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The National Renewable Energy Lab (NREL) worked with 
Mercury Marine to test the effect of fuel containing 15% 
Ethanol and 85% Gasoline (E15) on production engines. 
To gauge the impact of the Ethanol content on engine 
performance, three separate marine engine families were 
evaluated. A 200HP EFI two-stroke engine was chosen to 
represent the legacy engines. A 9.9HP carbureted four-
stroke engine and a 300HP supercharged EFI four-stroke 
engine represented current engines. Two engines were tested 
from each family - one engine was operated on E15 fuel 
while the other was operated on E0 gasoline. Each engine 
was subjected to identical durability testing, and the results 
were quite telling. 

9.9HP Carbureted Four-Stroke 
Because Ethanol blended fuels contain Oxygen, the use of 
E15 fuel will lean out the air to fuel ratio. Running lean can 
cause a fuel/air mis-fire such as a pre-ignition/detonation 
event raising operating temperatures. Evidence of both 
was found on post test engine tear down. The E15 engine 
pistons were found to have reduced hardness and several 
elastomeric components on the E15 engine showed signs of 
deterioration compared with the E0 engine. 

300HP Supercharged Four-Stroke 
While the E0 (no ethanol) engine completed the test, the 
E15 engine failed 3 exhaust valves near the end of the test, 
and metallurgical analysis showed the valves developed 
high cycle fatigue cracks due to excessive exhaust gas 
temperatures. Beyond the failed valves, the pistons on 
the E15 engine showed indications of higher operating 
temperatures compared to the E0 engine’s pistons as 
evidenced by the visual difference in carbon deposits. 

200HP EFI 2.5L Two-Stroke 
Again, the E0 engine completed the 300 hour durability 
test. However, the E15 engine failed a rod bearing at 256 
hours of endurance, which prevented completion of the 300 
hour durability test. While not conclusive, it is theorized the 
ethanol in the fuel may impact the lubrication properties 
of the mixture of oil and fuel. It was noted that further 
testing was needed to explore possible effects of ethanol on 
lubrication.

4.3L V6 EFI Four-Stroke Catalyzed Sterndrive 
Since the E15 fuel was already at Mercury Marine’s test 
readily facility and an engine equipped with exhaust 
catalysts was on the dynamometer, emissions tests were 
conducted on a 4.3L V6 sterndrive engine to better 
understand the immediate impacts of ethanol on this 
catalyst equipped 4 stroke engines. The tests revealed that 
E15 caused exhaust gas temperatures to increase by 20°C 
on average and the catalyst temperatures to increase by 
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E0 Piston (above) compared to E15 Piston (below).
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about	30°C	compared	to	the	E0	fuel.	
Also, post durability testing inspection of 
the camshafts revealed increased wear on 
the E15 fueled engine. This finding again 
raises the question of Ethanol’s effect on 
lubricants and their performance.

Conclusions and Recommendations 
This series of dynamometer tests 
revealed several issues related to engine 
durability as a result of running E15 
fuel in outboard marine engines. Other 
performance quality concerns were also 
identified as a result of the lean operation 
on the carbureted engines due to the use 
of Ethanol blended fuel.

Additional testing is necessary to fully 
understand the effects of E15 fuels and to 
see if these effects carry over to a broader 
range of engines. 

Additionally, much more testing is 
needed to isolate the effects that ethanol 
blends have on lubrication systems in 
both two-stroke and four-stroke engines. 
Because two-stroke engines have fuel 
and oil moving through the crankcase 

together, crankcase oil dispersion is the 
only way by which two-stroke engines 
are lubricated at critical areas such as 
bearings and cylinder walls. Again, it is 
theorized that Ethanol may influence the 
dispersion or lubricity of the oil. Ethanol 
tends to be a good solvent and may break 
down lubrication at critical interfaces by 
cleansing these surfaces of the residual 
oil film. EPA’s recent announcement of 
a partial waiver approving E15 fuel for 
use in 2001 and newer cars and light 
trucks will create an opportunity for 
consumers to misfuel their engines. These 
results indicate that misfuelling the now 
available marine outboard engines may 
cause a variety of issues for outboard 
engine owners. More investigation is 
needed on Ethanol’s effects on part load 
operation, cold start, hot restart/vapor 
lock, and overall drivability. On top of 
these engine performance issues and 
concerns, Ethanol’s ability to absorb 
water into the fuel is of great concern for 
the marine market, so additional testing 
is needed to address this issue. The 
contaminants that water can bring with 

it, potentially saltwater, can cause severe 
corrosion in fuel systems, which has been 
documented by many end users. 

In summary, these test results paint a 
picture of caution, especially for marine 
engine users. The effects of higher levels 
of Ethanol create issues that can be 
catastrophic for some engines.n
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