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 How wonderful it is to have a meeting like this:  scientists (teachers, re-
searchers, and students) from all corners of the state getting together at a central 
location, exchanging ideas, renewing friendships, and introducing students to 
the benefits of such a meeting.  Now I left from Yankton at 7:00 AM yesterday 
morning, traveled about 150 miles and arrived in time for a 10:00 AM meeting 
of the Executive Committee, and in plenty of time for the start of the Special 
Symposium on Energy Resources in South Dakota.  While traveling that dis-
tance I sometimes wonder what it must have been like to travel from Yankton to 
Fort Randall 150 years ago, or even 100 years ago.  I’m sure it took longer than 
three hours and was considerably more perilous.  Conversely, I seldom marvel 
at how wonderful automobiles and the highway system have become – because 
usually I take them for granted:  I can traverse 200 miles at 70 – 80 mph in 
three hours in temperature-controlled comfort with music and other creature 
comforts.  This has come to be the norm, it’s expected.  Also taken for granted is 
that when I arrive the facilities will be warm and dry (or cool and dry, depending 
on the season), with hot and cold running water, ample food supplies that can be 
quickly prepared, entertainment in my room, motor boats and other recreational 
facilities just a short stroll away.  This too has become the norm, it’s expected, in 
fact it’s demanded.  So that when I arrive after a three hour drive I can complain 
about the long journey and demand warm food and a hot shower.  
 I believe all of this was unimaginable slightly more than 100 years ago.  
Today I’d like to point out that all of this – this meeting, getting here quickly 
and easily, having warm comfortable accommodations, indeed the way of life we 
consider the norm, the lifestyle we have come to expect has been made possible 
by the ready availability of cheap oil (and natural gas), and that the era of cheap 
oil is coming to an end such that what was unimaginable 100 years ago may be-
come unimaginable 100 years in the future.  I’d also like to point out that as oil 
becomes increasingly scarce and expensive, the lifestyle that we consider to be the 
norm will have to undergo some difficult changes at a fundamental level, unless 
we can develop the alternatives – many of which were discussed at the sympo-
sium yesterday – in a relatively short period of time before oil becomes scarce 
and too expensive.  From a situation where getting from Yankton to Ft. Randall 
took a day or more, traversing that distance has become a two-hour trip; from 
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a society where (and some of the younger folks in the audience may think this 
gross and disgusting) family members lined up and took a weekly bath (whether 
you needed it or not) because producing that much hot water in a household 
was a major undertaking, we have gone to a situation where a daily shower is a 
required aspect of personal hygiene.  The question is whether or not this “quick-
trip, daily-shower lifestyle” can be maintained.
 I believe the urgency of the situation is under-appreciated.  This is an erudite 
crowd, so let’s have a brief demonstration through discussion. Let’s pretend that 
we know with 99% certainty that oil will be in very limited supply (completely 
unavailable) 20 years from now.  Turn to your neighbor and ask about their level 
of concern, and why?
(Pause).  Now I’ve asked a few people the same question, and based on that I 
would guess that few people here are really seriously concerned and the reason 
given is because “they” will come up with something else, an alternative, in the 
mean time.  However, the problem that is under-appreciated is that the develop-
ment and maintenance of the viable alternatives might require an underlying 
oil-economy, i.e that certain constructs made possible by cheap oil (and now 
considered to be the norm) may be necessary for the alternatives to be able to 
provide the energy to continue our lifestyle.
 So today I’d like to discuss the theory predicting the end of plentiful and 
cheap oil (and natural gas), the purported promise of several of the alternatives, 
the effects (both positive and negative) of the loss of cheap oil on South Dakota, 
and the potential role of SDAS in ameliorating the negative effects and accentu-
ating the positive effects.

