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key definitions before starting… 

Biomass 

organic matter derived from vegetal and animal materials 

Liquid biofuels  

fuels produced from biomass 

Ethanol: ethyl alcohol that is blended with gasoline used in Otto-cycle engines 

Biodiesel: Fatty acid methyl esters (FAME) that are blended with diesel used in 
compression-ignition engines 

Biofuels technologies 

Conventional: well established processes available at commercial scale → sugar- and starch-based 
ethanol, vegetable and animal biodiesel, biogas from anaerobic digestion 

Advanced: pathways that are still in the R&D/pilot stage (e.g.: hydrotreated vegetable oil, cellulosic 
ethanol, biomass-to-liquid (BtL) diesel, algae biodiesel) 
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Biofuels status 

today 



Global fuel production 

Source: IEA/OECD 2011 
(Technology roadmap, Biofuels for Transport) 

16 bil L 

6x 

~20-25% 

~55-65% 

100 bil L 

5-8% 

5-8% 

8-10% 



World largest ethanol producers 

Source: Timilsina and Zibelman 2014 

14%/yr US reached 
over Brazil in 

EtOH 
production 



World largest biodiesel producers 

Source: Timilsina and Zibelman 2014 

14%/yr US reached 
over Brazil in 

EtOH 
production 

35%/yr 

US surpasses 
French production 



World biomass trading & blends  

Source: Based on IEA/OECD 2011 & USDA biofuel reports 
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World biomass trading & blends  

Source: Timilsina and Zibelman 2014 

Ethanol and biodiesel import/export balance 

USA and EU 
are major 
importers 

EU is a 
major 

importer 



Future perspectives 

Biofuel consumption: ↑ from 1.3 to 4.1 mboe/d  in 2035 → 8% of road-transport fuel demand in 2035 

US, Brazil, EU and China: ≥ 80% of all demand 

Brazil is the only large consumer able to meet its demand 

Advanced biofuels: 20% of biofuels supply in 2035 

Source: IEA 2013 



Worldwide 
biofuels 
programs 



Brazil: Pro-alcohol program 



Brazil: Pro-alcohol program 

Source: IEA 2013 

Drivers: 

 Increasing oil prices (in the aftermath of the 1st oil crisis) 

 Need to reduce trade balance deficit 

 Need to control inflation  

 Need to reduce dependence on imported fossil fuels  

 Guarantee fuel security of supply 

 Fuel to private vehicle mobility 



1975 1979 

Brazil: Pro-alcohol program 

(Nogueira 2008) 

Creation of the National Executive Commission for Alcohol(CENAL) to manage 

the program 

Incentives to implement attached distilleries to existing sugar mill units 

Phase I 

Goal 

increase production of anhydrous ethanol from 580,000 to 3 
bil L by 1980 (~E20)  



1975 1979 

Brazil: Pro-alcohol program 

Reinforcement of phase I   

Creation of the Conselho Nacional do Álcool (CNAL) 

Incentives to purchase dedicated hydrated ethanol vehicles (new E100 veh 

sales increased from <1 to 76%)  

Establishing higher target of ethanol blends in gasoline (progressively 

increased to 25%) 

Regulated price of hydrated ethanol to make it competitive with gasoline 

Guarantying competitive prices to ethanol producers, even if international 

sugar prices were more attractive 

Phase II 

1980 1985 



1975 1979 

Brazil: Pro-alcohol program 
Phase II 

1980 1985 



1975 1979 

Brazil: Pro-alcohol program 

Fall of crude oil prices (US$12-20) and strengthening of 

sugar prices 

Reduction of incentives to ethanol producers 

Supply ≠ Demand 

Ethanol shortage → substitution of pure ethanol by a 

mixture of 60% EtOH, 34% methanol and 6% gasoline  

 Lost of consumers’ trust 

 Sharp reduction of E100 veh sales 

Phase III 

1980 1985 1986 1995 



1975 1979 

Brazil: Pro-alcohol program 

Phase out of ethanol subsidies 

Free market of anhydrous and hydrated ethanol between 

producers and distributors  

Creation of the National Energy Policy Council (CNPE) 

(planning) and the National Agency for Petroleum, Natural 

Gas and Biofuels (ANP) (regulation, contracting, and 

inspection) 

Phase IV 

1980 1985 1986 1995 1996 2003 



1975 1979 

Brazil: Pro-alcohol program 

 Introduction of Flexible Fuel Vehicles (FFV) (89% share in 

new vehicle sales) (ANFAVEA 2014) 

Dominance of light passenger vehicle market (as in 2013 

~3.2 mil FFV) 

Phase out of E100 vehicles 

Phase V 

1980 1985 1986 1995 1996 2003 ? 



