decision support tool for environmental authorities to approve sugarcane ethanol projects, and the Bonsucro certification is a voluntary scheme that aims 



THANKS!



CO2 emissions from soil carbon losses are minor when pastures and 
croplands are converted to cane, but larger for native savannahs. 

GHG emissions during
land-use change

M. Macedo & E. Davidson. 2014. Nature Climate
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Sugar cane ethanol replaces fossil fuels, but changes in soil carbon could offset some of the benefit. Now, a study shows minor loss of soil carbon when pastures and croplands are converted to cane, but larger losses when converting native savannahs. 
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Presentation Notes
Under the Paris AgreementAmong the key measures Brazil expects to take to fulfill its NDC goal:Achieve zero illegal deforestation in the Amazon rainforest by 2030Restore and reforest 12 million hectares (29.6 million acres) by 2030Restore 15 million hectares of degraded pasturelands and enhance 5 million hectares of integrated cropland-livestock-forestry systems by 2030, Brazil has made a Nationally Determined Contribution (NDC) to reduce GHG emission by 37 percent by 2025 relative to 2005 levels
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