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Thank you.  It is an honor to be a keynote speaker at this conference.  My involvement with SAE and with fuels and lubricants goes back over 40 years.  It has been a marvelous experience.

Much has been accomplished.  Fuels and lubricants now used for vehicles in the United States and around the world are greatly improved from those of 40 years ago.  This afternoon, we’ll look at the situation back then, review the progress that has been made, and set up some challenges and opportunities for you.

My entire working career was spent at the GM Research Labs and R&D Center.  Most of it was in the Fuels and Lubricants Department as an engineer and a manager.  I believe that group of engineers, scientists and technicians did more to improve automotive fuels and lubricants than any other group in the world.  Evidence of their great accomplishment is that 23 have become SAE Fellows.

Let’s put some bounds on the talk.  We will focus on gasoline and engine oil for SI engines.   Instead of relying on my memory and prognosticating ability, both of which my wife says are deteriorating, I asked many of my friends to provide their input on past accomplishments and future needs.

Now with the preamble out of the way, let’s get going.

First, let’s have a resounding round of applause for all of you present and all that preceded you.  Come on; don’t be bashful!  It is highly deserved.  Why?  For the great job you all have done improving automotive engines and vehicles, and their fuels and lubricants over the past 40 years.

What do you remember from forty years ago?  Many of you were not even born then.  But, here’s what I remember.

The Cold War was alive.  Civil rights were big.  The environmental movement was gaining steam.  There was no EPA.  Elvis was “the king” and the Beatles were going great.  Imported cars were hardly to be seen in the USA.   GM ruled the auto industry.

My, how things have changed.

So what did the 1965 Chevy owners’ manuals say about gasoline and engine oil?

 “All Chevrolet 6 cylinder and V-8 engines with two-barrel carburetors are designed to operate efficiently on regular grade gasolines commonly sold in the United States and Canada.  All Chevrolet higher performance V-8 engines are designed to operate efficiently on premium grade gasolines….”

It further states, “excessive knocking should be avoided as much as possible in order to prevent possible engine damage.”

What has changed since those statements were printed in 1965?

1. Instead of two octane grades of gasoline we now have three.

2. Although not explicitly mentioned, the recommendations were for leaded gasoline, which is now a thing of the past.

3. Gasoline quality has greatly improved.

4. Knock is no longer an issue.

5. The engines all had carburetors.  Some of you might remember them.  They’ve since gone to the scrap heap, replaced first by throttle-body and then port-fuel injection.

Here’s what was said about engine oil.  

“The use of high quality oil of the correct viscosity is your best assurance of continued reliability and performance from your engine.  Use an oil which, according to the label on the can is: intended for service MS and passes car makers’ tests or meets General Motors Standard GM 4745-M.”  

“Engine oil should be changed at 60 day or 6,000 mile intervals, whichever occurs first.”  Back then, 2,000 miles in 60 days was typical.  The oil’s viscosity should depend on the lowest anticipated temperature while the oil is in use, and it could be SAE 5W, 10W, or 20W single grade, or SAE 10W-30 or 5W-20 multigrade.

Well, what has changed since 1965 regarding these statements?

1. The system for identifying engine oils to the public has greatly improved.

2. Oil change intervals have been extended.

3. Oil quality has been greatly improved.

From these brief glimpses you might appreciate the major changes in gasoline and engine oil that have occurred in the past 40 years. 

Now lets take a deeper dive to look at more of the things that you and your predecessors have accomplished.  But first, let’s stop and look at the issues of the past 40 years that pushed the technology for vehicle powertrains, fuels and lubricants.

1. Environmentalism, the Clean Air Acts, and vehicle emissions regulations.

2. Several Arab Oil embargoes.

3. CAFE.

4. Alternative fuels.

5. The “greenhouse effect.”

6. Customer desires for improved vehicle driveability and performance, and reduced maintenance.

7. Competition from imported vehicles.

Some of these were not on anyone’s horizon 40 years ago.  All spurred R&D and actions among the auto, oil and additive industries, and federal, state and local regulatory agencies.  Government applied pressure for reducing emissions and fuel consumption.  To achieve the mandated targets, there were considerable changes in vehicles, fuels and lubricants. 

The two figures below show the great progress made to reduce HC and NOx emissions from light-duty vehicles. 
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Both now have been reduced by about 99% over an uncontrolled vehicle of 40 years ago.  Progress resulted from great R&D and engineering on the part of the auto and supplier companies, and in the petroleum and additive industries, and debate and cooperation with the regulatory authorities.  

What were the major changes on the hardware side?

