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MINNESOTA E 20 FUEL RESEARCH PROGRAM
INTRODUCTION

The State of Minnesota initiative proposes use of a motor fuel containing twenty volume percent ethanol, eighty volume percent hydrocarbon gasoline, commonly referred to as E 20.  However, prior to introduction of E 20 into the consumer marketplace, this new fuel must be subjected to the established US EPA fuel waiver and registration process.  Consequently, the E 20 fuel will require research studies related to vehicle driveability, vehicle exhaust emission control system effectiveness and durability, vehicle evaporative emissions, fuel systems material compatibility and lastly but certainly not least, effects of E 20 on public health.

The Renewable Fuels Association has been requested by State of Minnesota officials to take the leadership role in developing the E 20 Research Program.  CH Jewitt is a fuels technology consultant to the Renewable Fuels Association and has been assigned their representative to head up and coordinate the various segments of the E 20 research project.

The initial portion of the E 20 Fuel Research Program is associated only with light duty vehicles.  However, it is recognized and understood the myriad of small engine and marine engine issues which must eventually be addressed and researched as well.  It is the decision of the Renewable Fuels Association to focus initially on that segment which would utilize the greater volume of fuel, i.e., light duty vehicles.  Should serious problems arise in  automotive related testing, it would then be questionable to proceed with E 20 research associated with small engine and marine engines.  However, the Renewable Fuels Association does support development of preliminary plans for research associated with small engines and marine engines contingent upon results of E20/ Automotive research.

A potential problematic situation exists regarding the distillation characteristics of ethanol blended gasolines.  The primary technical concern is related to a fuel containing approximately twenty volume percent of a single boiling point component, i.e., ethanol.  The continuum of a hydrocarbon-only gasoline distillation curve is interrupted with ten volume percent ethanol.  Based upon knowledge and experience, the distillation curve is disrupted to a greater degree with twenty volume percent ethanol.  This pronounced disruption occurs beginning at approximately the twenty percent distilled point up to approximately the fifty percent distillation point.  The corresponding “flattening” of the distillation curve occurs between approximately 125° F up to approximately 160° F.

The problem and concerns are summarized as follows: E 20 blends must meet ASTM D 4814 specifications, including minimum T50 (temperature at which fifty volume percent of the fuel is distilled).  Hot weather ASTM Class A volatility gasolines are specified for the Minnesota marketplace from later April through mid-September.  Fifty volume percent of Class A volatility fuels must be distilled at 170° F minimum.  The remaining months of the year call for gasolines possessing a minimum T50 of 150° F.  Based on very limited data, cold weather volatility class gasolines splash blended with twenty volume percent denatured ethanol will be borderline pass for 150° F T50.  It is unknown at present what T50’s will look like with summer  E 20 gasolines which must meet T50 minimum of 170° F.

It is not certain at the date of this report if the Minnesota research project will utilize E 20 splash blended or E 20 volatility adjusted fuel.  The US EPA have been requested to offer their recommendation.

This report will first present a summary discussion of the federal fuel waiver process.  The second subject of discussion deals with required research, testing and results which must be submitted with the fuel waiver request.  Lastly, this report presents the current status of the E 20/Automotive Research Program. 
US EPA FUEL WAIVER AND REGISTRATION PROCESS

The federal fuel waiver process is arduous and expensive. Arduous because of the complexity of the required research program.  Expensive because of the sophisticated, costly state-of-the-art equipment and instruments required to generate the research data as well as costs for engineering and scientific personnel involved with this research project.
The United States Clean Air Act was established in order to improve and protect this nation’s air quality.  The original Clean Air Act legislation was enacted by Congress during 1970.  The 1990 Clean Air Act amendments resulted in major changes in the Clean Air Act of 1970.  The entire package of amendments became effective during 1995.

