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INTRODUCTION
 

The Outdoor Power Equipment Institute (“OPEI”) and National Marine Manufacturers 

Association (“NMMA”) are pleased to submit these comments in response to the Federal Trade 

Commission’s (“FTC” or “Commission”) Notice of Proposed Rulemaking on its proposed 

amendments to its Rule for Automotive Fuel Ratings, Certification and Posting (“Fuel Rating 

Rule”) which would adopt and revise rating, certification, and labeling requirements for ethanol-

gasoline blends and would allow an alternative octane rating method.1 OPEI and NMMA 

strongly support the FTC’s efforts to provide consumers with critical information at the fuel 

pump about the products that are offered for purchase, in order to avoid misfueling and the 

resulting damage to potentially millions of products. 

OPEI is the major international trade association representing manufacturers and 

suppliers of small off-road engines and consumer and commercial outdoor power equipment 

(“OPE”). These products are commonly found in most American households and include 

products such as lawnmowers, garden tractors, utility vehicles, trimmers, edgers, chain saws, 

snow throwers, tillers, leaf blowers, and other lawn and garden implements. The OPE industry 

accounts for $13 billion of annual U.S. gross domestic product, and original equipment 

manufacturers (“OEMs”) and their suppliers account for 125,000 U.S. manufacturing jobs. 

NMMA is the nation’s leading recreational marine industry trade association, 

representing 1,400 boat, engine, and accessory manufacturers. NMMA members collectively 

produce more than 80 percent of the recreational marine products sold in the United States. 

With 12 million registered boats and 88 million recreational boating participants in 2012, the 

Automotive Fuel Ratings, Certification and Posting; Notice of Proposed Rulemaking, 79 Fed. Reg. 18850 
(Apr. 4, 2014). 

1
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boating industry contributed $121 billion in direct, indirect, and induced economic value. The 

industry supports 338,526 marine jobs at 34,833 marine businesses and drives $35 billion in 

annual spending. 

While recreational boats and OPE consume a small percentage of the nation’s fuel 

supply, their ownership by the American consumer is ubiquitous. Many of these products have 

long service lives, exceeding a decade; as a result, there exists an inventory of as many as 250 

million legacy boats and OPE currently in use. 

OPEI and NMMA members are proactively working individually through their dealer 

and service networks to educate consumers about the risks associated with the use of >E10 fuels 

in their products. Additionally, companies have introduced on-product labeling, revised owner’s 

manuals, and updated warranty conditions. OPEI and NMMA are also currently engaged in an 

educational campaign (“Look Before You Pump”), mainly through print media, to alert 

consumers to select the proper fuel for their products. This campaign was launched in the fall of 

2013 and is now placed in nationwide big-box retailers of OPE. The standard advertisement is 

included as Exhibit 1. 

I. OVERVIEW 

OPEI and NMMA support the FTC’s goal of helping purchasers identify the correct fuel 

for their vehicles and engine powered equipment to minimize misfueling.2 Toward that end, the 

organizations are providing recommendations below on additional pump label contents that are 

critical for consumers. For ANY alternative fuel >E10 or Biodiesel >B5, OPEI and NMMA urge 

Id. at 18850. 
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the Commission to also insert the word “WARNING” at the top of the label and the phrases 

“Don’t Use In Other Engines” and “Check Your Owner’s Manual” at the bottom. 

OPEI and NMMA estimate that there are currently around 2,400 E85 pumps3 and 215 

blender pumps that allow consumers to self-select mid-levels of ethanol fuel typically in the 

range between E10 and E85.4 The number of these blender pumps will continue to increase due 

to state and federal incentives intended to further diversify the alternative fuels market. In many 

cases, the labels and buttons to select general purpose gasoline (e.g., E10) are immediately 

adjacent to the labels and buttons of E15, E30, E50, and higher ethanol blends. For these 

reasons, strong warning language is needed to properly alert consumers to the differing ethanol 

blends. 

II. ADVERSE IMPACTS OF >E10 FUELS 

Increasing the use and range of biofuels – and, in particular, the use of mid-level ethanol 

blended fuels in the general purpose market – presents enormous challenges to manufacturers 

and users alike. Non-road engines (e.g., OPE, marine, recreational vehicles) are not designed, 

built, or warranted to run on any gasoline fuel containing more than 10 percent ethanol. 

Even with future product designs, our industries face unresolved challenges. Most non-

road engines will continue to rely on carburetors rather than fuel injection; as a result, the 

engines can only operate properly within a narrow band of varying ethanol content. 

3 See U.S. Department of Energy, Ethanol Fueling Station Locations, available at: 
http://www.afdc.energy.gov/fuels/ethanol_locations.html (last visited 6/27/2014); 
4 See National Renewable Energy Laboratory, Department of Energy, “Blender Pump Fuel Survey: CRC 
Project E-95-2,” at 1 (Oct. 2013); available at http://www.crcao.org/reports/recentstudies2014/E-95
2%20Blender%20Fuel%20Pump%20Survey/E-95-2%20Final%20Report.pdf, at Exhibit 2 (“A blender pump draws 
fuel from two separate storage tanks and mixes the fuels to produce the desired ethanol blend ratio. In traditional gas 
stations, a blender pump is often used to get midgrade gasoline by mixing the regular and premium grade fuels. In a 
station that offers MLEBs, the blends are generally made by mixing “E85” Flex Fuel with regular gasoline”). 

3
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Manufacturers commonly calibrate and certify these engines to the U.S. EPA emission standards 

based on EPA emission testing with E0, which allows for safe and reliable operation for fuels 

up-to E10. When the current and legacy engines calibrated on E0 fuel are run on E15, they 

experience lower performance and higher operating temperatures due to excessively lean 

operation of the higher oxygenated fuel (i.e., too much oxygen relative to the concentration of 

fuel). 

The risk to consumers with the use of >E10 fuels in non-approved engines is damage to 

their engines and equipment. The introduction of additional oxygen into the fuel mixture 

produces a significant increase in engine temperature. This added heat results in increased 

engine wear that ultimately contributes to engine failure. Additionally, the higher level of 

ethanol increases the solvent effect of the fuel, corrosive to both metallic and elastomeric 

components within the engine. This again leads to reduced performance and ultimately engine 

failure, as well as potential fuel leaks from the deformed rubber and plastic components. The 

use of >E10 in these products poses a significant risk of economic loss to American consumers 

through damaged products and voided warranties. In fact, EPA has specifically prohibited the 

use of E15 in OPE, marine engines, and other non-road equipment.5 OPEI and NMMA are 

attaching to these comments additional materials previously provided to the FTC and EPA, 

which provide additional background materials concerning the use of mid-level ethanol blends 

on legacy vehicles and small non-road engines.6 

5 U.S. Environmental Protection Agency, Partial Grant and Partial Denial of Clean Air Act Waiver 
Application Submitted by Growth Energy to Increase the Allowable Ethanol Content of Gasoline to 15 Percent; 
Decision of the Administrator, 75 Fed. Reg. 68094 (Nov. 4, 2010); available at: http://www.gpo.gov/fdsys/pkg/FR
2010-11-04/pdf/2010-27432.pdf. 
6 Sahu, Dr. Ron, Overview – Impacts of MidLevel Ethanol On-Road and Non-Road Engines and Equipment 
(May 2009), at Exhibit 3; Sahu, Dr. Ron, Preliminary Comments on the Report Titled “Effects of Intermediate 
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In addition, for gasoline retailers relying on “blender pumps,” these retailers may 

distribute a wide range of fuels with different ethanol concentrations from the same hose and 

nozzle. In such case, residual concentrations of mid-level ethanol blends may remain in the 

mixed-fuel hoses, even when a consumer chooses to use a lower ethanol blend (e.g., E10). For 

portable fuel containers and for lawn, garden, forestry, and marine equipment, whose engines 

take only a limited amount of fuel, the E10 may be mixed with a higher ethanol blend contained 

in the hose, causing the actual concentration of ethanol in the engine to be above E10. In such 

case, even selecting the correct fuel could nonetheless result in damage to the equipment. 

Misfueling >E10 fuels into OPE and recreational marine engines may increase the risk of 

burns or fires from over-heated engines and exhaust components or from fuel leaks caused by 

damaged components. For example, many handheld products such as chain saws, are held close 

to the body; as such, these operating positions require safe operating temperatures. Additionally, 

there are also added risks to operators of marine vehicles and wheeled outdoor power equipment 

products, such as loss of control if an engine fails during operation or the general immobility of a 

machine and the risks associated with being stranded in a remote area. For marine products 

specifically, complete engine failure may strand passengers several miles out at sea, posing a 

significant safety risk and rescue operation. 

The presence of >E10 in the marketplace without adequate labels and misfueling 

mitigation controls unfairly puts manufacturers at risk of substantial warranty and business 

Ethanol Blends on Legacy Vehicles and Small Non-Road Engines, Report 1 – Updated,” NREL/TP-540-43543 and 
ORNL/TM-2008/117 (Feb. 2009), at Exhibit 4; Comments of the Alliance for a Safe Alternative Fuels Environment, 
Docket ID No. FTC-2010-0031-0001 (May 2010), at Exhibit 5; Hilbert, David, High Ethanol Fuel Endurance: A 
Study of the Effects of Running Gasoline with 15% Ethanol Concentration in Current Production Outboard Four-
Stroke Engines and Conventional Two-Stroke Outboard Marine Engines, NREL/SR-5400-52909, (Oct. 2011), at 
Exhibit 6; available at: http://www.nrel.gov/docs/fy12osti/52909.pdf. 
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reputational claims for illegal acts (beyond the manufacturer’s control) of misfueling, 

particularly as >E15 becomes more prevalent in the marketplace. When consumer products are 

damaged, it harms the long-established relationships between OPEI and NMMA member 

manufacturers and their customers as well as their hard-earned and well-deserved brand 

recognition. The risks to manufacturers of marine and small off-road engines and OPE include 

potential exposure to Consumer Product Safety Commission (“CPSC”) or EPA product-recalls 

and product-damage claims resulting from unavoidable misfueling. In fact, OPEI manufacturers 

have incurred substantial costs in conducting the following national product recalls as a result of 

engine and emission system damage caused by ethanol fuels: 

•	 2.3 million trimmers and other handheld products were recalled in 2011 because 

“[t]he level of ethanol and other fuel additives can distort the toolless fuel cap, 

allowing fuel to spill, posing a fire and burn hazard.”7 

•	 Over 35,000 snow blowers were subject to a CPSC recall in 2010 because of the 

potential for fuel leaks, due to the fact that “[e]xposure to ethanol in gasoline can 

cause the carburetor needle to become corroded.”8 

Furthermore, boaters have reported the following problems with their marine vehicles as 

a result of engine and emission system damage caused by ethanol fuels: 

•	 Damage to rubber parts; 

•	 Water contamination in the fuel system due to ethanol’s hydroscopic properties; 

7 See CPSC Press Release #11-226 (May 25, 2011); available at: 
http://www.cpsc.gov/en/Recalls/2011/STIHL-Recalls-Yard-Power-Products-Dueto-Burn-and-Fire-Hazards/. 
8 See CPSC Press Release #10-299 (July 14, 2010); available at: 
http://www.cpsc.gov/en/Recalls/2010/Snow-Blowers-Recalled-by-The-Toro-Company-Due-to-Fire-Hazard/. 
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•	 Increased water absorption and phase separation of gasoline and water while in 

tank; 

•	 Corrosion of fuel system components and fuel tanks; 

•	 Higher exhaust gas temperature due to enleanment; 

•	 Performance issues, such as drivability (i.e. starting, stalling, fuel vapor lock); and 

•	 Damage to valves, push rods, rubber fuel lines and gaskets. 

These recalls and reported issues all are generally associated with the use of E10. The 

harms will only be exacerbated by the higher and more corrosive levels of ethanol in E15 and 

above. 

III. CONSUMER MISFUELING RISKS 

The prior introduction of unleaded fuel into the marketplace offers the most instructive 

example of the challenges with misfueling and related “lessons learned.” First, during the 

transfer to unleaded fuels, EPA recognized that at gasoline stations which only sold leaded fuels, 

there would be 100% misfueling of leaded fuels that would damage the emission controls and 

catalysts on the new motor vehicles. Accordingly, EPA required gasoline retailers to make the 

new unleaded fuels available at a threshold number of gasoline stations. 

Second, as part of the introduction of unleaded fuels, EPA made numerous ongoing 

improvements to its misfueling regulations to respond to new information and public comments, 

as well as to EPA’s own ongoing misfueling studies. For example, in 1982, ten years after the 

initial lead phase-out, EPA concluded that 13.5% of vehicles designed for unleaded fuel were 

being misfueled with leaded fuels.9 This misfueling rate was even higher before EPA undertook 

See 49 Fed. Reg. 31032, 31034 (Aug. 2, 1984). 
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additional actions to: increase its “vigorous enforcement of the misfueling regulations”; 

implement a broad consumer outreach campaign; and implement robust misfueling controls (like 

fuel inlet restrictions.)10 

In the last year, Harris Interactive completed a consumer survey of 2,040 adults on the 

level of their knowledge on selecting the appropriate and legal fuels for their cars as well as their 

boats, lawn mowers, chainsaws, and other OPE.11 Harris’ survey results underscore the need for 

considerable outreach to and education for the public prior to the introduction of higher-level 

ethanol gasoline. Top responses reinforcing this need include: 

•	 Over half (53%) of Americans say they fill up their portable gas tank with the 

same fuel used to fill their vehicle. 

•	 Nearly two-thirds (64%) of Americans say they assume that any gas sold at the 

gas station is safe for all of their cars, as well as boats, mowers, chain saws, snow 

mobiles, generators and other engine products. 

An overwhelming majority of Americans (71%) are not at all sure if it is illegal or legal 

to put mid-level ethanol gas (i.e., anything higher than E10) into engines such as those in boats, 

mowers, chain saws, snow mobiles, generators, and other engine products. Additionally, 15% of 

Americans say it is illegal, but 15% also indicated that it is legal. 

Of those who ever drive or use a fuel pump, overwhelmingly and not surprisingly, 91% 

of those Americans surveyed identify price as the top thing they notice at the fuel pump. 

10 See Id. at 31035.
 
11 Harris Interactive, Executive Summary Report, Ethanol Study (2013), at Exhibit 7.
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Rounding out the top three are: if the pump accepts credit card payment, which some might 

consider a must in today’s society at 64%, and the octane rating at 55%. A quarter (25%) of 

Americans notice the ethanol content. Seven-in-ten (71%) Americans say they use the least 

expensive grade of gasoline whenever possible. Just over half (53%) of Americans say when 

they fuel up their car at the gas station, they check the fuel pump for any warning labels. This 

data demonstrates that concise and consistent labels are critical to reducing the risk of 

misfueling. Other federal government agencies, such as the DOE, have recognized that as mid-

level ethanol blends “become more widely available, with attractive retail pricing, the risk of 

misfueling increases… [this] risk of misfueling reinforces the need for prominent signage at 

fueling stations.”12 

IV. FTC’S BROAD AUTHORITY OVER LABELS 

(A) Fuel Descriptions Under PMPA 

OPEI and NMMA strongly support the FTC’s well-established position that automotive 

fuel ratings should “include information necessary to prevent misfueling, such as fuel 

descriptions.”13 First, the Petroleum Marketing Practices Act (“PMPA”) broadly authorizes the 

FTC to develop “another form of rating” (other than an “octane” rating) whenever it would be 

“more appropriate to carry out the purpose of the PMPA.”14 In adopting the PMPA, Congress 

sought “to assist [motorists] in the purchase of suitable gasoline for their motor vehicles” in 

order to avoid damage to the engines.15 

12 DOE, Handbook for Handling, Storing, and Dispensing E85 and Other Ethanol-Gasoline Blends, at 39
 
(Sept. 2013); available at: http://www.afdc.energy.gov/uploads/publication/ethanol_handbook.pdf.
 
13 See 79 Fed. Reg. at 18860.
 
14 15 U.S.C. § 2821(17).
 
15 See S. Rep. No. 95-731 (1978).
 

9
 

http://www.afdc.energy.gov/uploads/publication/ethanol_handbook.pdf
http:engines.15


 

  

               

             

                

              

               

                

            

            

              

           

                

         

        

               

                 

          

              

                                                
        

           

    

     

      

In its proposal, the FTC notes that only applying basic octane ratings in the proposed 

ethanol rule would “defeat, not serve” the Congressional direction to develop “more appropriate 

ratings” as needed to protect consumers from being misled.16 For that reason, since 1993, the 

FTC has consistently developed appropriate fuel “ratings” for alternative liquid fuels based on a 

description of the fuel’s characteristics, rather than its octane rating. The FTC expressly rejected 

octane ratings for E-100, LPG, and M-85 on the grounds that consumers would be “misled” into 

believing that “gasoline and alternative liquid automotive fuels are interchangeable.”17 Such 

octane ratings may also “foster consumer misperceptions that higher octane necessarily signifies 

higher quality and better performance.”18 The FTC correctly recognized that its proposed fuel 

descriptions would best provide the information “the vehicle owner primarily needs…indicating 

that the fuel available from a particular dispenser is suitable for that vehicle.”19 OPEI and 

NMMA agree with and support the FTC’s analysis. 

(B) Section 5—Protection Against Unfair Acts and Practices 

Section 5 of the FTC Act provides the Commission with the broad authority to prohibit 

unfair or deceptive acts or practices in or affecting commerce.20 Under the PMPA, the FTC is 

provided with the procedural, investigative, and enforcement powers, including rulemaking 

power, “as though the applicable terms and conditions of the Federal Trade Commission Act 

16 See 79 Fed. Reg. at 18861. 
17 See 58 Fed. Reg. 41356, 41361 (August 3, 1993). 
18 Id. 
19 Id. at 41366. 
20 See 15 U.S.C. § 45(a). 
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were part of” the PMPA.21 The FTC’s Fuel Rating Rule, likewise provides that any violation of 

the Rule is considered an unfair or deceptive act or practice under Section 5 of the FTC Act.22 

Failure to provide adequate disclosures that would alert consumers to the potential risk of 

damaging their products from the use of mid-level ethanol blends is “deceptive” under Section 5 

of the FTC Act, as articulated by the FTC in its 1983 Policy Statement on Deception. There, the 

FTC stated that a practice is deceptive if there is material representation, omission, or practice 

that is likely to mislead a consumer acting reasonably under the circumstances.23 Significantly, 

the Commission considers claims or omissions “material” if: 

they significantly involve health, safety, or other areas with which the reasonable 

consumer would be concerned. Depending on the facts, information pertaining to 

the central characteristics of the product or service will be presumed material. 

Information has been found material where it concerns the purpose, safety, 

efficacy, or cost, of the product or service. Information is also likely to be 

material if it concerns durability, performance, warranties or quality. 

Information pertaining to a finding by another agency regarding the product may 

also be material.24 

As the EPA has recognized, mid-level ethanol blends may cause damage to older 

conventional cars, heavy-duty gasoline engines and vehicles, motorcycles, and non-road 

21 15 U.S.C. § 2823. 
22 See 16 C.F.R. § 306.1. 
23 FTC Policy Statement on Deception, appended to In re Cliffdale Assocs., Inc., 103 F.T.C. 110, 174 (1984), 
available at http://www.ftc.gov/bcp/policystmt/ad-decept.htm. 

Id. (emphasis added)(internal citations omitted). 
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products, including marine applications.25 Similarly, the FTC recognizes “the potential risk of 

damage to consumers’ cars, which are often among their most expensive purchases.”26 This 

information is material to consumers, and consumers should be adequately informed and warned 

about the dangers of misfueling. 

For these same reasons, the failure to adequately disclose the potential risk associated 

with the use of mid-level ethanol blends is deceptive and unfair to consumers. The FTC’s 

unfairness standard provides that a practice is unfair if it harms consumers in a way that is 

substantial, not reasonably avoidable, and not outweighed by benefits to consumers or 

competition.27 Here, consumers could suffer economic harm by using a fuel in their non-

approved engine, when the engine is not designed to take such fuel. This harm cannot be 

reasonably avoided without adequate labeling that warns consumers of the effects of misfueling, 

and it is not outweighed by any benefit to consumers or competition. 

V. SPECIFIC RECOMMENDED IMPROVEMENTS TO PROPOSED LABEL 

Given the consequences of misfueling, strongly worded labels are needed to ensure that 

millions of consumers are informed through uniform, consistent, and effective labels at the point 

of sale. In the absence of this needed mandatory label, there are currently “many differences in 

the style and labeling” of pumps dispensing >E15 blends.28 For example, in October 2013, the 

National Renewable Energy Laboratory (“NREL”), a national laboratory of the U.S. Department 

of Energy (“DOE”), conducted a survey of mid-level ethanol blends in the marketplace, in order 

to provide a snapshot of selected characteristics of the increasingly diverse array of fuels 

25 79 Fed. Reg. at 18855. 
26 Id. at 18858. 
27 See FTC Policy Statement on Deception 
28 See NREL, “Blender Pump Fuel Survey: CRC Project E-95-2,” at 10 (Oct. 2013), at Exhibit 2. 
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available to U.S. motorists.29 The NREL report concluded that four of the twenty surveyed 

stations did not even have a consistent terminology for identifying >E15 fuel or a consistent 

color coding for these >E15 dispenser nozzles.30 This report also notes that five of 20 dispensers 

offered >E15 fuel from the same hose as E10 or E15, which “create the potential for introduction 

of residual amounts of higher ethanol fuel than is acceptable in non-Flex Fuel vehicles.”31 This 

would result in consumers being misled by the current labels and unknowingly receiving a much 

higher concentration of ethanol than they had selected. In turn, this deceptive practice could 

harm millions of engines, boats, and equipment. 

The FTC has proposed the following disclosure to prevent consumer misfueling: “USE 

ONLY IN FLEX-FUEL VEHICLES/MAY HARM OTHER ENGINES,” and to disclose the 

percentage ethanol content rounded to the nearest interval of ten (10).32 OPEI and NMMA 

commend the FTC for its revised labeling, which is intended to “explain the significance of the 

ethanol-concentration rating without misleading flex-fuel vehicle owners about the fuel’s 

suitability for their cares,” and to “alert[] consumers that use in other engines may have serious 

consequences.”33 

Given the potential for consumer confusion and for consumers to be misled, the FTC’s 

proposed labeling should provide additional disclosures, including additional warnings and 

cautionary statements, in order to adequately alert consumers to the dangers of misfueling, and 

avoid preventable damage to consumers vehicular and non-vehicular engines (e.g., lawn mowers, 

29 Id. at 9. 
30 Id. at 10. 
31 Id. at 10. 
32 79 Fed. Reg. at 18857. 
33 Id. at 18858. 
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marine equipment). OPEI and NMMA suggest that the FTC revise its recommended label for 

mid-level ethanol blends to reflect the warnings and disclosures as identified in Figure 1, below. 

Figure 1 

A discussion of the FTC’s authority to include the specific suggested improvements is 

provided below. 

(A)	 Add the Term “Warning” and Other Warning Signals, such as 
“Don’t” or “Do Not” to Adequately Alert Consumers to the Dangers 
of Misfueling 

The same challenges of avoiding misfueling with mid-level ethanol blends arose with the 

bifurcation of the diesel fuel market and the transition to ultra-low sulfur diesel fuel. In both 

cases, strong and clear labels are required to provide an explicit “warning” so that consumers 

“can readily distinguish between the several grades of fuel that may be available” and do not 

harm their engines, vehicles, or equipment.34 

EPA’s labels for diesel fuel containing more than 15 ppm of sulfur contain the word 

“warning” in bold and capital letters. This “warning” is included in the label for Low-Sulfur 

See 69 Fed. Reg. at 39084 
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Highway Diesel Fuel (up to 500 ppm of sulfur) and for Non-Highway Diesel Fuel (which may 

exceed 500 ppm of sulfur). EPA’s E15 label currently alerts consumers to the potential dangers 

of misfueling by using the term “ATTENTION” at the top of the label and the following 

cautionary statement: “Don’t use in other vehicles, boats, or gasoline-powered equipment.” 

Similarly, the FTC should include the word “warning” and provide additional cautionary 

statements on its mid-level ethanol label which state: “Don’t Use in Other Engines” and “Check 

Your Owner’s Manual”. 

Pursuant to its Section 5 authority, the FTC may require advertisers to make accurate 

information available through disclosures, direct notification, or consumer education. The FTC 

has, in several instances, required strong warning signals or other cautionary statements to 

prevent consumer deception: 

•	 FTC’s Care Labeling Rule:35 The FTC’s Care Labeling Rule is intended “to 

assist consumers in making informed purchase decisions concerning the care 

characteristics of competing products, and to enable consumers…to avoid product 

damage caused by the use of improper cleaning procedures.”36 The rule requires 

certain warnings to be provided on textile wearing apparel and other garments to 

inform consumers whether any normal washing method may cause damage to the 

garment or to other items being washed with it. Specifically, the rule provides 

that “[i]f there is any part of the prescribed washing procedure which consumers 

can reasonably be expected to use that would harm the product or others being 

35 16 C.F.R. Part 423 
36 Amendment to Trade Regulation Rule Concerning Care Labeling of Textile Wearing Apparel and Certain 
Piece Goods; Final amendments to trade regulation rule, 48 Fed. Reg. 22733 (May 20, 1983). 
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washed with it in one or more washings, the label must contain a warning to this 

effect. The warning must use words ‘Do not,’ ‘No,’ ‘Only,’ or some other clear 

wording. [For example, if a shirt is not colorfast, its label should state ‘Wash with 

like colors’ or ‘Wash separately.’ If a pair of pants will be harmed by ironing, its 

label should state ‘Do not iron.’]”37 The warning requirements are intended to 

“warn purchasers if any care procedure normally thought of as applying to a 

product would, in fact, diminish the product’s usability.”38 

•	 FTC’s Trade Regulation Concerning Advertising and Labeling of Cigarettes 

in Relation to the Health Hazards of Smoking:39 In 1964, the FTC promulgated 

a trade regulation rule intending to prevent unfair or deceptive acts or practices in 

the sale of cigarettes. See 29 Fed. Reg. 8324 (July 2, 1964). The rule required 

cigarette packages and cigarette advertising “to disclose, clearly and prominently, 

in all advertising and on every pack, box, carton or other container in which 

cigarettes are sold to the consuming public that cigarette smoking is dangerous to 

health and may cause death from cancer and other diseases.” In promulgating the 

rule, the Commission used its authority pursuant to the FTC Act.40 In July 1965, 

however, Congress enacted the Federal Cigarette Labeling and Advertising Act, 

requiring the use of the following cautionary statement on every package of 

cigarettes: “Caution: Cigarette Smoking May be Hazardous to Your Health.” The 

37 See 16 C.F.R §423.6(b)(1)(v)(A). 
38 See 48 Fed. Reg. at 22739; see also Amendment to Trade Regulation Rule Concerning Care Labeling of 
Textile Products and Leather Clothing, 46 Fed. Reg. 935, 936 (Jan. 5, 1981). 
39 16 C.F.R. Part 408 (preempted) 
40 See Advertising and Labeling of Cigarettes; Notice of Rule-Making Proceeding for Establishment of Trade 
Regulation Rule, 29 Fed. Reg. 530, 531 (Jan. 22, 1964); see also 29 Fed. Reg. at 8356. 
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Act preempted all different statements relating to smoking and health on any 

cigarette package.41 Although the FTC’s trade regulation rule was preempted, the 

Act “[did] not purport to question or overrule, and is consistent with, the basic 

factual findings and conclusions of the Commission contained in the Statement of 

Basis and Purpose of the Trade Regulation Rule…namely, that cigarette smoking 

is a health hazard of sufficient importance to warrant governmental remedial 

action, and that the public should be warned by manufacturers of the hazards to 

health involved in smoking cigarettes.”42 

•	 In the Matter of Global World Media Corporation:43 In July 1997, FTC brought 

an action against Global World Media Corp. and its owner concerning marketing 

for the dietary supplement Herbal Ecstasy. The supplement was widely promoted 

as a natural herbal “high,” and the company claimed it was safe and caused no 

side effects. According to the FTC’s complaint, Herbal Ecstasy’s principal 

ingredient was the herb ephedra, which can have dangerous effects on the nervous 

system and heart. The FTC alleged that the company violated Section 5(a) and 12 

of the FTC Act by making false or misleading representations, which were 

unsubstantiated. In settling with the FTC, the company agreed to provide the 

following warning statement on all advertisements, promotional materials, 

package labels, and package inserts for the product: “WARNING: This product 

contains ephedrine which can have dangerous effects on the central nervous 

system and heart and could result in serious injury. Risk of injury increases with 

41 See 30 Fed. Reg. 9484 (Jul 29, 1965).
 
42 Id. at 9484-9485.
 
43 124 F.T.C. 426 (1997).
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dose.” The warning statement was intended to warn consumers about the 

potentially serious safety risks of taking the product.44 

•	 In the Matter of California Suncare, Inc.:45 In November 1996, the FTC brought 

charges against California Suncare, Inc. and its president concerning marketing 

for “California Tan Heliotherapy” tanning products. The Heliotherapy tanning 

products were lotions, oils, and gels used in tanning, which did not provide any 

sunscreen protection. According to the FTC’s complaint, the company made false 

and unsubstantiated claims that moderate exposure to the ultraviolet (UV) 

radiation of the sun and in indoor tanning salons was not harmful – and, indeed, 

that UV radiation provides many health benefits, including preventing or reducing 

the risk of colon and breast cancer, lowering blood pressure, and effectively 

treating AIDS and Seasonal Affective Disorder. The company claimed that users 

of its tanning products can reap these benefits while avoiding the dangers of 

burning and overexposure. The FTC’s complaint alleged that the company 

violated Section 5(a) and 12 of the FTC Act by making false and misleading 

representations, which were unsubstantiated.46 In settling with the FTC, 

California Suncare agreed to place a prominent cautionary statement in future 

advertising and labeling for their tanning products, cautioning consumers that 

tanning even without burning can cause skin cancer and premature skin aging. 

