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Renewable vehicle fuels in Brasil 
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Ethanol is a good fuel for  S-I engines 

• Ethanol is an alcohol, a pure substance composed by C2H5OH 

molecules. 

• The sugarcane ethanol contains also some water and traces of 

impurities from production process. 

• Two types of ethanol are employed as fuel in Brazil: 

• Anhydrous ethanol – low water content (0,4% by volume, 

max.); it is obtained from the regular ethanol by water 

elimination (molecular sieve). This product is to be blended 

with gasoline (20 to 25% v/v). 

• Regular ethanol – wet – up to 4,9% water by volume. 

Produced by direct distillation. Used as pure fuel in ethanol 

or Flex-fuel engines. 
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Ethanol and CO2 emissions 

The Boston Consulting Group - “The Comeback of the Electric Car?” - jan/2009 

FFV on ethanol 

Electric Vehicles should cost, in the year 2020, in USA, from 

US$140 to 280 for each1% of CO2 emission reduction 

In Brazil, 85% electricity is  

from renewable sources 

88% 
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The problem: renewable fuel for C-I engines 

• Possible renewable substitutes for diesel: 

– Straight vegetable oils 

– Biodiesel (poli-esters of vegetable oil or animal fat) 

– Ethanol (and its difficulties) 

– Diesel from renewable raw materials (some from sugar 

cane  yet to prove technical and economic feasibility) 
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Brasil:  60h of operation with sunflower 

oil – tractor engine.  
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Straight vegetable oil in engines: problems 
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Blend evolution (Law n.11.097/ 2005) 
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Challenges to biodiesel increase its participation in 

the Brazilian energy matrix: 

• Reduction of production costs (today is much greater than 

diesel oil from petroleum) 

• Development of non – food raw material for biodiesel   

there are lots of non–edible types of  seeds, but insufficient 

knowledge; technology and productivity to be developed   

• To evolve to a market-driven condition; it must be 

competitive without huge tax exemptions 

• Today  Biodiesel program is still under Federal umbrella 
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Challenges to employ ethanol fuel in C-I engines: 

• Since ethanol has high ON, it is a poor C-I fuel; its lubricity is 

also smaller than required by the injection system;  

• How to use ethanol in C-I engines? 

– To transform the C-I engine in a S-I engine 

– To blend ethanol with diesel (also some co-solvent) 

– To use the dual concept: create an homogeneous mixture 

of ethanol and air (fumigation or injection) to substitute 

the diesel partially (diesel auto-ignition acts as a spark) 

– To use surface ignition with glow plug 

– To use additives to improve ethanol CN and lubricity 
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Heavy-duty vehicles and ethanol 
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Transformation of C-I engine in a S-I engine: 

– This option was analyzed in the 80’s but was abandoned; 

– The option implies in modify the engine to adapt it to the 

available fuel; load control by air restriction; spark plug is 

added to begin the combustion; near stoichiometric 

mixtures; all advantages of the C-I engines are lost;  

– There is loss of efficiency for high loads; at partial load, 

the reduction is even more dramatic; 

– The increase of fuel consumption is high, due to smaller 

efficiency of the S-I engine and smaller heat content in the 

ethanol. 

– The final balance proved uneconomical 
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There is, however, a recent study (Langeani, 2011) 

 proposing an extensively modified ethanol S-I  

 engine, which can overcome the drawbacks of 

 this solution. Direct injection, turbo-charging, 

 stratified charges and huge use of electronics to 

 control engine are adopted. 
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Ethanol – diesel blends 

Blends of ethanol and diesel (with some co-solvent), or emulsions (with 

some emulsifier); this strategy can achieve from 3% to 40% of ethanol in 

the diesel; technology developed again from 1999 to 2005.  

Strategy to use ethanol in C-I engines 

 without modifications  to reduce PM; 

 but CO and HC emissions are increased. 

Phase separation: above ~5% 

Co-solvent  needed for blends 

Reduced CN and viscosity 

Small amounts of ethanol have small 

 effects on performance – but small 

 benefits too. 
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Ethanol – diesel blends  effects on combustion 

As the ethanol percentage increases, also increases the ignition delay 

and maximum rate of pressure rise. 

