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Chapter 1: What Is Peak Oil? 

In this chapter, we discuss some of the basic issues relating to peak oil and the expected 
worldwide decline in oil production. 

1. What is peak oil? 

“Peak oil” is the term used to describe the situation when the amount of oil that can be 
extracted from the earth in a given year begins to decline because geological limitations 
are reached. Extracting oil becomes more and more difficult, so that costs escalate and 
the amount of oil produced begins to decline. The term peak oil is generally used to 
describe a decline in worldwide production, but a similar phenomenon exists for 
individual countries and other smaller areas. 

2. Why would oil production begin to decline? Can’t we extract oil as fast as we 
want, until it finally runs out, many years from now? 

What happens isn’t quite as simple as “running out”. Oil production in an oil field usually 
starts at a low level and increases as more oil wells are added. Eventually some of the 
older wells start producing more and more water mixed with the oil, and pressure 
declines. Oil companies do what they can to maintain production — drill new wells 
nearby, inject gas or water to maintain pressure, and apply other newer production 
techniques. Eventually, the proportion of oil in the oil/water mix becomes very low and 
the cost of extraction becomes very high. When it costs more to produce the oil than the 
oil is worth, production is abandoned. 

On a worldwide basis, the phenomenon of peak oil can be thought of as a crisis in 
resources needed to produce oil. It’s the size of the tap, not the size of the tank. As we 
deplete the large, easy-to-produce fields and move to ever-more-difficult fields, it takes 
more and more drilling rigs, more petroleum engineers, and more investment dollars. 
Eventually we reach a point where we are out of equipment, out of trained personnel, and 
the investment cost for expanding production becomes prohibitive. When production 
begins to drop because of all of these pressures, we reach “peak oil”. 

3. Aren’t we continuing to discover more and more oil every year? 

We are continuing to discover oil, but the quantity of oil discovered is lower now than it 
was 50 years ago, and much lower than the amount of oil we are now using. A graph of 
oil discoveries by ten year periods is as shown below: 
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We often read in the news about finding new fields, but these fields tend to be smaller 
and harder to reach than those discovered in the past. We are now so concerned about 
finding oil that even small discoveries are reported as news. 

4. Do we have any historical reason to expect that oil production will begin to 
decline at some point? 

When we look at oil production in a given area, production tends to rise until 
approximately 50% of the oil that will eventually be extracted is gone, and then begins to 
decline. For example, Figure 1 shows oil production of the 48 states of the United States, 
of Alaska, and of the North Sea. Production in all these areas increases for a time, and 
then begins to decrease. 
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We have now reached the point where oil production is declining, apparently for 
geological reasons, in the majority of oil-producing countries. It is logical to expect that 
world oil production will eventually begin to decline. 

5. What does world oil production look like? 

Figure 3 shows recent world oil production, plus a rough estimate of future demand for 
oil. The future demand line assumes prices equivalent to those in early 2005 ($50 dollars 
a barrel for West Texas Intermediate) and an adequate supply of oil. This price level was 
chosen because it represents the price before the recent stall in production and the 
resulting escalation in petroleum costs. It also reflects the fact that there are many 
current reports of oil shortages around the world. 
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On this graph, a person can see that world oil production was rising fairly steadily, but 
recently has “stalled out”. Based on data of the United States Energy Information 
Administration  (EIA), oil production for the 2005 to 2007 period is level or drifting 
slightly downward. 

Because of this “stalled out” condition, there is a growing gap between what the world 
would like for petroleum production and what is actually being produced. At this point, 
the countries that are suffering a shortfall because the current price is too expensive are 
mostly third world countries from Africa and Asia. The International Energy Agency 
(IEA) in June 2007 expressed concern that oil production is not high enough, and 
wanted Organization of Petroleum Exporting Countries (OPEC) to produce more. 

6. Can OPEC raise its production of petroleum? 

Many people suspect that the answer to this question may be no. Some publications 
report that Saudi Arabia is having production difficulties, as are several other OPEC 
countries (Kuwait, Iran, Nigeria and Venezuela). Saudi Arabia does not admit to any 
production problems. EIA data indicates declining oil production for Saudi Arabia, even 
before OPEC production cuts were announced in the fall of 2006. 

It is likely that we will learn the truth about OPEC’s ability to raise production this 
winter. OPEC has its next planned meeting in September. Unless something very unusual 
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happens, there will be a need for significantly higher oil production. OPEC’s actions at 
that time will tell what the real situation is. 

7. Doesn’t OPEC report very large oil reserves? It seems like those high reserves 
would assure us that OPEC can increase its production at will. 

No, the high reserves aren’t all that helpful. First, there are serious doubts about the 
accuracy of OPEC’s oil reserves. The reserves are not audited numbers. Analyses such as 
this one suggest that the reserves are likely overstated. 

Second, even if OPEC reserves are accurate, the reserves tell us nothing about the flow 
rate. If the reserves include much very viscous oil, or if there are other production 
difficulties, it may take years to produce a relatively small flow of oil. 

One important piece of detective work regarding Saudi oil reserves was done a couple of 
years ago. Matthew Simmons analyzed published scientific papers relating to Saudi oil 
wells and determined that Saudi wells were reaching a serious state of depletion. He 
documented his findings in the book Twilight in the Desert. This book is now available 
in paperback, and has been translated into German and Chinese. 

