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Recreational Marine Factoids

• Boating is big business – $39.5 billion sales in marine products

• Boating is a uniquely American industry
– 3249 USCG Registered Boatbuilders based on Manufacturer Identification Code

• America is 50 percent of the world market for boating products
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Recreational Marine Engine Categories

SI Marine

• Outboards

• Personal Watercraft

• Stern drive/Inboard

• Marine generators
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Boat Fuel System Components



Typical Boat Fuel System



Fuel Tank Failure Risks

• Fuel tank materials degradation

– Leaks develop in fiberglass

– Corrosion to steel tanks

– Corrosion to zinc parts



Ethanol Fuel Harms Boat Engines, Lawsuit Claims
Portfolio Media, New York (April 7, 2008)--A boat owner has

filed a proposed class action against several major oil companies
including Exxon Mobil Corp., ConocoPhillips Co. and Chevron
USA Inc., claiming that their ethanol-blended gasoline damages

marine fuel tanks and engines.







Post-mortem analysis of fiberglass fuel tank after
exposure to ethanol fuel. Result of ethanol scouring

inside of fuel tank.



Fuel/Resin
mixture
caused by
scouring of
resins inside
fuel tank,
which are
then passed
through filter
into the fuel.



Valve with
carbon
build-up
from
breakdown
of the resin
in fiberglass
fuel tanks.



NMMA Concerns with increased
Ethanol in Fuel

• What makes the Marine Industry unique?
– Spans from single small engines to 1100 HP multi-engine

applications
– Operate at high power settings - High fuel consumption
– No gravity or pressure feed fuel systems
– Long periods of storage
– Open vented fuel systems
– Just starting feedback loop engine controls



NMMA Concerns with increased
Ethanol in Fuel

• Long periods of storage
– Increased water in boat tanks
– Possible phase separation if fuel is stored over a wide temperature

range.



NMMA Concerns with increased Ethanol in Fuel

Ethanol Fuel retrieved from a boat in 2006



NMMA Concerns with increased Ethanol in Fuel

Fuel System Component attacked by Ethanol
Fuel retrieved from a boat in 2007



NMMA Concerns with increased
Ethanol in Fuel

• Spans from single small engines to 1100 HP multi-engine
applications
– Many configurations for engines and boat fuel systems



NMMA Concerns with increased
Ethanol in Fuel

• Operation at high power settings-
– Lower range on same amount of fuel
– Higher fuel flow capability components may be

needed (bigger filters, larger diameter fuel lines,
bigger anti-siphon valves)



NMMA Concerns with increased
Ethanol in Fuel

• No gravity or pressure feed fuel systems
– Increased vapor due to fuel lift and higher RVP of E20
– Poor hot restart, vapor lock



Engine Types

• Carburetor 2-Stroke Outboards - Premix

• Carburetor 2-Stroke Outboards – Oil Injection

• Fuel Injected 2-Stroke Outboards – Oil Injection

• Direct Injected 2-Stroke Outboards – Oil Injection

• Carburetor 4-Stroke Outboards

• Fuel Injected 4-Stroke Outboards

• Fuel Injected, Supercharged, 4-Stroke Outboards



Engine Types

• Carburetor 4-Stroke Inboards/Sterndrives

• Fuel Injected 4-Stroke Inboards/Sterndrives

• Fuel Injected, Supercharged, 4-Stroke Inboards/Sterndrives

• Fuel Injected, Catalytic Converter Equipped, 4-Stroke
Inboards/Sterndrives



Engine Tests

• Most sensitive examples of each engine type must be tested for
durability and emissions on all possible blends

• Emissions – Most engines are open loop and will run lean

-  NOx emissions expected to increase due to lean operation

• Durability – Higher exhaust gas temperatures may lead to valve failures
and lean misfire may lead to piston failures



Engine Test Requirements

• Emissions tests on all potential blends and industry recommended
examples of each engine technology – Standard 5 Mode Test

• Durability Testing on all potential blends and industry recommended
examples of each engine technology

• Durability testing to consist of 300 hour WOT full power (standard
industry test)