Brazil: Pro-alcohol program 

Biofuel consumption: ↑ from 1.3 to 4.1 mboe/d  in 2035 → 8% of road-transport fuel demand in 2035 

US, Brazil, EU and China: ≥ 80% of all demand 

Brazil is the only large consumer able to meet its demand 

Advanced biofuels: 20% of biofuels supply in 2035 

Source: IEA 2013 

LDV sales in Brazil (in million vehicles per year) (ANFAVEA, 2014) 



Brazil: Pro-alcohol program 

Biofuel consumption: ↑ from 1.3 to 4.1 mboe/d  in 2035 → 8% of road-transport fuel demand in 2035 

US, Brazil, EU and China: ≥ 80% of all demand 

Brazil is the only large consumer able to meet its demand 

Advanced biofuels: 20% of biofuels supply in 2035 

Source: IEA 2013 

Evolution of LDV flexfuel sales in Brazil (in % per year) (MME, 2013) 



Brazil: Pro-alcohol program 

Biofuel consumption: ↑ from 1.3 to 4.1 mboe/d  in 2035 → 8% of road-transport fuel demand in 2035 

US, Brazil, EU and China: ≥ 80% of all demand 

Brazil is the only large consumer able to meet its demand 

Advanced biofuels: 20% of biofuels supply in 2035 

Sources: CONAB 2014; MAPA 2014 

Evolution of ethanol consumption 
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Recent trends 

Ethanol industry crisis 

Governmental subsidy to gasoline reduced ethanol producers’ profits  

Extreme weather conditions in the last years   →   ↓ sugarcane yields  

Mechanisation harvest   →   high investment, ↓ sugar content in the stalks → ↓ productivity 

Farmers are not substituting stalks after the 6 year turn over period    →   ↓ sugarcane yields  

Between 2008 and 2014, 66 ethanol distilleries resumed activities (UNICA, 2014) 



Brazil: Pro-alcohol program 

Biofuel consumption: ↑ from 1.3 to 4.1 mboe/d  in 2035 → 8% of road-transport fuel demand in 2035 

US, Brazil, EU and China: ≥ 80% of all demand 

Brazil is the only large consumer able to meet its demand 

Advanced biofuels: 20% of biofuels supply in 2035 

Sources: CONAB 2014; MAPA 2014 

Consumer prices of hydrated ethanol vs. gasoline per state in Brazil 



Brazil: Pro-alcohol program 

Biofuel consumption: ↑ from 1.3 to 4.1 mboe/d  in 2035 → 8% of road-transport fuel demand in 2035 

US, Brazil, EU and China: ≥ 80% of all demand 

Brazil is the only large consumer able to meet its demand 

Advanced biofuels: 20% of biofuels supply in 2035 

Sources: CONAB 2014; MAPA 2014 

Consumer prices of hydrated ethanol vs. gasoline in Brazil 



Brazil: sugarcane ethanol production 

Sources: CONAB 2014 

Evolution of ethanol consumption 
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Cana-de-açúcar processada Área de cana colhida

2014/15:  
9.16 Mha of sugarcane plantations 

671 Mt of sugarcane  

Pro-alcohol program 



Brazil: sugarcane ethanol production 

Sources: Goldemberg 2008; CONAB 2014 

Amazon Forest 

Pantanal 
grassland 

Atlantic Rainforest 

sugar cane cultures 

sugar cane cultures 

81% 

12% 

Sugarcane cropland corresponds to 
less than 7% of total agricultural land 

in Brazil (9.16 Mha) 
 

671 Mt of sugarcane 

 

376 (as for 2014) ethanol producing 
units 



Brazil: sugarcane ethanol production 

Biofuel consumption: ↑ from 1.3 to 4.1 mboe/d  in 2035 → 8% of road-transport fuel demand in 2035 