8. What is the pattern of world oil production in the next few years expected to look 
like? 

We can’t know for certain, but Figure 4 shows three possible oil production scenarios as 
dotted lines. 
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If OPEC production is now falling, it is likely that we are at “peak oil” now, because 
production for the rest of the world is flat. If we are at peak oil, we might expect future 
oil production to follow a pattern similar to Scenario 3 (the lowest dotted line, with 
production falling immediately) or possibly Scenario 2 (the middle dotted line, with 
production falling after a plateau). Several respected energy industry insiders, including 
Matthew Simmons, energy investment banker and author of Twilight in the Desert, and 
Samsam Bakhtiari, retired Iranian oil executive, believe that we are at peak oil now. 

Scenario 1 (the top dotted line) shows a scenario in which peak oil is still a few years 
away. Some scientists believe that this is a more likely scenario. The Newsletter of the 
Association for the Study of Peak Oil and Gas forecasts peak oil in 2011, four years from 
now. The PhD thesis of Fredrik Robelius showed that peak oil is expected to occur 
between 2008 and 2018. Chris Skrebowski, author of the Megaprojects analysis 
forecasts a worldwide peak in 2011/2012. 

9. When was peak oil first predicted? 

M. King Hubbert, in 1956, first predicted that US oil production for the 48 states would 
peak in 1970. This prediction turned out to be correct, to everyone’s surprise. He also 
predicted a worldwide peak around 2000. 
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10. Will alternative energy sources be able to make up for the shortfall in petroleum 
production? 

At this point, it seems unlikely that they will make up the shortfall. 

On Figure 4, the gap that needs to be filled is the gap between future demand (the top 
line) and actual future production (something in the vicinity of the dotted lines). Clearly, 
the sooner oil production begins to drop and the steeper the decline, the bigger the gap 
that needs to be filled. Even if oil production stays level, there can be a gap because 
demand continues to increase. 

At this point, there does not seem to be any “silver bullet” for replacing lost oil 
production. Oil is unique in its abundance, its high energy density, and its portability. 
There do appear to be a number of approaches that may solve small parts of the problem, 
however. These include: 

• ethanol from corn, 

• ethanol from sugar (generally imported), 

• biodiesel, 

• cellulosic ethanol from biomass, and 

• coal-to-liquid. 

None of these appears to be able to replace more than a small fraction of the oil we use, 
especially in a short timeframe. In addition, there are other drawbacks — cost, 
environmental damage, and for coal-to-liquid, climate change issues. Indirect approaches 
to circumventing the shortage, like using battery operated cars, may be part of the picture 
as well. If these are used, they will probably need to be phased in slowly, as existing cars 
are retired. It is likely that conservation will need to be part of the mix. 
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Chapter 2: Is This a False Alarm? 

As we look at the answers to these questions, we will see that the production decline 
discussed in Chapter 1: What Is Peak Oil? Appears to be nearly immediate. Available 
methods for offsetting this decline appear to be too little, too late. This time the alarm is 
real. 

1. It seems like people thought we were running out of oil in the 1970s, and then 
all of our problems went away. Why is the situation different now? 

Let’s look again at the graph of oil production for the US-48 states, Alaska, and the North 
Sea: 

 

When US oil production began decreasing about 1970, there were still several sources of 
oil that could be ramped up: 

• Saudi oil production could be increased, in a very short time frame. 

• Alaskan production could be ramped up, once the pipeline was finished. 
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• North Sea production could be started. 

Now we have reached the point where both Alaskan and North Sea production are 
declining. Saudi production also is declining, and there is suspicion that this is for 
geological reasons as well. 

Discoveries in recent years have been mostly small fields or have been in places where 
oil is very difficult to obtain. In either of these situations, huge expense is required for 
very modest payback. We are running out of reasonable places to drill more wells. 

2. What is the situation with current world oil production? Are major oil-producing 
regions having problems with production? 

Six out of seven of the major oil producing areas are either reporting declining 
production, or have reported problems that are expected to lead to declining production in 
the near future. These six areas account for nearly half of world oil production. There are 
many other smaller areas with declining production as well. Thus, it appears that peak oil 
is very near at hand, and that large production increases from new sources will be needed 
in the next one to four years to prevent peak oil. 

Based on data of the US Energy Information Administration, the largest oil producing 
countries / areas in 2006 were 

• Russia — Increasing production, but future problems expected (9,247,000 barrels per 
day) 

• Saudi Arabia — Declining production (9,152,000) 
• United States – Long-term declining production (5,136,000) 

• Iran — Declining production (4,028,000) 
• China — Slight increase in production (3,686,000) 

• Mexico — Largest oil field peaked in 2006 (3,256,000) 
• North Sea (Norway, Great Britain) — Declining production (4,343,000) 

Saudi Arabia used to be the world’s largest oil producer, but its production has been 
declining since late 2005, so it is now second to Russia. Its production decline is 
supposedly voluntary, but analyses such as this one and this one suggest that there is a 
geological basis to its decline. 

Russia is now the world’s largest oil producer. The fact that its production has been 
increasing is one of the reasons we are not yet in deep decline. Russia’s Alfa Bank is now 
warning that “production stagnation is unavoidable” reflecting “a higher proportion of 
water in the declining output”, so it appears that this source of increase will be 
disappearing soon. 
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Mexico’s production is now declining because of the decline in its largest field, Cantarell. 
The one country not included as having production problems is China. Even this 
classification is borderline. Oil production in China for the first three months of 2007 
increased by only 0.3% over the corresponding period a year ago—hardly enough to 
matter. 

With six of the seven major oil-producing areas having production issues of one type or 
another, a huge amount of oil from new sources is needed very quickly if worldwide 
production is to continue to increase. This oil is needed in a short timeframe — the next 
one to four years. Production later will help mitigate the decline in production but is 
unlikely to prevent peak oil. 