 The end of cheap oil:  Hubbert’s Curve.  M. King Hubbert was a petro-
leum geologist who taught at Columbia University, worked for the USGS, and 
in the mid-50s while working as chief of research for Shell Oil developed math-
ematical models which predicted that the supply of oil produced in the United 
States would peak in 1969 and decline inexorably after that.  Peak U.S. produc-
tion occurred in 1971, and led to numerous problems, most notably the 1973 
oil embargo, and our subsequent dependence on oil from the Middle East.  Hub-
bert began to expand his models to consider the global supply of oil, which he 
predicted would peak in the year 2000.  Hubbert died in 1989, and subsequent 
tweaking of his model by Kenneth Deffeyes of Princeton, among others, put the 
global peak at sometime between 2000 and 2010 – in other words – about right 
now.  The meaning of the peak is sometimes unappreciated:  At peak it means 
that half of the Earth’s endowment of oil has been extracted and burned.  But 
here’s the kicker – the easily extracted (translation = inexpensive) half has been 
burned; the remainder is either in remote locations or in other ways is not readily 
accessible.  For example, the oil in northern Alaska (ANWR) has been repeat-
edly debated as an important source to exploit to benefit the US.  In the 1920s 
through the 1950s extracting oil from such a remote location would have been a 
ridiculous proposal.
 Now, in the big picture, some of the remaining oil will remain in the ground 
for economic reasons.  Large corporations do not like to lose money, do not 
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exist for long if they consistently lose money, and are perhaps the only entities 
with the technology and the resources to continue the business of extracting, 
refining, and distributing oil.  When the amount of energy required to extract a 
barrel of oil from the ground starts to equal the energy content of a barrel of oil, 
corporations would be engaged in an act of futility;  when the energy required 
for extraction exceeds the energy extracted they would be engaged in an act of 
foolishness (and corporate suicide). This index of energy-return compared to 
energy-invested will subsequently be referred to as Energy Return over Energy 
Invested (ER/EI).
 Based on Hubbert’s curve and the realities of capitalism, it appears that in 
the near future supplies of oil and natural gas will decline, and this will result in 
making them much more expensive.

Alternative energy sources.  Thus the need for alternative fuels.   One major 
problem is that none of the alternatives can match oil (and natural gas) in terms 
of the combination of power, versatility, and transportability.  Several of the 
alternatives can only be used to generate electricity – e.g. solar, wind, nuclear 
– and with no commercially viable electric automobile available (or even on the 
horizon) those alternatives can heat and cool our living spaces and power our 
lights, TVs, appliances, and computers, but they won’t help transport us.  Bio-
fuels will have to provide that power, but given how they are produced it would 
seem counter-productive (certainly counter-intuitive) to burn them to generate 
electricity.  Since no one alternative has the versatility of oil, it would seem that 
to maintain our lifestyle, many of them need to be developed simultaneously.
 However, all of the alternatives are currently feasible because they are built 
on a “platform” made possible by cheap oil.  Can the materials and energy need-
ed to manufacture wind turbines or solar panels be provided by electricity?  Can 
ethanol and biodiesel be used to maintain our roads?  Can lightweight plastics 
for vehicles and consumer goods be manufactured without oil?  95% of nitrogen 
fertilizers are manufactured using natural gas as the feedstock.  Can the crops to 
make ethanol and biodiesel be grown without fertilizers and oil-powered farm 
machinery?
 Perhaps.  Perhaps not. The point is that whereas a combination of the alter-
natives might be able to replace cheap oil and natural gas, to develop them and 
put them in place will require cheap oil and natural gas, and they are becoming 
less readily available and more expensive every day.  Thus, developing the alter-
natives requires that we as a society get the process started before it becomes too 
expensive to even contemplate.  In short, we are in trouble and if we want to 
avoid serious problems, we better get started with the change-over.  However, 
as noted earlier, most people do not appreciate the short window of time that is 
available to accomplish the change-over.  

How four selected alternative energy sources are either propped up by cheap 
oil, or cannot feasibly replace oil.            
 1) Ethanol – With ethanol, the bottom line is that the production of ethanol 
is highly dependent on the use of oil and natural gas.  Applying ER/EI may make 
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it a net energy loser unless systems for its production are modified to get away 
from using oil and natural gas to grow the crops.
 2)  Wind – can only generate electricity, so may not be capable of provid-
ing for transportation.  Must be situated in windy areas which will require oil-
powered heavy equipment for installation of the turbines and for installation of 
transmission lines.