US, Brazil, EU and China: ≥ 80% of all demand 

Brazil is the only large consumer able to meet its demand 

Advanced biofuels: 20% of biofuels supply in 2035 

Sources: CONAB 2014; MAPA 2014 

Share of sugarcane produced by region 

North 
1% 
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Biofuel consumption: ↑ from 1.3 to 4.1 mboe/d  in 2035 → 8% of road-transport fuel demand in 2035 

US, Brazil, EU and China: ≥ 80% of all demand 

Brazil is the only large consumer able to meet its demand 

Advanced biofuels: 20% of biofuels supply in 2035 

Sources: CONAB 2014; MAPA 2014 

Average yields of sugarcane in Brazil 
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Norte/Nordeste Centro-Sul Média nacional

2014/15: 73.6 t/ha  

Brazil: sugarcane ethanol production 



Biofuel consumption: ↑ from 1.3 to 4.1 mboe/d  in 2035 → 8% of road-transport fuel demand in 2035 

US, Brazil, EU and China: ≥ 80% of all demand 

Brazil is the only large consumer able to meet its demand 

Advanced biofuels: 20% of biofuels supply in 2035 

Sources: CONAB 2014; MAPA 2014 

Ethanol production in different regions of Brazil 

Brazil: sugarcane ethanol production 
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Norte Nordeste Centro-Oeste Sudeste Sul

Total production:  
27.4 bil L 

(47% EtOH anhydrous) 
93% 



USA corn-to-ethanol program 



USA corn-to-ethanol program 

Drivers: 

 Reduce dependence on imported fossil fuels 

 Enhance energy security of supply 

 Diversify fuel production mix 

 Support the agricultural sector 



Energy Independence and Security Act (EISA) 2005 and 2007 mandate the use of 
biofuels in US's transportation sector (E10, E15, E85, E-diesel) 

USA corn-to-ethanol program 
• Energy Independence and Security Act (EISA) 2005 

and 2007 mandate the use of biofuels in US's 

transportation sector (E10, E15, E85, E-diesel) 

USA corn-to-ethanol program 



US consumption of MTBE and ethanol in gasohol 

USA corn-to-ethanol program 
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USA corn-to-ethanol program 
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USA corn-to-ethanol program 

Source: RFA 2015 
Conventional biorefineries Cellulosic ethanol biorefineries 

Biorefineries in the US (2013) 

198 in operation (installed capacity 57.5 bil L/yr) 

Ethanol substitutes about 10% of gasoline supply 



E85 light passenger vehicle fleet 

USA corn-to-ethanol program 
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USA corn-to-ethanol program 

More recent trends 

 
EPA requires that the Renewable fuel 
standard program includes specified 
volumes of renewable fuels according 
to the categories: 

Conventional biofuel: Starch ethanol (e.g., 
corn and grain sorghum). Plants built after 
2007 must demonstrate  20% LCA-GHG 
emissions 

Advanced Biofuel: fuels from cellulosic or 
advanced feedstocks (including sugarcane).  
50-60% LCA-GHG emissions 

Sources: EPA 2015 



Sources: EPA 2015 

USA corn-to-ethanol program 

More recent trends 
EPA tried to lower the unrealistic progress targets for corn and advanced ethanol (2014) 

EPA’s proposal could cut RFS target for advanced biofuels by 20% 

“Limitations in the volume of ethanol that can be consumed given practical constraints on the 
supply of higher ethanol blends to the vehicles that can use them”  

“Limitations in the ability of the industry to produce sufficient volumes of qualifying renewable 
fuel, particularly non-ethanol fuels” 

 



Brazil USA 
Start of the program 1970’s Early 2000’s 

Feedstock Sugarcane Corn 

Ethanol production (2013)     (bil L/yr) 27 50 

Total area used for ethanol crop (2006) (mil ha) (% 
arable At) 

3.6 
(1%) 

10 
(3.7%) 

Number of dedicated processing units 211 376 

Ethanol yield (L/ha) 6,800 - 8,000 3,800 - 4,000 

Energy balance (NEV) 8.3 - 10.2 1.3 - 1.6 

GHG emission reduction  86–90% 10–30% 

Number of ethanol fuelling stations 35,017 (100%) 2,749 (1.6%) 