3. If we really want more oil, can’t we just increase production in the areas where 
we have been drilling? I’ve heard that there is still quite a bit of oil left in the 
ground when we finish drilling. 

Yes, there is still quite a of bit oil left in the ground — generally at least 50%, and 
sometimes as much as 90%, of the oil originally in place. But wanting to get more oil out 
doesn’t seem to have a big impact. This is a graph from a report prepared for the US 
Department of Energy by Robert Hirsch, Roger Bezdek, and Robert Wendling in 2005. It 
shows that US energy oil production in the lower 48 states continued to decline between 
1970 and 2004, regardless of external events. 
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4. Won’t higher prices result in greater production? 

This is another graph from the report mentioned above by Hirsch, Bezdek, and Wendling. 

 

This graph seems to indicate that for US-48, price changes have had very little impact on 
oil production. 

Also, if we look at world oil production in Chapter 1, Figure 3, we see that volumes have 
been approximately flat over the past two years, even though prices have been in the $60 
to $75 per barrel range — very high by historical standards. With these high prices, 
OPEC has not offered to raise production and, in fact, reduced production targets 
effective November 2006. 

5. Won’t better technology solve our problems? 

Given where we are today, it seems unlikely that technology will prevent peak oil. It may 
help mitigate the down-slope after peak. Some considerations in saying this: 

• Technological changes seem to have had relatively little impact on US 48 states 
production, as shown in the graph in Q4 above. 

• Liquid fuel substitutes for oil all have challenges of their own. All are expensive using 
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today’s technologies and are expected to be slow to scale up. Biofuels tend to be very 
land intensive; coal to liquid has serious climate change issues. 

• Technological advances are having some benefit (for example, deepwater drilling), and 
this is reflected in the numbers we are seeing. We need much, much more, however. 

• If a major technological advance is made, such as inventing a way to extract 
significantly more of the oil that has been left behind, it will almost certainly take several 
years to produce the new equipment to implement the solution widely. Because of the 
likely timing of peak oil, such a new solution is much more likely to affect the down-
slope after peak, than to prevent it. If the technological advance is significant enough, it is 
possible that it will permit oil production to increase again at some point in the future. 

6. How about the Canadian oil sands? I’ve heard that production may triple by 
2020. 

While we hear a lot about the oil sands, the amount of oil they produce is not all that 
large. In 1997, oil sands accounted for 0.8% of world production. By 2005, production 
had grown to just under 1 million barrels per day, or 1.2% of world production. Even if 
production tripled, it would still be small compared to what is needed. 

One factor impeding growth is the fact that current production methods require large 
amounts of natural gas, and this is in short supply. One idea under consideration is to 
build nuclear plants — eight would be required if production were to scale up to 4 million 
barrels a day. Given the time and expense of building nuclear plants, development is 
likely to take several years. 

7. How about oil shale in the western United States? I have heard that there is a 
huge amount of this available. 

Extraction of oil shale appears to be a very slow and expensive process. The methods 
under consideration require large amounts of energy plus a lot of water. In the West, the 
shortage of water is likely to be a major issue, even if the required energy can be obtained 
by building nuclear power plants, or by some other approach. At this point, no one is able 
to produce oil from oil shale in commercial quantities. It seems likely that it will take 
many years before even the level of production of the Canadian oil sands can be 
achieved. 

8. How about the Jack 2 field? Newspaper articles in September 2006 seemed to say 
it would solve a lot of our problems. 

The Jack 2 field is located in a very difficult-to-service location, five miles below the 
surface of the Gulf of Mexico and 175 miles from the Louisiana coast. It represents, at 
best, a small contribution to the oil needed to prevent a decline in world production. 
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Newspaper production estimates of 3 billion to 15 billion barrels are for the whole region 
(rather than just Jack 2) and include natural gas as well as oil. If the estimated 3 to 15 
billion barrels is actually oil, rather than mostly natural gas, it corresponds to 5 months to 
2 years’ oil usage by the US. 

It is not yet clear that production will be economically feasible — more appraisal wells 
are needed, and new equipment will need to be designed and built to handle oil in such a 
deepwater location. If production is possible, it will almost certainly come too late to 
prevent peak oil. The cost of oil from such a location will also be extremely high, 
considering the cost of all the special equipment and the cost of insurance against 
hurricane damage in such a vulnerable location. 

9. How about drilling in the Arctic National Wildlife Refuge (ANWR) in Alaska? 

According to Wikipedia, the US Department of Interior under Gale Norton estimated 
that ANWR contained 10.4 billion barrels of oil, and that the maximum production from 
ANWR would be 1.4 million barrels a day. The US currently uses about 7.5 billion 
barrels of oil a year, so ANWR represents the equivalent of 17 months oil usage by the 
United States. The actual production would be spread out over a long period — at least 
ten years, but not starting until several years after work is begun. Maximum production of 
1.4 million barrels would equate to about 7% of current US oil usage (or about 1.4% of 
world oil production). 

Thus ANWR’s contribution is likely to be small and come after peak has arrived. 

10. How about drilling on the outer continental shelf around the United States? I 
understand that there is supposed to be quite a lot of oil there. 

Based on this article from TheOilDrum.com, the Outer Continental Shelf (OCS) seems 
unlikely to contribute much oil for many years, because of the long lead times required in 
deep water locations. Special equipment will be needed, which will need to be designed 
and built. Thus, nearly all production is likely to occur after peak oil arrives. 