 3) Solar –(active photovoltaics) can only generate electricity, so may not be 
capable of providing for transportation (at least not at the present scale).  Solar 
panels and storage batteries take much energy to produce, and have many plastic 
and metal components that may be difficult to obtain and manufacture without 
fossil fuels.
 -(passive) can be used to heat buildings if they are designed for it, but most 
buildings have been built with designs that assume cheap oil and natural gas, so 
do not attempt to capitalize on passive solar heating, and would be difficult to 
restructure to do so.
 4)  Hydrogen – repeatedly I have heard politicians advocate the development 
of a “hydrogen economy” and how this will rescue us from our oil addiction and 
allow us to maintain our lifestyle.  Somehow these “hydrogen economy” advo-
cates think we can switch over directly from a fossil fuel economy to a hydrogen 
economy in the blink of an eye, but it ain’t gonna happen that fast and perhaps 
never.  (And I think the hydrogen economy advocates either never took a chem-
istry course or forgot what the periodic table looks like). 
 A hydrogen economy involves fuel cells, a proven technology in which hy-
drogen is combined with oxygen to provide an electric current which then does 
useful work.  It is attractive from an environmental point-of-view because the 
by-product is water.  Fuel cells could power automobiles.  However, although 
hydrogen is the most abundant element in the universe (at least nearby) it is not 
so readily available in pure form.  For automobiles, most proposals are to strip 
the hydrogen off of hydrocarbons, so we’re back to the problem of the depletion 
of oil and natural gas (and pollution).  
 It also takes more energy to manufacture the pure hydrogen than the hy-
drogen can produce in a fuel cell.  Another way to get hydrogen is from water 
by running an electric current through the H20 to split the hydrogens from the 
oxygen and then collect them separately.  The electricity would have to come 
from another source (perhaps wind, hydroelectric, or nuclear) but the process of 
freeing hydrogen from another compound is an energy loser:  the average ER/EI 
is about 1:1.4, so what’s the point.
 Hydrogen presents other problems related to its storage and distribution, 
and these problems are a direct outcome of its chemistry.  Molecular hydrogen is 
a very small molecule, especially compared to methane (natural gas) or gasoline.  
Thus it is very light and very difficult to contain.  It is also highly corrosive, as it 
likes to combine with most other elements or molecules.  Storage tanks, valves, 
and seals would have to be engineered with these characteristics in mind or they 
would quickly become leaky.  In any event, the existing oil or natural gas pipeline 
cannot simply be switched over to carrying hydrogen – i.e. if fuel cell powered 
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automobiles are going to be the wave of the future, a separate, parallel hydrogen 
distribution system will have to be built (and I don’t see that happening).
 Also because hydrogen is so light, in order to provide enough of it to power 
an automobile over any distance it would have to be compressed.  Compared 
to fuels that are liquids at air temperature like gasoline, transfer of compressed 
gases from one container to another is much trickier.  Hydrogen-air mixtures 
are flammable and the heat of compressed hydrogen escaping may be enough to 
cause spontaneous combustion.
 Moreover, the logistics of providing hydrogen to conveniently located refuel-
ing stations (“gas stations”) by truck would be daunting at best.  Gasoline is fairly 
easily and safely distributed by unpressurized trucks.  A loaded gasoline tanker 
can deliver about 25 tons of gasoline at a time, which is transferred to under-
ground  storage tanks by gravity.  A comparably-sized hydrogen delivery tanker 
truck would only be able to carry about half a ton of hydrogen, in a high pressure 
tank.  The energy consumption by the truck would be greater than the payload 
energy at anything more than a short distance.  Also, to deliver the equivalent 
of a gasoline tanker (a day’s supply) would require about 25 hydrogen tankers to 
fuel the same number of automobiles.
 Thus, a hydrogen powered vehicle system is not going to replace gasoline-
powered vehicles for chemical and logistical reasons.  This is an illusion that will 
probably never become a reality.  In talking about this to Dr. Patzek after his talk 
last night,  he agreed that the advocacy of a hydrogen economy is an indication 
of how delusional we have become about being able to replace oil.