                                                                                            (2008) 
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Ethanol – diesel blends  effects on combustion 

An ignition improver can reduce the differences between ethanol blend 

and pure diesel combustion characteristics 

 

(same source) 
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Ethanol – diesel blends  effects on combustion 

Ethanol increases the importance of pre-mixed mode of heat release from 

combustion;  

(same source) 
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Ethanol – diesel blends  effects on emissions and efficiency 

The fuel consumption is increased, but the thermal efficiency is almost 

constant; NOx emissions are almost constant. CO and HC emissions 

levels, however, are increased (not shown). 

 

                                                                                                                    (2008) 
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Ethanol – diesel blends  effects on emissions and efficiency 

The best effect on regulated emissions is on PM: even with a small 

amount of ethanol, the smoke reduction can be of near 20%. On the other 

hand, with cetane improver the benefit is not so high. (same source) 
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2007 Report 
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Ethanol – diesel emulsions 
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Diesel: 10ppm S;  RME30: 30% biodiesel;  DI-EtOH: 10% ethanol 

Engine: Euro 3 
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Ethanol – diesel emulsions 
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Dual fuel system: partial substitution of diesel by ethanol: 

• Previous experience, also in the 80’s: ethanol was carbureted; 

diesel injection acts as ignition source for air–ethanol mixture; 

some degree of substitution is possible, but with a huge increase in 

CO and HC emissions (engines without post-treatment); poor load 

control. 

• In recent works, ethanol is injected in the inlet port and electronic 

load control is employed; in some cases, ethanol is evaporated to 

obtain a more homogeneous mixture with air. 

• In this option, the engine can run only on diesel, or in dual fuel 

mode; PM can be reduced; a small NOx reduction can also be 

obtained. CO and HC emissions, however, increase. 
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Dual fuel system: partial substitution of diesel by ethanol: 

1987 ASAE Trans. V30 p. 611-614 
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Dual fuel – injected  ethanol experience in Brazil 
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Partial substitution of diesel by ethanol: 

• Some results are shown in the figures below: stable 

combustion was achieved; 

• The combustion of an homogeneous mixture of ethanol and 

air produced a very rapid heat release 
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Dual fuel – injected  ethanol experience in Brazil 
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Partial substitution of diesel by ethanol: 

• With adequate calibration, the torque of diesel engine can be 

reproduced, as shown below 
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Dual fuel – injected  ethanol experience in Brazil 
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Dual fuel: Bosch system and Iveco truck 
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Dual fuel: Bosch system and Iveco truck 

The goals: same performance on dual mode 

To offer a truck for sugarcane industry (market niche).  

International Workshop on Ethanol Combustion Engines - 2012  
___________________________________________________________________________________________________________________ 



Presented  at FENATRAN 2011. Ethanol: single point injection  
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Dual fuel: MAN truck (Brazil) 
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Dual fuel: evaporated ethanol 
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Dual fuel: evaporated ethanol  (same source) 

Substantial PM reduction at high loads; 

But: values for old I-C engine (Pré – Euro I) 
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To use additives to improve CN and lubricity 

– This option also was studied in the oil crisis in the 80’s; 

– The cetane number improver usually is a light explosive; 

most of time, some kind of nitrite. 

– The idea is to use as much additive as necessary to 

obtain, with ethanol, auto-ignition like that of diesel fuel; 

– Usually, a co-solvent is adopted; biodiesel can be used to 

this role and increase the lubricity of ethanol; 

– Stockholm buses adopt ethanol with additives to reduce 

urban emissions since the early 90’s (NOx and PM); 

– This solution can be adopted only by environmental 

motivation, since cost is high (GHG emissions); 
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Ethanol with additives: Scania solution 

– The engine was modified to a very high compression ratio 

(28:1) and uses a ethanol resistant fuel system 

– Lubricating system adopts an oil compatible with ethanol 

– Increased flow injectors 

– Reduced service interval 

– Oxidizing catalyst  

– EGR (NOx) 
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Ethanol with additives: Scania solution 