The amount of oil available on the OCS is very uncertain. The current estimated amount 
of 115 billion barrels is the equivalent of about 15 years of US oil usage, or a little less 
than 4 years of world oil usage. It is not clear how much of this can be economically 
produced — production is expected to be very expensive. In some areas, ice cover for 
part of the year is expected to be a problem. 

11. Aren’t there quite a number of countries whose production is declining, simply 
because they are not investing in sufficient infrastructure and don’t have modern 
techniques — for example, Iraq, Iran, Venezuela, and Mexico. If the US could help 
these countries with our techniques, wouldn’t our oil problems be solved? 
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This would be great, but it is questionable whether it would work: 

• The basic issue of peak oil is the fact that large oil fields that need minimal 
infrastructure are mostly tapped out. The remaining fields are less desirable for a number 
of reasons — they are very small, are located in deep water or near the arctic, or involve 
very viscous oil or oil mixed with poisonous chemicals. 

• In order to tap these remaining fields, a huge amount of infrastructure is needed. This 
will be very, very expensive. 

• One of the major types of infrastructure needed is drilling rigs. Based on a presentation 
of Matthew Simmons, the supply of these is limited. Also, many of these are very old, 
and appear to be near the end of their working lives. 

• US oil companies are very small in size compared to the National Oil Companies that 
are having difficulty developing the fields in question. With the lack of rigs, and the huge 
investment likely to be required, it is doubtful that our oil companies could do much to 
help these countries with lagging production, if they wanted. Furthermore, the petroleum 
engineers that would be needed to oversee such operations are also in very short supply. 

• It is doubtful whether these countries would welcome our expertise. As a major 
purchaser of oil, it would seem to be in our best interest to abide by their preferences. 
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Chapter 3: What’s Ahead? 

A number of analysts are saying that peak oil is here now (see Chapter 1, Question 8.) 
Suppose they are correct — what kind of changes can we expect to see in the years 
ahead? 

In this chapter, we will look at the implications of peak oil now — how we can expect oil 
production to change between now and 2030, and how this decline in production is likely 
to affect the economy. While there are many who believe that peak oil is still a few years 
away (the newsletter of the Association for the Study of Peak Oil and Gas of Ireland 
predicts a peak in 2011, for example), this analysis will assume that the peak year is 
2006, with the decline starting in 2007. If this assumption turns out to be a little early, the 
worst that will happen is that we will be a little ahead in our planning. 

1. If peak is now, how much of a decline in world oil production can be 
expected in the next few years? 

Figure 1 shows historical world oil production, together with two projections of what the 
future will bring: 
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The first of the projections we call the “symmetric” projection. It simply assumes that oil 
production will decrease in the future in a manner similar to the way that it increased in 
the past. This method assumes that 2006 is the peak year; 2007 production will be equal 
to 2005 production; 2008 production will be equal to 2004; and so on. Thus, the future is 
expected to be a mirror image of the past. 

The second projection is what we call the “analyst average” method. Here, we average 
five projections assuming peak in the 2005 to 2007 period — two made by Ace, one 
made by Bakhtiari, and two made by Robelius. We have adjusted all of the projections to 
a “total liquids” basis for this comparison (that is, including ethanol and other liquid fuels 
that are similar to oil), so that they are comparable to each other and to the historical data. 

Figure 1 shows that the projection methods produce fairly similar results. Both methods 
show production declining fairly rapidly: 

• At 2010 — Symmetric: Minus 9%; Analysts Average: Minus 1%  

• At 2020 — Symmetric: Minus 21%; Analysts Average: Minus 23%  

• At 2030 — Symmetric: Minus 31%; Analysts Average; Minus 42% 

2. How likely is it that future production will follow a pattern similar to Figure 1? 

The forecasts shown are only rough approximations. Actual production could be higher, 
especially if there is a major technology breakthrough. Such breakthroughs take a long 
time to widely implement —an average of 16 years, according to a recent report by the 
National Petroleum Council—so the benefit occurs fairly slowly. Another possibility for 
increased production is an increase in an alternative fuel, such as coal-to-liquid. Such an 
increase might make the decline somewhat less steep. 

There is also a significant risk that future production will be lower than indicated. Social 
unrest can be a problem in countries with declining production, leading to pipeline 
attacks. Oil fields may not be developed because their owners lack the necessary funds 
for investment or the technology required to develop the fields. Some countries may 
choose to limit production, so as to save oil for later. Also, there is some evidence that 
newer technology may keep production in a field high until close to the end, then 
suddenly drop off. If this phenomenon is not adequately reflected in the projections, the 
estimates of future production may prove to be too high. 

3. It seems like it is really the amount of oil per person that makes a difference. 
What kind of change in oil production is expected on a per capita basis? 

The number of people in the world has been rising at between 1% and 2% per year. A 
graph of historical and expected future world population based on US Census Department 
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estimates is shown in Figure 2. 

 

If we use the information in Figures 1 and 2 to calculate oil production per person, the 
result is as shown in Figure 3. 
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On a per capita basis, the amount of oil produced has been approximately level, at about 
4.6 barrels per person, between 1982 and 2006. The forecasts show that the amount of oil 
per person is expected to decrease to approximately 2.0 to 2.5 barrels per person, by 
2030. 

4. Does a decrease in per capita oil production really make much difference? I have 
heard oil represents only a tiny fraction of world revenue. 