Specifically, the statement would read as follows: “CAUTION: Tanning in 

44 See FTC Press Release, Announced Actions for October 17, 1997; available at: http://www.ftc.gov/news
events/press-releases/1997/10/announced-actions-october-17-1997.
 
45 In the Matter of California Suncare, Inc., Docket No. C-3715 (Feb. 14, 1997) (Complaint).
 
46 Id.
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sunlight or under tanning lamps can cause skin cancer and premature skin aging -

even if you don't burn.” The labeling statement would also include the following 

sentence on advertising for all non-sunscreen tanning product: “This product does 

not contain a sunscreen and does not protect against sunburn.”47 

Similarly, the FTC should require a “WARNING” signal on the top of the labeling for 

>E15 to warn consumers that using mid-level ethanol blends in non-approved vehicular and non-

vehicular engines may, in fact, diminish the product’s usability and may actually cause damage 

and personal injury. Furthermore, a cautionary statement, such as “Don’t Use in Other Engines” 

would assist consumers in understanding that use in other engines may actually cause harm. 

(B) Reinsert the Disclosure “Check Owner’s Manual” 

In the FTC’s 2010 Notice of Proposed Rulemaking for the Fuel Rating Rule, the 

proposed labeling would have required disclosure of “Check Owner’s Manual” to assist 

consumers in identifying the proper fuel for their vehicles.48 The FTC’s current proposed rule, 

however, removes this disclosure in lieu of the proposed disclosure “USE ONLY IN FLEX

FUEL VEHICLES/MAY HARM OTHER ENGINES.”49 The NPRM explains that this new 

proposed disclosure eliminates the need for consumers to consult their owner’s manuals.50 OPEI 

and NMMA, however, believe that it remains necessary to include the disclosure “check owner’s 

manual,” since manufacturers specifically address proper fuels, as well as associated risks and 

potential warranty impacts of misfueling in their individual owner’s manual literature. As mid

47 In the Matter of California Suncare, Inc., Docket No. C-3715 (Feb. 14, 1997) (Decision and Order) 
48 Automotive Fuel Ratings, Certification and Posting; Notice of proposed rulemaking, request for comments, 
75 Fed. Reg. 12470, 12474 (Mar. 16, 2010). 
49 79 Fed. Reg. at 18858. 
50 Id. 
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level ethanol blends become more prevalent in the marketplace and as products’ capabilities to 

use mid-level ethanol blends evolve over time, the owner’s manual will be the most relevant and 

up-to-date reference consumers can use to determine the proper fuel for their specific vehicle or 

engine. 

Under its Section 5 authority, the FTC has in the past required advertisers to disclose that 

consumers should “check owner’s manual” in order to avoid consumer deception. Specifically, 

in September 1996, FTC brought an action against Exxon Corporation alleging that the company 

disseminated false and misleading advertisements in violation of Section 5 of the FTC Act. The 

complaint alleged that Exxon falsely and misleadingly advertised in television and radio that 

switching to Exxon 93 Supreme gasoline (either from other brands of gasoline, or from lower 

octane grades) will significantly reduce automobile maintenance costs for consumers generally.51 

In settling with the FTC, Exxon agreed to engage in an educational television ad 

campaign and offer brochures at Exxon-operated service stations explaining that cars will not 

benefit from using a higher octane than is recommended in the owner’s manual. Specifically, the 

television campaign was required to state that “most cars will run properly on regular octane, so 

check your owner’s manual…”52 Similarly, the brochure was required to state: “To find out 

what octane your engine needs, first check your owner’s manual. The recommended level is 

often unleaded regular (87 octane).”53 

51 See In the Matter of Exxon Corporation, Docket No. 9281 (Sept. 17, 1996) (Complaint). 
52 See In the Matter of Exxon Corporation, 124 F.T.C. 249; Appendix. A (Sept. 17, 1997) (Decision and
 
Order).
 
53 Id. at Appendix C.
 

20
 

http:generally.51


 

  

    

             

                

               

               

                    

            

         

            

              

                 

              

          

  

              

              

               

           

            

              
                                                

        

                  

 
 

(C) Ethanol Percentage Disclosure 

The 2014 NPRM would require ethanol percentage disclosures rounded to the nearest 

factor of 10.54 For example, retailers could label fuels as 30 percent Ethanol, when the 

concentration is anywhere between 26 and 34 percent. OPEI and NMMA agree that consumers 

should have access to the ethanol percentage; however we urge the FTC to require specific 

labeling in units of 5 percent for blends up to 50 percent (e.g., for E20, 25, 30, 35, etc.), rather 

than units of 10 percent, as proposed by the FTC. 

For example, Underwriters Laboratories, the well-known independent scientific company 

and global leader in testing, inspection, certification, auditing, and validation, provides a 

“listing” for retail gasoline dispensers for gasoline-ethanol blends up to 25% ethanol.55 These 

commercially available dispensers make this a likely retail grade in the future. Using units of 5 

avoids the potential to mislead consumers, when retail gasoline dispensers sell a UL-listed E25 

fuel, for example, but are marketing it as E20. 

VI. CONCLUSION 

OPEI and NMMA commend the FTC for taking steps to help consumers identify the 

correct fuel for their vehicles and to minimize misfueling by proposing labeling requirements for 

mid-level ethanol blends. Given the potential for consumer confusion and for consumers to be 

misled and damaged, the FTC’s labeling should expeditiously provide additional disclosures, 

including additional warnings and cautionary statements, in order to adequately alert consumers 

to the dangers of misfueling, and assist consumers in avoiding preventable damage to their 

54 79 Fed. Reg. at 18859.
 
55 See, for example, certain Gilbarco, and Dresser Wayne dispensers UL approved for up to E25, at
 
http://www.gilbarco.com/us/content/gilbarco-introduces-encore-s-e25-compatible-dispensers-and-new-single-hose
11-ethanol-blende; http://www.wayne.com/index.cfm/go/content-detail/dresserpage/Ovation-Eco-Fuel-Now-UL-
Approved/ 
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vehicles or other engine powered equipment. Accordingly, OPEI and NMMA support additional 

revisions to the label, as illustrated in Figure 1, to provide consumers with the necessary 

information to prevent misfueling. 

* * * 

OPEI and NMMA appreciate this opportunity to submit comments and would welcome 

the opportunity to discuss these issues further with the FTC. 
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When you pull up to a gasoline filling station, you 

EThanOl EducaTIOn & cOnsumEr PrOTEcTIOn PrOgram 

www.lookBeforeYouPump.com | #lookB4uPump 

may start to see some changes. The gas you put in your 
car may no longer be safe for other engine products. 
Most gasoline now contains 10 percent 
ethanol (E10). But, you may see higher ethanol 
blended gas available for sale – such as 15, 30, 
50 or 85 percent ethanol gas. They may even 
be cheaper than E10. 

However, these higher ethanol blends are not 
meant for small engines, utility vehicles and 
outdoor power equipment such as mowers, 
garden tractors, chainsaws, snow throwers, 
trimmers, generators, power washers, 
blowers and more. 

Gasoline containing greater than 
10 percent ethanol can damage or 
destroy these valuable investments. 
In fact, using any fuel that contains more than 
10 percent ethanol is harmful and illegal to use 
in outdoor power equipment. 

Today you may come across a gasoline 
blender pump, which dispenses various 
ethanol blends, and you might be tempted to 
buy the least expensive fuel – which may likely 
contain higher ethanol content. But, price is no 
longer the way to choose your gasoline safely. 
You have to choose the right fuel. 

Read the equipment’s 
operating manual 
for specific fueling 
requirements, and select 
the correct gasoline for 
that specific product. 

When you pull up to the 
gas station, look before 
you pump. Protect your 
investments. Choose E10 
or less for your outdoor 
power equipment. USE E10  FUEL OR 

LESS 

Ethanol Percentage 

<10% NO 15% 30%  85%OK 

The Outdoor Power Equipment Institute (OPEI) is an international trade association representing small engine, utility vehicle and outdoor power equipment manufacturers. 
For more information, visit www.OPEI.org 

OUTDOOR POWER EQUIPMENT 
INSTITUTE  
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Executive Summary 
In 2012, the U.S. gasoline market was about 134 billion gallons [1], and the fuel ethanol market 
was 13.3 billion gallons [2]. Almost all fuel ethanol is used in gasoline as a 10 volume percent 
(vol%) blend. A far less significant amount is used as “E85” Flex Fuel (a fuel compliant with 
ASTM International Specification D5798 and formerly called E85). Mid-level ethanol blends 
(MLEBs) are an emerging ethanol option that contain more than 10 vol% ethanol but less than 
50 vol% ethanol. MLEBs are typically sold as discrete blends, such as 20 vol% (E20), and 30 
vol% (E30). The argument for offering MLEBs is to give consumers with Flex Fuel vehicles 
additional fuel choices at the pump. 

The Coordinating Research Council and the U.S. Department of Energy’s National Renewable 
Energy Laboratory conducted a survey of MLEBs in the market, in order to provide a snapshot 
of selected characteristics of the increasingly diverse array of fuels available to U.S. motorists. A 
total of 73 fuel samples were collected in February of 2013 from 20 retail stations located in the 
midwestern United States. Samples included gasoline (E0 or E10), “E85” Flex Fuel, and every 
MLEB that was offered from each of the 20 stations. 

All samples were analyzed by Southwest Research Institute for vapor pressure and ethanol 
content. For E10 samples there was very little variation in ethanol content.  For the MLEB 
samples variability was higher, typically failing to meet the advertised ethanol level by 3 to 4 
vol%, and in one case was off by 10 vol%. One of the 20 “E85” Flex Fuel samples was above the 
allowable limits for ethanol content. Four of the 20 “E85” Flex Fuel samples had vapor pressures 
below the minimum requirement. 

In addition photographs of each station were taken at the time of sample collection, detailing the 
dispenser labeling and configuration. The style and labeling of the dispenser, hose and nozzle are 
all important features to prevent misfueling events. Furthermore, the physical location of the 
MLEB product relative to the gasoline product can also be important to prevent misfueling. In 
general there were many differences in the style and labeling of the dispensers surveyed in this 
study. 

iv 



 

 
 

 
   

   
   

   
   
   

   
   

   
    

   
   

   
   

   
    

    
 

   
     
      
     
    
    
    
    
    

    
    
    

     
    
    
    

   
    
      
      

   
   

     
      

 

   
  

   
  

Table of Contents 
List of Acronyms........................................................................................................................................ iii
 
Executive Summary ................................................................................................................................... iv
 
List of Figures ............................................................................................................................................. v
 
List of Tables ............................................................................................................................................... v
 
Introduction ................................................................................................................................................. 1
 
Methodology................................................................................................................................................ 1
 

Station Identification .............................................................................................................................. 1
 
Sample Collection and Photographs....................................................................................................... 2
 
Property Analysis ................................................................................................................................... 3
 

Fuel Property Results ................................................................................................................................. 3
 
Gasoline Samples ................................................................................................................................... 3
 
Station Photos......................................................................................................................................... 6
 

Conclusions............................................................................................................................................... 10
 
References................................................................................................................................................. 12
 
Acknowledgments .................................................................................................................................... 12
 
Appendix A: Station Photographs ......................................................................................................... 13
 
Appendix B: Tabulated Fuel Property Data........................................................................................... 21
 

List of Figures 
Figure 1. Relative station locations........................................................................................................... 2
 
Figure 2. Ethanol content for all fuel samples ......................................................................................... 5
 
Figure 3. Vapor pressure for all fuel samples .......................................................................................... 6
 
Figure 4. Station #1 photograph................................................................................................................ 7
 
Figure 5. Station #2 photograph................................................................................................................ 8
 
Figure 6. Station #17 photograph.............................................................................................................. 8
 
Figure 7. Station #3 photograph................................................................................................................ 9
 
Figure 8. Station #14 photograph.............................................................................................................. 9
 
Figure A.1  Station #4 ............................................................................................................................... 13
 
Figure A.2  Station #5 ............................................................................................................................... 13
 
Figure A.3  Station #6 ............................................................................................................................... 14
 
Figure A.4 Station #7 ............................................................................................................................... 15
 
Figure A.5  Station #8 ............................................................................................................................... 15
 
Figure A.6  Station #9 ............................................................................................................................... 16
 
Figure A.7  Station #10 ............................................................................................................................. 16
 
Figure A.8  Station #11 ............................................................................................................................. 17
 
Figure A.9  Station #12 ............................................................................................................................. 17
 
Figure A.10 Station #13 ........................................................................................................................... 18
 
Figure A.11 Station #15 ........................................................................................................................... 18
 
Figure A.12  Station #16 ........................................................................................................................... 19
 
Figure A.13  Station #18 ........................................................................................................................... 19
 
Figure A.14 Station #19 ........................................................................................................................... 20
 
Figure A.15 Station #20 ........................................................................................................................... 20
 

List of Tables 
Table 1. Summary of Results………………………………………………………………………………….….4
 
Table 2. Description of Blender Pump Station Configurations…………………………………….……..10
 
Table B.1 Fuel Properties………………………………………………………………………………………..21
 

v 



 

 

 
  

   
      

    
    

 
    

 
 

  

 
 

    
  

    

  
   

 
  

 

 

 
 

   

 
     

   

Introduction 
In 2012, the U.S. gasoline market was about 134 billion gallons [1], and the fuel ethanol market 
was 13.3 billion gallons [2]. Almost all fuel ethanol is used in gasoline as a 10 volume percent 
(vol%) blend. A far smaller amount is used in “E85” Flex Fuel (a fuel compliant with ASTM 
International [ASTM] Specification D5798 and formerly called E85). Mid-level ethanol blends 
(MLEBs) are an emerging blend of “E85” Flex Fuel and gasoline. MLEBs contain more than 10 
vol% ethanol and less than 50 vol% ethanol and are typically sold as discrete blends, such as 20 
vol% (E20), and 30 vol% (E30). The argument for offering MLEBs is to offer consumers with 
Flex Fuel vehicles additional fuel choices at the pump. The recent U.S. Environmental Protection 
Agency (EPA) waiver allowing up to E15 in 2001 and newer cars, trucks, and sport utility 
vehicles should increase the volume of MLEBs in the marketplace. 

MLEBs are typically offered at stations with blender pumps. A blender pump draws fuel from 
two separate storage tanks and mixes the fuels to produce the desired ethanol blend ratio. In 
traditional gas stations, a blender pump is often used to get midgrade gasoline by mixing the 
regular and premium grade fuels. In a station that offers MLEBs, the blends are generally made 
by mixing “E85” Flex Fuel with regular gasoline [3]. 

With the increasing fuel diversity in the marketplace, the Coordinating Research Council (CRC) 
and the U.S. Department of Energy’s National Renewable Energy Laboratory (NREL) conducted 
a survey of MLEBs in the market. The project assumed that the MLEBs were blended at the 
dispenser, by a so-called blender pump, from parent gasoline and D5798-compliant “E85” Flex 
Fuel. 

Methodology 
Station Identification 
The U.S. Department of Energy’s Alternative Fuels Data Center was used to identify 20 stations 
with blender pumps that offered MLEBs. Each station was contacted prior to sample collection 
to ensure that MLEBs were being sold. While efforts were made to identify stations over a wide 
geographical area, these stations were all located in the midwestern United States. The relative 
locations of the stations are illustrated in Figure 1. 
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Figure 1. Relative station locations 

Sample Collection and Photographs 
A contractor was sent to each station to collect the fuel samples. At each station, a 1.5-liter 
sample was collected from each of the parent fuels (gasoline and “E85” Flex Fuel) along with 
every MLEB that was offered. In order to prevent sample carry-over, 3 liters of fuel were purged 
from the pump prior to collection of each individual fuel sample. A total of 73 fuel samples were 
collected from these 20 retail stations. All fuel samples were collected between February 9th and 
26th of 2013, targeting the wintertime class (D5798 Class 4). 

In the first E-95 study (2010), samples were collected in ASTM D5798 Class 1, which represents 
the lowest vapor pressure samples and the warmest months of the year (typically summertime 
fuels). Between the end of that study and the commencement of the current study, several things 
changed in the D5798 specification. First, D5798 was updated to reflect the necessity by 
blenders to adjust the hydrocarbon portion of the blend across a wider range than previously 
allowed. This change allowed for a consistent, and generally wider range, of allowable ethanol 
content in each class, with the goal of blenders being able to meet vapor pressure requirements 
more easily year-round. The second major change was the addition of a fourth class for the 
wintertime months. The new Class 4 was added in a further effort to help blends produce on-
specification fuels in the winter months. 
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In this most recent study Class 4 fuels were targeted in order to draw the largest contrast to the 
Class 1 fuels sampled in a previous blender pump survey (CRC E-95) and to expand the limited 
information on commercially available “E85” Flex Fuel in this new class [4]. In the first E-95 
study, multiple tests were run on the Flex Fuel only, such as pHe, acidity, chloride, and sulfate. 
Results from that work, combined with results from CRC’s E-85 studies showed very few 
failures on these properties, even when the samples failed ethanol content and/or vapor pressure 
requirements. The decision to not test these properties on the Flex Fuel samples was twofold in 
this study: first, by reducing the number of tests, a larger number of samples could be collected, 
and second, with the focus of the study on blender pumps, only the critical properties of the 
parent fuels were collected (ethanol content and vapor pressure). By reducing the number of 
tests, the study was able to increase the number of stations from the previous project from 15 to 
20, increasing the number of MLEB samples from 25 to 33. 

Detailed photographs of the dispensers and stations were also taken at the time of sample 
collection. These included: 

•	 Close-up photograph of dispenser, showing labeling specific to blends offered 

•	 Photograph showing entire dispenser, including hoses 

•	 Photograph of island including dispenser 

•	 Photograph showing island configuration of MLEB dispenser, in relation to other islands 
at station 

•	 Photograph of station sign, looking for any indication that MLEBs are being sold at 
station. 

Property Analysis 
All fuel samples were analyzed by Southwest Research Institute in San Antonio, Texas. The 
vapor pressure of the gasoline and the “E85” Flex Fuel was analyzed for comparison to their 
respective requirements in D4814 and D5798 using ASTM D5191. The vapor pressure of the 
MLEBs was also measured using the same method. The ethanol content of all fuel samples was 
analyzed and compared to the appropriate ASTM specification and dispenser labeling captured 
in the station photographs. Gasoline and E15 blends were analyzed using D5599; ethanol content 
in samples above E20 was measured by D5501. Samples were also analyzed for water content 
and specific gravity to allow for ethanol content to be reported in vol%. 

Fuel Property Results 
Gasoline Samples 
To simplify sample collection, the contractor was instructed to sample regular unleaded gasoline, 
the “E85” Flex Fuel, and all MLEBs offered at each station visited. As discussed below, many of 
the stations offered E0 and E10. Because no additional direction was given to the contractor 
about what constituted “regular unleaded gasoline”, the samples collected varied and could be 
either E10 or E0 based on the contractor’s individual choice during sampling. In addition, it is 
unknown whether the MLEBs were blended from E0 or from E10. 
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Of the 20 stations that were sampled, every location offered Flex Fuel labeled as “E-85.” E30 
was the most commonly available MLEB, offered at all but two stations. E20 was offered at half 
of the stations, while E15, E40, and E50 were less common. Thirteen of the 20 stations provided 
multiple options for MLEBs. One of the stations did not offer any MLEBs, although the station 
claimed to have the blends during the identification phase of the project. Table 1 shows the 
number of samples that were collected for each fuel type, along with statistics for the vapor 
pressure and ethanol content. As illustrated in this table, the ethanol content was generally lower 
than its indicated value. 

Many of the stations offered both hydrocarbon gasoline (E0) as well as oxygenated gasoline 
(E10). The contractors tasked with collecting the fuel samples only collected one of the two 
gasoline options. Consequently, 11 samples of hydrocarbon gasoline and 9 samples of 
oxygenated gasoline were collected from the 20 stations. From the information collected, it was 
unclear which form of gasoline was used as the parent fuel to make the MLEBs in the blender 
pump. 

Table 1. Summary of Results 

Property Fuel Type 
# of 

Samples Mean Median 
Standard 
Deviation 

DVPE, psi Gasoline (E0) 11 13.4 13.7 1.44 
Oxygenated Gasoline 9 14.4 14.6 0.70 
E15 3 14.2 14.0 0.41 
E20 10 13.9 13.9 0.69 
E30 18 13.5 13.6 0.92 
E40 1 14.2 14.2 NA 
E50 1 13.1 13.1 NA 
“E85” Flex Fuel 20 10.0 10.5 1.64 

Ethanol Content, vol% Gasoline (E0) 11 < 0.1 < 0.1 < 0.1 
Oxygenated Gasoline 9 10.4 10.3 0.10 
E15 3 16.8 17.3 0.92 
E20 10 18.0 17.3 3.35 
E30 18 26.7 26.9 2.59 
E40 1 29.7 29.7 NA 
E50 1 44.2 44.2 NA 
“E85” Flex Fuel 20 70.9 68.3 7.02 

DVPE = dry vapor pressure equivalent
 
NA = not applicable
 
psi = pounds per square inch
 

For each of the fuel samples, the ethanol content was determined by the appropriate test method 
(D5599 or D5501) based on fuel dispenser labeling. Figure 2 shows the results for ethanol 
content of all samples. The data are organized by station, showing the ethanol content for each 
product offered at the 20 locations. 

For the E10 samples there was very little variation in ethanol content. However, for the MLEB 
samples variability was higher, typically failing to meet the advertised ethanol level by 3 to 4 
vol%. The fuels tended to be lower in ethanol content than their indicated amount. Those 
samples that were furthest from their indicated levels were: E40 from Station #13 (30 vol%), E30 
from Station #8 (22 vol%), and both E20 and E30 from Station #7 (12 vol% and 22 vol%, 
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respectively). Also of note is that for stations that offered multiple MLEB products, those 
MLEBs generally trended either high or low in ethanol content together. The most notable 
exception was Station #3 where E20 was high at 22 vol% and E30 was low at 26 vol%. In this 
instance, these two fuels were supplied by separate blender pumps at the same fueling island. 

Figure 2 also shows the lower and upper ethanol limit for “E85” Flex Fuel (51 vol% to 83 vol%), 
per ASTM Specification D5798-13a. As can be seen in the figure, all of the samples were within 
these limits with the exception of Station #6, which contained 94 vol% ethanol. In 2011, the 
D5798 specification was changed to reduce the minimum ethanol content from 68 vol% down to 
51 vol% to allow for more high volatility hydrocarbon in the blends, which should result in an 
increase in vapor pressure. The E-85-1 and E-85-2 CRC reports both found that samples had 
difficulty meeting wintertime vapor pressure [5, 6]. The difficulty in meeting winter vapor 
pressure of “E85” Flex Fuel was one widely cited reason for a cessation of sales of “E85” Flex 
Fuel by Marathon Petroleum Company in 2009 [7]. In response to general industry difficulties, 
ASTM reduced the minimum ethanol content for all classes and added the fourth class to help 
ensure these fuels were fit for purpose. 

Figure 2. Ethanol content for all fuel samples 
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Gasoline and “E85” Flex Fuel are required to meet specifications for fuel vapor pressure that are 
dependent on location and time of year. All but one of the “E85” Flex Fuel samples in this 
survey would fall under D5798-11 Class 4, with a vapor pressure requirement of 9.5 to 15.0 psi. 
The one exception would be sample #14, collected in Kansas, which is listed as Class 3/4 for the 
month of February. The Class 3 vapor pressure requirement is 8.5 to 12.0 psi. Figure 3 shows the 
vapor pressure for all of these fuel samples along with the vapor pressure requirements for “E85” 
Flex Fuel. Four of the 20 “E85” Flex Fuel samples collected have vapor pressure below their 
minimum requirement, for a failure rate of 20%. For comparison, of the 37 Class 3 “E85” Flex 
Fuel samples collected in a previous fuel survey, the failure rate was 70% [6]. The extremely low 
vapor pressure of “E85” Flex Fuel collected at Station #6 is explained by the high level of 
ethanol (94 vol%). 