• The fuel (by mass):  92,2% wet ethanol (6,4% water) + 5% ignition 

improver +2,8 MTBE and isobutyl alcohol 

• Ignition improver: SEKAB EtamaxD (patented)  

• Heat of combustion:  25,7 MJ/kg  X  44,5 MJ/kg 

• Thermal efficiency: up to 43% 

• Oxidising catalyst to reduce 

       CO and HC emissions 

• EGR to reduce NOx emissions 
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  250 hp   270 hp etanol 310 hp  

Motor DC09 250 DC9 E02 270 DC09 310  

Combustível Diesel Etanol Diesel 

Volume 9,3 litros 8,9 litros 9,3 litros 

Sequência de ignição 1-2-4-5-3 1-2-4-5-3 1-2-4-5-3 

Cilindros 5 em linha 5 em linha 5 em linha 

Cabeçotes de cilindro 5 5 5 

Válvulas por cilindro 4 4 4 

Diâmetro x curso 130x140 mm 127x140 mm 130x140 mm 

Taxa de compressão 17:1 28:1 17:1 

Controle de injeção de combustível Scania PDE Scania PDE Scania PDE 

Controle de emissões Scania SCR/Proconve P7 Proconve P7 Scania SCR/Proconve P7 

Potência máx. 184 kW  
(250 hp) 

198 kW  
(270 hp) 

228 kW  
(310 hp) 

   a rpm 1900 1900 1900 

Torque máx. 1150 Nm 1.200 Nm 1.550 Nm 

   a rpm 1000-1300 1100-1400 1100-1350 

Frenagem máx. do motor 173 kW 170 kW 173 kW 

   a rpm 2400 2400 2400 

Scania 2012  – ethanol C-I engine option in Brazil 
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Fuel consumption comparison 
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Ethanol with additives: Scania solution 
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Ethanol with additives: Scania solution 

Increased cost in vehicle: from 400 to 1000 Euros 

Increased maintenance costs (lube oil, filters, etc.) 

Cost of additives: from 7 to 10 Euro cents increase in ethanol cost 
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There are some research to obtain diesel–like renewable fuels 

using modern bioengineering and knowledge on metabolism 

of specific micro-organisms.  

• This route is called 3th generation bio–fuels, or bio–

refineries. 

• The objective is to obtain renewable diesel, or gasoline or 

aeronautical kerosine. 

• These fuels does not require modifications in the engines or 

engine systems   optimal solution, from engine 

manufacturer viewpoint 

• The final goal is to reduce GHG emissions 
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There are two enterprises working in this area in Brazil: Amyris 

and PS9; almost all information is confidential. 

• The Amyris route is based in genetically engineered yeast  

• There are many possible products from pharmaceutical to 

renewable diesel. 

• A blend of 10% of the diesel of Amyris + 90% of S10 diesel 

(containing 5% of biodiesel, by Law) was tested in a bus fleet 

in S. Paulo. A new test is beginning in Rio de Janeiro (2011)    

• The principal product obtained in the bio–refinery is called 

Farnesene – a hydrocarbon with some isomers, containing 

15 carbon atoms, 3 methyl radicals and 4 double-bonds. One 

of the isomer is pictured below.  
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Diesel from sugarcane 
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PS9 route is also based in genetically modified microbe.  

• Even less information is available from this enterprise 

 

In both cases, Brazil was elected to development of the 

technology due to the availability of an efficient raw material: 

sugarcane; it is very important to obtain high efficiencies in 

the production of the sugarcane diesel, from costs viewpoint 

• The production of a renewable diesel is in the research and 

development phase. It is not a proven technology. 

• The economic feasibility of this route must be shown 
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C-I engines still lack a renewable substitute: 

• Straight vegetable oils needs large engine modifications 

• Biodiesel needs new oil sources and reduction of costs 

• Ethanol did not present regulated emission benefits when 

compared with Euro-5 (PROCONVE 7) diesel engines 

• Biofuels of third generation are in their initial development 

 

• GHG emissions, social development in agriculture and 

energetic security are the driving forces to use renewable 

fuels in C-I engines;  

• All the above described routes need research and technical 

development, specially with regard of post-treatment devices 

now adopted to control regulated emissions. 
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