There is a surprisingly close relationship between the amount of oil consumed and a 
country’s standard of living. Figure 4 shows a comparison of current per capita oil 
consumption, for selected countries. 
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Of the countries shown, the United States has the highest consumption, at approximately 
25 barrels per person per year. (A barrel is 42 gallons, so 25 barrels a year is 1,050 
gallons, or 2.9 gallons per day). Canada is close behind, with about 24 barrels. Germany 
and the United Kingdom are at a level roughly half of that of the United States, partly 
because they use more public transportation and partly because they drive smaller cars. 
Mexico and Russia both have per capita consumption of about 7. Note that this is still 
above the worldwide average per capita consumption of 4.6, from Figure 3. China and 
India have the lowest per capita consumption of the countries shown — approximately 2 
barrels a year for China and 1 barrel a year for India. 

Based on this comparison, there is a huge difference among countries in the amount of oil 
used. Figure 4 also shows a breakdown of US oil between US-produced and imported. If 
we consider only US-produced oil, oil production of the United States is about 10 barrels 
per person per year — close to the level currently used by Germany and the United 
Kingdom. 

5. If world oil production decreases as shown in Figures 1 and 3, what impact will 
this have on the amount of oil the US consumes? 

The US currently imports about 60% of its oil supply. The big question with respect to 
future US oil supply is how much oil we will continue to import in the future, when 
world supply begins to decline. Figure 5 shows one possible outcome, on a per capita 
basis. 
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On Figure 5, we show a a hypothetical situation in which US oil imports drop about 10% 
by 2010, then drop to about half of the current level by 2020 and disappear all together by 
2030. These estimates are not much more than guesses. There are a lot of uncertainties 
about future imports: 

• Will a free market in oil continue the way it does today, when demand is much greater 
than supply? 

• Will oil-producing nations keep a disproportionate share of the oil for themselves and 
their allies? 

• Will the US insist on importing enough oil to fuel its SUVs, when some people are 
literally starving to death, because their country cannot afford oil for tractors and power 
plants? 

We show a worst case scenario for 2030, with imports disappearing entirely. (If imports 
continue, oil availability in 2030 is likely to be higher). If imports disappear, a rough 
estimate is that US oil production will be about 5 barrels per person per year in 2030—a 
little lower than the current level of 7 for Mexico and Russia. Efficiency advances and 
other mitigation efforts will presumably provide some benefit, so that the standard of 
living might be similar to, or somewhat higher than, the standard of living of Mexico and 
Russia today. The 5 barrels per person per year in 2030 is approximately equal to the 
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US’s oil consumption in 1920 — a very different world than today. 

6. Is the decline in availability of oil the only problem the world is likely to face in 
the years ahead? 

No. With all of the years of growth in population and economies, we are reaching limits 
in many respects. 

• Climate change As the result of man’s activities, and in particular the growing use of 
fossil fuels, the world temperature is rising. Many are now saying that the use of fossil 
fuel should be limited — particularly coal. In North America, coal is often thought of as a 
possible substitute for oil, because it is in reasonably good supply and the technology for 
coal-to-liquids exists. Climate change issues make this substitution more questionable. 

• Metal shortages Quite a number of metals are now in increasingly short supply — 
including copper, platinum, and uranium. Some have suggested that uranium shortages 
may limit nuclear expansion capabilities, but this is disputed by others. 

• North American natural gas A shortage of natural gas in North America starting in a 
few years appears to be a significant possibility. Natural gas from conventional sources 
is in increasingly short supply. Gas from shale, which is a major “unconventional” 
source, is looking increasingly non-economic. Liquefied natural gas (LNG) from 
overseas is sometimes thought to be a substitute, but a lack of investment in overseas 
facilities to process LNG is likely to limit its availability. 

• World food supply and fresh water World food supply is under increasing pressure 
from competition from biofuels, shortages of fresh water for irrigation, crop failures 
due to climate change, increasing soil degradation and growing world population. 
Inadequate fresh water is a serious issue in its own right. 

7. What are the immediate impacts of an oil shortage expected to be? 

As one might expect, an oil shortage is likely to result in higher prices of goods that 
contain oil or use oil in their processing. Gasoline, diesel fuel, and residential heating fuel 
will of course be higher priced. Food will also be higher priced, because a considerable 
amount of oil is used in growing the food, processing it, and transporting it to market. 
Other types of energy are likely to rise in cost as well, as people shift to alternative fuels. 
The inflation rate is likely to rise. 

While it is not as obvious, It is also likely that there will be actual “outages” of some oil-
related products. Gasoline stations may be without gasoline in some areas, particularly 
when a nearby refinery is temporarily not available because of a storm or unplanned 
maintenance. Residential heating oil may be difficult to find in some locations. Asphalt 
may not be available for paving roads. We are already starting to see a few situations like 
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these, because supplies are stretched tight. 

If gasoline or another product is temporarily unavailable, there are likely to be indirect 
impacts as well. Schools may close because diesel is unavailable for buses, and factories 
may close for lack of a particular part. Liebig’s Law of the Minimum says that a process 
is limited by its least available resource. If oil is not available, even temporarily, 
economic activity can be seriously impacted. 

Some areas that are likely to first feel the impacts of oil shortages are 

• Commercial airline flights — Cost of fuel and higher debt costs will be a problem • 
Food imported by air — Demand will decline because of much-higher cost • SUV 
manufacturers — Demand for large cars will decline precipitously • Third world 
countries — These countries are already being priced out of the oil market 

8. What is the impact of oil shortages on the financial markets likely to be? 

Strange as it may seem, some of the biggest and most immediate impacts of oil shortages 
are likely to affect financial markets: 

• End of the growth paradigm. Economic markets now expect continued growth and 
expansion. With declining supplies of oil and other necessary resources, this expectation 
will need to change to a steady state, or even to a planned decline. 