Figure 3. Vapor pressure for all fuel samples 

Station Photos 
An additional objective of this survey was to understand MLEB dispenser labeling. To make this 
assessment, detailed photographs of the stations and dispensers were taken at the time of sample 
collection. The style and labeling of the dispenser, hose, and nozzle are all important features to 
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minimize the probability of misfueling events. Furthermore, the physical location of the MLEB 
product relative to the gasoline product can also be important to prevent misfueling. As part of 
the E15 partial waiver, the EPA requires obligated parties to submit a Misfueling Mitigation Plan 
[8]. In March of 2012, the EPA concluded that a model plan developed by the Renewable Fuels 
Association was sufficient to satisfy this partial waiver requirement. As part of this model plan, 
the Renewable Fuels Association describes three configurations where blender pumps are used to 
produce E15. They are as follows: 

1.	 A dedicated E15 dispenser or a dedicated E15 hose at a multiple fuel dispenser. 

2.	 E15 from the same nozzle and hose as E10. This creates the potential for a vehicle not 
included under the E15 partial waiver to receive residual amounts of E15 when fueling 
with E10. 

3.	 E15 from the same nozzle and hose as higher ethanol blends. This creates the potential 
for non-Flex Fuel vehicles to receive residual amounts of higher ethanol blends when 
being fueled with E15. 

While the Renewable Fuels Association’s Misfueling Mitigation Plan was written specifically 
for E15, we make an assessment here of how the stations in this survey offer MLEBs in 
comparison to the model plan guidelines. Three of the 20 stations in this survey offered E15 
from the same nozzle and hose as higher ethanol blends (Configuration #3). Photos of this 
dispenser configuration as represented by these three stations are shown in Figures 4, 5, and 6. In 
addition, two of the 20 stations offered higher ethanol blends from the same hose as E10 (similar 
to Configuration #2). Photos of the dispensers in these two stations are shown in Figures 7 and 8. 
Each of the dispenser configurations in these five stations create the potential for introduction of 
residual amounts of higher ethanol fuel than is acceptable in non-Flex Fuel vehicles. Photographs 
of the other stations are included in the appendix. 

Figure 4. Station #1 offered E15 from same nozzle as higher ethanol blends 
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Figure 5. Station #2 offered E15 from same nozzle as higher ethanol blends 

Figure 6. Station #17 offered E15 from same nozzle as higher ethanol blends 
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Figure 7. Station #3 offered higher ethanol blends from the same hose as E10 

Figure 8. Station #14 offered higher ethanol blends from the same hose as E10 

Photographs of each station can be found in the appendix.  Other general observations that can 
be noted from these photographs are listed below. 

•	 Most of the pumps that offered “E85” Flex Fuel were labeled as “minimum 70% 
ethanol,” which was not the case in 11 of the 20 survey samples analyzed (see Figure 2) 
and likely represents old labeling from 2010 or earlier, when D5798 set minimum ethanol 
content at 70%. 

•	 While yellow color coding is common for MLEB dispenser nozzles and hoses, it is not 
universal. Four of the 20 stations did not have yellow dispenser nozzles and hoses for 
MLEB fuels. 

•	 Six of the stations which offered a single MLEB alongside “E85” Flex Fuel, offered the 
two products from separate hoses. 
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• Three of the stations listed an octane number for the MLEBs that they offered. 
Table 2 lists the MLEB offerings and blender pump configurations for each station sampled. 

Table 2. Description of Blender Pump Station Configuration 

Station MLEB Notes on Dispenser Configuration 
# offerings 
1 E15, E30 E15 offered from the same hose as E30 and “E85” Flex Fuel 
2 E15, E30 E15 offered from the same hose as E30 and “E85” Flex Fuel 
3 E20, E30 E10 offered from the same hose as E20 and “E85” Flex Fuel 
4 E30 Dedicated MLEB hose 
5 E20, E30 Dedicated MLEB hose 
6 E20, E30 Dedicated MLEB hose 
7 E20, E30, E50 Dedicated MLEB hose 
8 E20, E30 Dedicated MLEB hose 
9 E30 Dedicated MLEB hose 
10 E20, E30 Dedicated MLEB hose 
11 NA No MLEB was offered at this station 
12 E20, E30 Dedicated MLEB hose 
13 E20, E40 Dedicated MLEB hose 
14 E20, E30 E10 offered from the same hose as E20, E30 and “E85” Flex Fuel 
15 E30 Dedicated MLEB hose 
16 E30 Dedicated MLEB hose 
17 E15, E30 E15 offered from the same hose as E30 and “E85” Flex Fuel 
18 E20, E30 Dedicated MLEB hose 
19 E30 Dedicated MLEB hose 
20 E30 Dedicated MLEB hose 

Conclusions 
In this work, 73 samples were collected from 20 separate blender pump stations located in the 
midwestern United States. Class 4 was targeted, with samples collected in February of 2013. 
This study was a follow-up to an earlier MLEB fuel survey (CRC E-95), which focused on Class 
1 fuels. Samples were analyzed by Southwest Research Institute for ethanol content and vapor 
pressure. In addition detailed photographs of the stations were collected at the time of sampling. 
Key findings in this survey are listed below: 

•	 For the E10 samples there was very little variation in ethanol content.  

•	 For the MLEB samples variability in ethanol content was higher, typically failing to meet 
the advertised ethanol level by 3 to 4 vol%, and in one case was off by 10 vol%. 

•	 One of the 20 “E85” Flex Fuel samples was above the allowable limits for ethanol 
content. 

•	 Four of the 20 “E85” Flex Fuel samples had vapor pressure below the minimum 

requirement for Class 4. 


•	 In general, there were many differences in the style and labeling of the dispensers 
surveyed in this study. Five of the 20 dispensers offered higher MLEBs (>E15) from the 
same hose as E10 or E15. These five dispensers create the potential for introduction of 
residual amounts of higher ethanol fuel than is acceptable in non-Flex Fuel vehicles. 
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Both the E-95 and E-95-2 study focused on MLEBs offered in the midwestern United States. 
Although the surveys were somewhat limited by where the stations were located, the goal was to 
find states with the highest number of stations, then sample a subset in each state. Thus, states 
with only one or two blender pumps were excluded from sampling. 

The station locations in the previous study were rural, in areas that were not required to meet any 
of the footnotes in Table 4 in D4814, the gasoline specification. The footnotes in D4814 cover 
vapor pressure requirements during summer months for Federal ozone non-attainment areas, 
areas requiring reformulated gasoline, and/or areas that have state implementation plans for 
control of air quality. Future work may consider another summertime survey, particularly in 
areas where specific requirements are in place for gasoline, to determine if these gasolines have 
any impact on “E85” Flex Fuel properties compared to gasolines found in rural areas. Future 
work may also consider a wider distribution of sampling locations, including states where only 
one or two blender pumps may be located. 
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Appendix A: Station Photographs
 

Figure A.1 Station #4 

Figure A.2  Station #5 
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Figure A.3  Station #6 
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Figure A.4  Station #7 

Figure A.5  Station #8 
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Figure A.6  Station #9  

Figure A.7  Station #10 
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Figure A.8  Station #11 

Figure A.9  Station #12 
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Figure A.10  Station #13 

Figure A.11  Station #15 
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Figure A.12  Station #16  

Figure A.13  Station #18 
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Figure A.14 Station #19 

Figure A.15  Station #20 
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Appendix B:  Tabulated Fuel Property Data 

Table B.1  Fuel Properties 

Station 
Number 

1 

Indicated 
Nominal 

E15 

Ethanol Content 
(D5501/D5599) 

vol% 

17.4 

DVPE 
(D5191) 

psi 

13.9 

Water 
(D6304) 

vol% 
0.63 

SPGr@60F 
(D4052) 

0.77 
0.73 

1 E85 63.9 10.9 

1 E30 30.2 13.5 0.35 0.74 
1 E0 <0.1 13.6 0.72
 
2 E15 15.8 14.6 0.73 
2 E30 28.6 13.7 0.33 0.74
 
2 E85 74.7 10.1 0.76 0.76 
2 E10 10.3 14.8 0.73
 
3 E20 22.4 13.2 0.23 0.73 
3 E85 82.7 7.2 0.80 0.78
 
3 E0 <0.1 13.1 0.72 
3 E30 26.2 13.0 0.28 0.74
 
4 E85 69.9 9.7 0.72 0.77 
4 E0 0.2 14.0 0.72
 
4 E30 27.4 13.7 0.29 0.74 
5 E10 10.5 14.2 0.73
 
5 E85 64.2 10.9 0.57 0.76 
5 E30 29.0 13.5 0.23 0.74
 
5 E20 15.7 14.1 0.17 0.73 
6 E20 22.2 14.5 0.23 0.73
 
6 E0 <0.1 14.7 0.72 
6 E85 93.9 4.7 0.81 0.79
 
6 E30 32.2 14.2 0.31 0.74 
7 E30 22.0 14.5 0.33 0.74
 
7 E20 11.8 13.7 0.12 0.73 
7 E10 10.3 14.9 0.73
 
7 E85 67.1 10.3 0.52 0.77 
7 E50 44.2 13.1 0.44 0.75
 
8 E20 16.7 14.8 0.17 0.73 
8 E10 10.3 15.2 0.73
 
8 E30 22.0 14.6 0.23 0.73 
8 E85 67.6 11.8 0.72 0.75
 
9 E10 10.3 14.5 0.73 
9 E85 65.8 10.5 0.62 0.77
 
9 E30 27.6 14.0 0.27 0.74 
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Ethanol Content DVPE Water Station Indicated SPGr@60F (D5501/D5599) (D5191) (D6304) Number Nominal (D4052) vol% psi vol% 
10 E0 <0.1 14.7 0.72 
10 E85 66.6 10.5 0.63 0.77 
10 E20 21.1 14.7 0.21 0.74 
10 E30 25.7 14.4 0.25 0.74
 
11 E10 10.4 14.6 0.73 
11 E85 69.6 11.6 0.56 0.75
 
12 E10 10.3 13.1 0.73 
12 E20 17.9 12.9 0.18 0.73
 
12 E85 71.4 9.0 0.53 0.77 
12 E30 25.4 12.6 0.23 0.74
 
13 E40 29.7 14.2 0.34 0.74 
13 E0 0.1 14.6 0.72
 
13 E20 16.2 14.7 0.17 0.73 
13 E85 67.0 10.8 0.66 0.77
 
14 E30 27.7 13.5 0.22 0.74 
14 E20 19.6 13.5 0.15 0.73
 
14 E85 75.8 8.8 0.61 0.78 
14 E0 0.3 13.3 0.72
 
15 E10 10.5 14.7 0.73 
15 E30 26.4 14.4 0.27 0.74
 
15 E85 67.4 10.5 0.75 0.77 
16 E85 71.3 9.4 0.76 0.78
 
16 E0 <0.1 13.7 0.73 
16 E30 27.6 14.1 0.28 0.74
 
17 E30 27.8 13.2 0.26 0.73 
17 E0 <0.1 14.3 0.72
 
17 E15 17.3 14.0 0.73 
17 E85 74.5 10.3 0.58 0.76
 
18 E30 24.5 13.1 0.28 0.74 
18 E10 10.2 13.3 0.73
 
18 E20 16.2 13.4 0.18 0.74 
18 E85 67.6 10.7 0.40 0.77
 
19 E0 <0.1 10.7 0.73 
19 E85 68.0 11.4 0.47 0.75
 
19 E30 24.6 11.7 0.26 0.74 
20 E85 68.6 11.3 0.57 0.75
 
20 E30 25.5 11.3 0.19 0.74 
20 E0 <0.1 10.7 0.73
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Exhibit 3
 



OVERVIEW -IMPACTS OF MID-LEVEL ETHANOL ON-ROAD AND NON
ROAD ENGINES AND EQUIPMENT (PREPARED BY DR RON SAHU, MAY 
15, 2009) 

A. Change Due to the Enleanment Effect of Ethanol 

Gasoline is a mixture of many hydrocarbon compounds that consist mainly of hydrogen 

and carbon.' Ethanol also contains hydrogen and carbon - but, in addition, it also contains 

oxygen. The exact air-to-fuel ratio needed for complete combustion of the fuel (to carbon 

dioxide and water vapor) is called the "stoichiometiic air-to-fuel ratio." This ratio is about 14.7 to 

1.0 (on weight basis) for gasoline. For ethanol/gasoline blends less air is required for complete 

combustion becallse oxygen is contained in the ethanol and because some of the hydrocarbons 

have been displaced. For example, for EIO the stoichiometric air-to-fuel ratio is 14.0 to 14.1 

pounds of air per pound of fuel. Indeed, the stoichiometric air-to-fuel ratio for straight ethanol is 

9 to I so that as the proportion of ethanol in the gasoline blend increases so must the air-to~fuel 

ratio decrease. To deliver the required power for any given operating condition, engines 

consume enough air and fuel to generate the energy required, to the limit of the engine's 

capabilities. Because fuel delivery systems are designed to deliver the prescribed amount of fuel 

on a volume control basis the fuel volume delivered is related to the volume of air introduced. 

The engine design anticipates that the fuel utilized will match the air-to-fuel ratio characteristics 

utilized in the engine design and calibration. Because ethanol blended fuels require more fuel for 

the same amount of air to achieve stoichiometric conditions, the fuel system must adapt by 

introducing more fuel or the desired mixture is not achieved. If additional fuel is not introduced 

to compensate for the ethanol the resulting mixture has less fuel than desired; the effect of this 

type of fuel change on an engine is called "enleanment." 

Sulfur, nitrogen, and trace elements also may be present. 



Even with closed~loop systems, where the engine has a control system that can detect and 

compensate for the effects of ethanol addition (adapt), if the fuel contains an amount of ethanol 

that is outside the range of the system design, the engine similarly may receive too much oxygen 

and operate in a lean condition. Lean operation can lead to a vatiety of performance problems, 

for example the combustion and exhaust gas temperatures will be higher, engine starting may 

become more difficult, and the engine speed control may become inaccurate. 2 These problems 

may result in the unintentional engagement of cutting chains and blades on chainsaws and other 

products- because the engines dtiving these products will run at higher speeds, especially at idle 

conditions. 

The increased combustion and exhaust gas temperatures resulting from lean operation 

can result in severe damages to pistons, gaskets, catalysts and emissions-related components, in 

turn, resulting in the failure of the product to operate and increased exhaust emissions? These 

increased temperatures can also damage and destroy critical safety components like spark 

arrestors- as required by the U.S. Forest Service to be used on chainsaws to reduce fire risks. 

B. Effect on Exhaust Emissions 

Enleanment and the increased heat from mid-level ethanol blends will cause heat-related 

damage to the engine over its useful life, which can cause dramatic increases in hydrocarbon 

emissions. NOx emissions from conventional products and vehicles generally increase 

2 	 Issues associated with driveability and operational problems have been discussed for on
road vehicles and for off-road equipment in a series of reports in 2002-2004 by Orbital 
Engine Company for a biofuels assessment conducted in Australia. Jn particular, see (a) 
A Testing Based Assessment to Determine Impacts of a 10% and 20% Ethanol Gasoline 
Fuel Blend on Non-Automotive Engines, January 2003; (b) Marine Outboard 
Driveability Assessment to Determine Impacts of a 10% and 20% Ethanol Gasoline Fuel 
Blend on a Small Batch of Engines, Febmary 2003 and (c) A Testing Based Assessment 
to Determine Impacts of a 20% Ethanol Gasoline Fuel Blend on the Australian Passenger 
Vehicle Fleet- 2000hrs Material Compatibility Testing, May 2003. 
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immediately since enleanment creates conditions which increase N0x.4 For less sophisticated 

open-loop engines, NOx emission increases can be dramatic. 

While some of the taxies in exhaust emissions show expected decreases in the presence 

of ethanol, some taxies, such as aldehydes, can show increases. Besides the potential toxic 

effects of aldehydes in exhaust gases, the aldehydes act as an ozone precursor and increase the 

smog-forming potential. 

C. Effect on Water Solubility and Phase Separation 

Separation of a single phase gasoline into a "gasoline phase" and a "water phase" can 

occur when too much water is introduced into the fuel tank. Water contamination is most 

commonly caused by improper fuel storage practices at the fuel distribution or retail level, or the 

accidental introduction of water during vehicle refueling. Water has a higher density than 

gasoline, so if water separates, it will fmm a layer below the gasoline. Because most engines 

obtain their fuel from, or near, the bottom of the fuel tank, engines will not run if the fuel pick up 

is in the water-phase layer. 

Typically, gasoline can absorb only very small amounts of water before phase separation 

occurs. Ethanol/gasoline blends, due to ethanol's greater affinity with water, can absorb 

significantly more water without phase separation occurring than gasoline. Ethanol blends can 

actually dry out tanks by absorbing the water and allowing it to be drawn harmlessly into the 

engine with the gasoline. If, however, too much water is introduced into an ethanol blend, the 

water and most of the ethanol will separate from the gasoline and the remaining ethanoL The 

amount of water that can be absorbed by ethanol/gasoline blends, without phase separation, 

varies from 0.3 to 0.5 volume percent, depending on temperature, aromatics, and ethanol content. 

The higher combustion temperatures and the excess of oxygen in the combustion 
chamber result in the excess oxygen combining with nitrogen to produce nitrogen oxides. 

4 
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If phase separation were to occur, the ethanol/water mixture would be drawn into the engine and 

the engine would most likely stop. 

In some situations, ethanol/gasoline blends might absorb water vapor from the 

atmosphere, leading to phase separation. Such problems are of greater concern for engines with 

open-vented fuel tanks that are operated in humid environments, such as marine engines. 

Additionally, more complex phenomena such as lubricating oil/fuel separation (in 2

stroke engines) and temperature-induced phase separation of various fuel components have also 

been noted. 

D. Effect on Material Compatibility 

A variety of components in engine/equipment systems can come into contact with the 

fuel. These include 

• Fuel Lines 

• Fuel Tanks 

• Fuel Pumps 

• Fuel Injectors 

• Fuel Rails 

• Carburetors (and intemal components) 

• Pressure Regulators 

• Valves 

• 0-Rings 

• Gaskets 

Materials used in these components should be compatible with the full range of expected 

fue! composition. Table A shows the types of metals, rubbers, and plastics that are used in 

existing engines and fuel system components cunently designed to run on ElO fuel blends. 
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Table A -Illustrative Materials Used in Engines and Fuel Systems 

Table A 

A. Metals 
Aluminum (various grades) 
Brass 
Carbon Steel 
Cast Iron 
Copper 
Magnesium (and alloys) 
Zinc (and alloys) 
Lead 
Tin 
Teme Plate 
Solder (tin/lead) 
Other metals and alloys 

B. Rubbers 
BunaN 
Silicon Rubber (VMQ) 
HNBR (Hydrogenated Nitrile Butadiene Rubber) 
Others 

C. Plastics/Polymers/lv'lonomers/Elastomers 
Hydrin (epichlorohydrin) 
H-NBR (copolymer from butadiene and acrylonitrile) 
Low Temp Viton (FKM) grades such as GFLT 
Nylons (various grades) 
Polyester urethane foam 
NBR with 16% PVC and 32% ACN content 
Ozo-Paracril (blend of PVC and nitrile rubbers) 
CSM- Chlorosulfonated polyethylene, such as Hypalon 
FVMQ- F!uorosilicone 
HDPE- High Density Polyethylene 
PS - Polysulfone 
PC - Polycarbonate 
ABS- Acrylonitrile Butadiene Styrene 
EVOH -Ethylene Vinyl Alcohol 
PP A - Polyphtalamidc 
PBT- Polybutylene Terephthalatc 
PE- Polyethylene- High Density Polyethylene (HDPE), 
PE- LOPE Low Density Polyethylene (LDPE) 
PET- Polyethylene Terephtbalate (Mylar) 
PP- Polypropylene 
PPS- Polyphcnylene Sulfide 
PUR - Polyurethane 
PVC- Polyvinyl Chloride 
PEI- Polyetherimide (GE Ultem) 
POM - Acctel Copolymer 
HTN- DuPontTM Zytcl® HTN 
PTFE- Po!ytcraflouroethylcne (Teflon) 
POM- Po!yoxymcthylcnc (acetai/Dclrin) 
Fluorosilicones 
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Others 

This is not an exhaustive list and is meant as an illustration of the diversity of materials 

used presently. Based on existing studies, it is clear that several rubbers and elastomers can 

swell and deteriorate more rapidly in the presence of ethanol.5 Ethanol also corrodes certain 

metals. Corrosion occurs through different mechanisms including acidic attack, galvanic 

activity, and chemical interaction. The first is caused by water in the fuel. Ethanol attracts and 

dissolves water, creating a slightly acidic solution. Unlike gasoline, ethanol alone or combined 

with water conducts electricity; this conductivity creates a galvanic cell that causes exposed 

metals to corrode. So when ethanol is blended with gasoline the resulting blend is conductive 

and the conductivity increases as the amount of ethanol is increased. The addition of ethanol 

greatly increases the ability of gasoline to dissolve ionic impmi.ties which can facilitate corrosive 

attach of many metals. Another mechanism is direct chemical interaction with ethanol molecules 

on certain metals. 

Clearly, deterioration of materials would result in loss of function of critical engine 

components, resulting in fuel leaks, fires from fuel leaks, and equipment failure. This has 

obvious safety implications. 

E. Effect on Evaporative Emissions 

Permeation of fuel through elastomers can result in deterioration of these materials. In 

recent testing, all of the tested ethanol blends showed higher permeation rates through elastomers 

A Testing Based Assessment to Determine Impacts of a 20% Ethanol Gasoline Fuel 
Blend on the Australian Passenger Vehicle Fleet- 2000hrs Material Compatibility 
Testing, May 2003 and A Testing Based Assessment to Detennine Impacts of a I 0% and 
20% Ethanol Gasoline Fuel Blend on Non-Automotive Engines- 2000hrs Material 
Compatibility Testing, May 2003. 
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than conventional gasolinc.6 An important emissions concern that remains poorly understood is 

ethanol's ability to permeate through rubber, plastic, and other materials used widely in the fuel 

tank, fuel system hoses, seals, and other parts of the fuel handling system. Recent studies have 

shown these emissions can be quite significant 7 

F. 	 Impacts Associated witl1 Fuel Volatility 

Mid-level ethanol gasoline blends are documented as causing the following operating 

problems resulting from their different volatility and vaporization characteristics. First, because 

ethanol has a lower vapor pressure, it has been shown to cause starting problems because there is 

inadequate vapor pressure to a vapor mixture rich enough to ignite. In tum, such problems could 

result in consumer tampering of the engine's carburetor. 

Second, because ethanol vaporizes at lower temperatures than gasoline, mid-level ethanol 

can cause "vapor lock." Vapor lock is a condition where the fuel in the engine's fuel delivery 

system vaporizes preventing the transport of liquid fuel to the carburetor or fuel injectors. 

Increasing the ethanol concentration beyond EIO is likely to increase the likelihood of vapor lock 

for open loop fuel control system engines typically used on older vehicles and most off-road 

engines. Even in the closed loop engine systems used in some off-road engines and in most late-

model vehicles, there remains the likelihood of vapor lock. 

Other concems about low temperature fuel characteristics of ethanol blends include a) 

increased viscosity of ethanol/gasoline blends which may impede fuel flow and b) phase 

separation in the vehicle fuel system due to reduced water solubility. 

6 	 (a) See EPA-420~D-06-004, Draft Regulatory Impact Analysis: Control of Hazardous Air 
Pollutants from Mobile Sources, Chapter 7, February 2006. (b) See also, Fuel 
Permeation from Automotive Systems: EO, E6, E10, E20, and E85, Final Report, CRC 
Project No. E-65-3, December 2006. 

7 	 See, e.g.:, the CRC E-65-3 Project Report referenced earlier as well as the EPA document 
referenced earlier which also discusses testing conducted by the California Air Resources 
Board. 
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G. Summary of Impacts 

The effects of increased ethanol in gasoline are generally not linear with the amount of 

oxygen in the fuel. Hence, the effects of increasing the ethanol content beyond ElO on cunent 

engines are not fully known. Table B presents an overview of all these effects and how they can 

influence emissions, performance, and durability, mainly for automobiles; but, in some instances, 

the effect of increased ethanol on less sophisticated off-road engines is also noted. 

TableB 

Properties of Ethanol And Associated lmpl ications 


Propertv lm Iication 
Hydrogen This makes pure ethanol have a very low vapor pressure compared to gasoline. But it 
BondingiV apor also means the vapor pressure of a mixture can be higher than the gasoline alone. Where 
Pressure the peak vapor pressure occurs depends on the base gasoline vapor pressure and ethanol 

concentration. With a 9 RVP base gasoli11e, the peak occurs at around 6-7% by volumc.8 

Vapor pressure dircclly affects the evaporation rate and potential hydrocarbon emissions. 
Hydrogen Easy hydrogen bonding makes ethanol attract water. The presence of water, in tum, 
Bondlng/Watcr increases the risk that certain metals will corrode. This becomes a problem when fuel 
Attraction remains in storage (includimr vehicle fuel tanks) and handlimr svstems for a lone: time. 
Oxygen Atom Ethanol's oxygen atom Jowers its energy content, which reduces fuel economy. A 

blend's final energy content and the impact on fuel economy depends on the amount of 
ethanol and gasoline density. Most blends up to 10% ethanol by volume do not affect 
fuel economy to a si!!:nificant extent (about 1-3%). 

Oxygen Atom Ethanol mixed with gasoline makes the air-to-fuel ratio leaner than with gasoline alone. 
Controlling the air-to-fuel ratio is critical to the combustion process and engine 
performance. Performance problems include hesitation, stumbling, vapor lock, and other 
impacts on drivability. Pre-ignition also can occur, causing engine knock and potential 
damage, Ambient temocrature and oressure are imoortaut factors. 

Oxygen Atom Manufacturers calibrate the oxygen sensors (used in modern vehicle technologies but not 
in off-road equipment, in general) to recognize specific levels of oxygen in the exhaust 
stream. If a mixture is outside the calibration range, the sensor will send inaccurate 
signals to the air-to-fuel feedback and on-board diagnostic systems. This could cause 
improper air-to-fuel ratios as well as an increased risk of causing one of the dashboard's 
warning lights (MIL) to illuminate. 

Higher This increases the formation ofNOx, an ozone precursor, in the exhaust gas. Modern 
Combustion three-way cntnlysts in vehicles reduce NOx by more than 99%, except before the catalyst 
Temperature fully warms up (i.e., during cold-start engine operation). Excessive combustion 

temperatures also can cause engine damage. 
Higher Latent This can delay catalyst "light-off," which is period of time before the catalyst warms up 
Heat of and can reduce exhaust emissions ofHC, CO, and NOx. 
Vaporization 
Higher Electrical This property increases galvanic corrosion of metnls. 
Conductivity 
Permeability Ethanol readily permeates at significant rates through elastomers, plastics, and other 

materials llsed widely for hoses, a-rings, and other fuel system parts. Depending on 
temperature and the materials used in the fuel system, this can significanllv increase 

See API Publication 4261, June 2001 
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hvdrocarbon emissions. 
Solvency Under certain conditions, the presence of ethanol can cause certain detergency additives 

to precipitate out of solution, leaving the engine unprotected from gummy deposits. 
Denosits can increase emissions, lower fuel economy, and increase drivability problems. 

Polarity or 
Oxvgen Atom 

Ethanol lowers fuel lubricity by binding to metal surfaces and displacing motor oil. This 
effect increases cylinder bore wear. 