 Thus in review:  a hydrogen economy is an illusion, the other alternatives 
are viable only on the current platform of cheap oil, and the era of cheap oil is 
coming to an end.  This means that we have a short time-window to build up 
the alternatives before oil becomes prohibitively expensive.
 I think, rather I hope, that the various electricity-generating alternatives 
– some combination of wind power, hydroelectric, and (dare I say it) nuclear 
power – will be able to meet our needs for electricity, and thereby (hopefully) 
meet the heating, cooling, and appliance needs of hundreds of millions of homes, 
office buildings, and commercial establishments (not to mention educational in-
stitutions) in this country.  But we need to get it started.
 Meeting our transportation needs is another story.  Biofuels seem to be the 
best answer, but currently, they too are heavily propped up by oil.   It just might 
be that the end of cheap oil spells the end of America’s love affair with the auto-
mobile.

How will South Dakota fare at the end of the era of cheap oil?
 Yesterday I learned that in wet years, South Dakota is already an energy 
exporter.  It certainly may be possible, given our small population and the great, 
largely untapped potential for wind generators and the presence of hydroelec-
tric facilities, that South Dakota could become an exporter of electricity to the 
surrounding, more populous states in all years.  But we need to get wind farms 
constructed (soon!) and the dams unsilted (soon!).
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 However, I have my doubts that South Dakota can become a net energy 
exporter in the arena of biofuels.  That is, South Dakota may be able to export 
some liquid fuels, but if they continue to be produced in the same way that they 
are currently produced, a bottom-line energy balance sheet, I’m afraid, would 
indicate a net energy loss.  But what other alternative is there if we wish to keep 
motoring about?  Perhaps if we could convert all of our vehicles, not just auto-
mobiles but also trucks and tractors and highway equipment to be able to run 
on biofuels so that we can get to the point where we can grow the crops needed 
to produce biofuels without using fossil fuels, then South Dakota would become 
a net exporter of biofuel energy.

The role of SDAS in enhancing the production of energy in South Dakota.
 The South Dakota Academy of Science is in an excellent position to advocate 
a sensible but rapid change-over to alternative fuels.  It is made up of scientists 
from all institutions of higher education in the state, most of whom are involved 
in teaching or research or (typically) both.  (As the nature of scientists is to be 
skeptical, I trust that you won’t simply accept what I have presented here, but 
will check on the evidence and the arguments –pro and con – for yourselves, 
as one of my ulterior motives is to start a discussion on these issues among the 
SDAS membership).  SDAS also has strong contacts among K-12 educators.  
The SDAS membership has to educate their students, and the public at large, 
that the end of cheap oil is upon us and that – like it or not – things are going 
to change.  By being proactive we can perhaps shape the change to our benefit.  
However, being reactive will make it so the change shapes our lifestyle for a long 
time to come.
 The other area where the SDAS can play a pivotal role is in bringing together 
biologists, chemists, agronomists, genetic engineers, chemical engineers, and fuel 
specialists to optimize the production of dedicated energy crops, distinct from 
food crops.  Increasing the biomass yield, but more importantly, the energy yield 
of corn and soybeans and other potential energy crops destined for ethanol and 
biodiesel production would be one goal, and should be attainable with a combi-
nation of modern breeding techniques and transgenic techniques coupled with 
a willingness to modify the processing to improve fuel production.  Another 
overall goal would be to shift production towards a self-sustaining system able 
to function with no input at all from fossil fuels.  The benefits to the people of 
South Dakota of such developments would be manifest.
 Recall that last November, in East River, a major ice-storm and blizzard 
cut power to thousands of people, making some areas of the state temporarily 
uninhabitable.  The severity of that storm, and the damage it incurred were not 
anticipated.  Likewise, the end of cheap oil has the potential to cut power to 
many areas of the state and to make those areas uninhabitable.  However, the 
damage potentially incurred by the loss of cheap oil can be anticipated, and we 
would be doing a disservice to the State of South Dakota if we were NOT to 
make an effort to minimize the damage and possibly, with foresight and plan-
ning, to benefit.
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