• Declining credit availability. Debt is provided with the expectation that an individual’s 
or organization’s income will grow, or at least stay level in the years ahead. If this 
assumption no longer holds, a shift from the very loose credit standards seen in recent 
years to extremely tight credit seems likely. A recession or depression is likely to ensue. 

• Declining stock prices. The value of stocks reflects the expected future earnings of the 
company. If these earnings are expected to stop growing, and perhaps shrink, the value of 
the stock can be expected to decline. 

• Deflation and/or Inflation. A reduced supply of oil may lead to inflation, as existing 
monetary supplies “chase” fewer and fewer goods. Also, countries may adjust monetary 
policies to encourage inflation, if it becomes too difficult to pay off debt in a declining 
economy. There may also be huge deflationary pressures, as the value of stocks and other 
investments decline, debt becomes less available, and the economy shrinks. 

• Reduced interest in insurance and other financial products. Volatility in monetary 
supply, declining values of stocks, and problems with the debt markets will all make 
insurance and other financial products less attractive. 

• Declining globalization Declining living standards in third world countries, declining 
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availability of commercial airline flights, increasing cost of global transportation, and 
increasing volatility of currencies are all likely to act to reduce globalization. 

9. What types of jobs are likely to see growth in the years ahead? 

• Small businesses, selling goods close to the customer. 

• Recycling of all kinds, including clothing and parts from no-longer-wanted buildings. 

• Remodeling homes to make them more energy efficient and to accommodate more 
people in the same space. 

• Food production will require more workers than the few farmers we have today. Some 
may be more like gardeners. 

• Energy related jobs — As energy becomes more and more difficult to obtain, a larger 
and larger share of workers will need to work in this field. 

• Scientist and engineers — Needed to develop more energy-efficient approaches. In 
agriculture, to develop approaches requiring less energy and less fertilizer, pesticides, and 
herbicides. In manufacturing, to design factories in this country, to replace factories 
making goods which can no longer be imported from oversees. 

• Manual laborers — As energy becomes more and more expensive, manual labor 
becomes a more attractive alternative. 

10. What are some of the challenges in the years ahead expected to be? 

• How do we adapt the transportation system to the new lower supply? Increased fuel 
efficiency standards for vehicles are unlikely to be enough by themselves. What else can 
be done without excessive cost—car pooling? Bicycles for short trips? Expansion of 
public transportation programs? More use of distance learning and work-at-home 
programs? Does it make sense to plan for battery operated vehicles? 

• How do we plan for a declining economy? Companies will not want to build a factory, 
if they know that it will need to be abandoned in ten years for lack of fuel. Oil companies 
will not want to build pipelines, if they know they can only be used for a short time. 

• How do we deal with greatly reduced financial services? If mortgages become 
unavailable, how do we deal with home ownership? If loans are unavailable, how do 
businesses plan new factories? 

• How do we find adequate resources (both capital and physical resources) to handle all 
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of the investment that is needed in infrastructure? The only resources we have available 
are those we (1) mine, grow, or otherwise produce; (2) recycle; or (3) import. These 
resources are needed for other uses as well, including transportation and food. 

• How do we find substitutes for the many chemical uses of oil — textiles, building 
materials, pharmaceuticals? Or do we give priority to oil for these uses? 

• How do we protect the food supply? Should farmers be given special access to fuel, 
through some sort of rationing program? Should people be encouraged to start gardens, to 
supplement the food supply? How should we train people in low-energy agricultural 
techniques? Will it be necessary to break up large farms into units that are manageable 
with less energy? 

• How can we avoid future shortages that are likely to have wide-ranging effects? For 
example, some people are concerned that we may not continue to have enough asphalt to 
maintain roads. Is this really a problem, and how can this be avoided? How can we 
circumvent shortages of metals needed to make cars and other consumer goods? 

• Resources are unevenly divided. People will want to move to areas with greater 
resources. How do we deal with the conflict that may ensue? Do we forbid immigration 
all together? How do we keep countries from fighting over limited resources?  
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Chapter 4: Oil Quiz 

This quiz includes some material from Chapters 1 through 3, plus some additional 
material. It was written in early 2007, before Chapters 1, 2, and 3. 

Quiz: 

1. United States oil production has been increasing at about 2% per year since 1960. 

a. True 
b. False 

2. Saudi Arabia is currently the largest producer of oil in the world. 

a. True 
b. False 

3. Each country publishes information about its reserves. This gives us pretty good 
information about future oil production. 

a. True 
b. False 

 
4. The following were the largest oil producing countries in 2005: Saudi Arabia, 
Russia, United States, Iran, China, Mexico, Norway, and Venezuela. Of these, which 
showed declining production in 2006? 
 
a. None of them. Oil production is growing almost everywhere 
 
b. Only Norway and Venezuela 
 
c. Six of the eight: Saudi Arabia, United States, Iran, Mexico, Norway, and Venezuela. 
 
d. All of them 

5. Increases in Canadian oil production as a result of developing the Canadian Oil 
Sands can be expected to offset declines in oil production elsewhere. 
 
a. True 

b. False 



TheOilDrum.com  Introduction to Peak Oil by Gail Tverberg 29 

6. If oil production in an oil-exporting country declines by, say, 5% per year, oil 
exports are expected to decline by a similar amount. 
 