Solvency Ethanol is an effective solvent that mixes readily with both polar and non-polar 
chemicals. This property allows ethanol to dissolve some adhesives used to make paint 
adhere to vehicle bodies. Ethanol also dissolves certain resins and causes them to leach 
out of the fiberglass fuel tanks used in some boats. Not only does this cause the tank to 
deteriorate, it also creates a sludge that coats the engine and can cause stalling and other 
performance problerns.9 

9 See "Impmtant News for Boat Owners," at www.ethanolrfa.org. 
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H. Eihanoi~Compatible Design 

It is instmctive to review the types of changes that have been made in certain automobiles 

to handle greater than E10 fuels. Table C, below, shows the types of changes that have been 

made in Brazilian vehicles in order to accommodate higher ethanol blends. 

Table C 
10 	 11Adaptation ofBrazllmn Veh'1cIes ~or Usew1t. hE22 or ESS+ 

Svstcm Part Chan~e 
Air-Fuel Feed Electronic fuel injectors: must use stainless steel and modify the design to improve fuel 

"spray" and throughput. Manufacturers calibrate the system to the fuel, to ensure the 
I proper air-to-fuel ratio and an apvrooriate Lambda sensor working range. 

Carburetors: must treat or otherwise orotect aluminum or zinc allov surfaces. 
Fuel Handling Fuel pumps: must protect internal surfaces and seal connectors; a different metal may be 
System required. 


Fuel pressure regulators: must protect internal surfaces; internal diaphragm may need to be 

up graded. 

Fuel filter: must protect internal surfaces and use an appropriate adhesive for the filter 

clement. 

Fuel tank: if metallic, must protect (coat) the internal surface. If plastic, may need to line 

the interior to reduce permeation. 

Fuel lines and rails: may need to coat steel parts with nickel to prevent corrosion or replace 

with stainless steel. 

Fuel line quick connects: must replace plain steel with stainless steel. 

Hoses and seals: "o-ring" seals and hoses require resistant materials. 


Emission Controls Vapor control canister: may need to increase the size of the canister and reealibrate it for 

the expected purge air flow rate. 

Catalyst: mav need to ad"ust the kind and amount of catalyst and wash coating. 


Powertrain Ignition System: must recalibratc ignition advance control. 

Engine: should use a higher compression ratio for proper operation; new camshaft profile 

and phase; and new materials for the intake and exhaust valves and valve scats. 

Intake manifold: must be able to deliver air at a higher temperature; requires a new profile 

and must have a smoother surface to increase air flow. 

Exhaust pipe: must protect (coat) the internal surfaces and ensure design can handle a 

higher amount of vapor. 


Other Fuel filler door paint: must change paint formula used on plastic fuel filler door to avoid 
loss of paint adhesion. 
Motor oil: may require refonnulation and/or a new additive acka c. 
All parts that might be exposed to the fuel: avoid polyamide 6.6 (nylon), aluminum, and 
various zinc alloys. If these materials arc used, their surfaces must be treated or otherwise 

10 Brazil's vehicle emission standards are less stringent than those in the U.S., so U.S. 
vehicles may require additional effort and calibration to meet emission and durability 
standards. 

11 	 "Fuel Specifications in Latin America: Ts Harmonization a Reality?" Henry Joseph Jr., 
ANFAVEA (Brazilian Vehicle Manufacturers Association), presented at the Hart World 
Fuels Conference, Rio de Janeiro, 21-23 June 2004. 
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i protected. 
Vehicle suspension: may need to modify to accommodate a hi •her vehicle weight 
Cold start system (for E85or above): may require an auxiliary start system with its own 
temperature sensor, gasoline reservoir, extra fuel injector, and fuel pump; also, the vehicle 
battery must have a higher capacity. 

For automobiles designed to handle greater than ElO, the changes involve the use of 

innovative and ethanol~compatible technologies, material changes, and adjustments in 

calibration. In all cases, one cannot adapt or retrofit existing pmducts because too many parts 

and design steps are involved and the product may have size constraints. Necessary 

modifications must occur during design and production to ensure compliance with strict emission 

standards and to meet consumer expectations for safety, durability, performance, and cost. 

To ensure materials compatibility at higher ethanol levels for use with flexible fuel 

vehicles (FFVs), manufacturers use conosion resistant materials in any part that may contact 

fuel. For example, Brazilian auto manufacturers, who have considerable experience producing 

ethanol-compatible vehicles, recommend using electronic fuel injectors made with stainless steel, 

larger holes, and modified designs to improve fuel spray. Significant changes to the fuel pump 

and fuel pump motor are also often needed. Similarly, manufacturers of carbureted engines-for 

example, almost all small engine products such as chain saws and lawn mowers, as well as older 

and antique vehicles-recommend, among other steps, coating or anodizing aluminum 

cm·buretors or substituting a different metal not susceptible to attack. 

Boats have similar compatibility concems. Many, for example, use aluminum fuel tanks 

that are susceptible to corrosion. While sacrificial zinc anodes often are added later to the 

external parls of these tanks, they are not feasible for the tank's interior. 12 Older yachts with 

fiberglass tanks have a different problem. Ethanol can chemically attack some of the resins used 

l2 	 NMMA Ethanol Position Paper, no date, available at 
www.nmma.org/govcrnment/environmentall?catid-573. 
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to make these tanks causing them to dissolve. In doing so, the ethanol causes leaks, heavy black 

deposits on mmine engine int..'lk:e valves, and defonnation of push rods, pistons, and valves. 13 

Conventional vehicles and products do not have these matetial adaptations for higher 

level ethanol use. One device particularly difficult to address after-the-fact is the fuel tank level 

sensor. These sensors, which are placed inside the fuel tank, directly expose wiring to the fuel. 

Depending on how much ethanol these devices contact and for how long, galvanic or electrolytic 

conosion would be expected to dissolve the wires and eventually cause device failure. 

Manufacturers make additional design changes to address emissions and performance 

needs. 14 In this context, it is important to remember that U.S. emission standards are more 

stringent than those in Brazil. For U.S. vehicles, manufacturers select oxygen sensors and 

onboard diagnostic (OBD) systems specifically to cover the expected range of oxygen in the 

exhaust gas. If the fuel ethanol pushes the exhaust oxygen content outside the range of the 

oxygen sensor, the vehicle's OBD system won't work properly and may enoneously illuminate 

or fail to illuminate the dashboard warning light. In addition, manufacturers must calibrate 

vehicle and product systems to the expected fuel to ensure the proper air-fuel ratio for both 

emissions and performance purposes. In the U.S., off-road engines are also regulated for 

emissions regardless of their size or equipment that they power. Generally, the off-road engines 

do not utilize oxygen sensors and computer controls to adjust fuel delivery by a closed loop 

system. In many products, emission compliance has dictated air-to-fuel ratio controls that are a 

delicate balance between being too rich and, therefore, out of compliance, or too lean, resulting 

in pe1formance or durability problems. 

13 Jd. 
14 "Fuel Specifications in Latin America: Is Hannonization a Reality?" Henry Joseph Jr., 

ANFA VEA (Brazilian Vehicle Manufacturers Association), presented at the Hart World 
Fuels Conference, Rio de Janeiro, 21-23 June 2004. 
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The long term durability of emission control systems is a critical issue, with current U.S. 

federal and California emission standards requiring on-road vehicles to comply for up to 150,000 

miles and off-road engines to comply for full useful life periods. If the control system of the 

vehicle was not designed to accommodate the leaning effect of ethanol, the vehicle's catalyst 

protection routine will be disabled. For off-highway engines, or older vehicles without closed 

loop systems, the enleanment influence can result in higher exhaust gas temperatures. This can 

cause thermal degradation of the catalyst over time, either through sintering of the precious metal 

wash-coat or damage to the substrate and can also degrade critical engine components such as 

pistons and exhaust valves. 
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Preliminary Comments 
on the report titled 

"Effects ofIntermediate Ethanol Blends on Legacy Vehicles and Small Non-Road Engines, 
Report] - Updated,'' NRELITP-540-43543 aml ORNLITM-200811 I 7, dated February2009 

Dr. Ron Sahu, Consultant to the Outdoor Power Equipment Institute (OPEl) 

These comments focus exclusively on major adverse impacts observed during the tests 

performed on Small Non-Road Engines (SNRE), including lawn, garden and forestly products, 

like lawnmowers and trimmers. 

I. THE TESTS DOCUMENT THE FOLLOWING MAJOR ADVERSE IMPACTS 
RESULTED FROM FUELS GREATER THAN 10% ETHANOL 

A. Engine exhaust temperatures rose significantly. Significant 1ises in 

temperatures (exhaust, cylinder head, etc.) occurred on the order of20 to 70 C fi_.om engines run 

on EO compared to E20. For several categories, significant temperature rises resulted between 

EIO and E15. Additional heat generation has obvious implications on increased bum and fire 

hazards -considering the proximity of cut grass, wood chips and the operator to the engine's hot 

exhaust. However, the report does not delve into the implications of the additional heat and its 

ramifications on engine and equipment failure, personnel safety, increased fire hazards, or the 

inability to mitigate any of these hazards on millions ofpieces oflegacy equipment. 

B. Risks to operators dramatically increased. The report recognizes that 

unintentional clutch engagement resulted on several tested products because of high idle speeds. 

Obviously significant risks are created when a chainsaw blade becomes engaged when the 

product should be idling. However, there is no discussion in the Report of this increased hazard. 

If anything, the mitigation proposed (i.e., adjustment of fuel air mixture enleanment) is 



unworkable and may even be illegal "tampering" under the EPA regulations. It is certainly not 

feasible to adjust carburetors on millions of legacy equipment that are already in use. 

C. Damage to Engines. Both of the tested "Residential Handheld Engines" (engines 

B-3 and B-7 as shown in Figure 3.9, pp. 3-18) suffered total and complete failures and would not 

start or operate after running on E-15 fuel for 25 or less hours, which is less than half of their 

useful life. 

D. Operational Problems. Many of the engmes tested on mid-level ethanol 

suffered from erratic equipment operation, "missing" and stalling of engines, and power

reduction. 

II. 	 MISCHARACTERIZATION OF RESULTS IN THE EXECUTIVE SUMMARY 

The Executive Summary does not accurately summarize the scope, results as well as 

uncertainties associated with the testing. Since most of the policy-makers will focus only on the 

Executive Summary, this could result in misinformed policies based on misleading conclusions. 

There appear to be numerous, material inconsistencies in the manner in which the results 

are reported in the main body of the report versus in the Executive Summruy, including the 

following examples: 

A. The Executive Summary merely notes three handheld trimmers experienced 

higher idle speeds and unintentional clutch engagement. (See Sec. E.5.2). The repmt recognizes 

that this same problem could also occur on chainsaws. (See Sec. 3.2). The implications of 

unintentional clutch engagement in chainsaws and hedgeclippers (which are both examples of 
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close-to-the-body, sharp-bladed equipment) are obvious and alarming; this substantial problem 

should have been fully addressed in the Executive Summary. 

B. With regards to materials compatibility, the Executive Summary inconectly 

concludes that " ...no obvious materials compatibility issues were noted ... " (seep. xix). In fact, 

the report itself recognizes that materials incompatibility (such as swelling of the elastomeric 

seat for the needle in the carburetor bowl) could be the cause of the engine stall for the Briggs 

and Stratton generator observed in the pilot study (see pp. 3-15). The report also states that: I) 

" ... various fuel-wetted materials in some small engines may not be compatible with all ethanol 

blends... " (see p. 3-9); and 2) " ..materials compatibility issues ... were not specifically 

characterized as part of the study ..." (seep. 3-12). 

C. Engines in the study experienced "unstable governor operation," "missing" and 

"stalling" when operating on E20 fuel, indicating unacceptable performance. (See Section 

3.2.2). However, the Executive Summmy omitted any discussion of these substantial problems. 

D. Discussing emissions, the Executive Summaty simply notes that HC emissions 

"generally decreased" and that combined HC+NOx emissions "decreased in most instances." 

(Seep. xix). However, the report notes that while HC emissions generally decreased, they also 

increased in some engines. The net change in HC+NOx emissions ranged from -36% to +41% 

as reported in Sec. 3.2.2. It is important to note that for new engines, the net change in HC+NOx 

was often greatest in going from EO to ElO and smaller in the other transitions (i.e., from EO to 

El5 or EO to E20). (See Table 3.7). For example, the numerical average for all engines shows 

that the HC+NOx reduction was -16.6% from EO to E10; -13.5% from EO to E15 and only -9.5% 

from EO to E20. Since small engines are already capable of EIO operation and that fuel is 
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already available, this data indicates that transitioning to E15 and E20 may actually increase 

HC+NOx from E10. (As a side note, what is actually measured as HC in the study is unclear 

since a FID was used for this purpose, unconected for any ethanol or aldehydes, as noted in the 

report). 

III. DEFICIENCIES IN THE TESTING PLAN AND SCOPE 

A. No emissions testing pertaining to evaporative emissions was conducted. Thus, 

all references to "emissions" means tail-pipe emissions from the engine. Evaporative emissions 

are now regulated by EPA for small engines and equipment and covered by the EPA 

"certification" program. Lack of evaporative emissions is a major omission. 

B. The report does not contain any direct data on "materials compatibility" testing or 

results ~ i.e., involving the various fuels tested and the materials that may be exposed to these 

fuels and how they interact. Material compatibility is a significant concern with El5 and E20 

fuels when used in small engines, leading not only to "operational issues" but also to durability, 

emissions, and safety impacts. 

C. The report notes that the following fuels were used: EO, as well as splash-blended 

ElO, E15, and E20. However, the report does not contain the actual ASTM specification of the 

blended fuels, including all relevant properties such as distillation cut point temperatures, etc. 

Table 2.2 of the repmt contains a few parameters of the blends. This is incomplete and a more 

compete fuel specification should be provided. The executive summary concludes that " ... the 

different fuel characteristics of match-blended and splash-blended fuels were not expected to 

have a significant impact on temperature" or on durability. (Seep. xviii). However, there is not 

any cited technical support for these statements. Similarly, there is no support for the 
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observation that " ...emission results ...are not expected to vary significantly ...between splash

blended and match-blended fuels.'' !d. 

D. As the report notes, neither cold-start, nor warm-up testing was done, although 

these are two very common modes of operation for many categories of small engines. 

Additional performance tests that impact "operational issues" which should have been tested 

include: (i) acceleration; (ii) application performance; (iii) carburetor and breather icing; (iv) fuel 

consumption; (v) governor stability; (vi) load pick up; and (vii) vapor lock. Individual categories 

of small engines will likely have additional performance-related test requirements. 

E. As the Executive Summary notes, the report presents "initial results ... focused on 

identifying emissions or operational issues and measurement of several key engine 

temperatures ..." (Seep. xviii). It is not clear what is meant by "operational issues'' or what 

quantitative surrogates and/or metrics were used to substitute for operational issues. It appears 

that erratic operation, high idle, stalling, etc. were used as evidence of operational issues. While 

these are undeniably evidence of operational issues, no testing appears to have been done on 

various actual equipment operational modes (as discussed later) so the full extent of operational 

issues has by no means been evaluated. 

F. The report does not fully flesh out the issue and implications of irreversibility-

i.e., once exposed to El5 and/or E20, perfonnance is not restored simply by revet1ing to EO. In 

the case of the Poulan weedeater, it is noted that there were poor operations with E15 and E20 

and that "normal operation could not be restored on EO." (See Section 3.2.2). This is significant. 

Actual users, when faced with operational problems with ethanol blended fuels, will, as common 
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sense dictates, revert to EO. What they will find is that doing so will not "unring the bell" since 

the damage by the ethanol blends is not reversible simply by changing the fuel. 

IV. UNREPRESENTATIVE AND LIMITED NUMBER OF TESTS CONDUCTED 

A. The category of forestry, lawn and garden equipment includes a broad swath of 

equipment and engine types. Yet, the category has not been defined in the report so that the 

extent of test results presented can be judged in context. \Vhile noting that millions of products 

with small engines are sold each year (actually tens of millions), and that EPA certifies on the 

order of 900 engine emission families, the report does not cover the immense diversity of the 

category including: 1) the various engine and equipment types used, 2) the fuel delivery 

mechanisms, 3) the various sizes and functions of the equipment, 4) the constraints that the 

equipment operate under (such as close proximity to operators, as an example), and 5) many 

other characteristics. Engines in this product categmy utilize a wide variety of engine 

architecture including both single and twin cylinders, two cycle and four cycle combustion, 

ported and valve charge controlled, side valve and overhead valve orientations, with and without 

exhaust after-treatment, governed load and product load controlled, etc. The report should 

clearly qualify its findings are based on a tiny fraction of the diverse population of affected 

products. 

B. The types and numbers of engines and equipment tested are inadequate to be 

representative of even the limited types of small engines that were the subject of testing. While 

practical constraints such as time and money will always constrain the amount of testing that can 

be done, the basis for choosing the engine and equipment- namely those found in " ...popular, 

high sales volume equipment. .. " appears not to have been followed. For example, of the six 

pieces of equipment selected for the pilot study, four were generators. No chainsaws were 
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tested, even though the OPEl had directly requested that they be included - because of their 

extreme operating conditions and sensitivity to mid-level ethanoL Also, it is explicable why only 

one residential hand-held engine would be tested, even though these are likely to be very 

sensitive to fuel changes. The report should provide the basis of selection rather than referencing 

unspecified EPA sources. One of the constraints also seems to have been the available 

laboratory equipment (i.e., lack of small engine dynamometers). This is clearly an inappropriate 

basis for constraining equipment selection, especially if the goal is to obtain data on the entire 

class of affected engines and products. 

C. The report rightly notes the challenges associated with multi-cylinder engines 

although characterizing these as being "more sensitive" is too vague. (See p. 3-11). It is 

unfortunate that while the study included one twin cylinder engine in the initial screening 

process, there were no twin cylinder engines included in the more in depth pmtions of the testing 

program. Particularly when the initial screening test clearly demonstrated significant influences 

of higher ethanol blends. A significant portion of the Class 2 (>225 cc) non-handheld engines 

produced each year are two cylinder engines. The omission of these engines in the expanded 

program is puzzling. The detailed test program should include engines and equipment that 

demonstrated any significant influence during the screening tests. 

D. The limited number of tests conducted caru10t provide assurances that the results 

presented have any statistical significance, where appropriate. In fact, no attempt is made to 

discuss results in tem1s of statistical significance. Nor are such issues discussed in support of the 

design of the test matrix itself. For example, no pair-wise tests were run or results reported even 

though those oppmtunities were available even with the limited equipment selection. 
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E. The manner in which the tests were mn makes it difficult to separate the effects of 

engines, fuels, and aging. For example, the full-life tests do not allow the ability to distinguish 

between fuel-driven and engine-driven causes since only one engine was tested on each fuel. ln 

the pilot study, the effects of the fuel and aging are similarly hard to separate. These types of 

issues could have been avoided with better test planning. 

V. OTHER COMMENTS 

A. The comments are preliminary because not all of the test data discussed in the 

report are included. Specifically, backup test data for all tests conducted by the Dept. of Energy 

(NREL and ORNL) and its contractors (TRC) still need to be provided. 

B. The report notes that the test plan was developed with close consultation 

involving, among others, " ... US automobile companies, engine companies, and other 

organizations... " It would be helpful to have details of all the companies and individuals 

consulted in an Appendix to the report. 

C. The repmt does not separately discuss the comments of the peer reviewer(s) and 

what changes were made to the draft report as a result. While the Acknowledgements note that 

the peer review panel was led by Joseph Colucci, the report does not contain a list of all peer 

reviewers used, what portions of the rep01t were peer reviewed by whom, and the necessary vitae 

for the reviewers. This should be included. 

DCOI/SAHUD/360000.12 
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Kelley Drye & Warren, LLP 
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I. 	 Introduction 

The Alliance for a Safe Altemative Fuels Environment ("All SAFE") appreciates the 

opportunity to comment on the FTC's proposed amendments to its Rule for Automotive Fuel 

Ratings, Certification and Posting ("Fuel Rating Rule"). 1 All SAFE includes national consumer 

and manufacturing associations whose members' products consume gasoline and ethanol fuel 

blends. 2 AIISAFE speaks on fuel-related legislation and regulations for over 250 million 

Americans that own and operate over 400 million products, including recreational boats and 

marine engines, chainsaws, lawnmowers, motor vehicles, motorcycles, all-terrain vehicles 

("ATVs"), snowmobiles, generators, and related vehicles and equipment. Many of the members 

that belong to Al!SAFE will also be submitting individual comments on this proposal. 

II. 	 Ensuring the Ultimate Success of Renewable Fuels Through Effective Warning 
Labels 

AIISAFE fully supports the overarching goal ofpromoting clean renewable fuels that are 

compatible with the operating specifications of the affected on-road and non-road products in the 

U.S. market. Given adequate lead time, a uniform and consistent national fuel supply, and robust 

fuel specifications, All SAFE members should ultimately be able to build new products to run 

effectively on many new types of renewable fuel blends or additives. Under the fcderaJ Clean 

Air Act, however, manufacturers (and their customers) cannot "tamper" with existing products 

(that are designed to run on less than 10% ethanol blends) so that they can run effectively on 

1 See 75 Fed. Reg. 12,470 (March 16, 2010) 
2 Members ofAllSAFE include the Alliance of Automobile Manufacturers, American 
Motorcyclist Association, Association of Marina Industries, Association of International 
Automobile Manufacturers, Boat Owners Association of the United States, Engine 
Manufacturers Association, International Snowmobile Manufacturers Association 
Motorcycle Industly Council, Motor & Equipment Manufacturers Association 
National Marine Manufacturers Association, Outdoor Power Equipment Institute, Personal 
Watercraft Industry Association, Specialty Vehicle Institute of America 
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blends containing greater than I 0% ethanol. Moreover, there would be numerous technical and 

practical challenges with retrofits to try and make legacy products compatible with mid~level 

ethanol blends. 

If mid-level ethanol blends damage these existing legacy products, consumers may resist 

purchasing ethanol (or other types of renewable fuels) in the future~ even for products (like 

flexible fuel motor vehicles) that are specifically designed to run on higher concentrations of 

ethanol. Accordingly, a robust and effective ethanol labeling program is essential to not only 

avoid misfueling, but also to prevent a market stigma against ethanol. All the affected agencies 

and stakeholders should want to avoid another "bad consumer experience" with the premature 

introduction of a fuel or additive before the necessary controls and warnings are in place. 

AIISAFE commends the FTC for recognizing that mid-level ethanol blends require 

enhanced disclosures at the pump because of the potential for customer confusion resulting in 

misfueling and product failures. We agree that there needs to be increased consumer awareness 

about the impacts ofmid-level ethanol blends. We believe the FTC should clearly: I) inform the 

users of the precise ethanol content being dispensed at a particular pump, or, at a minimum, 

identify the maximum ethanol content available from a particular pwnp; and 2) warn of the risks 

ofmisfueling vehicles and equipment not designed to run on the mid-level blends. 

The FTC's proposal does not address the immediate risk that would be posed from the 

introduction ofmid-level ethanol blends in standard "general purpose" gasoline as a result of a 

potential EPA approval of an E-15 waiver application. (See next section). The focus of these 

comments is on blender pumps, or fuel pumps dispensing the lower range ofmid-level ethanol 

blends (such as E-15 or E-20). These comments arc not focused on designated E-85 pumps that 

dispense specialized fuels for Flex Fuel Vehicles ("FFVs"). AllSAFE is aware that this 
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rulcmaking does not address such pumps. We believe that E-85 does not present a substantial 

misfueling risk, as consumers are adequately infonned about the incompatibility of E-85 with 

conventional vehicles and equipment. 

lll. Concerns Regarding Mid-Level Ethanol Blends 

As noted above, conventional vehicles, as well as virtually all non-road engines (e.g. 

lawn, garden, marine, and forestry products), are designed for use with only a maximum of 10% 

ethanol ("E-10"). These products may experience emissions control device failures, operability 

issues, and equipment failures when operated on fuels greater than E-1 0. Further, mid-level 

ethanol blends could pose a significant safety rislc for users of small engines such as chainsaws 

and hedge trhmners that are equipped with centrifugal clutches, as the clutch could engage due to 

the change in air-to-fuel ratio associated with mid-level ethanoL Clutch engagement with these 

categories of equipment can present a safety hazard due to blade engagement. For this reason, 

DOE plans to fund a study to be completed over the next nine months on clutch engagement due 

to idling malfunctions caused by mid-level ethanol. Additionally, increased heat associated with 

these ethanol blends increases risk of fires and bums due to the close proximity of the user to the 

exhaust system, especially in handheld applications. 

As the FrC is no doubt aware, EPA's Office of Transportation and Air Quality is 

currently considering a waiver application from Growth Energy that would allow up to fifteen 

percent ethanol ("E-15") in conventional gasoline.3 Al!SAFE submitted extensive comments 

strongly opposing the E-15 waiver application. These comments document the numerous 

problems associated with the use of mid-level ethanol as a "general pmpose" fuel in 

3 74 Fed. Reg. 18,228 (April21, 2009) 
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conventional motor vehicles and non-road engines and equipment. AIISAFE has attached those 

comments and hereby incorporates them by reference. (See Exhibit A). 

IV. 	 Intended Scope ofRulemaking 

AIISAFE is concerned that the proposed Fuel Rating Rule makes no mention of the 

potential of an E-15 waiver and the complications it would create for the FTC's proposed 

labeling scheme. Instead, the rule's provisions, including it's allowance for an extremely broad 

disclosure that ethanol content ranges between 10 and 70 percent, appear geared towards blender 

pumps or other pumps that will serve only FFVs. AllSAFE believes that the FTC has 

overlooked the potential for confusion in the event of a waiver or partial waiver and asks that the 

FTC clarify the intended scope of the Fuel Rating Rule. 

If the FTC intended that this rulemaking only address issues relating to mid-level ethanol 

blends dispensed from blender pumps or dedicated mid-level ethanol pumps to FFVs, it should 

explicitly state that the FTC label is only applicable to these pumps and vehicles and not to 

ethanol blends that EPA later approves for use in conventional vehicles. In the event of such 

clarification, AUSAFE believes that the FTC should require that retailers sufficiently 

differentiate mid-level ethanol blends dispensed to FFVs from blender pumps - from 

conventional "general purpose" gasoline containing ethanol. For example, the FTC could 

require a visible gap between the blends available at such pumps for FFVs and the blends 

available in conventional general purpose gasoline. The FTC could require that blender pumps 

and dedicated mid-level ethanol pumps dispense ethanol at levels above 20 or 25 percent (or any 

level sufficiently differentiated from the level approved for conventional vehicles), thereby 

creating a bright line in the consumer consciousness between the fuels intended for FFVs and 

those general purpose fuels intended for conventional vehicles. 
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The FTC could also promulgate a flexible definition of"mid-level ethanol blend" that 

makes clear that the proposed Fuel Rating Rule applies only to FFVs and does not apply to any 

fuel that is used in conventional vehicles. For example, mid-level ethanol could be defined as a 

mixture of gasoline and ethanol containing more than the maximum amount of ethanol allowed 

in conventional gasoline (currently E-1 0), but less than 70 percent ethanol. The FTC could 

further clarify that any fuel approved by EPA for use in conventional vehicles or some subset of 

conventional vehicles would be "gasoline" under the Fuel Rating Rule, which would make E-15, 

in the event of a waiver, not subject to the Fuel Rating Rule. Such a regulatory structure would 

eliminate concerns relating to the application of the proposed Fuel Rating Rule to fuels used in 

conventional vel1icles. However, the FTC, in coordination with EPA, would still need to ensure 

that labels properly differentiated between those fuels potentially approved for only a subset of 

vehicles (such as E-15 in the event ofa partial waiver) and those fuels approved for use in all 

conventional vehicles and equipment (E-10 and below). 