1. Oxidation catalysts and exhaust gas recirculation (EGR).

2. Electronic fuel injection systems.

3. On-board computers, exhaust oxygen sensors and 3-way catalysts.

4. On-board diagnostics.

5. Evaporative emission control systems.

6. Knock sensors.

7. More efficient engines with higher specific outputs.

Along with these hardware changes, gasoline also changed.

1. Lead was removed.

In the 1960’s it became apparent that the catalytic converter was the preferred technology for meeting future emission standards.  However, many studies showed that lead in gasoline was a catalyst poison.  GM led the auto industry effort to remove lead.  It had great support from government because lead was toxic.  The oil industry and especially the lead suppliers resisted.  However, the federal government eventually said that unleaded gasoline had to be supplied, starting with the 1975 model year vehicles.

This figure below shows that lead was used around the globe in 1965 (source International Fuel Quality Center – IFQC).
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By 2005, lead was almost gone except for Africa and parts of Asia (IFQC).
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Forty years from now it will have disappeared.

The combination of lead removal and the catalytic converter has done more to reduce vehicle emissions globally than anything else.

2. Sulfur is being reduced.

Recently, regulatory agencies in the USA and around the world have required greatly reduced sulfur in gasoline and diesel fuel.  Like lead, sulfur is a catalyst poison.  Like lead, it will disappear.  Its reduction makes catalytic converters more efficient and enables new control devices for reducing NOx. 

Gasoline sulfur levels in the United States and around the globe are being drastically reduced as shown below (IFQC).  This took great effort by refiners.
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3. Deposit control additives are better.

Engine and fuel system deposit control additives are essential for maintaining proper fuel system and engine operation.  The initial additives were developed by Chevron 40 years ago to control carburetor deposits.  Increasingly more sophisticated engines now require that current fuel additives minimize injector, engine and fuel system deposits.  

I’m sure some of you remember the plague that hit port fuel injectors when they were first introduced in the 1980’s.  
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This picture shows a fouled and a clean injector.  With the rapid R&D efforts in the auto, oil and additive industries, port-fuel injection systems were saved.

4. RVP was reduced.

5. Oxygenates (ethers and ethanol) were used.

6. Refinery processes were advanced.

7. Driveability index (DI) was reduced.

8. Gasoline specifications were tightened.

9. Governments and regulatory authorities around the globe recognized that fuels and vehicles must be treated as a system.

10. Reformulated gasoline (RFG) was used.

RFG makes me especially proud.  I first suggested the concept in 1989.  I was then fortunate to be a co-leader of the Auto/Oil Program, which conclusively defined its benefits, and showed the importance of lowering sulfur in reducing emissions.  The Auto/Oil program was a massive cooperative effort involving industry, academia and government.  It showed that auto and oil, with decidedly conflicting interests, could work together for the common good.  It could be a model for future efforts to address the critical issue of defining our nation’s energy future.

The logos of the three auto companies and fourteen oil companies that participated are shown below. 
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How many of the 17 companies exist today as they did 15 years ago?  The answer is four, GM, Ford, Sunoco and Shell.  The others have been part of mergers, mainly in the oil industry.  Additionally many additive companies have merged.

Therein lies a major problem for future automotive, and fuels and lubricants R&D.  Most of the auto and oil R&D facilities that existed 15 years ago no longer exist, or have been greatly downsized.  Twenty-five years ago GM’s Fuels and Lubricants Department had about 70 people doing R&D.  That department no longer exists.  GM now has about 20 people concerned with conventional fuels and lubricants, and very little of their work is R&D.  

Who will do the R&D needed to solve the problems of the next 40 years?  More and more is being done under the DOE and at independent test laboratories, such as Southwest Research Institute.  Is there a need to increase funding of cooperative efforts, such as those of the Coordinating Research Council, and to restart an Auto/Oil Program?  Is there a bigger role for academia?  Or will the work be done in laboratories in India and China?  I don’t have the answers.

Before moving on, let me show a list of my gripes.

1. Banning MTBE.  MTBE got shot down because the EPA did not do their assigned job of getting the leaking gasoline underground storage tanks fixed.  MTBE is a great, cost-effective gasoline-blending component.  It would not have been a problem if the tanks didn’t leak.

2. Government regulated minimums on gasoline deposit control additives.  Some gasoline suppliers blend to this minimum amount.  Some auto companies say is not enough to keep modern fuel injection systems clean.  Thus, BMW, GM, Honda and Toyota established their “Top Tier” system for ensuring that adequate additives are use to prevent problems.

