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Chemical and Physical Properties of the Ethanol Molecule

Properties
Pure ethanol is a flammable, colorless liquid with a boiling point of 78.5° C. 

Its low melting point of -114.5° C allows it to be used in antifreeze products. It has a pleasant odor reminiscent of whiskey. 

Its density is 789 g/l about 20% less than that of water. It is easily soluble in water and is itself a good solvent, used in perfumes, paints and tinctures. Alcoholic drinks have a

large variety of tastes, 

Ethanol as fuel
Ethanol is flammable and burns more cleanly than many other fuels.

When fully combusted its combustion products are only carbon dioxide and water. For this reason, it is favoured for environmentally conscious transport schemes and has been 

used to fuel public buses. 

However, pure ethanol attacks certain rubber and plastic materials and cannot be used in unmodified car engines. 

Additionally, ethanol has a much higher octane rating than ordinary gasoline, requiring changes to the spark timing in engines.

A mixture containing gasoline with at least 10% ethanol is known as gasohol. One common gasohol variant is "E15", containing 15% ethanol and 85% gasoline. These 

concentrations are generally safe for regular automobile engines, and some regions and municipalities mandate that the locally-sold fuels contain limited amounts of ethanol.

The term "E85 ethanol" is used for a mixture of 15% gasoline and 85% ethanol. Beginning with the model year 1999, a number of vehicles in the U.S. were manufactured so as 

to be able to run on E85 fuel without modification. 

The chemical compound ethanol, also known as ethyl alcohol or grain alcohol, 

is the bio-alcohol found in alcoholic beverages. 

When non-chemists refer to "alcohol", they almost always mean ethanol.

It is also increasingly being used as a fuel (usually replacing or complementing gasoline).  

Ethanol's chemical formula is C2H5OH.

WHAT IS ETHANOL- STRUCTURE-PROPERTIES
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WHAT IS ETHANOL- FOSSILE PROPERTIES
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Brazil Emissions-L8
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Umicore Ethanol Project
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North America Project layout

• Vehicle: 3.5 V6 Flex Fuel Bin 5 (CC1 & CC2) 

• Aging:  four mode aging equivalent to 4k and 120k miles

• Fuels: E0, E10, E20, E85

• Test Cycle:  FTP 75, US06

• CC1 82g/ft³on 400/4 (0.58L)

• CC2 25g/ft³on 400/4 (1.12L)

Umicore SENSITIVE document 2021
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FTP Bag Results
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* average of 3 tests

4k FTP Bag Emissions
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* average of 3 tests
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* average of 3 tests

E85 FTP HC Emissions by components
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CH4 % of THC
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Summary FTP Bag Emissions
• 4k

• THC: Higher CH4 emissions due to cracking of Ethanol for E85, 
but E10 and E20 equal to E0, NMHC almost unchanged

• CO, NOx: Maximum for E10

120k

• THC: Higher CH4 emissions for E10 and E20, much higher for 
E85, NMHC almost unchanged

• CO, NOx: Clearly increased for E10 and E20, but not for E85

Both agings some acetaldehyde, almost no formaldehyde

Note: CH4 is not included in the NMOG limits in US, no special 
limit for acetaldehyde, only for formaldehyde

Umicore SENSITIVE document 2021
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FTP+US06 Modal Data
120k
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Ethanol Effect on Temperature
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Cumulative THC - Engine out
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Effect Of Blending on THC

Engine-out hydrocarbons decrease proportionally t
o the ethanol content. 
THC E0 > THC E10 > THC E20 >> THC E85

With E85, the feed-gas THC are halved with respect 
to E0 (53% on FTP, 56% on US06 cycle)
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Effect Of Blending on CO
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Cumulative CO - Engine out
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Effect Of Blending on NOx
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Cumulative NOx - Engine out
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Cumulative THC - After Brick 1
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• THC after Brick 1-FTP+US06 Modal Data
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THC after CC1

• First 500s of the cycle: THCs significantly higher with E85 (cold start-
problem), but in warmed-up phase lower than for all other fuels, 
especially for US06.

• E10 has the highest emissions, the difference comes mainly from 
restart and following acceleration 

THC E10 > THC E0 > THC E20 >> THC E85

Umicore SENSITIVE document 2021
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Cumulative THC - Tailpipe
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THC tailpipe-FTP+US06 Modal Data
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THC after CC2
• Cold start problem for E85

• E10 has the highest emissions, the difference comes mainly from 
restart and following acceleration and US06 

THC E85 > THC E10 > THC E0 = THC E20

Umicore SENSITIVE document 2021
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Umicore SENSITIVE document 2024

Conclusion:
➢ After-Treatment solutions for Ethanol(E20) and Flex fuel are available readily based on the Brazil experience

➢ Hydrocarbons

With increasing ethanol content, CH4 emissions increase due to cracking of ethanol, NMHC stays almost the same

→ 2 critical points for E85
light off: ethanol emissions

warmed-up: CH4

➢ NOx and CO

Are extremely depending on air to fuel ratio = calibration.

Hence OEMs need to focus more on calibration robustness

➢ Our After- Treatment Systems Ready for future emissions