Ethanol's share within the gasoline market ~50% 10% 

Cost of production (USD/L) 0.21 0.30 

USA corn-to-ethanol program 



USA corn-to-ethanol program 

Criticisms: 
Strongly based on fiscal incentives (cumulative subsidies between 2005 and 2007: US$17 bil, 2015: US$54 
bil) 

Corn ethanol might have negative impacts on food security and water footprint 

Most distilleries are heavily dependent on fossil fuels 



European Union biofuels program 



European Union biofuels programm 

Drivers: 

Support agricultural sector of member states (mainly Germany, France and Spain) 

 Reduce dependence on imported fossil fuels (80% of imported fossil fuels) 

 Guarantee energy security of supply 

 (Climate change mitigation) 



European Union biofuels programm 

Overview: 

Set of subsidies, tax reductions, and 

exemptions: 

Common Agricultural Policy (CAP) 

incentivises production of certain crops for 

energy use 

Directives set targets of incorporation rates  

 Strong import barriers 

 Strongly oriented toward biodiesel 



European Union biofuels programm 

Source: Khanna et al. 2010. 

supply relies largely on 
wheat and sugar beet 

 supply relies largely on rapeseed 



EU biofuels program challenges 

Criticisms: 

Highly dependence on subsides (5.5-8.4 bil EUR) (EU 

2015) 

Land use change (LUC) 

Uncertain impact on direct- and indirect-LUC in 

developing countries (Land grabbing, deforestation, etc.) 

Increasing global food prices 

Increase of GHG emissions 

Production of more impactful biofuels than conventional 

diesel and gasoline 



sustainability of 

biofuels production 



All that glitters… 

Drivers 

Mitigation of 

climate change 



All that glitters… 
Energy security of supply     

Rural economic development 



…is not gold 

• Agricultural stage of biofuel production demands high inputs of fertilisers, pesticides and diesel → ↑ 

fossil fuel needs 

• Biofuel refining requires heat, electricity and raw materials that might come from fossil fuels 

• Tailpipe emissions of biofuel  

     combustion might be higher  

     than conventional fuels 

• In some cases, biofuels are not  

     beneficial when compared to  

     fossil fuels 

 



Non-renewable energy consumption 

Source: Lucon et al. 2008 



Global warming potential 

Sugarcane ethanol shows significant 
potential for GHG mitigation, if no 
indirect land-use change occurs 
 
Conventional biofuels: modest benefits 
(improvements might be achieved with 
use of co-products) 
 
Advanced biofuels: higher potentials to 
reduce GHG emissions (in general) 
 
High variability of life cycle results due 
to: feedstock, farming practices, use of 
co-products, methodology, reference 
systems  

Source: IEA/OECD 2012 



Global warming potential 
Impacts of indirect Land use change 

Source: EU 2015 



Local air pollution 

• Tailpipe emissions of fuel combustion in vehicle engines difficult to predict 

• Experimental results in laboratory and theoretical models do not match with real-

time emissions 

• Emission factors depend upon: kind of fuel used, use of catalysts, traffic conditions, 

cold-start conditions, driving behaviour, etc. 

• Ethanol and biodiesel are oxygenated fuels: greater oxygen to the fuel mixture, 

improving the efficiency of combustion 



• If engines are not adjusted to new fuel/blend properties, local air pollutants 

might be higher than conventional fuels 

• In general, biodiesel reduced HC, CO, PM, but NOx are a concern (↑ 10%): 

 

Source: EPA, 2002 

Local air pollution 



• In general, ethanol combustion in Otto-cycle engines: 

•  ↓CO, HC and PMs 

• aldehydes (mainly acetaldehyde) → tropospheric ozone, photochemical 

smog, human health issues 

• ↑ ↓ Nox 

• Cold-weather emissions: catalytic converters used on vehicles have 

to warm up before they reach full efficiency, resulting in higher 

emissions 

 

Source: EPA, 2002 

Local air pollution 



• Comparative emissions (g/km) of Flex-gasoline and Flex-ethanol vehicles with 
conventional gasoline vehicles (0% refers to conventional gasoline vehicles) 

Source: CETESB 2011 

Air pollutants 

CO2 emissions 

Local air pollution 



• Biofuels production requires large amounts of water (irrigation and processing activities) 

• Biofuels production generates large amounts of liquid effluents 

Source: Gerbens-Leenes & Hoekstra 2011 

Water footprint 



Is it real the risk of diverting 
farmland or crops for biofuels 

production to the detriment of the 
food supply? 