3. Boutique fuels.  Almost fifty different gasoline compositions are currently being sold in the United States.  Wouldn’t it be more efficient and a lot cheaper for the oil industry to not have to make, distribute and store all of these gasolines?  

4. Too many fuel specifications.  Why can’t oil, auto and government develop one or two specs for the entire country?  It certainly would simplify things, and help to address the supply and price shocks we face far too often in the US due to strained refining capacity.  

5. The UNOCAL RFG patents.   They should never have been issued, and the Courts should not have upheld them.  SAE and other literature contained prior art.  About $200 million was spent on legal fees trying to get the patents overturned.  What a waste of money!  How much product R&D could have been done with this money? 

6. 3,000-mile oil changes.  Contrary to automakers recommendations, many quick-change places, service stations and car dealers recommend changing engine oil at 3,000 miles.  This is an outlandish waste of oil, time and money!

Another important development is a holistic approach for evaluating future fuel/vehicle systems.  “Well-to-wheel” analysis has gained great appeal in the past ten years.  It has been used to evaluate fuel/vehicle system impacts on CO2, regulated emissions, and energy use.  Yet to be analyzed is “well-to-wheel” cost.  This will be critical, especially when looking at hybrid and hydrogen-fueled fuel cell vehicles.

Now on to engine oil.  The most important changes in the past forty years are:

1. Better knowledge of and use of additives for reducing wear and keeping engines clean.

2. Reduced emissions via lower phosphorus in the oil and greatly reduced oil consumption.

3. Oils that provide better fuel economy through friction modifiers and lower viscosity.

4. ILSAC standards and the CMA Code of Practice for ensuring engine oil quality.

5. Longer oil change intervals and the use of the GM developed Engine Oil Life System.

6. Improved base oils including greater use of synthetics.

7. Better low temperature performance.

Okay, we’ve reviewed the past 40 years.  Again, my congratulations to all of you who helped to make these great achievements possible.   

Also, I want to recognize the important role played by the SAE.  The technical basis for all of the accomplishments we’ve discussed was reported at SAE meetings.  The internationalization of the industries involved can be seen in the program for this meeting.  SAE has truly become the outstanding international technical society in our business.

Now let’s open the 2005 Chevy Trail Blazer owners’ manual and see what it says, first about gasoline.

“Use regular unleaded gasoline with a posted octane of 87 or higher.”  In contrast to 40 years ago, very few owners’ manuals now recommend exclusive use of premium gasoline. 

“It is recommended that gasoline meet specifications which were developed by automobile manufacturers around the globe and are contained in the World-Wide Fuel Charter.”  The Charter came about as a result of the auto industry’s frustration at getting tighter fuel specs through the ASTM.  

“Gasolines containing oxygenates, such as ethers and ethanol, and reformulated gasolines may be available in your area to contribute to clean air.  GM recommends their use.”  This recognizes that gasoline composition can be changed to reduce emissions.

For engine oil, the recommendation is most easily shown by this owners’ manual figure.  
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SAE 5W-30 viscosity grade is recommended.  Quality is met with oils having the starburst symbol on the can, and meeting GM Standard GM6094M.

No specific oil change mileage interval is recommended.  Instead, owners are advised to use the computer-based oil life system that tells when the oil is to be changed, based on engine revolutions and engine oil temperature, and not on mileage.  Other manufacturers recommend changes up to 10,000 miles.  This is a large improvement over 1965.

We’re done with the past.  Let’s start our look into the future with a quote from the famous American philosopher and Hall of Fame baseball player, Yogi Berra.

“It ain’t over ‘til it is over and it ain't over yet.”

Now on to the future. 

Lets first briefly look at our current world, because it will give us clues on what has to happen. 

The Cold War is gone, but it has been replaced by worldwide terrorism.  The country is trying to deal with the horrendous effects of hurricanes Katrina and Rita, and a war in Iraq.  The world, but not necessarily the Bush Administration, has become more concerned about environmental issues, especially global warming.  Energy conservation and the need to diversify fuel resources, are gaining steam.  GM no longer rules the auto industry.  Toyota leads the way in vehicle quality and technology, including hybrid vehicles.

SAE recently sponsored the North American International Powertrain Conference in Toronto.  It was attended by a great cross-section of high-level Powertrain executives from the worldwide auto industry.  Conclusions from that conference will help guide us in what might happen regarding fuels and lubricants in the next 40 years.