V. FTC Must Work Proactively With EPA 

EPA has indicated that it may approve a "partial waiver" this summer for newer model 

year motor vehicles- but not for older motor vehicles or non-road products. AllSAFE strongly 

opposes any fonn of waiver and believes that a partial waiver would not only be illegal under the 

CAA, but would also cause consumer confusion, widespread misfueling, and damage to vehicles 

and equipment, among other negative consequences. Nonetheless, in the event EPA grants a 

potential waiver or partial waiver, EPA has indicated that it would commence a separate ethanol 

misfueling mlemaking this year that will chiefly rely on labeling provisions to prevent 

misfueling. 

If, as the plain language of this mle appears to require, FTC intends the Fuel Rating Rule 

to apply to E-15, it is imperative that the FTC and EPA cooperatively develop a single label for 
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E~l5 that is final and in place before E-15 enters the marketplace. Otherwise, consumer 

confusion and misfueling will result if an FTC labeling scheme (tailored towards blender pumps) 

was applied to E-15, especially in conflict with a different EPA labeling scheme. 

FTC and EPA must develop a unifom1 and consistent labeling regime that is responsive 

to the likely pathways in which mid-level ethanol will ultimately be delivered to consumers. If 

EPA grants the E-15 waiver, as they have indicated, the vast majority of mid-level ethanol would 

likely be consumed by users buying gasoline from "general purpose" fuel pumps for use in 

compatible but otherwise conventional vehicles~ rather than by consumers purchasing mid-level 

ethanol blends from blender pumps for use in FFVs, which are designed to run on any ethanol 

blend up to up to E-85. Blender pumps are likely to remain rare until the population ofFFVs 

increases substantially (currently only 8 million of250 million registered vehicles are FFVs). 

Rather than tailoring the rule towards blender pumps, an effective FTC mid-level ethanol 

labeling rule must be tailored to (or at least adequately account for) the potential approval ofE

15 or another mid-level ethanol blend for general use in at least some subset of conventional 

vehicles, which will result in the majority ofmid-level ethanol reaching consumers through 

conventional gasoline. The FTC might accomplish this by requiring separate labels for blender 

pumps that can dispense wide ranges of ethanol and dedicated pumps that dispense E-15, E-20, 

or another blend. The FTC could f11rther protect consumers by requiring clear differentiation 

between the blends available at blender pumps and the blends available at dedicated mid-level 

ethanol pumps, such as the ethanol blend "no man's land" discussed above. 

VL Warning of Hazards- Protecting Consumers from Damaging their Non-Road 
Products 

The FTC should revise the proposal to ensure that consumers have critical information 

relevant to all vehicles and engines in which consumers might conceivably use mid-level 
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ethanol. The FTC proposal not only fails to address the potential for illegal dispensing of mid~ 

level ethanol as a general purpose fuel into conventional vehicles, but it also omits any mention 

of non-road engines, vehicles, and equipment, which, as noted above, are particularly susceptible 

to mid-level ethanol blends. Potential hann to conventional vehicles, non-road vehicles, engines, 

and equipment, as well as a warning of the potential safety hazards associated with mid-level 

ethanol, must be a critical part of any label. 

In addition, an effective label should also inform consumers of the legality of using mid

level ethanol blends, (as opposed to merely the appropriateness of the use of the fuel in a 

vehicle)- and warn of the potential for liability under the Clean Air Act's "anti-tampering" 

provisions. (Attached is a July 31, 2008, letter from EPA's director of air enforcement, Adam 

Kushner, which states that currently dispensing mid-level ethanol blends in anything but an FFV 

vehicle - could adversely impact emissions control devices and invite liability under the anti

tampering provisions). (See Exhibit B). 

Vll. Specifying the Level of Ethanol in the Pump 

The FTC proposal would allow fuel retailers to disclose only that ethanol is present in a 

concentration ranging from 10 to 70 percent. The FTC incorrectly asstmles that requiring 

disclosure of only a broad range of ethanol content will somehow give consumers the "critical 

infom1ation needed to avoid placing their warranties at risk.'>'l The FTC seeks to justify its 

proposal for a broad labeling range on the basis that it would be burdensome for retailers with 

blender pumps to disclose the precise ethanol concentrations of the fuel~ on the claim that such 

concentrations could be frequently changed by the retailer depending on market conditions. We 

note that blender pumps can also be configured to allow consumers to calibrate the ethanol to 

4 75 Fed. Reg. 12,474 
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gasoline ratio themselves. However, these unique issues surrounding blender pumps merely 

militate in favor of an independent labeling scheme for blender pumps. 

Far from providing consumers with critical information, the proposal fails to delineate 

critical bright lines and provide consumers of conventional gasoline containing mid-level ethanol 

with material information relating to wananty coverage, operability, and safety. Were the 

FTC's label to be finalized and EPA were to subsequently grant an E-15 waiver, consumers 

would likely misfuel as they would have no way of determining whether a fuel had the maximum 

allowable ethanol level of 15%, or a much larger percentage of ethanol. Thus, in order to 

prevent widespread inadvertent rnisfueling, consumers must be able to quickly and easily 

determine the ethanol concentration of the fuel being dispensed, not an extremely broad range 

that indicates that the fuel may or may not be compatible with their vehicles, engines, or 

equipment. 

VIII. 	 Relative Energy Content of Fuels: Unfair and Deceptive Marketing 

The FTC should address consumer expectations regarding the fuel efficiency of their 

vehicles when operating on mid-level ethanol blends. However, the proposal fails to provide 

consumers with material information regarding the energy content of the fuel they are 

purchasing, which directly correlates to consumer expectations regarding fuel efficiency. 

Ethanol has between 33 and 35 percent less energy than gasoline on a volumetric basis, and 

energy content is directly proportional to fuel economy. Thus, a label only requiring the 

disclosure of ethanol content within the range of 10 to 70 percent ethanol would necessarily 

mislead consumers as to the energy content of the fuel, as this fuel could have between 3.5% and 

24% less energy than gasoline. A tank of E-70 would give a consumer considerably less mileage 

than a t:mk of gasoline or E-10, though a consumer would have no way of detem1ining which he 

was receiving unless a retailer opted to disclose such information. 
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Importantly, becanse ethanol is cheaper than gasoline on a volume basis, the failure to 

disclose energy content would mislead consumers into believing that mid-level ethanol blends 

provide more value, which raises the prospect of both intentional misfueling (in addition to the 

accidental misfueling caused by unclear labels) and deceptive retailer pricing schemes. As it has 

been demonstrated that even marginal price differences of a few cents will lead to misfueling, it 

is important that the FTC not incentivize misfueling by allowing for mid-level ethanol blends to 

be advertised as deceptively inexpensive. 

The failure to disclose the energy content of mid-level ethanol blends as they compare to 

conventional gasoline is "deceptive" under Section 5 of the FTC Act, as articulated by the FTC 

in its 1983 Policy Statement on Deception. There, the FTC stated that a practice is deceptive if 

there is material representation, omission, or practice that is likely to mislead a consumer acting 

reasonably under the circumstances. 5 The memo further stated that material information 

includes implied claims or omissions involving efficacy or cost.6 As the distance one can travel 

on a tank of fuel goes to the heart of efficacy and cost issues, and as most consumers are unaware 

of the energy content of ethanol vis a vis conventional gasoline, the omission of energy content 

information in mid-level ethanol blends is material. Reasonable consumers arc likely to be 

mislead into believing that advertised fuels have equivalent energy content on a volumetric basis. 

For these same reasons, the failure to disclose energy content is unfair under the FTC's 

unfairness standard, which holds that a practice is unfair if it harms consumers in a way that is 

substantial, not reasonably avoidable, and not outweighed by benefits to consumers or 

5 FTC, Policy Statement on Deception, 103 F.T.C. IIO, 174 (1984), cited in ABA SECTION OF 
ANTITUST LAW, CONSUMER PROTECTION LAW DEVELOPMENTS (2009), p. 2 

6 Jd. 
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competition.7 Here, consumers could suffer economic harm by purchasing a fuel that is more 

expensive on an energy-content basis. This ham1 cannot be reasonably avoided without energy

content labeling and is not outweighed by any benefit to consumers or competition. 

If only to prevent these deceptive and unfair practices relating to the energy content of 

mid-level ethanol, the FTC should require precise disclosures relating to ethanol content. The 

FTC should not leave such important consumer information up to the discretion of a financially

interested fuel retailer, who would profit significantly by increasing ethanol percentages and 

pricing the resulting blend below conventional gasoline. Consumers would no doubt purchase 

the cheaper option, notwithstanding the appropriateness of the fuel for their vehicles, engines, or 

equipment, and unaware that on an energy content and mileage basis the fuel was in fact more 

expensive. 

Accordingly, the FTC should utilize its authority under Section 5 of the FTC Act to 

prevent unfair and deceptive practices and require pricing disclosures that adequately inform 

consumers of the lower energy density and gas mileage of ethanol blends. FTC could protect 

consumers by requiring stations to disclose pricing on a gallon and unit basis, with energy 

content expressed in BTUs serving as the basis for unit pricing. 

IX. 	 Specific Label Recommendations 

In the final rule, the FTC should work with EPA and devise a strong and clear 

harmonized label for any pump dispensing fuel that contains more than 10% ethanol (other than 

an E-85 pump)- in order to prevent misfueling, damage to engines, vehicles, and equipment, 

potential harm to consumers, and deceptive advertising practices. 

7 Jd. at 	 60 
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first, AllSAFE recommends that the fTC eliminate the proposed regulatory language 

under §306.12(a)(4)(i)(B)-(C), which would allow disclosure of ethanol content within either a 

range of 10-70% or a range specified by the retailer. The FTC must instead only finalize the 

option under §306.12(a)(4)(i)(A), which requires disclosure of the precise volume percentage of 

ethanol in the fuel. 

Second, in addition to requiring disclosure of the precise ethanol content in clear 

language, the label must clearly inform consumers that mid-level ethanol is only approved for 

FFVs, and that it is not intended (and is in fact not approved) for other vehicles, engines, and 

equipment not listed. The proposed language at §306.12(a)(4)(ii) that mid-level ethanol "may 

hann some vehicles" not only does not adequately infonn consumers of which vehicles may be 

banned, but it makes absolutely no mention that it may hann non-road engines and equipment. 

In accordance with the above recommendations, AU SAFE believes that an effective and 

informative the FTC label should contain in part the following information: 

READ 
This fuel has a maximum ethanol content of .XXOJ/o 


Approved for Flex-Fuel Vehicles ONLY! 

Usc of this fuel in Equipment not Approved by the US EPA is a Violation of Federal Law 


NOT FOR USE in any Marine Engine, Mot01·cycle, Off-Road Vehicle, Snow Mobile, 

Utility Engine, or Landscape, Garden & Forestry Maintenance Equipment. 


' ' ' 

AIISAFE appreciates this opportunity to submit comments and would welcome the 

opportunity to discuss these issues further with the FTC. 

12 




 

 

 

 

 

 

 

  

  

Exhibit 6
 



     
  

 

 

 

 

  

  
 

 
 

 
 

  
  

  
 

  

 

  
 

  

High Ethanol Fuel Endurance: 
A Study of the Effects of 
Running Gasoline with 15% 
Ethanol Concentration in 
Current Production Outboard 
Four-Stroke Engines and 
Conventional Two-Stroke 
Outboard Marine Engines 
June 16, 2010 – June 30, 2011 
David Hilbert 
Mercury Marine 
Fond du Lac, Wisconsin 

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy 
Efficiency & Renewable Energy, operated by the Alliance for Sustainable Energy, LLC. 

Subcontract Report 
NREL/SR-5400-52909 
October 2011 

Contract No. DE-AC36-08GO28308 



   
  

 

 

  
 

  
  

 

 

  

  
 

 
 

 
 

 
  

  
 

  

  
    

  
 

 

National Renewable Energy Laboratory 
1617 Cole Boulevard 
Golden, Colorado 80401 
303-275-3000 • www.nrel.gov 

High Ethanol Fuel Endurance: 
A Study of the Effects of 
Running Gasoline with 15% 
Ethanol Concentration in 
Current Production Outboard 
Four-Stroke Engines and 
Conventional Two-Stroke 
Outboard Marine Engines 
June 16, 2010 – June 30, 2011 
David Hilbert 
Mercury Marine 
Fond du Lac, Wisconsin 

NREL Technical Monitor: Keith Knoll 
Prepared under Subcontract No. NFM-0-40044-01 

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy 
Efficiency & Renewable Energy, operated by the Alliance for Sustainable Energy, LLC. 

Subcontract Report 
NREL/SR-5400-52909 
October 2011 

Contract No. DE-AC36-08GO28308 

http:www.nrel.gov


 

 

       
     

 

    
               
                

  
   

           
  

           

   

     
    

    
    

   
    

   
  

   

    

    
   

   
   

   
   

  
   

                

          

This publication was reproduced from the best available copy
 
submitted by the subcontractor and received no editorial review at NREL.
 

NOTICE
 

This report was prepared as an account of work sponsored by an agency of the United States government. 
Neither the United States government nor any agency thereof, nor any of their employees, makes any warranty, 
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of 
any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, 
or favoring by the United States government or any agency thereof.  The views and opinions of authors 
expressed herein do not necessarily state or reflect those of the United States government or any agency thereof. 

Available electronically at http://www.osti.gov/bridge 

Available for a processing fee to U.S. Department of Energy 
and its contractors, in paper, from: 

U.S. Department of Energy 
Office of Scientific and Technical Information 
P.O. Box 62 
Oak Ridge, TN 37831-0062 
phone: 865.576.8401 
fax: 865.576.5728 
email: mailto:reports@adonis.osti.gov 

Available for sale to the public, in paper, from: 

U.S. Department of Commerce 
National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 
phone: 800.553.6847 
fax: 703.605.6900 
email: orders@ntis.fedworld.gov 
online ordering: http://www.ntis.gov/help/ordermethods.aspx 

Cover Photos: (left to right) PIX 16416, PIX 17423, PIX 16560, PIX 17613, PIX 17436, PIX 17721 

Printed on paper containing at least 50% wastepaper, including 10% post consumer waste. 

http://www.osti.gov/bridge
mailto:reports@adonis.osti.gov
mailto:orders@ntis.fedworld.gov
http://www.ntis.gov/help/ordermethods.aspx


 

    
 

     

  
  

     
    

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

   
 

   
  

  
  

  

   
  
  
 
 
 
 

 
 
    
 
 
  

MercuryMarineProductDevelopmentand Engineering
 

High Ethanol Fuel Endurance 
A study of the effects of running gasoline with 15% 
ethanol concentration in current production outboard 
four-stroke engines and conventional two-stroke 
outboard marine engines. 

Author: 
David Hilbert 
Thermodynamic Development Engineer 

Approved: 
Timothy Reid 
Director: Engine Design and Development 

Mercury Marine 
Marine Products and Services 

W6250 Pioneer Road 
P.O. Box 1939 

Fond du Lac, WI  54936-1939 USA 
Phone:  920-929-5000 

www.mercurymarine.com 

Page 1 of 52 

http:www.mercurymarine.com


 

    
 

 
   
   

   
     

    
     

     
       

    
   

    
       
    
     

   
     
     

    
    

     
    

    
      

    
     
    

     
      

    
     

    
     
      

    
      

    
     

   
  

 
 

 
     
      
        
       
         
          

 
 
 
 
 
 
 
 

Table of Contents
 
: ................................................................................................................................................................... 4
Acknowledgements

Executive Summary .................................................................................................................................................................... 5
 
Objective:................................................................................................................................................................................. 5
 

: .............................................................................................................................................................. 5
Summary of Results
9.9HP Carbureted Four-Stroke:......................................................................................................................................... 5
 

: ..................................................................................................................... 5
300HP Four-Stroke Supercharged Verado
200HP EFI 2.5L Two-Stroke: .............................................................................................................................................. 6
 
4.3L V6 EFI Four-Stroke Catalyzed Sterndrive: ............................................................................................................... 6
 

Conclusions and Recommendations: .................................................................................................................................. 6
 
Introduction ................................................................................................................................................................................. 7
 

Project Background:............................................................................................................................................................... 7
 
Summary of Marine Engine Considerations: ....................................................................................................................... 7
 

Investigation Details ................................................................................................................................................................... 9
 
Statement of Problem:............................................................................................................................................................ 9
 

Procedure:........................................................................................................................................................................... 9
 
: ................................................................................................................................................. 10
Test Engine Description

Test Fuel Description: ...................................................................................................................................................... 11
 
Engine Testing Results............................................................................................................................................................. 13
 

9.9HP Four-Stroke: ............................................................................................................................................................... 13
 
Endurance Test Results................................................................................................................................................... 13
 
Emissions Testing Results.............................................................................................................................................. 13
 
Engine Performance Comparison................................................................................................................................... 18
 
End of Test Teardown and Inspection ........................................................................................................................... 22
 

Verado 300HP Supercharged Four-Stroke:........................................................................................................................ 25
 
Endurance Test Results................................................................................................................................................... 25
 
Emissions Testing Results.............................................................................................................................................. 33
 
Engine Performance Comparison................................................................................................................................... 37
 
End of Test Teardown and Inspection ........................................................................................................................... 40
 

200 EFI Two-Stroke:.............................................................................................................................................................. 42
 
Endurance Test Results................................................................................................................................................... 42
 
Emissions Testing Results.............................................................................................................................................. 43
 
Engine Performance Comparison................................................................................................................................... 45
 
End of Test Teardown and Inspection ........................................................................................................................... 47
 

Additional Testing................................................................................................................................................................. 48
 
4.3L V6 Catalyzed Sterndrive Emissions Comparison ................................................................................................. 48
 

Final Summary........................................................................................................................................................................... 50
 
: ............................................................................................................................................................ 50
Summary of Results

Recommendations:............................................................................................................................................................... 51
 
References:............................................................................................................................................................................ 52
 

List of Tables 

Table 1: Test Engine Specifications............................................................................................................................... 11
 
Table 2: Fuel Analysis Results....................................................................................................................................... 11
 
Table 3: Hardness Measurements on Various 9.9HP Four-Stroke Engine Components.............................................. 25
 
Table 4: Verado Exhaust Valve Hardness Measurement Summary ............................................................................. 28
 
Table 5: Hardness Measurements on Various 200HP EFI Two-Stroke Engine Components....................................... 47
 
Table 6: Fuel Flow Comparison on 4.3L V6 Catalyst Sterndrive, EEE vs. E15............................................................. 49
 

Page 2 of 52 



 

    
 

 
             
       

   
       
       
        
        
        

         
      

             
        
        
        
          
           
         
         
        
        
       
       
        
         

   
         
         
        

             
            
        
        
        
            
            
           
        
        
         
         
          
          
      
       
       
        
        
         
        
         

 

 
 
 

  

List of Figures
Figure 1: Power to Weight Comparison, Scatter Band Data Provided by FEV (FEV Motorentechnik GmbH)1 .......... 8
 
Figure 2: Example Load Curve Comparison (Automotive data – source 2, boat load data – internal Mercury source)
 

: Cracked Valves from E15 Verado 1B812776, Bottom Valve in Cyl. 3 Left, and Top Valve in Cyl. 6 Right
 

..................................................................................................................................................................................... 9
 
: Distillation Curves of Test Fuels ................................................................................................................. 13
Figure 3

Figure 4: 9.9HP Four-Stroke HC+NOx Emissions Results Summary ....................................................................... 14
 
Figure 5: 9.9HP Four-Stroke HC Emissions Results Summary ................................................................................ 15
 
Figure 6: 9.9HP Four-Stroke NOx Emissions Results Summary .............................................................................. 15
 
Figure 7: 9.9HP Four-Stroke CO Emissions Results Summary ................................................................................ 16
 
Figures 8 & 9: Change in Equivalence Ratio vs. Endurance Time-EEE Fuel on E0 engine and E15 Engine .......... 16
 
Figure 10: Change in Equivalence Ratio vs. Endurance Time-E15 Fuel on E15 Engine ......................................... 17
 
Figures 11, 12, and 13: Hydrocarbon Emissions Outputs for Each Emissions Test, E15 Engine on E15 Fuel........ 18
 
Figure 14: E0 Engine Power and Torque Output at Endurance Check Intervals ...................................................... 19
 
Figure 15: E15 Engine Power and Torque Output at Endurance Check Intervals-EEE-E0 Fuel.............................. 20
 
Figure 16: E15 Engine Power and Torque Output at Endurance Check Intervals-E15 Fuel .................................... 20
 
Figure 17: E15 Engine Power and Torque Output, Zero Hour Check-E0-EEE Fuel vs. E15 Fuel............................ 21
 
Figure 18: E15 Engine-Exhaust Gas Temperature Comparison, Zero Hour Check-E0-EEE Fuel vs. E15 Fuel ...... 22
 
Figure 19: Piston Undercrown Carbon Deposit Comparison, Cylinder 1, E0 on Left, E15 on Right......................... 23
 
Figure 20: Small End of Connecting Rod Carbon Deposit Comparison, E0 on Left, E15 on Right .......................... 23
 
Figure 21: Fuel Pump Check Valve Gasket Comparison, E0 on Left, E15 on Right................................................. 24
 
Figure 22: Fuel Pump Check Valve Comparison, E0 on Left, E15 on Right ............................................................. 24
 
Figure 23: Mineral Deposits in Cooling Jacket, E0 Verado 1B812775A ................................................................... 26
 
Figure 24: Verado Cylinder Head Indicating Where Head Gasket Failure Occurred, E0 Verado 1B812775A......... 26
 
Figure 25: Broken Exhaust Valve from E15 Verado 1B812776, Top Valve in Cylinder 3......................................... 27
 
Figure 26
................................................................................................................................................................................... 27
 
Figure 27: Fatigue Initiation Sites on Cylinder 3 Bottom Exhaust Valve, E15 Verado 1B812776............................. 28
 
Figure 28: Heat Treatment Test of New Verado Valves............................................................................................ 29
 
Figure 29: Exhaust Valve Failure from Literature Research Showed Similar Failure Mechanism 8 ......................... 30
 
Figure 30: Photo of Section of Cylinder 3, E15 Verado 1B812776, Exhaust Ports on Left....................................... 31
 
Figure 31: Photo of Section of Cylinder 3, E0 Verado 1B812775A, Exhaust Ports on Left ...................................... 31
 
Figure 32: Exhaust Valve Lash (Measured Cold) vs. Endurance Time, E0 Substitute Engine................................. 32
 
Figure 33: Exhaust Valve Lash (Measured Cold) vs. Endurance Time, E15 Engine................................................ 33
 
Figure 34: 300HP Verado HC+NOx Emissions Results Summary ........................................................................... 34
 
Figure 35: 300HP Verado NOx Emissions Results by Mode Point, Representative Zero Hour Test Data............... 35
 
Figure 36: 300HP Verado HC Emissions Results by Mode Point, Representative Zero Hour Test Data................. 36
 
Figure 37: 300HP Verado CO Emissions Results by Mode Point, Representative Zero Hour Test Data................. 37
 
Figure 38: E0 Engine Power and Torque Output at Endurance Check Intervals-EEE-E0 Fuel................................ 38
 
Figure 39: E15 Engine Power and Torque Output at Endurance Check Intervals-EEE-E0 and E15 Fuel ............... 39
 
Figure 40: E15 Engine-Exhaust Gas Temperature Change at Wide Open Throttle, EEE-E0 to E15 Fuel............... 39
 
Figure 41: Piston Carbon Deposit Comparison, Cylinder 2, E0 on Left, E15 on Right ............................................. 40
 
Figure 42: Connecting Rod Carbon Deposit Comparison, Cylinder 2, E0 on Left, E15 on Right ............................. 41
 
Figure 43: Exhaust Cam Lobe Base Circle Detail, Cylinder 3, E0 on Left, E15 on Right ......................................... 42
 
Figure 44: 200HP EFI Bearing Failure Pictures ........................................................................................................ 43
 
Figure 45: 200HP Two-Stroke HC+NOx Emission Results Summary ...................................................................... 44
 
Figure 46: 200HP Two-Stroke CO Emission Results Summary................................................................................ 44
 
Figure 47: E0 Engine Power and Torque Output at Endurance Check Intervals-EEE-E0 Fuel................................ 45
 
Figure 48: E15 Engine Power and Torque Output at Endurance Check Intervals-EEE-E0 and E15 Fuel ............... 46
 
Figure 49: E15 Engine-Exhaust Gas Temperature Change at Wide Open Throttle, EEE-E0 to E15 Fuel............... 46
 
Figure 50: Cylinder 2 Wrist Pin Comparison, E0 on Left, E15 on Right .................................................................... 47
 
Figure 51: Emissions Comparison 4.3L V6 Catalyst Sterndrive, EEE vs. E15 ......................................................... 49
 

Page 3 of 52 



 

    
 

 
 
 
 

 
 
 
 

   
      

   
    

  
          

  
  

 
 

  
        

        
  

Acknowledgements 

This report and the work described herein were funded by the American Reinvestment and Recovery Act (ARRA) under 
stewardship of the Department of Energy (DOE) Office of Energy Efficiency and Renewable Energy (EERE) Vehicle 
Technologies Program.  The technical direction of Kevin Stork (Fuels Technology Team Lead) and Steve Przesmitzki is 
gratefully acknowledged. 

The National Renewable Energy Laboratory (NREL) provided Mercury with the opportunity to perform the work. Keith Knoll 
was excellent to work with as the Technical Monitor and is given thanks for the collaboration, technical guidance, and most 
importantly, patience. 

The following people at Mercury Marine provided invaluable help with this project: Ed Alyanak, Ken Appleby, Terry Cleary, 
Mark Degler and the Metlab staff, Mike Docter and the ITC technicians, David Foulkes, Chris Jenks, Orrin Kimble and the 
engine lab technicians (esp.Ken Lemberger), Brian Merten and the dyno technicians (esp. Keith Hakala), Eric Mueller, Pete 
Neckuty, Tim Reid, Mark Riechers (program director), and Mike Torgerud. 

Page 4 of 52 



 

    
 

  

 

              
        

           
            

 

 

    
  

    

   

     
     

        
           

        
        

       

     
 

     

          
        

        

      
  

             
 

   

        

       
   

    
       

              
       

Executive Summary 

Objective: 

The objective of this work was to understand the effects of running a 15% ethanol blend on outboard marine engines 
during 300 hours of wide-open throttle (WOT) endurance – a typical outboard marine engine durability test. For the 
three engine families evaluated, one test engine each was endurance tested on E15 fuel with emissions tests conducted 
on both E0 and E15 fuel, while a second control engine was emissions and endurance tested on E0 fuel for each engine 
family. 