Effective upon the date of Clean Air Act implementation it became unlawful for a manufacturer to introduce into the marketplace a fuel for use in any motor vehicle which is not SUBSTANTIALLY SIMILAR to that fuel which was utilized in the certification of any model year 1975 or subsequent model year vehicle or engine.  The vehicles and engines were and are certified with hydrocarbon only fuels.  The US EPA, through a series of rule makings, redefined “substantially similar” to include up to 2.7 weight percent oxygen from aliphatic ethers or alcohols (excluding methanol).  The E 20 fuel will contain approximately 7 weight percent oxygen. Therefore, E 20 is not a SUBSTANTIALLY SIMILAR fuel.  The Substantially Similar rule making, commonly referred to as Section 211 F of the Federal Clean Air Act was first published in the Federal Register July 1981.  The most recent update was published in the Code of Federal Regulations May, 1994.

The US EPA Administrator, upon application from the manufacturer of a fuel, for example E 20, may WAIVE the prohibitions contained in the Substantially Similar rule making if it is determined the new fuel will not cause or contribute to the failure of any vehicle emission control system.  The WAIVER process thus allows the US EPA Administrator to grant REGISTRATION of a new fuel if appropriate tests and resultant data document no harm to vehicles and public health.

FUEL REGISTRATION 
With an understanding of the Substantially Similar rule making and the WAIVER process, let us now discuss fuel registration requirements.  To obtain US EPA REGISTRATION of E 20 and thereby be granted approval to introduce the new fuel into the consumer marketplace, several levels of testing are required and are described as Tier One, Tier Two and Tier Three.
Tier One requires manufacturers of the fuel to supply to the US EPA Administrator identification and concentration of emissions from such fuels and any available information regarding the health effects of the whole and speciated emissions from the fuels.

The fuel manufacturer must provide characterization of the emissions products which are generated by evaporation and by combustion of the fuel in a motor vehicle.  Specific, detailed procedures must be followed for emissions sample preparation, collection, identification, analyses and concentrations of the speciated emissions.

The fuel manufacturer must provide documentation related to the vehicle fuel system materials compatibility.

The fuel manufacturer must provide research results associated with vehicle driveability.

Tier Two requires manufacturers of the fuel to supply test results related to the effects on health of combustion emissions and evaporative emissions from the fuel.  Included are health considerations as measured and evaluated by carcinogenic or mutagenic effects, teratogenic effects and reproductive toxicity, general toxicity and pulmonary effects, and neurotixic effects.

Tier Three contains general criteria for additional testing as may be determined by the US EPA Administrator.  Such testing may be required of a manufacturer of the fuel if, at the discretion of EPA, remaining uncertainties exist as to the significance of observed health effects, welfare effects and emissions exposure, all of which may interfere with the Administrator’s ability to make sound and reasonable estimates of the potential risks posed by emissions from the fuel.

In summary, Tier One consists of vehicle driveability, materials compatibility and emissions testing.  Tier Two consists of health effects testing. Tier Three allows for unforeseen or additional testing as may be determined by the US EPA Administrator.

The E 20 project must develop Tier One test data in four areas which would be required to support a fuel waiver and registration.  The four areas are fuel systems materials compatibility, vehicle driveability, exhaust emissions and evaporative emissions.
The Fuel System Materials Compatibility study will be performed in a research laboratory.  This research will measure and visually rate the effects of E 20 on elastomers, plastics and metals commonly utilized in construction of vehicle fuel systems.

Vehicle driveability will be determined through use of vehicles operated throughout a continuous twelve month period.  Such is required to document vehicle/fuel performance throughout the seasons of the year.  In addition to evaluation of vehicle driveability, vehicle maintenance records will be routinely studied and evaluated in search of fuel system material or component problems.