1. Fuel economy improvement and CO2 reduction will be the primary drivers of new propulsion technologies.

2. Advanced biofuels offer the most cost-effective near term way to reduce transportation CO2.

3. Due to their several thousand-dollar price premiums, gasoline-electric and diesel-electric hybrids are unlikely to become “mainstream” passenger vehicle technologies.

4. Hydrogen is the best long-term fuel alternative for removing the automobile from the environmental debate.

From the above, one would conclude that gasoline and diesel engines are going to be around for a long time.  At least for the next 20-40 years.  And, they will be fueled primarily on petroleum-derived fuels.

Considering the above, the Conference suggested several national policy initiatives.

1. Encourage conservation.

2. Expand the Strategic Petroleum Reserve to include refined products.

3. Encourage new refinery construction.

4. Increase North American energy production.

5. Harmonize global fuel and emissions standards.

The US auto industry must respond resolutely to improving fuel economy with “conventional” engines, especially if they believe this is a more cost-effective strategy than hybrids.  Is it time to consider trading off engine performance for improved fuel economy?  

Additionally, considering the 99% reduction already achieved with light-duty vehicle emissions, isn’t it time for the EPA and CARB to put a halt on further reductions, which have little benefit.  This would allow the auto companies to focus on improving fuel economy.  The agencies should focus on getting rid of older, high polluting vehicles.

Here is a list of gasoline-related changes needed in the next 20-40 years.

1. Optimized octane (miles per barrel of petroleum approach).

This involves both auto and oil, and it deserves a hard look.  It is well know that fuel economy increases with compression ratio.   However, higher-octane gasoline is needed to prevent knock-induced damage.  Looking at current and expected engine and refinery processing technologies, is the cost saving from higher fuel economy more than the cost increase to provide higher octane?  If it is, we should get on with the job.  I suggest that a joint study be carried out by the two industries and the Department of Energy.  It should also include other petroleum products, like diesel fuel.

2. Use of more non-petroleum feed stocks (biomass, natural gas, tar sands, oil shale, heavy crude, coal, etc).  It will be critical that fuel quality is maintained.

3. Optimized use of ethanol.  Is it best used at 10%, 20%, ETBE, or E85?

4. Improved gasoline cleanliness additives that result in deposit-free engines.

5. National, and eventually worldwide gasoline standards.

Having one fuel standard greatly simplifies engine calibration.  Engine technology is similar around the world; why shouldn’t there be one fuel quality to satisfy the worldwide appetite?  The world’s fuel spec issuing organizations need to discard their pride of ownership, and develop a common standard.

6. Automatic refueling.

Customers would love to have this, especially during the winter in Michigan.  The technology is there to make it happen.

We also need to keep in mind the excellent work being done on advanced combustion systems, such as HCCI.  What are their fuel and lubricant needs?

Regarding engine oil, here are some challenges for you.

1. Better fuel economy engine oils.

2. Elimination of phosphorus to improve in-use catalyst performance.

3. Continued improvement of engine oil additives that help achieve deposit free engines and protect against wear.

4. 25,000-mile oil change intervals.

5. Worldwide engine oil quality standards.

6. Development of on-board engine oil condition monitors.

7. Eventually, fill-for-life crankcases.

As mentioned earlier, I’ve limited this presentation to gasoline engines.  Great progress also has been made with diesel engines and their fuels and lubricants.  Many diesel-related challenges remain, and they also deserve your attention. 

I have not said much about fuel cell vehicles using hydrogen, such as those shown below (source – General Motors).
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Major technological hurdles remain if they are to be the true long-term savior of the automobile.

Forty years from now, what would I like to see? 

Long-term thinking by political, industrial and regulatory leaders.  A politically sane and stabile world, free of terrorism.  Poverty and class differences greatly reduced.  A transition to sustainable fuels.  Great advancements in preserving our globe.  Peace.  

Yes, I am a dreamer.

Oops, I almost forgot.  What will owners manuals for SI engines say 40 years from now regarding fuel and engine oil?

They will not say much if my dreams come true.  For fuel, since all gasoline will meet high-quality national or international standards, they will say use that fuel.  For engine oil, since the crankcase will have been sealed at the factory, they will not have to say anything. 

Maybe I am a dreamer.  But, I have confidence in your and your successors’ abilities to make all of the needed things happen.  I’d love to be around 40 years from now to see what has happened, and to attend an SAE meeting and congratulate you and your successors for a great job!  

In closing, I’ll leave you with this quote, attributed to the actor Leslie Nielson.


“Doing nothing is hard to do.  You never know when you are done.”

I’m not worried about you guys and gals doing nothing.

Thanks, and now I’d be pleased to answer your questions. 
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