a. True 

b. False 

7. Geologists are in agreement that worldwide oil production can be expected to 
continue to rise, at least until 2030. 
 
a. True 
b. False 

8. If worldwide oil production were to decline at 2% per year for several years, this 
could easily be accommodated with little disruption. 
 
a. True 

b. False 

9. If there is a worldwide shortage of oil, the richest countries can be expected to get 
the majority of the oil, and within those richest countries, the wealthiest people can 
be expected to get the largest share. 
 
a. True 

b. False 

10. If we know that a major oil shortage is on the horizon, we can make necessary 
changes (develop alternative fuels and plug in electric vehicles, for example) in a 
five-year period. 
 
a. True 

b. False 

11. Even after oil production in an area declines, there is still a substantial amount 
of oil remaining in the ground. 
 
a. True 
b. False 

12. Technological solutions will overcome the likely oil shortfall. 
 
a. True 
b. False 

c. We can’t know yet.  
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 Answers to Quiz: 

1. United States oil production has been increasing at about 2% per year since 
1960. 

Answer: False 

 

Above is a graph (Figure 1) of US oil production. The blue line shows US 48 states total 
production; the red line shows the US total, including Alaska. 

A person can see from this graph that oil production for the United States reached a peak 
in 1970, then began declining. The addition of oil from Alaska allowed production to 
reach a second lower peak in 1985, after which it began to decline again. The current rate 
of decline is about 2% per year. 

In most areas, oil production initially rises, then declines after about 50% of the available 
oil in the area has been recovered. For example, Figure 2 shows a graph of production 
from the North Sea (that is, near Norway and Great Britain). Production grew for several 
years, then reached a peak and began declining in 1999. 

If the United States does additional drilling in new locations, such as Alaska National 
Wildlife Refuge, or Jack 2, or along the outer continental shelf near Florida, geologists 
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expect that US oil production (Figure 1) will show a modest increase for a few years, but 
will not approach the level of production seen in 1970 or 1985. 

2. Saudi Arabia is currently the largest producer of oil in the world. 

Answer: False. 

Saudi Arabia was the largest producer of oil up until 2005, but its production recently has 
been declining. Russia is now the largest producer of oil. In 2006, Saudi Arabia produced 
9,152,000 barrels per day while Russia produced 9,246,000 barrels per day, based on 
March 2007 US Energy Information Agency data. 

Saudi Arabia is the still the largest oil exporter. While Russia produces more, its 
population is greater, so it has less to export. 

3. Each country publishes information about its reserves. This gives us pretty good 
information about future oil production. 

Answer: False 

There are three reasons the published reserve numbers give very poor information about 
expected future production: 

1. Reserve numbers appear to be seriously overstated for some countries, based on 
geological information from other sources. This is particularly an issue for countries of 
the Mideast, such as Saudi Arabia and Iran. Questions have also been raised with respect 
to Russia’s reserves. Since reserve data is unaudited, there is no direct way of checking 
the accuracy of the reported amounts. 

2. Even if oil is theoretically available, the amount of production in any one year may be 
very low because of technical issues. If oil is very thick, as in the Oil Sands of Canada 
and in Venezuela, it may be impractical to recover more than a very small percentage in 
any one year, because of the large inputs of heat (usually from natural gas) and fresh 
water required. Oil that is in very deep water, or that is in an area near icebergs, may also 
be difficult to recover very quickly, because of the need for special equipment. 

3. Even if the oil is in the ground, a country can choose to delay production until later. 
We are used to countries producing as much oil as they can sell. If it becomes clear that 
there will be an oil shortage in future years, countries may decided to husband their 
resources (keep part of their oil in the ground, in case they need it later). 
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4. The following were the largest oil producing countries in 2005: Saudi Arabia, 
Russia, United States, Iran, China, Mexico, Norway, and Venezuela. Of these, which 
showed declining production in 2006? 

Answer: c. Six of the eight: Saudi Arabia, United States, Iran, Mexico, Norway, and 
Venezuela, as shown in Figure 3 below. 

 

The fact that six of the eight largest oil producers have declining oil production in the 
first 10 months of 2006 is of concern because oil production in an area tends to rise for 
several years, and then decline year after year, once geological limits are reached. The 
fact that these six countries are showing declining production could mean than many (or 
all) of them have reached the point of geological decline, and thus can be expected to 
show declining production in the future. It is also possible that some of the declines in 
production are due to temporary situations, such as intentional reduction of production or 
equipment breakdowns. 

On the exhibit, we note that the United States, Mexico, and Norway have all indicated 
that their production declines are for geological reasons, and thus can be expected to 
continue. The situation is less clear for Saudi Arabia, Iran, and Venezuela, all of which 
are members of OPEC. 

The reason the comparison in Figure 3 is made for the first 10 months of 2006, rather 
than the whole year, is because OPEC announced a reduction in production as of 
November 1, and cutting off the data at October 31 eliminates this potential distortion. 
Thus, this exhibit shows that even before the announced cutbacks, the three large OPEC 
producers (Saudi Arabia, Iran, and Venezuela) were all showing declining production. 
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5. Increases in Canadian oil production as a result of developing the Canadian Oil 
Sands can be expected to offset declines in oil production elsewhere. 

Answer: b. False 

If we look at production from the Canadian Oil Sands, we find that it is only a tiny 
percentage of world production — 0.8% of world production in 1998, rising to 1.2% of 
world production in 2005, after billions of dollars of investment. 