Food versus fuel 



• Literature diverges about this topic 

• Uncertainty is related to the large number of impacts and feedback loops that 

can positively or negatively affect the price of food supply systems 

“Large increases in biofuels production in the 
United States and Europe are the main 
reason behind the steep rise in global food 
prices", and also stated that "Brazil's sugar-
based ethanol did not push food prices 
appreciably higher” 
 
 

 the World Bank, 2008 

“The effect of biofuels on food prices has not 
been as large as originally thought, but that 
the use of commodities by financial investors 
(the so-called "financialisation of commodities") 

may have been partly responsible for the 
2007/08 spike”  
 
 

the World Bank 2010 

Food versus fuel 



• A common view in the literature: 

• The merger of agriculture and energy markets is one of the basis for the food crisis 

• Growing mechanisation of farming practices and its dependence to fossil fuel/fertilisers/pesticides are major 

reasons for the 2008 fuel crisis  

• Co-existence of biofuel and food production seems possible especially for non-food crop biofuels (advanced 

fuels) 

• Nevertheless… energy crop farming land is one of the factors pressuring land availability for food crops 

 

Food versus fuel 



• Direct impacts 

• When biofuels feedstocks are grown on land that was previously forest 

• Associated GHG emissions related to conversion of land with high carbon stocks must 

be avoided (IPCC, IEA methodologies) 

• Indirect impacts 

• When biofuel production displaces the production of other commodities, which are then 

produced on land converted elsewhere (perhaps in another region or country) 

• More difficult to identify and model explicitly in GHG balances (no consensus in 

literature) 

Land use change 



economic perspectives 



USA corn-to-ethanol program 
• Energy Independence and Security Act (EISA) 2005 

and 2007 mandate the use of biofuels in US's 

transportation sector (E10, E15, E85, E-diesel) 

Biofuel production prices 
• Prices are subject to: 

• Volatility in the commodities markets for the conventional biofuel feedstocks (corn, sugarcane, soybeans, palm oil, etc.) 

• Weather conditions 

 
 Poor sugarcane harvests 

due to unfavourable weather 
and high world sugar prices. 

 Less volatility partly due to 
more diversified portfolio of 

feedstock 

Source: Timilsina and Zibelman 2014 



Biofuels production costs 
• Costs are subject to: 

• Feedstock cost (70% for corn-ethanol, 85-90% for biodiesel) 

• Scale of the plant 

• Processing technology 

• Conventional fuels are highly dependent on feedstock volatility (45-70%) 

• Use of co-products: ↓ up to 20% 
 

Source: Timilsina and Zibelman 2014 



Job creation: Brazilian sugarcane ethanol 

• Feedstock production is relatively unskilled labour intensive (informal, temporary and child labour) 

• Sugarcane agroindustry is a major job generator (~1.1million direct jobs as for 2012) (UNICA, 2013) 

• Harvest mechanisation will reduce the overall number of jobs by 60%, but will required higher level of skilled workers  

 

Source: Moraes 2005, apud Nogueira 2008 



Final considerations 



How will the future look like for biofuels in Brazil? 
Some scenarios 
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How will the future look like for biofuels in 
Brazil? Some scenarios 



How will the future look like for biofuels in 
Brazil? Some scenarios 



summary 

80 

 Biofuels programs were historically motivated by issues of energy security and agriculture 

support policies (now, more and more, by climate mitigation), with not much concern for 

environmental issues  

 Brazil has had a long tradition of sugarcane ethanol and biodiesel production, where technology 

learning has always played a very importante role 

 The successfull inclusion of biofuels in the Brazilian fuels structure has been a result of a 

combination of leverage mechanisms, which acted in the different parts of the ethanol´s and 

biodiesel´s value chains  

 But if the past and the present may have looked, or still look, bright for the biofuels industry in 

Brazil (as well as in the US), the future looks very uncertain 

 Signals from many different fronts, both domestically and from abroad, point in the direction of 

an increasing electrification of the transport sector over time, at least for those segments that 

can be more easily electrified 

 Changes in human behaviour and habits, mainly among youngsters, as well as new disruptive 

transportation technologies, should not be dowplayed, even in the short to medium terms 
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