Summary of Results: 

Results are based on a sample population of one engine per test fuel.  As such, these results are not considered 
statistically significant, but may serve as an indicator of potential issues.  More testing would be required to better 
understand the potential effects of E15. 

9.9HP Carbureted Four-Stroke: 

•	 The E15 engine exhibited variability of HC emissions at idle during end-of-endurance emissions tests, which 
was likely caused by lean misfire. 

o	 Both the E0 control engine and E15 test engine ran leaner at idle and low speed operation at the end of 
endurance testing compared with operation at the start of the test. 

o	 The trend of running lean at idle coupled with the additional enleanment from the E15 fuel caused the 
E15 engine to have poor run quality (intermittent misfire or partial combustion events) when operated 
on E15 fuel after 300 hours of endurance. 

o	 CO emissions were reduced when using E15 fuel due to the leaner operation, as expected for this 
open-loop controlled engine. 

•	 The E15 engine exhibited reduced hardness on piston surfaces based on post-test teardown analysis. 

o	 The exhaust gas temperature increased 17°C at wide open throttle as a result of the leaner operation 
when using E15 fuel. Higher combustion temperatures may have caused observed piston hardness 
reductions. Lack of pre-test hardness measurements prevented a conclusive assessment. 

•	 Several elastomeric components on the E15 engine showed signs of deterioration compared with the E0 
engine. 

o	 Affected components were exposed to E15 fuel for approximately 2 months; signs of deterioration were 
evident. 

300HP Four-Stroke Supercharged Verado: 

•	 The E15 engine failed 3 exhaust valves close to the end of the endurance test. 

o	 Metallurgical analysis showed that the valves developed high cycle fatigue cracks due excessive metal 
temperatures. 

•	 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. 

•	 The E15 engine generated HC+NOx values in excess of the Family Emissions Limit (FEL) when operated on 
E15 fuel, but did not exceed that limit when operated on E0 emissions certification fuel. 
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o	 The primary contributor to this increase in exhaust emissions was NOx due to enleanment caused by 
the oxygenated fuel. 

o	 CO emissions were reduced when using E15 fuel due to leaner operation, as expected for this open-
loop controlled engine. 

200HP EFI 2.5L Two-Stroke: 

•	 The 200 EFI two-stroke engine showed no signs of exhaust emissions deterioration differences due to the fuel. 

o	 The E15 fuel caused the engine to run lean resulting in reduced HC and CO emissions. NOx was of 
little concern on this type of engine since NOx accounted for less than 2% of the total regulated 
HC+NOx emissions. 

•	 The E15 engine failed a rod bearing at 256 hours of endurance, which prevented completion of the 300 hour 
durability test. 

o	 Root cause of the bearing failure was not determined due to progressive damage. 

o	 More testing would be necessary to understand the effect of ethanol on oil dispersion and lubrication in 
two-stroke engines where the fuel and oil move through the crankcase together. 

4.3L V6 EFI Four-Stroke Catalyzed Sterndrive: 

•	 Since E15 fuel was readily available in the test 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 engine family. 

o	 At rated speed and load (open-loop fuel control) E15 caused exhaust gas temperatures to increase by 
20°C on average and the catalyst temperatures to increase by about 30°C. 

o	 More rapid aging of the catalyst system occur due to the elevated catalyst temperature when 
considering the high load duty cycle typically experienced by marine engine applications. 

Conclusions and Recommendations: 

Several issues were discovered in this study from an exhaust emissions and an engine durability standpoint as a result 
of running E15 fuel in outboard marine engines. Run quality concerns were also identified as a result of the lean 
operation on the carbureted engine. 

Additional investigation is necessary to more fully understand the observed effects and to extrapolate them to all types of 
marine engines over broader operating conditions. Effects on operation at part load, transient acceleration/deceleration, 
cold start, hot restart, and other driveability-related concerns need to be evaluated. This test program was mainly testing 
for end-of-life durability failures, which would not likely be the first issues experienced by the end users. A customer 
would likely be affected by run quality/driveability issues or materials compatibility/corrosion issues before durability 
issues. The wide range of technology used in marine engines due to the wide range of engine output will complicate this 
issue (Mercury Marine produces engines from 2.5HP-1350HP). 

More testing is needed to understand how ethanol blends affect lubrication systems in two-stroke engines that have fuel 
and oil moving through the crankcase together. Crankcase oil dispersion is the only mechanism by which two-stroke 
engines of this architecture provide lubrication at critical interfaces such as bearings and cylinder walls. Ethanol may 
have an effect on the dispersion or lubricity of the oil. 

A better understanding of how long term storage affects ethanol blends in marine fuel systems would require more real-
world testing. Marine vessels often go through long periods of storage that could affect the fuel systems given the fact 
that the ethanol portion can absorb water when exposed, especially in humid areas near saltwater. 

Page 6 of 52 



 

    
 

 

 

   
               

               
             

         
        

          
      

 

            
            

         
    

          
    

             
            

        
              

        
  

     
        

           
         

                
          

                
      

        
                  

            
     

Introduction 

Project Background: 

This project was a cooperative effort to assess the feasibility for marine engines of increasing the allowable ethanol 
concentration in gasoline above the current legal limit of 10%. Specifically, a 15% ethanol / 85% gasoline fuel blend 
(E15) was tested in current production and legacy outboard marine engines. Gaseous exhaust emissions and engine 
durability were assessed on a typical durability test cycle. Three separate engine families were evaluated. A 200HP EFI 
two-stroke engine was chosen to represent legacy product.  A 9.9HP carbureted four-stroke engine and a 300HP 
supercharged EFI four-stroke engine represented current product. Two engines were tested from each family.  One 
was operated on E15 fuel and the other was operated on E0 gasoline. Emissions data from each engine were obtained 
before, in the middle of, and after durability testing. 

Summary of Marine Engine Considerations: 

Marine engines require unique considerations when altering the fuel supplied to operate the engine. Considering these 
engines are frequently used in remote locations (offshore fishing for example), it is critical to ensure that the fuel does not 
cause or contribute to an engine malfunction. Changes in fuel formulations and the resulting effects on marine engine 
operability are of high importance. 

Outboard marine engines span a large range of rated power output and technology which yields significant complexity 
when trying to understand the effects of changing the fuel supplied to the engine.  When all of the typical Mercury 
production engines and the Mercury Racing products are included (inboards and outboards), engines from 86cc, 2.5HP 
up to 9.1L 1350HP twin turbo configurations are produced. Mercury outboards (the focus of this study) range in output 
and design from the 2.5HP splash lubricated carbureted four-stroke engines to 350HP supercharged EFI four-stroke 
and 300HP direct fuel injected two-stroke engines. If sterndrive/inboard engines are considered, the technology list gets 
even broader. The non-racing sterndrive products range from 135HP carbureted 4 stroke to 430HP closed-loop 
catalyzed EFI 4 stroke with onboard diagnostics.  The sales volumes of marine engines may be much smaller than 
automotive or small offroad utility engines, but the range of power (nearly 3 orders of magnitude) and the range of 
available technology of marine engines is much wider than these other categories individually. 

The marine application requires an engine that has high power density and remains durable at high speeds and loads. 
It is important to minimize the amount of weight added to the vessel from the powertrain to maximize the payload and 
minimize drag. Boat hull drag is considerable at typical boat operating speeds resulting in high engine speeds and loads 
for extended periods. The result of these factors leads to engines which are high performance and made from premium 
materials. Changing the fuel specification must be carefully considered to assure that durability is not sacrificed. Figure 
1 illustrates the power density of the Verado engine (the 300HP supercharged EFI engine family used in this study) 
compared to automotive engines that were contemporary when the Verado engine was introduced for the 2005 model 
year. Figure 2 shows a relative comparison of the vehicle load curves of a boat with a planing hull to an automobile. 
The likelihood of experiencing problems as a result of extended operation at or near WOT are far more pronounced on a 
marine engine than an automotive engine due to the great difference in vehicle load curves. 

Page 7 of 52 



 

    
 

 

          

 
 

  
 

 

 
 

  

 
 

Marine 
Competition En

gi
ne

 w
ei

gh
t -

[k
g]

 

Engine power [kW] 

DIN 
70020 AAutomotive 

Verado 
300HP 

Figure 1: Power to Weight Comparison, Scatter Band Data Provided by FEV (FEV Motorentechnik GmbH)1 
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Figure 2: Example Load Curve Comparison (Automotive data – source 2, boat load data – internal Mercury source) 

Investigation Details 

Statement of Problem: 

Procedure: 
The engine testing process began by preparing each engine. This included instrumentation of the test engines as well 
as performing some basic checks (varied by engine type).  The instrumentation process included installation of an 
exhaust emissions probe that met the requirements of the EPA 40 CFR Part 91 regulations. 

Each engine was rigged onto an appropriate dynamometer and a break-in process was performed.  The break-in 
consisted of increasing speed and load settings for approximately 2.5 hours total duration and was performed on E0 
gasoline for all engines. This was followed by a power run to determine the wide open throttle (WOT) performance of 
each engine. The power run was performed on E0 gasoline on all engines and also on E15 fuel for only the E15 test 
engines. The power run included speed points from 2000RPM up to the maximum rated speed of the engine. 

Once the WOT performance was checked, emissions testing was performed using reference-grade E0 gasoline (EEE 
fuel: EPA Tier II emissions reference grade fuel). The emissions tests were done in triplicate to check repeatability and 
were run in accordance with the EPA requirements set forth in 40 CFR Part 91. Emissions tests were also performed on 
the E15 engines in triplicate using the E15 test fuel. Although this E15 test fuel was not blended from the reference-
grade E0 gasoline, these tests provide some comparison of exhaust emissions between E0 and E15 while minimizing 
engine-to-engine variability. 

Following the above emissions checks, each engine was prepared for the durability testing. This included doing a basic 
visual inspection as well as some general engine power cylinder integrity checks (example: compression test and 
cylinder leak-down). These integrity checks were also repeated at the durability mid-point and end-of-life test point as 
well. 

The first half of the durability test was then performed. Each engine was rigged in Mercury’s Indoor Test Center, which 
consisted of large endurance test tanks, air supply systems, and data acquisition systems. Each engine was fitted with 
the appropriate propeller to operate the engine approximately in the midpoint of the rated speed range at wide open 
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throttle.  The engine instrumentation was continuously monitored and the data was recorded for the duration of the 
endurance test.  Operational shutdown limits were placed on critical channels (min/max engine speed, max coolant 
temperature, etc) to monitor the health of the engine for the entire durability test period.  Periodic maintenance was 
performed on each engine (as appropriate for the engine type: oil level checks and changes, accessory drive belts, etc). 
This maintenance was performed in an accelerated manner as compared with typical customer maintenance intervals 
since the durability testing causes accelerated wear as compared with typical customer use. These protocols are typical 
of those used by Mercury for any durability test. 

Once the first half of the durability testing was completed, each engine was rigged on the dynamometer again. 
Emissions tests on the appropriate fuel(s) were performed according to the procedures described above.  The tests 
were again performed in triplicate to be able to evaluate repeatability. Each engine also got a visual inspection and the 
general engine power cylinder integrity checks before being returned to durability testing. 

After the midpoint emissions testing was completed, each engine was returned to the Indoor Test Center endurance 
tank to complete the second half of the durability testing. The testing was performed in the same manner as the first half 
of the durability portion. 

When the durability testing was complete, each engine was returned to the dynamometer for post-durability emissions 
tests on the appropriate fuel(s). A post-endurance WOT performance power run was also performed to compare with 
the pre-durability power run. 

Finally, after all running-engine tests were completed, each test engine underwent a complete tear-down/disassembly 
and inspection.  This inspection included checks and measurements to assess the degree of wear, corrosion issues, 
cracks, etc. on power cylinder components. Emphasis was placed on components that would be at risk due to the 
differences in the fuels (exhaust valves due to exhaust gas temperature differences, for example). 

Test Engine Description: 
The engines used for this testing were all built as new engines on the production line and were randomly selected. They 
were not specially built or hand-picked. The choice of engine families to include in this program was based on 
representing a wide range of technology, a wide range of power output, and a significant annual production volume. 
The final engine family selection was approved by the Technical Monitor at NREL. Two 4-stroke engine families were 
selected to represent current production engines.  A two-stroke engine family was selected to represent “legacy” 
products. Table 1 summarizes each test engine configuration. 

The 9.9HP four-stroke engine is used on a wide range of applications from small fishing boats, inflatable boats, and as a 
“kicker” engine. A “kicker” engine is an auxiliary engine used for low speed boat maneuvering while fishing on a large 
boat which includes a larger engine (150+HP) for the main propulsion.  The 9.9HP engine is considered a portable 
engine. It was selected for this testing due to high sales volume and the fact that it represents the typical architecture for 
many of Mercury’s small carbureted four-stroke offerings. It should be noted that the settings for the carburetors on both 
of the 9.9HP test engines were set and sealed at the carburetor manufacturer. They were not tampered with by any 
Mercury personnel and were run just as they would if they were used by the end customer.  The only adjustment 
allowed was the idle throttle stop to set the idle speed, which is the only adjustment a customer has access to. 

The Verado engine is considered the “flagship” outboard product at Mercury Marine. The non-Racing version used in 
this study is available in power outputs ranging from 200-300HP. These engines are used on boats with single, dual, 
triple, and even quad engine installations ranging from multi-engine offshore fishing boats & US Coast Guard patrol 
boats, high speed bass boats, all the way to commercial fishing vessels and ferry boats.  The supercharged 300HP 
Verado was selected for testing due to the high performance nature of its design and the demands of this market 
segment. The Verado engines had an open loop electronic fuel injection system with no user adjustment possible. 

The 200HP EFI two-stroke engine represents the “legacy” two-stroke products. The 2.5L platform has been the basis 
for carbureted, crankcase fuel injected (which is the case for the test engines used), and direct cylinder injection models. 
The platform has roots that can be traced back to the 1970’s. This engine was selected for testing because of the large 
number of engines that have been built off of this platform over the last several decades and that it represents the typical 
architecture for a variety of Mercury’s two-stroke product. An engine configuration with an EFI fuel system was selected 
to improve consistency in testing. The 2.5L 200HP EFI engine had an open loop electronic fuel injection system with no 
user adjustment possible. 
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Table 1: Test Engine Specifications 

Engine Family 9.9HP Four-Stroke Verado 200HP EFI 

Gas Exchange Process Four-Stroke Four-Stroke Two-Stroke 

Power Rating at Prop 9.9HP 300HP 200HP 

Cylinder Configuration Inline 2 Cylinder Inline 6 Cylinder 60 Degree V-6 Cylinder 

Displacement 0.209 Liter 2.59 Liter 2.51 Liter 

Fuel Induction System Single Carburetor 
w/Accelerator Circuit, 2 Valve 
per Cylinder, Single Overhead 
Cam 

Supercharged Electronic Fuel 
Injected 4 Valve per Cylinder, 
Dual Overhead Cam, 
Electronic Boost Control, 
Electronic Knock Abatement 
Strategy 

Electronic Fuel Injected with 
Oil Injection, Loop Scavenged 
Porting, Crankcase Reed 
Induction, Electronic Knock 
Abatement Strategy 

Dry Weight 108 lbs / 49 kg 635 lbs / 288 kg 425 lbs / 193 kg 

Fuel Octane 
Requirement 

87 Octane R+M/2 Minimum 
Required 

92 Octane R+M/2 
Recommended, 87 Octane 
R+M/2 Minimum Required 

87 Octane R+M/2 Minimum 
Required 

Test Fuel Description: 
The fuels used in the endurance testing were intended to be representative of typical pump-grade fuels that could be 
commonly available to the general consumer. The primary factors in sourcing the E15 test fuel were consistency of fuel 
properties for the duration of testing, consistency of ethanol content at 15%, octane performance that met specific 
requirements for each test engine, and a representative distillation curve to match charge preparation characteristics. 
The E15 test fuel was splash blended by our fuel supplier in one batch to ensure consistency throughout testing. The 
E0 and E15 endurance fuels were sourced from different suppliers; as such there were likely differences in the additive 
packages (including the concentration of additives) of the fuels.  Since the primary duty cycle was wide open throttle 
endurance, the additive package differences likely had little influence on the test. Since the Verado engine had a 
premium fuel recommendation, the E15 fuel was blended at a target of 91 octane [R+M]/2. The blend stock used was a 
typical pump-grade fuel that the supplier used for retail distribution. The E0 fuels used for the endurance testing were 
also typical pump-grade fuels that the fuel supplier had available for distribution. Both a Regular (87 octane [R+M]/2) 
and a Premium (91 octane [R+M]/2) fuel supply were maintained at Mercury for testing on this program and all other 
internal Mercury test programs. The emissions tests on E0 fuel were all performed using EPA Tier II EEE fuel sourced 
from specialty fuel manufacturer Johann Haltermann Ltd. 

Samples of several of the test fuels were sent to outside laboratories for analysis. The parameters that were considered 
were: the distillation curve (ASTM D86)3, Research and Motor Octane (ASTM D26994 and D27005), density, and API 
gravity. In addition, NREL measured ethanol content via the Grabner IROX 2000 Gasoline Analyzer and ASTM D55016 

for the E15 fuel. The Grabner IROX 2000 measures ethanol via infrared spectroscopy (per ASTM 58457) and is valid in 
the range of 0 – 25% ethanol. The ASTM 55016 method uses gas chromatography and is only valid for high levels of 
ethanol (93% to 97% ethanol); it was used here only as a reference.  In-house fuel samples were also taken and 
analyzed on the Petrospec GS-1000 analyzer.  This analyzer was used to estimate the octane and measure the 
oxygenate concentration. Like NREL’s Grabner IROX 2000, the Petrospec GS-1000 operates on the infrared 
spectroscopy concept and determines the ethanol concentration (up to 15%) per ASTM D58457. The results from the 
Petrospec machine were used as reference values only, primarily for quality control. 

Table 2 shows the various measurements made on the test fuels from the different measurement laboratories.  The 
majority of the parameters were within expected ranges for the tolerance of the measurements used. The ASTM 
D55016 procedure used at NREL showed that the ethanol concentration was 18%.  The results from the 2 infrared 
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spectroscopy measurements from both NREL and Mercury showed concentrations of approximately 14%. The results 
from the 2 methods bracket the target concentration of 15%, which was the actual concentration that the fuel was 
blended to at the fuel supplier. Only one sample of E15 was analyzed, which was valid since all of the E15 fuel was 
blended in one batch.  The data sets from the 87 octane bulk/pump fuel and the 91 octane bulk/pump fuel used on 
endurance, and the data from the EEE were from one load of fuel of the multiple loads of fuel of each type used during 
the duration of the testing. 

Table 2: Fuel Analysis Results 

Fuel Analysis E15 Fuel EEE 87 Bulk Fuel 91 Bulk Fuel 
91 Bulk Fuel 

Repeat 
Sample Date 10/21/2010 10/8/2010 10/15/2010 10/15/2010 2/10/2011 
Fuel Analysis Performed at Outside 
Laboratory 
Research Octane (ASTM D2699) RON 95.7 97.2 89.6 93.4 
Motor Octane (ASTM D2700) MON 86.3 88.5 84.6 87.5 
[R+M]/2 AKI 91.0 92.9 87.1 90.45 

Density @ 15.5C kg/L 0.752 0.744 
API Gravity °API 56.5 58.7 

Fuel Analysis Performed at NREL 
Ethanol Content (ASTM D5501) % 18+/-1% 
Ethanol Content (IROX analyzer) % 14% 

Fuel Analysis Performed at Mercury 
Marine 
Petrospec analyzer 
(E15 data ave. of 2 samples) 
Ethanol Content % 14.1% 0 0 0 
RON RON 95.7 95.8 89.4 92.9 
MON MON 84.7 87.7 83.3 87.2 
[R+M]/2 AKI 90.2 91.7 86.4 90.1 

Reid Vapor Pressure (Mercury analysis) PSI 8.5 9.0 10.8 10.7 

The distillation curves for the various test fuels were also measured. The results can be seen in Figure 3 below. The 
data shown in Figure 3 were from the actual test fuels used in this testing. The distillation curve from the E15 fuel 
showed a large step change in the region of the boiling point of ethanol, as was expected. 
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Distillation Curve Comparison, ASTM D86 
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Figure 3: Distillation Curves of Test Fuels 

Engine Testing Results 

9.9HP Four-Stroke: 

Endurance Test Results 

The endurance testing on the 9.9HP engine family precipitated no significant failures. There were no incidents related to 
the test fuels reported on either engine. There were several parameters measured at the start, middle, and end of test to 
check the general health of the engine during the course of the endurance test. These included cranking compression, 
power cylinder leakdown, cam timing, and valve lash. All of these parameters remained relatively unchanged through 
the course of testing within the repeatability of the measurement techniques used. Several fuel-effect differences 
between the test engines, however, were discovered during the end of test teardown and inspection. These differences 
are summarized in the section below. 

Emissions Testing Results 

A summary of the emissions results are shown in Figure 4 below, with the 5 mode total weighted specific HC+NOx 
values plotted on the Y axis and the amount of endurance time on each engine plotted on the X axis. Each data point 
on the curve represents the average emissions value of the 3 emissions tests performed at each interval. The error bars 
represent the minimum and maximum values of the 3 emissions tests at each interval. The dashed yellow line shows 
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the data from the E0 engine (serial number 0R364814). The solid red and blue lines show the emissions data from the 
E15 engine (serial number 0R352904) using E15 and E0 (EEE) fuels, respectively. Figure 4 shows that the E0 engine 
had significantly lower emissions than the E15 engine when run on the same fuel.  After reviewing the history of the 
emissions audits on this engine family dating back to its introduction in 2005, both of these engines were within normal 
production variability. 

Average HC+NOx Emissions Output: 9.9HP 4 Stroke 
EEE and E15 Fuel 
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Figure 4: 9.9HP Four-Stroke HC+NOx Emissions Results Summary 

In order to better understand the emissions output, the HC, NOx, and CO constituents were broken out and plotted 
separately in Figures 5, 6, and 7 respectively. The values for each constituent are the five mode totals of each. 

Figures 5 and 6 show that the HC emissions predominantly defined the overall trends and variability in the total HC+NOx 
trends seen in Figure 4. The NOx data shown in Figure 6 had low test-to-test variability and the values were relatively 
flat (perhaps slightly declining for the E15 engine on E15 fuel) over the life of both engines. 
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Average HC Emissions Output: 9.9HP 4 Stroke 
EEE and E15 Fuel 
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Figure 5: 9.9HP Four-Stroke HC Emissions Results Summary 

Average NOx Emissions Output: 9.9HP 4 Stroke 
EEE and E15 Fuel 
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Figure 6: 9.9HP Four-Stroke NOx Emissions Results Summary 

There was a general downward trend in CO over endurance time for the E15 engine on both fuels. The E0 showed 
some reduction in CO between 0 and 150 hours and remained relatively flat from 150 to 300 hours. The reduction in 
CO would suggest that the engines were running leaner since the primary driver for changing the CO emissions is 
typically the equivalence ratio. 
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Average CO Emissions Output: 9.9HP 4 Stroke 
EEE and E15 Fuel 
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Figure 7: 9.9HP Four-Stroke CO Emissions Results Summary 

The enleanment over time trend predicted from the CO data in Figure 7 was confirmed in Figures 8 and 9 for both the 
E0 and E15 engines operated on EEE-E0 fuel in both cases. The interesting thing to note was that the primary modes 
that became leaner were modes 4 and 5. During the end of test inspection on both engines, wear on the throttle plates 
was found on the sides where the throttle shafts went through the carburetor bodies. The wear caused gaps around the 
throttle plates which allowed excess air to enter the engines at low throttle opening positions (high manifold vacuum), 
which included Modes 4 and 5. The amount of wear found was considered normal for the amount of endurance time 
the engines experienced and was found on both engines. 

It should be noted that the E15 engine ran leaner than the E0 engine when operated on EEE-E0 fuel, as can be seen in 
Figures 8 and 9 from a comparison of the “0 hour” equivalence ratios of both engines. This difference in equivalence 
ratio is considered to be in the normal production variability of this carbureted engine family. 

Equivalence Ratio Change vs. Endurance Time, 
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Figures 8 & 9: Change in Equivalence Ratio vs. Endurance Time-EEE Fuel on E0 engine and E15 Engine 
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In addition, the equivalence ratio vs. endurance time data was plotted for the E15 engine when operated with E15 fuel in 
Figure 10. The graph shows the same trend of leaner operation vs. endurance time for Modes 4 and 5, as expected. 
However, when looking at the equivalence ratio values generated by the engine at Mode 5, it is clear that the engine ran 
very lean after 300 hours of endurance. This lean operation was the result of the inherent enleanment from the E15 fuel 
coupled with the trend of the engine to operate leaner with more endurance time due to the throttle plate wear. 

Equivalence Ratio Change vs. Endurance Time, 
0R352904 "E15 Engine" E15 Fuel 
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Figure 10: Change in Equivalence Ratio vs. Endurance Time-E15 Fuel on E15 Engine 

It is clear that both engines ran leaner with more endurance time, yet the HC emissions increased (on average) for the 
E15 engine using E15 fuel (see Figure 5). To get more understanding, the hydrocarbon emissions results from each 
individual emissions test were plotted out in Figures 11-13 for the E15 tests at 0, 150, and 300 hours of endurance, 
respectively. The difference in HC at the 300 hour emissions check was caused by the Mode 5 (idle) point as Figure 13 
shows. The high variability of HC emissions at Mode 5 may have been caused by poor run quality leading to intermittent 
misfire as the equivalence ratio trended further lean of stoichiometric (<0.925) with increasing run time. 
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Hydrocarbon Emissions-Zero Hour Tests, 
0R352904 "E15 Engine" E15 Fuel 
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Hydrocarbon Emissions-150 Hour Tests, 
0R352904 "E15 Engine" E15 Fuel 
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Hydrocarbon Emissions-300 Hour Tests, 
0R352904 "E15 Engine" E15 Fuel 
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Figures 11, 12, and 13: Hydrocarbon Emissions Outputs for Each Emissions Test, E15 Engine on E15 Fuel 

Engine Performance Comparison 

The power and torque data from the E0 9.9HP engine is shown in Figure 14 below. [Note: All power and torque curves 
were normalized to a set torque and power to make consistent comparisons possible across different engines, fuels, and 
amount of endurance time. The highest power and torque values generated on any of the tests were used as the 
reference power and torque setting and the runs were normalized back to these values.] There was a clear trend of 
increasing power and torque with more endurance time on the E0 engine. There was an increase of 3.2% in peak 
power and a 2.1% increase in peak torque when comparing the zero hour test with the 300 hour test. Similar graphs for 
the E15 engine are shown in Figure 15 on the E0-EEE fuel and in Figure 16 on the E15 fuel. Figures 15 and 16 show 
that there was generally a trend of decreasing power and/or torque with more endurance time on the E15 engine. On 
the E0-EEE fuel there was no change in peak power, but a loss of 1% peak torque when comparing the zero hour test 
with the 300 hour test on the E15 engine. Results on E15 fuel were similar, with a loss of peak power of 0.9% and a 
loss of peak torque of 2.1% when comparing the zero hour test with the 300 hour test. The mechanism that caused the 
E0 engine to have increasing power vs. endurance time and the E15 engine to have decreasing power vs. endurance 
time is unclear. 
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Figure 17 shows a comparison of the fuel’s effect on the engine performance.  The E15 fuel power run shows more 
torque generation throughout the speed range tested. There is approximately 1.75% more torque (and therefore, more 
power) on average throughout the speed range. Due to the enleanment from the fuel change, the engine may have 
been operating in a range closer to the Lean Best Torque on the E15 fuel and/or the volumetric efficiency may have 
been improved due to the additional charge cooling afforded by the heat of vaporization difference of the fuels. Figure 
18 shows the difference in exhaust gas temperatures during the same power runs on the 2 different fuels. There was an 
approximately 17°C increase in EGT on both cylinders due to the enleanment from the E15 fuel. 