The Renewable Fuels Association has received proposals for Exhaust and Evaporative Emissions study from three nationally recognized research laboratories.  The proposals allow for a preliminary, pilot type emissions study, both exhaust and evaporative. It was decided to proceed thusly, rather than seek out and commit to a full scale, million dollar plus emissions study.  The preliminary emissions study will be structured to reveal and identify any “show stoppers”.  Duration of this preliminary emissions testing segment will be two to three months after signing of contract.  
STATUS OF THE E 20/AUTOMOTIVE RESEARCH PROGRAM
Fuel System Material Compatibility
Plans for the fuel system material compatibility study segment have been completed.  Excellent and constructive participation has been provided by the automotive industry, fuels manufacturers and at least one manufacturer of vehicle fuels systems.  Upon completion of the materials compatibility study, research will commence utilizing fuel system components, i.e., fuel pumps, pressure regulators, etc.  This segment of the E 20 Research Program will be performed at the Minnesota Center for Automotive Research at Minnesota State University, Mankato.  Bruce Jones, Professor, will supervise this research study. 
 The following Materials Compatibility Research Program has been prepared by Professor Jones and Mr. Gary Mead of the Minnesota Center for Automotive Research:
Overview
The following is intended to be a proposal outlining the scope of material compatibility testing to be conducted for the E 20 waiver process.  This proposal is based on the review of the Sun Oil document, research conducted in Australia, past research at MSU, and a review of SAE and ASTM recommended practices.  In addition, this proposal has incorporated recommendations from conversations with individuals from the automotive and fuel industry including: General Motors, Ford Motor Company, Delphi, TI Automotive and Halterman Products, a subsidiary of Dow Chemical.

Based on the information gathered to this point we are recommending a research project that begins with a thorough evaluation of the raw materials that have been and are currently used in the manufacture of fuel system components.  At this stage in the research there are too many variables present to test actual vehicle components.  It has been extremely difficult to obtain specific information on the actual materials used in many of the components because it represents proprietary information.

A significant portion of the research will be to identify actual fuel system components that accurately represent the population along with the development of specific testing procedures to be used to test the components in future testing.

FUELS

Material compatibility testing will be conducted using three fuels, “Gasoline”, E 10 and E 20.  It is important to test E 10 to see any incremental changes as ethanol concentration increases.

At this time we are proposing to use Fuel C, a blend of 50% toluene and 50% Iso-octane for the gasoline component in each blend.  In addition, water and salt will be added to each blend to represent worst case fuels following SAE and ASTM procedures.  However, the final blend will be selected after we have received input from the EPA, manufacturers and Tier One suppliers.

Materials to be Tested
Initial testing will be conducted on raw material samples that represent the materials that are currently being used, along with those that have historically been used in fuel system components.  Initial response from automotive manufacturers and Tier One Suppliers indicated that narrowing the focus to the raw materials was the best method to begin thoroughly evaluating the material compatibility issue.  Testing will be conducted on materials used in the following components: 
A. Fuel Lines:  Rubber and hard plastic

B. EVAP: Lines, container, and valves

C. O-Rings: Fuel line, injector, fuel tank

D. Metal Components: Fuel tank, fuel pump, injector, fuel rail, carburetor, carburetor float 

E. Plastic fuel tank

F. Fuel pressure regulator

G. Gaskets

The materials to be tested will be broken down into 2 specific categories: Rubber and Hard Plastic; and Metals.  The research will measure specific properties of Rubber and Hard Plastics in a controlled environment using ASTM D 471 and SAE J1748 testing procedures.  Material properties to be measured will include: swell, tensile strength, hardness and permeability.  Materials falling in the initial Rubber and Hard Plastic category include, but not limited to:

-  Viton



- Nylon 12

-  Viton A



- Nylon 66

-  Acetyl



- Neoprene

-  Nit rile



- High Density Polyethylene


-  Epichlorhydin

Metal material will be tested for their resistance to corrosion using SAE J1747 and ASTM testing procedures.  Materials falling in the initial Metals category include, but are not limited to:

- Brass




- Tern Plate


- Copper



- Tin


- Aluminum (and aluminum alloys)
- Stainless Steel


- Zinc (and zinc alloys)

-  Carbon Steel
In addition to the raw material testing, component testing will be developed.  There are many different ways that researchers evaluate automotive components for material compatibility.  A goal of the research project will identify appropriate testing procedures to measure the physical properties of fuel system components exposed to the 3 fuel blends.

The final part of the project will be to identify a representative group of components from the vehicle population that would be required to use E 20 as part of the legislation.  Significant work will be required so the sample components represent the components that have been and are currently used in the vehicle population.  The second round of material testing would then be conducted using the procedures that had been developed and include the list of components that was identified in the initial research.

Deliverables
The following is a list of the deliverables from this research project:

A. Quarterly progress reports outlining the major accomplishments of the period

B. Final research paper including information on the procedures used to conduct the material compatibility testing along with the findings of the research

C. Development of component testing procedures along with the findings of initial component testing.

D. A comprehensive list of fuel system components to be tested in Round 2

E. Recommendations for future testing

VEHICLE DRIVEABILITY EVALUATION

This segment of the E 20 Research Program will be ready to roll shortly after decisions are made related to selection of test fuels.  The research project enjoys an ideal situation wherein the U of MN Fleet Services Director has offered full support for the E 20 Fuel Research Program.  The Vehicle Driveability Evaluation segment will commence with forty pairs of U of MN fleet vehicles, all of which will be fueled at a central facility having underground storage for the test fuels.  Each and every load of test fuel delivered to the fueling facilities at the Minneapolis and St. Paul sites will be sampled and analyzed for complete volatility characterization.  The pairs of vehicles represent model years 1997 through 2005.  Efforts are underway to incorporate into the Driveability Program a number of older, private vehicles owned and operated by members of U of MN staff.  Duration of the Vehicle Driveability Evaluation segment will be twelve continuous months, covering all seasons.  The Vehicle Driveability program has been prepared by Ralph Groschen, MN Department of Agriculture, William Roberts, U of MN Fleet Services and Darrick Zarling, U of MN Department of Mechanical Engineering.  A copy of the latest draft of the Vehicle Driveability Evaluation Form is attached.

VEHICLE EXHAUST AND EVAPORATIVE EMISSIONS

Exhaust emissions data would be developed while test vehicles are operated on chassis dynamometers.  The test procedure is referred to as Federal Test Procedure-75 (FTP-75).  The dynamometer-operated vehicle is cold started and operated for a prescribed period of time while collecting Bag One emissions.  The vehicle is then operated until stabilized temperatures are achieved, whereupon Bag Two emissions are collected over a prescribed period.  The vehicle is then ignition-off for ten minutes, hot re-start and Bag Three emissions are collected over a prescribed period to time.

Hot Soak emissions are determined by use of Sealed Housing for Emissions Determination (SHED) procedure.  Hot Soak emissions are  measured upon conclusion of the FTP-75 test whereby the vehicle is immediately moved off the chassis dynamometer and into the SHED for one hour.

Evaporative emissions would be determined via a procedure referred to as Three Day Diurnal Sealed Housing for Emissions Determination (SHED) procedure.  Prescribed high and low temperatures are controlled over a three day period followed by emissions sampling and analyses.

Vehicle exhaust emissions control system durability testing would be accomplished by use of chassis dynamometers, the mileage duration of which will be 100,000 miles.  Tailpipe emissions testing at Baseline, 25,000 miles, 50,000 miles, 75,000 miles and then of course, 100,000 miles end-of-test emissions.

The purpose of building in the tests at 25, 50 and 75,000 miles is to allow for test cessation if the emission control systems have failed, thereby not wasting research dollars on what would prove to be useless additional vehicle mileage accumulation.

A preliminary emissions testing program is planned utilizing three vehicles and two fuels.  A third fuel  (E11) is a possibility, depending on costs.  The three vehicles proposed are a 1980’s carbureted, closed loop vehicle, a 1990’s throttle body, fuel injected vehicle and a current technology port fuel injected vehicle.  The two fuels will be an Emissions Certification Fuel (E0) and Certification Fuel blended with twenty volume percent denatured ethanol meeting ASTM D 4806 specifications.  The possible third fuel would be an E11 formulation.
Three FTP-75 tests per each vehicle x fuel combination (18-27 FTP-75’s).  One each Heat Soak SHED test for each vehicle x fuel combination following the third FTP-75 test for each respective vehicle x fuel combination (6-9 Hot Soak SHED’s).  One each Durinal SHED test for each vehicle x fuel combination (6-9 Durinal SHED’s).

Exhaust emissions analyses will include total hydrocarbons, non-methane hydrocarbons and aldehydes.  Evaporative emissions speciation will include total hydrocarbons.  Hydrocarbon speciation of both the exhaust and evaporative emissions will allow for calculation of reactivity of the hydrocarbons detected.

For the Renewable Fuels Association 

Carlton H. Jewitt

January 31, 2006
PAGE  
1