Normalized Power and Torque Output 
E0 Engine on E0-EEE Fuel, 9.9HP 4 Stroke 0R364814 
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Figure 14: E0 Engine Power and Torque Output at Endurance Check Intervals 
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Normalized Power and Torque Output 
E15 Engine on E0-EEE Fuel, 9.9HP 4 Stroke 0R352904 
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Figure 15: E15 Engine Power and Torque Output at Endurance Check Intervals-EEE-E0 Fuel 

Normalized Power and Torque Output 
E15 Engine on E15 Fuel, 9.9HP 4 Stroke 0R352904 
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Figure 16: E15 Engine Power and Torque Output at Endurance Check Intervals-E15 Fuel 
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Normalized Power and Torque Output 
E15 Engine Fuel Comparison, 9.9HP 4 Stroke 0R352904 
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Figure 17: E15 Engine Power and Torque Output, Zero Hour Check-E0-EEE Fuel vs. E15 Fuel 
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Figure 18: E15 Engine-Exhaust Gas Temperature Comparison, Zero Hour Check-E0-EEE Fuel vs. E15 Fuel 

End of Test Teardown and Inspection 

When the running engine testing was completed, the engines were disassembled and inspected. The main areas of 
focus were looking for signs of wear or deterioration and also material compatibility issues. 

Upon initial inspection, there were indications that some of the main engine components on the E15 engine were 
subjected to higher operating temperatures. There were more carbon deposits observed on the undercrown area of the 
pistons and the small end of the connecting rod, suggesting that the pistons were operating at a higher temperature. 
Comparisons of the pistons and rods can be seen in Figures 19 and 20, respectively. 
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Figure 19: Piston Undercrown Carbon Deposit Comparison, Cylinder 1, E0 on Left, E15 on Right 

Figure 20: Small End of Connecting Rod Carbon Deposit Comparison, E0 on Left, E15 on Right 

Although there were no indications of fuel pump failure during engine test, the mechanical fuel pumps were also 
disassembled and inspected following testing to look for abnormal signs of wear or degradation.  The check valve 
gasket on the E15 engine showed signs of deterioration compared with that from the E0 engine. The gasket from the 
E15 pump had a pronounced ridge formed in the area that “hinged” when the check valve was in operation (see notes in 
Figure 21). The E15 gasket material in the area that sealed the check valve also had signs of wear that were more 
advanced than the E0 gasket. There was a significant amount material transfer from the gasket to the plastic check 
valve that it sealed as shown in Figure 22. Both fuel pumps were exposed to their respective test fuels for a period of 
approximately 2 months.  More investigation is necessary to understand the effects of long term exposure of these 
components. It should be noted that the fuel pump flow performance was not tested. There were no indications that 
there was a problem with the fuel pump before disassembly. Once the deterioration was noted during teardown, it was 
determined that measuring the flow performance after disassembly and subsequent reassembly would have likely 
introduced error in the measurement. 
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Figure 21: Fuel Pump Check Valve Gasket Comparison, E0 on Left, E15 on Right 

Figure 22: Fuel Pump Check Valve Comparison, E0 on Left, E15 on Right 

Due to the visible differences in some of the engines’ metal components, several components were sent to the in-house 
metallurgy lab for further analysis. Results of this analysis are included in Table 3. The Vickers hardness test was 
performed using a Clemet Microharness Tester with a conversion to the Rockwell C scale where applicable (on steel 
parts). The Brinell scale was used for the aluminum parts, as they are much softer than the steel parts. The values 
shown were the average of 3 measurements for each component with the exception of the valve bridge in the cylinder 
head where only 2 measurements were taken. However, due to the fact that only 1 component from each engine on the 
2 fuels was tested the results have no statistical significance and should be taken as an indicator only. Also, no 
hardness measurements were taken on the components prior to testing so there was likely some normal part-to-part 
variability in hardness as the components were originally manufactured. 

Taking all of these issues into consideration there were indications that some of the components had different hardness 
values. These differences were most likely related to the continuous operating temperatures of the components. The 
most notable differences were the pistons, the valve bridge in the cylinder head and the intake valve stems. The piston 
measured from the E15 engine had a hardness value approximately 13.2% lower than the piston from the E0 engine. 
This would suggest that the E15 piston experienced a higher operating temperature, as expected due to the lean 
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operation. The carbon deposits on the underside of the piston due to oil coking also suggest the E15 pistons were 
running hotter as noted previously. The intake valve stem measurements showed an approximately 12% difference in 
hardness, with the E0 engine having the lower values. This difference would suggest that the E0 intake valve stems 
were running hotter during operation than the E15. This difference was likely due to the charge-air cooling effect of 
ethanol in the E15 fuel resulting in cooling of the intake port and leading to lower intake valve stem temperatures. The 
evaporative cooling in the intake port could also explain why the valve bridge hardness measurements indicated that the 
valve bridge on the E15 engine had lower operating temperatures evidenced by the roughly 11% higher hardness value. 
The other measurements showed differences that were likely within the repeatability of the measurements and the 
manufacturing variability so no conclusions could be drawn from them. 

The piston is generally a higher-stressed component than the intake valve.  The reduction in hardness of the intake 
valve for the E0 engine is not likely to increase failure rates since this engine family was qualified for E0 operation as a 
baseline.  However, if the reduction in hardness of the piston with E15 fuel was found to be a statistically significant 
result, E15 fuel usage might increase the failure rate of this component. 

Table 3: Hardness Measurements on Various 9.9HP Four-Stroke Engine Components 

9.9HP Four Stroke 
Hardness 

Scale 
E0 

0R364814 
E15 

0R352904 
Percent 

Difference 
Piston, Cyl 1 BHN 91.0 79.0 13.2% 

Connecting Rod, Small End Cyl 1 BHN 112.0 112.0 0.0% 

Exhaust Valve Stem, Cyl 1 Rc 21.7 22.1 -2.0% 

Exhaust Valve Head, Cyl 1 Rc 30.1 30.7 -2.0% 

Valve Bridge in Cyl. Head, Cyl 1 BHN 83.0 92.0 -10.8% 

Intake Valve Stem, Cyl 1 Rc 33.0 36.9 -11.9% 

Intake Valve Head, Cyl 1 Rc 39.6 39.1 1.3% 

Verado 300HP Supercharged Four-Stroke: 

Endurance Test Results 

Several engine failures occurred during endurance testing on the Verado engines, two of which were not related to the 
fuel and one of which may have been associated with the use of E15 fuel.  The two non-fuel-related engine failures 
included a casting defect and a test facility induced failure.  A third engine failure, involving failed exhaust valves is 
believed to have been caused by the E15 fuel. Failure mechanisms are described in detail below. 

E0 Engine #1-Casting Defect: The first engine to fail was the E0 Verado-serial number 1B812775. At 177 hours of WOT 
endurance (204.2 total engine hours) the engine was shut down for a routine oil check. An excessive amount of water 
was found in the oil.  The engine was disassembled and the major components were pressure checked. A leak path 
was discovered from the water jacket to the intake port on one cylinder. The cylinder head was sectioned and an oxide 
fold line from the casting process was discovered. This defect was present from the time of the original casting process 
and took thermal cycling, load, and time to cause a leak. It was in no way associated with the fuel. 

E0 Engine #2-Test Facility-Induced Failure: An additional engine was obtained to replace the original E0 engine and this 
engine was given the serial number 1B821775A. This engine did the initial dyno tests and was put on endurance. After 
88.7 hours of WOT endurance (98 total engine hours), the engine was automatically shut down by the endurance facility 
control system for low exhaust gas temperature. Investigation showed water entering the exhaust stream. The engine 
was then disassembled and a significant amount of mineral deposits were found in the cooling passages, especially in 
the exhaust collector on the cylinder head. See Figure 23. [Note: For a coolant fluid, outboard engines draw in water 
from the body of water they are operating in, which in this case was the endurance test tank.] An interaction between 
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the pH and hardness of the water in the test tank created conditions that precipitated out minerals (primarily calcite) 
when exposed to the elevated temperatures in the cooling passage, especially near the exhaust collector. The blocked 
passages prevented adequate cooling in the exhaust collector, which eventually failed the head gasket and allowed 
water to enter into the exhaust stream. See Figure 24. It should be noted that these water chemistry conditions were 
specifically caused by the test facility water conditioning and would not be something that the engine would experience 
in real-world use. 

Figure 23: Mineral Deposits in Cooling Jacket, E0 Verado 1B812775A 

Cyl 1 
Cyl 6 

Integral Exh. Manifold 
Exh. Collector where Head 

Gasket was Damaged 

Figure 24: Verado Cylinder Head Indicating Where Head Gasket Failure Occurred, E0 Verado 1B812775A 

E15 Engine: At 285 hours of endurance operation (323 total engine hours), the E15 Verado test engine (serial number 
1B812776) was noted to have rough idle after restarting shortly after maintenance was performed. A compression 
check was performed showing no compression on cylinder 3. During disassembly a broken exhaust valve was found in 
cylinder #3. Further investigation found that the other exhaust valve on cylinder 3 had developed a crack, as well as one 
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of the exhaust valves in cylinder 6. See Figures 25 and 26. NOTE: The images shown in Figure 26 of the cracked 
exhaust valves had been cleaned of deposits prior to photography. 

Figure 25: Broken Exhaust Valve from E15 Verado 1B812776, Top Valve in Cylinder 3 

Figure 26: Cracked Valves from E15 Verado 1B812776, Bottom Valve in Cyl. 3 Left, and Top Valve in Cyl. 6 Right 

The cracked valves and several valves without cracks from the E15 Verado were analyzed in Mercury’s materials 
laboratory.  The cracked valves were visually inspected with an optical stereoscope.  The fatigue initiation sites were 
clearly identified. Figure 27 shows an example of the images of the initiation sites from the bottom exhaust valve from 
cylinder 3. 
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Figure 27: Fatigue Initiation Sites on Cylinder 3 Bottom Exhaust Valve, E15 Verado 1B812776 

In addition to finding the fatigue initiation sites, the failed valves were checked for hardness. The cracked valves from 
the E15 engine were found to have hardness values much lower than new valves and below the minimum print 
specification of a new valve. Other sample valves were collected and analyzed from WOT endurance Verado engines 
that were run on E0 pump fuel during the same general timeframe as the E15 engine was run. In addition, samples of 
new valves were also acquired and analyzed. The hardness measurements showed that the valves from the engines 
operated on E0 fuel were actually harder than the new valves. The summary of hardness measurements are shown in 
Table 4. Note: All of the measurements were taken in the Rockwell A scale and converted to the Rockwell C scale due 
to the fact that the samples were mounted and polished to perform hardness measurements in the center of the cross 
section. This would negate any hardness effects from the mounting material. 

Table 4: Verado Exhaust Valve Hardness Measurement Summary 

Valve Description Hardness (HRC) 
E15: 1B812776 Cyl 3 Bottom 22 
E15: 1B812776 Cyl 6 Top 22 

E0: 1B812775 Cyl 3 Bottom 37.5 
E0: 1B812775 Cyl 3 Top 36.5 
E0: 1B812775A Cyl 3 Top 38 
E0: 1B828629 Cyl 2 Top 37.5 

New Valve #1 34.5 
New Valve #2 34.5 
New Valve #3 33 
New Valve #4 33 
New Valve #5 33.5 

The Verado exhaust valves are made from Inconel 751, which is a heat-treatable alloy. This trait was used to estimate 
the metal temperatures experienced by the valves. The valve hardness data in Table 4 collected from the E0 engines 
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suggested that the metal temperatures experienced during operation were in a range that allowed age-hardening of the 
metal to make the valves increase in hardness. The hardness values of the E15 engine valves suggested that they 
were operating in a temperature regime that significantly reduced the hardness. In order to understand the hardness 
versus temperature, the new valves that were hardness checked were heated in an oven for 24 hours at various 
temperatures and then hardness was checked again. Figure 28 shows the results from the oven heating operation on 
the new valves. In Figure 28, the blue line shows the hardness data of the new valves before heat treatment and the red 
line shows the hardness data of the valves after heating. At metal temperatures above 870°C, the valves showed a 
dramatic decline in hardness according to this test data. The data suggest that the exhaust valves from the E15 engine 
may have experienced temperatures nearing 900°C. 

One possible mechanism by which the E15 exhaust valves may have experienced such high temperatures would be a 
disruption of valve cooling during the portion of the cycle where the valve should be fully seated. During inspection, it 
was noted that several cam lobes showed wear and marking on the base circle portion of the lobe indicating that the 
exhaust valves had run out of lash. This suggested that excessive wear or valve head deformation may have occurred 
during operation, which caused the lash to diminish. This would have prevented the valve from seating properly 
resulting in a significant valve temperature increase due to lack of cooling on the seat. The valves or seats may have 
also had accelerated wear to diminish the lash due to lack of lubricity of the E15 fuel or because of the elevated 
temperatures caused by the lean operation on E15 fuel. In addition, if the exhaust valves were experiencing higher 
operating temperatures due to the higher exhaust gas temperatures from using E15 fuel, the overall length of the valve 
would be slightly longer. This longer length during operation would also reduce the amount of lash in the valvetrain and 
make the engine more prone to base circle contact on the cam. Plots comparing the measured cold valve lash over the 
course of endurance between the E0 and E15 engines are shown in Figures 32 and 33 below. 

Verado Exhaust Valve Heat Treatment Test, New Valves, 
24 Hour Heat Treatment Duration 
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Figure 28: Heat Treatment Test of New Verado Valves 
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Figure 29: Exhaust Valve Failure from Literature Research Showed Similar Failure Mechanism 8 

Similar failure mechanisms were found in a literature search as shown in Figure 29. The failure is noted as a classic 
over-temperature failure. “High temperatures and a corrosive environment at the exhaust fillet substantially weaken the 
valve strength.” 8 from: Introduction to Engine Valvetrains by Yushu Wang 

Extensive development went into the valvetrain on this high-output engine. Upgrading the engine to account for higher 
exhaust gas temperatures due to a wider range of fuel properties would not be easily accomplished. The current 
production Verado exhaust valve is Inconel 751, which is categorized in the “superalloy” material classification. 

It should be noted that the E15 engine (1B812776) was operating for a period of time when the mineral precipitation 
problem occurred on the second E0 engine (1B812775A). However, it is not believed that this contributed to the valve 
failure. The E15 engine (1B812776) did have some accumulation of precipitation flakes in the exhaust collector area, 
but not nearly to the extent that the E0 engine did. The E15 engine (1B812776) was not operating the entire time the E0 
engine (1B812775A) ran when the mineral precipitation problem occurred. The head was sectioned and there were no 
mineral precipitation deposits on cooling jacket surfaces in cylinder 3 where the worst valve failure occurred. See Figure 
30 for a picture of the sectioned head from the E15 engine (1B812776) showing no mineral deposits were present. 
Yellow spots in the cooling jacket were anti-corrosion coating from production where the paint did not fully coat interior 
surfaces of the cooling jacket. Figure 31 shows the same section of cylinder head from the E0 engine (1B812775A) that 
failed due to the mineral precipitation. This E0 engine (1B812775A) was also inspected for cracked exhaust valves and 
none were found. In addition, the hardness values of the exhaust valves were measured (see Table 4) indicating that 
the mineral precipitation issue did not affect the valve hardness on the E0 engine (1B812775A). There were several 
other Verado engines that were running endurance testing for a different project that failed due to the mineral 
precipitation issue. All other Verado engines that failed due to the mineral precipitation failed the head gasket in the 
exhaust collector area. 
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Figure 30: Photo of Section of Cylinder 3, E15 Verado 1B812776, Exhaust Ports on Left 

Figure 31: Photo of Section of Cylinder 3, E0 Verado 1B812775A, Exhaust Ports on Left 
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E0 Substitute Engine: In lieu of a completed test on E0 fuel, a substitute engine was chosen that had already been 
through endurance testing (serial number 1B828592).  The engine that was used as a substitute had completed 372 
hours of WOT endurance testing and was still intact.  It ran in the same test facility running under the same test 
procedure as all other endurance testing as part of this project. The engine was used for a gearcase durability test for a 
different project so the rest of the engine was completely stock and built on the production line as were the other engines 
in this project. As such, it provided a suitable replacement for the incomplete E0 tests. For reference, the replacement 
engine (1B828592) was on test between the following dates: 11/15/2010 through 12/14/2010. The E15 engine 
1B812776 was on test between 9/21/2010 through 11/12/2010. 

As part of routine maintenance and checks during endurance, several valve lash measurements were taken at various 
intervals on the E0 substitute engine. Figures 32 and 33 below show the lash measurements during the course of 
endurance for both the E0 substitute engine (1B828592) and the E15 engine (1B812776), respectively. The solid red 
lines in the graph indicate the upper and lower lash specification on a new engine. It is clear from the lash 
measurements on the 2 engines that the E15 engine had a significantly faster decline in lash than the E0 substitute 
engine. The E0 substitute engine had 1 valve with higher lash value at the end of testing. There may have been some 
carbon or other deposits holding this valve off the seat during the measurement. 

1B828592 E0 Verado Substitute, Exhaust Valve Lash 
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Figure 32: Exhaust Valve Lash (Measured Cold) vs. Endurance Time, E0 Substitute Engine 

Page 32 of 52 



 

    
 

 

         

  

    
           

               
               

             
   

   
          

           
               

              
                

           
      
           

      

1B812776 E15 Verado, Exhaust Valve Lash 
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Figure 33: Exhaust Valve Lash (Measured Cold) vs. Endurance Time, E15 Engine 

Emissions Testing Results 

Due to failures of both the E0 and E15 engines, a complete analysis of the deteriorated emissions was not possible. 
However, with the data available several conclusions could be made. Figure 34 shows a graph of the Verado emissions 
that were collected. As was the case for the 9.9HP emissions data plots, each data point on the curve represents the 
average emissions value of the 3 emissions tests performed at each interval with error bars showing the range of the 3 
emissions tests. The dashed yellow line shows the data from the original E0 engine (serial number 1B812775). The 
solid red and blue lines show the emissions data from the E15 engine (serial number 1B812776) using E15 and E0 
(EEE) fuels, respectively. The single point in light blue at 372 hours shows the end of test emissions results for the 
substitute E0 engine (EEE fuel, serial number 1B828592). The graph shows a generally declining HC+NOx trend for the 
2 original engines which is typical of Verado engines. The declining emissions trends on both engines would suggest 
that the ethanol fuel blend did not adversely affect the emissions deterioration on the Verado engine. The most notable 
aspect of the emissions output on the E15 engine was the fact that the total HC+NOx on E15 fuel was above 25 g/kw-hr, 
whereas the value on EEE-E0 was 21.5 g/kw-hr. The Family Emissions Limit (FEL) was set to 22 g/kw-hr for this engine 
family. A Verado engine generating 25 g/kw-hr would have failed an emissions audit. The increase in emissions can be 
primarily attributed to a significant increase in NOx due to the lean operation.  Since the Verado is a highly boosted 
engine it is very sensitive to NOx generation due to changes in equivalence ratio. However, there was also an increase 
in HC emissions due to the E15 fuel, which would not be expected with a leaner equivalence ratio. 

Page 33 of 52 



 

    
 

 

      

         
                 

       
        

                  
    

           
            

             
   

 
Average HC+NOx Emissions Output: 300HP Verado 
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Figure 34: 300HP Verado HC+NOx Emissions Results Summary 

In order to better understand the differences in the emissions outputs between the 2 fuels, graphs were made for each 
constituent of interest. Figures 35 through 37 show the NOx, HC, and CO emissions differences. The graphs were 
broken down by mode point for emissions tests performed prior to endurance on the E15 engine (1B812776). The 
values shown are the averages of the three repeated runs at “zero” hours. 

Figure 35 shows the NOx emissions trends for the 2 fuels. The main differences were at Modes 1 and 2 which were 
both high load, boosted operating points.  The fact that the NOx increased significantly with a lean shift due to the 
ethanol fuel blend was not surprising. Modes 3 and 4 did not show much difference because the engine was calibrated 
near an equivalence ratio of 1 on E0 fuel. The NOx trend with respect to equivalence ratio was near the peak at these 
points so a lean shift did not result in a significant change in NOx. Mode 5 was idle so the NOx generation at that point 
was essentially zero. 
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 Oxides of Nitrogen Emissions vs. Mode Point, Average of Zero 
Hour Emissions Tests, E15 Engine 1B812776 
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Figure 35: 300HP Verado NOx Emissions Results by Mode Point, Representative Zero Hour Test Data 

The increase in HC output on E15 fuel was not an expected outcome of the test. Figure 36 highlights the difference in 
HC emissions between the 2 fuels. The main difference occurred at Mode 3, so further investigation was necessary into 
Mode 3 data specifically. However, it was also apparent that the HC output on E15 fuel was higher at Modes 1-4 
despite the leaner operation from the fuel chemistry. This may suggest that the vaporization of the E15 fuel was inferior 
to that of the EEE fuel leading to poor fuel preparation. This is supported by data from Modes 1 and 2 where NOx and 
CO trends show that the engine did run leaner, yet had higher HC output when operated with E15. 

The HC difference at Mode 3 was likely a result of the engine running substantially leaner than lean best torque (LBT). 
In this operating region, the Verado engine is calibrated slightly lean of the stoichiometric mixture on E0 fuel. With the 
use of E15 fuel, the engine operates significantly lean of LBT and, therefore, the torque production diminishes 
significantly. As a result, to achieve the specified torque set point for Mode 3 the throttle input had to be increased, 
yielding higher airflow and higher fuel flow.  The fuel flow increased nearly 10% for essentially the same torque 
production with E15 fuel. In addition, it was noted that the intake air temperature was 12°C cooler at Mode 3 with E15 
fuel. The cooler charge temperature was likely a result of the increased fuel vaporization cooling effect from the ethanol. 
The cooler temperatures in the intake may have impaired fuel preparation. The higher fuel flow combined with the 
inferior fuel preparation was likely the cause of the high HC output at Mode 3. 
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 Hydrocarbon Emissions vs. Mode Point, Average of Zero Hour 
Emissions Tests , E15 Engine 1B812776 
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Figure 36: 300HP Verado HC Emissions Results by Mode Point, Representative Zero Hour Test Data 

The CO emissions vs. emissions test mode point are shown in Figure 37.  There was a significant reduction in CO 
emissions at Modes 1 and 2 when the engine was operated on E15 fuel, as expected. Modes 1 and 2 are calibrated 
rich of a stoichiometric mixture on E0, so the enleanment from E15 caused a reduction in CO. Modes 3-5 are generally 
insensitive in regard to CO because the operating points are calibrated near the stoichiometric mixture, so leaning the 
engine out due to the fuel had little effect at reducing CO relative to the changes seen at Modes 1 and 2. 
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Carbon Monoxide Emissions vs. Mode Point, Average of Zero 
Hour Emissions Tests, E15 Engine 1B812776 
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Figure 37: 300HP Verado CO Emissions Results by Mode Point, Representative Zero Hour Test Data 

Engine Performance Comparison 

Due to the engine failures, a complete comparison of engine performance vs. run time was not possible. The 
normalized power and torque data from the E0 Verado is shown in Figure 38.  The changes from zero hours to 150 
hours were less than 1% for peak torque (negligible) and a 2.3% reduction in peak power. The E0 engine produced less 
power output than the E15 engine when operated on the same E0 fuel. This difference of approximately 2% is 
considered normal production engine-to-engine variability. 
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Normalized Power and Torque Output 
E0 Engine on E0-EEE Fuel, 300HP Verado 1B812775 
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Figure 38: E0 Engine Power and Torque Output at Endurance Check Intervals-EEE-E0 Fuel 

Power and torque data (normalized) for the E15 engine on both EEE-E0 fuel and E15 fuel is shown in Figure 39. There 
was an improvement in peak torque of 3.0% and in peak power of 1.5% when comparing the zero hour and midpoint 
runs on E0-EEE. The E15 engine showed negligible differences when comparing the midpoint power runs on E0-EEE 
and E15. It is unclear why this engine seemed unresponsive to the differences in charge cooling afforded by the ethanol 
blend fuel. Note: There was not a power run completed on E15 fuel at the initial zero hour measurement, which is why 
the midpoint data is compared in these figures. 
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Normalized Power and Torque Output 
E15 Engine on Both Fuels, 300HP Verado 1B812776 
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Figure 39: E15 Engine Power and Torque Output at Endurance Check Intervals-EEE-E0 and E15 Fuel 

Figure 40 shows the difference in exhaust gas temperatures during power runs at the midpoint check on the 2 different 
fuels. There was up to a 30°C increase in EGT when operating on E15 fuel. 

Change in Exhaust Gas Temperature due to 
E15 Use, 300HP Verado 1B812776 
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Figure 40: E15 Engine-Exhaust Gas Temperature Change at Wide Open Throttle, EEE-E0 to E15 Fuel 
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End of Test Teardown and Inspection 

After all running engine tests were completed, the engines were disassembled and inspected.  There was visual 
evidence that some of the internal components from the Verado E15 engine had experienced higher operating 
temperatures. 

Upon disassembly, there were differences noted in the condition of the pistons from the 2 engines.  Figure 41 shows 
pictures comparing the pistons from cylinder 2 from each engine.  The piston from the E15 engine had a significantly 
higher amount of oil staining and carbon deposits than the piston from the E0 engine.  The staining and deposits were 
noted on nearly every surface of the E15 piston compared with the E0 piston.  Additionally, the pistons were sent to the 
metallurgy lab for hardness measurements.  The hardness measurements were taken at several locations on the crown 
of the piston as well as a location on the internal portion of the piston just above the wrist pin bore after being sectioned. 
The average crown hardness of the E0 piston was 67.5 BHN (Brinell Hardness Number) while the E15 piston crown 
was 66.9 BHN.  The internal piston hardness above the wrist pin bore was 74.1 BHN for the E0 piston and 71.5 BHN for 
the E15 engine’s piston.  Although the hardness measurements showed no effect of operating temperature on material 
properties, differences in visual appearance suggest that the E15 pistons operated at higher temperatures during 
running than the E0 pistons. 

Figure 41: Piston Carbon Deposit Comparison, Cylinder 2, E0 on Left, E15 on Right 

Figure 42 shows the small end of the connecting rods from each engine.  The carbon deposits indicate that the E15 rods 
likely ran at higher operating temperatures.  The carbon deposits on the rods are consistent with the carbon deposits 
observed on the pistons. 
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Figure 42: Connecting Rod Carbon Deposit Comparison, Cylinder 2, E0 on Left, E15 on Right 

The exhaust valves were also closely inspected on the substitute E0 engine in order to compare with the valves that 
cracked on the E15 engine. With 372 hours of endurance aging time accumulated, no cracked valves were discovered 
during inspection under a microscope. The average hardness values of the exhaust valves from cylinder three of the E0 
engine were 37.3 and 37.7 HRC. These values were consistent with other engines that were operated on E0 as 
indicated in Table 4. 

During disassembly, the E15 engine was noted as having base circle contact on several of the exhaust cam lobes as 
noted above. The exhaust cam lobes from the substitute E0 engine did not show signs of base circle contact. The lash 
measurements shown in Figures 32 and 33 support these observations. A picture showing the difference in wear on the 
base circles of the exhaust cam lobes can be seen in Figure 43. The picture shows the E15 exhaust cam on the right 
and the E0 cam on the left. The wear pattern on the E15 exhaust cam lobe is apparent. 

Page 41 of 52 



 

    
 

 

         

  

  

               
       

      

        
           

              
           

     
          

         
        

              
                 

         
  

  

 

E15 E0 

Base 
Circle 

Contact 

Figure 43: Exhaust Cam Lobe Base Circle Detail, Cylinder 3, E0 on Left, E15 on Right 

200 EFI Two-Stroke: 

Endurance Test Results 

An engine failure prevented successful completion of the full endurance period for the 200 EFI E15 engine. The 200 EFI 
E15 engine failed a rod bearing before the completion of the endurance test. The 200 EFI E0 engine completed the 300 
hour endurance test and all post-endurance dynamometer tests. 

The E15 endurance engine failed at 283 total engine hours and had accumulated 256 hours of WOT endurance at the 
time of failure. Upon inspection it was found that the big end connecting rod bearing had failed on cylinder 3. The rod 
cap was still bolted to the rod after the failure. This engine family uses a fractured rod cap design with a roller bearing 
(typical for a two-stroke vs. a plain bearing in a four-stroke). Images of the remaining bearing cage and the damaged 
rod along with undamaged pieces for reference are shown in Figure 44. No rollers were found during teardown and 
were likely ejected from the bearing and made their way through the power cylinder and out the exhaust. There was 
extensive damage to the top of the piston on cylinder 3 indicating that the rollers went through the power cylinder. Due 
to the extensive damage to the bearing and connecting rod (since it failed at rated speed, full power) and the fact that not 
all of the pieces were recovered, root cause of the bearing failure was not conclusively determined. Little is known about 
the effects of ethanol blends on oil/fuel mixing and dispersion on total loss lubrication systems, such as the one on this 
engine family. More investigation is needed to understand if ethanol would negatively impact the lubrication systems on 
two-stroke engines. 
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Figure 44: 200HP EFI Bearing Failure Pictures 

Emissions Testing Results 

As a result of the engine failure, a complete set of emissions data was not collected on the 200 EFI.  However, 
conclusions can be drawn from the data that were collected. Figure 45 shows a summary of HC+NOx results from the 
emissions test on both engines.  As Figure 45 shows, there was more variability in the E0 engine than on the E15 
engine.  E15 fuel did not have a detrimental effect on emissions degradation on this engine family. It is worth noting that 
of the roughly 120 g/kw-hr of HC+NOx, the NOx contribution is approximately 2 g/kw-hr. Since the HC is roughly 98% of 
the total HC+NOx, graphs depicting the changes in the individual constituents were left out of this report. The relative 
enleanment from the E15 fuel did slightly increase the NOx emissions, but that was not significant in comparison with 
the HC contribution. 

The CO emission results from the 200 EFI engines are shown in Figure 46. The E15 fuel resulted in lower CO 
emissions, as expected due to the relative enleanment from the difference in fuel chemistry.  Both engines and both 
fuels showed the same trend of increasing CO with more endurance time. 
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Figure 45: 200HP Two-Stroke HC+NOx Emission Results Summary 

Average CO Emissions Output: 200 EFI 2 Stroke 
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Figure 46: 200HP Two-Stroke CO Emission Results Summary 
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Engine Performance Comparison 

The power and torque data (corrected per ISO 3046-1) from the E0 200HP EFI engine are shown in Figure 47. There 
were slight differences in the curves, but the changes from zero hours to 300 hours were less than 1% for both peak 
torque and peak power. 

Normalized Power and Torque Output 
E0 Engine on E0-EEE Fuel, 200HP EFI 2 Stroke 1B810060 
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Figure 47: E0 Engine Power and Torque Output at Endurance Check Intervals-EEE-E0 Fuel 

Data for the E15 engine on both EEE-E0 fuel and E15 fuel are shown in Figure 48. A comparison of the output at the 
zero hour and 150 hour checks are included. Similar to the E0 engine, there was less than a 1% change from the zero 
hour check to the 150 hour check for both the peak torque and peak horsepower for either fuel. There was an increase 
of approximately 2% in both peak torque and peak power when changing from E0 to E15 fuel. The engine may have 
been operating in a range closer to the Lean Best Torque on the E15 fuel due to the enleanment from the fuel change 
and/or the volumetric efficiency may have been better due to the additional charge cooling of the ethanol fraction. Figure 
49 shows the difference in exhaust gas temperatures during the same power runs on the 2 different fuels. Since this 
was a 6 cylinder engine and individual cylinder measurements were possible, the average and maximum changes in 
EGT were plotted for clarity. On average use of the E15 fuel resulted in a 15-20°C increase in EGT in the range of 
frequent steady-state operation (>4500 RPM). The maximum increase in EGT for any individual cylinder when using 
E15 was 28°C. 
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Normalized Power and Torque Output 
E15 Engine Summary, 200HP EFI 2 Stroke 1B810061 
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Figure 48: E15 Engine Power and Torque Output at Endurance Check Intervals-EEE-E0 and E15 Fuel 

Engine Composite Change in Exhaust Gas Temperature due to 
E15 Usage, 200 EFI Two-Stroke, WOT, 1B810061 
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Figure 49: E15 Engine-Exhaust Gas Temperature Change at Wide Open Throttle, EEE-E0 to E15 Fuel 
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End of Test Teardown and Inspection 

As was the case for the other engine families, the main areas of focus during teardown were looking for signs of wear 
and also material compatibility issues. Visual inspection of the components of the 2 engines did not suggest significant 
differences between them (aside from the rod bearing failure). In particular, the bore finish, carbon deposits, bearings 
from the small and big end of the rod, and main bearings were inspected for signs of mechanical or thermal distress and 
accelerated wear. No significant differences were noted aside from slight differences in the appearance of the wrist pins, 
as shown in Figure 50. 

Figure 50: Cylinder 2 Wrist Pin Comparison, E0 on Left, E15 on Right 

To provide a more in-depth analysis, selected components were further inspected. Using the same techniques as 
applied to the 9.9HP four-stroke components, the pistons and wrist pins from cylinder 2 on the 200HP EFI two-stroke 
engines were checked for material hardness. The results can be seen in Table 5. There were no significant differences 
in the hardness between the wrist pins, but there was a slight difference in hardness of the pistons (6.3%). The lower 
hardness of the piston on the E15 engine suggested it may have been running at higher temperatures. The nature of 
two-stroke engines causes them to be very sensitive to piston fit/piston temperature. An increase in piston temperature 
caused by fuel differences could cause increased propensity for power cylinder failures for customers. The slight 
difference in hardness was near the limit of repeatability for the test method so the results should be considered an 
indicator only. More testing would be necessary to gain confidence with a statistically significant sample size. 

Table 5: Hardness Measurements on Various 200HP EFI Two-Stroke Engine Components 

2.5L 200HP EFI 
Hardness 

Scale 
E0 

1B860010 
E15 

1B810061 
Percent 

Difference 
Piston Wrist Pin, Cyl 2 Rc 54.7 54.1 1.1% 

Piston Crown, Cyl 2 BHN 63.0 59.0 6.3% 

In addition, the high pressure fuel pumps from both engines were sent to the pump manufacturer for flow testing. There 
were no significant differences in pump output between the 2 pumps, and they were within expected flow ranges for end 
of life components. 
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Additional Testing 

4.3L V6 Catalyzed Sterndrive Emissions Comparison 

Since the E15 fuel and a catalyzed engine were both readily available in the test lab, additional testing was performed 
beyond the test program requirements. Emissions tests were performed on E0-EEE fuel and E15 test fuel to determine 
any immediate impacts of increased ethanol for this engine family. No durability testing was performed. The 4.3L V6 
sterndrive engine (General Motors V6 that was adapted and modified for marine use) was equipped with closed-loop 
electronic fuel injection and exhaust catalysts. The standard calibration for this engine in Mode 1 operation (rated speed 
and power) was such that the engine ran rich of stoichiometric to control exhaust gas temperatures. This is a common 
engine control approach to protect components during high power operation.  For the type of exhaust gas oxygen 
sensor used on this engine, rich operation allows for no feedback control of the fuel air mixture. As such, the engine ran 
open-loop at Mode 1. All other modes ran closed-loop. The 5 mode HC+NOx and CO emissions totals were lower on 
E15 fuel due to the fact that the engine ran approximately 4.5% leaner on the E15 fuel at Mode 1.  The HC+NOx at 
Mode 1 changed from 1.18 g/kw-hr on EEE to 1.10 g/kw-hr on E15. This small reduction was driven by the reduction of 
HC emissions. The NOx emissions increased on E15, but not as much as the HC decreased, yielding an overall lower 
total. The CO at Mode 1 was reduced from 45.6 g/kw-hr on EEE to 29.8 g/kw-hr on E15. The reduction of CO was 
attributed to the leaner operation at Mode 1. The HC+NOx and CO values for the remainder of the mode points were 
essentially the same since the closed loop fuel control allowed the engine to run at the same equivalence ratio. See 
Figure 51 for details of the emissions outputs. 

The leaner operation at wide open throttle (Mode 1) caused an increase in exhaust gas temperatures when operating on 
E15 fuel.  The exhaust gas temperature increase across all 6 cylinders was approximately 20°C. The elevated EGT 
during WOT operation could cause valvetrain durability issues. The catalyst temperatures were approximately 32°C 
higher at Mode 1 with E15 fuel.  This increase in catalyst temperature at WOT would likely cause more rapid 
deterioration of the catalyst system leading to higher exhaust emissions over the lifetime of the engine. The full impact 
of E15 on catalyst life would depend on the duty cycle of this engine in actual application. Typical duty cycles of marine 
engines include considerable amounts of time at WOT operation (open loop) so the catalyst temperature increase is of 
concern. 
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Figure 51: Emissions Comparison 4.3L V6 Catalyst Sterndrive, EEE vs. E15 

The other aspect that was affected by running E15 on the closed-loop controlled engine was the fuel consumption. 
Since the closed-loop control system drove to an equivalence ratio, the fuel flow rate increased to account for the 
differences in fuel chemistry. Table 6 shows the fuel flow measurements by mode point along with the percent 
difference in fuel flow between the 2 fuels (positive values mean E15 fuel flow is higher). In closed-loop operation, the 
fuel flow increased 5.3% on average on E15 fuel. This increase in fuel flow causes concerns not just in fuel mileage, but 
also in useful range of the craft. 

Table 6: Fuel Flow Comparison on 4.3L V6 Catalyst Sterndrive, EEE vs. E15 

EEE E15 
Mode Fuel Flow Fuel Flow Difference 

kg/hr kg/hr % 
1 46.8 47.0 0.4% 
2 24.2 25.5 5.3% 
3 13.1 13.7 4.7% 
4 7.1 7.5 5.2% 
5 2.0 2.1 5.9% 

Mode 2-4 Average 5.3% 
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Final Summary 

Summary of Results: 

EPA’s recent announcement of a partial waiver approving E15 fuel for use in 2001 and newer cars and light trucks9 will 
create an opportunity for consumers to misfuel their marine engines. This program indicates that misfueling currently 
available marine outboard engines may cause a variety of issues for outboard engine owners. These issues included 
driveability, materials compatibility, increased emissions, and long-term durability. There were also 2 examples of how 
the ethanol fuel caused an increase in fuel consumption. 

9.9HP Carbureted Four-Stroke: 

The E15 engine showed high variability in HC emissions at idle during the emissions tests at the end of the 300 hour 
endurance period. Both the E0 control engine and E15 test engine ran leaner at idle and low speed at the end of the 
endurance test. When operated on E15 fuel after 300 hours of endurance, the lean operation at idle coupled with the 
additional enleanment from the E15 fuel caused the engine to exhibit misfire and poor run quality (intermittent misfire or 
partial combustion events).  A misfiring engine would cause customer dissatisfaction due to the inability to idle the 
engine properly, excessive shaking, and hesitation or possibly stalling upon acceleration. As it relates to this study, the 
misfire caused an increase in HC emissions at idle. This increase in HC variability at idle caused the average total 
HC+NOx to increase from the start to end of endurance, whereas the HC+NOx on E0 fuel on both engines showed a 
decreasing trend. As expected, the CO emissions were reduced when using E15 fuel due to the leaner operation. 

The power and torque output of the E15 engine was higher with E15 fuel than with E0 fuel. The power and torque 
output of the E0 control engine increased slightly with more endurance time. The power and torque output of the E15 
test engine showed a flat or declining trend with more endurance time. 

The end of test inspection showed evidence of elevated temperatures on base engine components due to the lean 
running on E15 fuel.  There were significantly more carbon deposits on several components of the E15 engine, 
indicating that these parts likely had higher metal temperatures during operation.  Hardness measurements indicated 
that the pistons had higher operating temperatures on the E15 engine. The exhaust gas temperature increased 17°C at 
wide open throttle as a result of the leaner operation on E15 fuel. 

The fuel pump gasket on the E15 engine also showed signs of deterioration compared with the E0 engine after 
approximately 2 months of exposure to E15 fuel. 

300HP Four-Stroke Supercharged Verado: 

The E15 Verado failed 3 exhaust valves prior to completion of the endurance test. One valve completely failed and 2 
others had developed significant cracks. Metallurgical analysis showed that the valves developed high cycle fatigue 
cracks due to excessive metal temperatures. The majority of exhaust valves on the E15 engine lost a significant amount 
of lash which may have contributed to the observed valve failures. The exhaust gas temperature increased 25-30°C at 
wide open throttle due to the lean operation with E15 fuel. 

In addition to the elevated temperatures on the exhaust valves, the pistons showed evidence of higher operating 
temperatures. The carbon deposit differences indicated that the E15 engine’s pistons were hotter during operation. 

The E15 Verado generated HC+NOx values in excess of the Family Emissions Limit when operated on E15 fuel, but did 
not exceed the limit when operated on EEE-E0. The primary contributor to the increase in exhaust emissions was the 
NOx due to enleanment caused by the oxygenated fuel. The CO emissions were reduced when using E15 fuel due to 
the leaner operation, as expected. 

At emissions mode point 3, the lean combustion due to the E15 fuel caused the engine to lose torque output due to 
operation significantly leaner than LBT.  As a result of the torque loss, the throttle input had to be increased 10% to 
maintain the same torque output as on E0-EEE fuel. The change in throttle input caused an increase in fuel flow of 
10%. Mode 3 is representative of a typical cruising speed and load. The E15 fuel would cause the fuel consumption to 
be 10% higher at that operating point for a customer. 
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200HP EFI 2.5L Two-Stroke: 

The 200HP EFI two-stroke engine showed no signs of exhaust emissions deterioration, though the emissions output 
after the full endurance testing was not measured due to a failure of the E15 engine. The primary driver of the HC+NOx 
emissions on this engine family was HC (approximately 98% of the HC+NOx total). As expected, since the E15 fuel 
caused the engine to run lean, the HC emissions were lower, as were the CO emissions. There was more variability of 
HC+NOx observed on the E0 engine than the change in emissions on the E15 engine.  The deterioration of the CO 
emissions had similar trends between the 2 engines. 

The endurance test of the E15 engine was stopped short of the 300 hour target due to a connecting rod bearing failure 
on cylinder 3. The root cause of the bearing failure could not be identified. More testing is necessary to understand the 
effects of ethanol on two-stroke engine lubrication mechanisms where the oil and fuel move together through the 
crankcase. The E0 engine completed the entire 300 hours of durability testing. 

Other than the bearing failure, the end of test teardown and inspection did not show any visible significant difference 
between the 2 engines. Hardness checks performed on the pistons of both engines indicate that the E15 engine may 
have had higher piston temperatures, a concern on two-stroke engines where higher temperatures could lead to more 
power cylinder failures. The exhaust gas temperature increased 15-20°C on average due to the lean operation with E15 
fuel. 

4.3L V6 EFI Four-Stroke Catalyzed Sterndrive 

Since E15 fuel was readily available in the test facility and an engine equipped with exhaust catalysts was on the 
dynamometer, emissions tests were conducted on a 4.3L V6 sterndrive engine. No durability testing was performed. At 
rated speed and wide open throttle the exhaust gas temperatures increased by 20°C on average and the catalyst 
temperatures increased by 30°C.  This increase in catalyst temperature would likely cause more rapid aging and 
deterioration of the catalyst system at WOT. The overall effect of the increase in deterioration rate would be duty cycle 
dependent. The HC and CO values decreased at the Mode 1 (rated speed, rated power) emissions test point, which is 
an open loop operating point, due to leaner operation with E15 fuel, as expected. The fuel consumption increased by 
4.5% at the operating points that were running in closed-loop fuel control. 

Recommendations: 

This test program was limited in scope in terms of operating conditions. More investigation is necessary to understand 
the effects over a broader range of conditions. Ethanol’s effects on part load operation, cold start, hot restart/vapor lock, 
and overall driveability need to be evaluated.  The wide range of technology available for marine engines due to the wide 
range of engine size will complicate this issue significantly. Mercury Marine produces engines from 2.5HP-1350HP with 
a wide array of technologies ranging from two-stroke or four-stroke; carbureted, EFI, or direct fuel injected; naturally 
aspirated, supercharged, or turbocharged; and more. 

Ethanol’s ability to absorb water into the fuel is of paramount concern for the marine market and this issue has not been 
addressed in this test program. The contaminants that water can bring with it, potentially saltwater, can cause severe 
corrosion in fuel systems. A leak or fuel system failure could cause the engine to be inoperable and leave the vessel 
stranded, which would obviously be a major dissatisfaction to the customer. In addition, a better understanding of the 
effects higher ethanol blends have on marine fuel systems in terms of materials compatibility and corrosion is needed. 
Marine vessels tend to have very long storage durations, can be stored in very humid environments, and will have more 
opportunities to have fuel system exposure to water, including saltwater. 

More testing is needed to understand how ethanol blends affect oil dispersion in two-stroke engines that have fuel and 
oil moving through the crankcase together. Ethanol tends to be a good solvent and may break down lubrication at 
critical interfaces by cleansing these surfaces of the residual oil film. 
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Executive Summary Report 

Ethanol Study by Harris Interactive from July 31-August 2, 2013 

Below is the executive summary report for the market size study, conducted by Harris Interactive® via its 

QuickQuerySM online omnibus service from July 31-August 2, 2013. 

Survey Methodology 

This survey was conducted online within the United States between from July 31-August 2, 2013 among 2,040 

adults ages 18 and older by Harris Interactive on behalf of OPEI via its Quick Query omnibus product. This online 

survey is not based on a probability sample and therefore no estimate of theoretical sampling error can be 

calculated. 

Background/Objectives 

Specifically, OPEI sought to learn: 

 What are the first things people notice when arriving at the fuel pump? 

 Do they know there is ethanol in gasoline? 

 Do they fill up their portable gas tank with the same fuel used to fill their vehicle? 

 Do they use the least expensive grade of gasoline whenever possible? 

 When they fuel up their car at the gas station, do they check the fuel pump for any warning labels? 

 Do they assume that any gas sold at the gas station is safe for all of their cars, as well as boats, 

mowers, chain saws, snow mobiles, generators and other engine products? 

 Do they know it is illegal to put higher level ethanol gas (i.e., anything higher than 10 percent 

ethanol) into engines such as those in boats, mowers, chain saws, snow mobiles, generators and 

other engine products? 

OPEI commissioned a four-question online omnibus study to explore these issues. 

©2013, Harris Interactive Inc. All rights reserved. 



 

   

 

 

       

     

    

 

    

     

 

     

 

   

    

 

   

   

   

   

 

   

 

     

   

 

   

    

 

 

Key Takeaways 

Survey results underscore the need for considerable outreach to and education for the public prior to the 

introduction of higher-level ethanol gasoline. Top responses reinforcing this need include: 

 Over half (53%) of Americans say they fill up their portable gas tank with the same fuel used to fill their 

vehicle. 

 Nearly two-thirds (64%) Americans say they assume that any gas sold at the gas station is safe for all of 

their cars, as well as boats, mowers, chain saws, snow mobiles, generators and other engine products. 

An overwhelming majority of Americans (71%) are not at all sure if it is illegal or legal to put high level ethanol 

gas (i.e., anything higher than 10 percent ethanol) into engines such as those in boats, mowers, chain saws, 

snow mobiles, generators and other engine products, which presents huge potential for a learning opportunity. 

15% of Americans say it is illegal, but 15% also indicated that it is legal. 

Of those who ever drive or use a fuel pump, overwhelmingly and not surprisingly, price is the top thing 

Americans notice at the fuel pump at 91%. Rounding out the top three are: If the pump accepts credit card 

payment, which some might consider a must in today’s society at 64%, and the octane rating at 55%. A quarter 

(25%) of Americans notice the ethanol content. 

Seven-in-ten (71%) Americans say they use the least expensive grade of gasoline whenever possible. 

Just over half (53%) of Americans say when they fuel up their car at the gas station, they check the fuel pump for 

any warning labels. Younger adults age 18-34 (63%) are more likely to do this. 

83% of Americans say they know there is ethanol in gasoline. The percent aware is slightly higher among older 

Americans (those age 35+ - 86%) and males (97%). 

©2013, Harris Interactive Inc. All rights reserved. 2 



 

   

 

    

  

 

 

     
  

  

     

         

   

 

     

 

        

   

 

        

     

   

  

    

   

Detailed Findings – Things Noticed at Fuel Pump 

Things Noticed at Fuel 

Pump 

Question: When you arrive at the fuel pump in a gas station, which of the following things do you notice on the pump? Please select all that apply. (Base: 
Ever Drive/Use A Fuel Pump n=1,875) 

93% of U.S. adults ever drive/use a fuel pump. !mong those/ 

Over nine-in-ten (91%) notice price on the fuel pump when arriving. 

 Those in the Northeast (93%) are more likely than those in the West (88%) to say this. 

 Women (94%) are more likely than men (89%) to say this. 

Nearly two-thirds (64%) notice if the pump accepts credit card payment on the fuel pump. 

Over half (55%) notice the octane rating (e.g., 87 regular, 91 premium) on the fuel pump. 

 Men (60%) are more likely than women (51%) to say this. 

Just over a quarter (26%) notice advertised specials available inside on the fuel pump. 

 Those with children under 18 present in their household (33%) are more likely to say this than those 

without children present (22%). 

One quarter (25%) notice the ethanol content on the fuel pump. 

 Men (31%) are more likely than women (19%) to say this. 

©2013, Harris Interactive Inc. All rights reserved. 3 



 

   

 

  

     

 

 

 
   

 

      

       

   

       

 

 

     

 

 

 

 

 

Mean 2.7 

4% notice something else on the fuel pump.
 

Detailed Findings – Knowledge of Ethanol in Gasoline
 

Do you Know There is Ethanol in Gasoline? 

Question: Do you know that there is ethanol in gasoline? (Base: U.S. adults n=2,040) 

83% of U.S. adults say they know there is ethanol in gasoline. 

 Those age 35+ (86%) are significantly more likely to say this than those age 18-34 (77%). 

 Men (97%) are more likely than women (79%) to say this. 

 Those living in the South (88%) are significantly more likely to say this than those in the Northeast (78%) 

and West (80%). 

17% of U.S. adults say they do not know there is ethanol in gasoline. 

©2013, Harris Interactive Inc. All rights reserved. 4 



(Net)

 

   

    

 

 

      

 

       

      

 

       

 

 

 

 

  

 

  

 

 

 

 

 

 

Detailed Findings – Agreement with Statements 

Strongly /Somewhat Disagree Strongly /Somewhat Agree (Net) 

24% 71% 

17% 53% 

53% 

64% 

41% 

29% 

Question How strongly do you agree or disagree with each of the following statements? (Base: U.S. adults) 

“I will use the least expensive grade of gasoline whenever possible.” 

Seven-in-ten (71%) U.S. adults agree with the statement, while nearly a quarter (24%) disagree. 6% of adults 

indicated it was not applicable. 

 Women (47%) are more likely to strongly agree with this statement than men (41%). 

©2013, Harris Interactive Inc. All rights reserved. 5 



 

   

        

   

     

 

     

  

 

        

        

 

       

   

        

 

    

       

 

          

 

 

 

 

 

 

“I assume that any gas sold at the gas station is safe for all of my cars, as well as boats, mowers, chain saws, 

snow mobiles, generators and other engine products.” 

Almost two-thirds (64%) of U.S. adults agree with the statement, while 29% disagree. 7% of adults indicated it 

was not applicable. 

 Those age 35-44 (67%), 45-54 (70%) and 55+ (64%) are significantly more likely to agree than those age 

18-34 (58%). 

“I fill up my portable gas tank (i.e., jerry can) with the same fuel used to fill my vehicle.” 

Over half (36%) of U.S. adults agree with this statement, while almost one-in-five (17%) disagree. 30% of adults 

indicated it was not applicable. 

 Those living in the Midwest (62%) are significantly more likely to say this than those in any other region 

(Northeast 49%, South 53% and West 49%). 

 Men (59%) are more likely to agree with this than women (48%). 

“When I fuel up my car at the gas station, I check the fuel pump for any warning labels.” 

Just over half (53%) of U.S. adults agree with the statement, while two-in-five (41%) disagree. 7% of adults 

indicated it was not applicable. 

 Those age 18-34 (58%) are significantly more likely to agree than those age 45-54 (45%) and 55+ (51%). 
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Detailed Findings – Is It Legal or Illegal? 

Is it legal or illegal to put high level ethanol gas (i.e., anything higher than 10 percent ethanol) into engines such 

as those in boats, mowers, chain saws, snow mobiles, generators and other engine products.? 

NET: 29% Have 

an Answer 

Question: Which of the following statements do you believe is true? (Base: U.S. adults n=2,040) 

When asked if it was legal or illegal to put high level ethanol gas (i.e., anything higher than 10 percent ethanol) 

into engines such as those in boats, mowers, chain saws, snow mobiles, generators and other engine products, 

the vast majority (71%) are not at all sure, while only 29% of U.S. adults have an answer. The answers are split 

50/50 as 15% each said it was legal vs. illegal. 

These results show significant room to educate the public, since the same number of people erroneously believe 

this is legal as the number who correctly stated it was illegal, and a full seven-in-ten don’t really have any idea 

which one is true.  

Michelle Robinson 

Project Researcher, QuickQuery 
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