 

Oil from the Oil Sands is extremely difficult to produce. Production using current 
techniques requires large inputs of fresh water and natural gas, both of which are in short 
supply. There is also a shortage of workers and housing for workers. There is discussion 
about eventually replacing part of the natural gas with nuclear energy, but this will not 
overcome all of the difficulties. Given how low production is today, and how slow it has 
been to scale up, it seems unlikely that production will ever be large enough to offset a 
significant oil production shortfall elsewhere. 

Production of Oil Shale in the Western United States is expected to be even more 
challenging than Oil Sands production. The concentration of potential fossil fuel is much 
lower in Oil Shale than in Oil Sands, so even more production problems of the type 
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encountered with Oil Sands can be expected. Given the slow progress with Oil Sands, Oil 
Shale seems even less likely to offset a major oil shortage. 

6. If oil production in an oil-exporting country declines by, say, 5% per year, oil 
exports are expected to decline by a similar amount. 

Answer: b. False 

When a country increases its oil production, its internal usage tends to rise even faster 
than exports, as the population grows and some of the wealth filters down to the citizens 
of the country. When the oil production starts to decline, residents expect to continue 
their standard of living. As a result, countries tend to keep their own consumption at close 
to the same level, and reduce exports. This pattern was true for the United States when its 
production began to fall, and it seems to be happening in a number of other countries. 

Given these considerations, if a country’s oil production decreases by 5%, we should 
expect that country’s exports will decrease by more than 5%. 

7. Geologists are in agreement that worldwide oil production can be expected to 
continue to rise, at least until 2030. 

Answer: b. False 

We have already seen evidence that in a given area, oil production tends to rise for a 
number of years, then decline. Most geologists believe that on a worldwide basis, 
production will also eventually begin to decline. Opinions vary as to when the decline 
will begin. Typical dates are between 2007 and 2012, although some believe the decline 
will not begin until 2020 or later. 

One reason why geologists are predicting a decline in production is the fact that oil 
discoveries (excluding Oil Sands, Oil Shale, and other “unconventional” sources) began 
declining over 40 years ago. The fields that have been found recently, including the 
much-publicized Jack 2 field, tend to be fewer and smaller than the fields found years 
ago. 
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While geologists generally believe that oil production will begin to decline in only a few 
years, governmental agencies, like the US Energy Information Agency, are projecting 
that oil production growth will continue until at least 2030. Some of the independent oil 
companies are also projecting long-term growth in production. 

Economists have had a surprisingly large say in this discussion. Their view is that it 
doesn’t matter whether oil production begins to decline or not. They believe that oil is 
like any other commodity, and that substitutes will be found. They also believe that 
scarcity will lead to higher prices which will lead to greater production and/or demand 
destruction, so that declining oil production will never be a significant issue. 

8. If worldwide oil production were to decline at 2% per year for several years, this 
could easily be accommodated with little disruption. 

Answer: b. False 

One might think that a 2% decline in world oil production could easily be 
accommodated, but several issues arise: 

1. In recent years, worldwide oil usage has been increasing by about 2% a year. Much of 
this increase in demand is from China and from other oil-producing countries that have 
previously had a low standard of living. Because we are used to a 2% annual increase in 
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oil worldwide oil usage, the 2% a year expected decrease needs to be compared to the 
prior increase of +2% per year. This amounts to a change of -4%, relative to what we are 
accustomed to — quite a big decline. 

2. If worldwide production oil decreases by 2% per year, the amount of oil available to 
importers is likely to decrease by more than 2% a year, for reasons discussed in the 
answers to Question 6. Because the United States’ own production is dropping at 2% a 
year, in recent years our imports have been increasing at 5% a year, to keep up with 
demand. If imports suddenly become less available, US supplies are likely to drop by 
much more than 2% a year. 

3. The US economy and the world economy use very large amounts of debt. When the 
economy is growing by several percentage points per year, there are enough funds 
available that most debtors can repay their debts with interest. If, because of oil 
shortages, the economy ceases to grow, or if it begins shrinking by a few percentage 
points a year, it is not clear this system can continue. There are likely to be many defaults 
on loans, and long-term loans, including mortgages, may become very difficult to obtain. 

4. Once it becomes clear there are likely to be oil shortages in the future, the behavior of 
countries is likely to change. We are already seeing oil producing nations, like Russia and 
Venezuela, unilaterally adjusting oil contracts to terms that are more favorable to 
themselves, because of their new, greater power. If it is clear that prices will be higher in 
the future, oil producers have an incentive to hoard their supplies for the future. Some 
countries with inadequate supplies may choose military approaches for obtaining oil, if 
the alternative is economic decline. 

 

9. If there is a worldwide shortage of oil, the richest countries can be expected to get 
the majority of the oil, and within those richest countries, the wealthiest people can 
be expected to get the largest share. 

Answer: b. False 

For reasons discussed previously, oil exporting countries are likely to get a 
disproportionate share of the remaining oil, since they are likely to meet their own needs 
first. With oil shortages, oil-producing countries find themselves with more power, and 
are able to rewrite contracts on terms more favorable to themselves. Thus, it seems likely 
that the amount of oil available to oil-importing countries will decline disproportionately 
to the overall decline. 

Within countries, governments are likely to allocate oil to what they consider their 
country’s most basic needs first — most likely agriculture, the military, and perhaps 
emergency services. If there is a shortage to begin with, once these allocations are taken 
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off the top, the remaining amount of oil available to consumers is likely to be 
considerably lower than the total demand. It is possible the remaining oil will be sold to 
the wealthiest individuals, but if elected officials are involved, rationing may be more 
likely. 

10. If we know that a major oil shortage is on the horizon, we can make necessary 
changes (develop alternative fuels and plug in electric vehicles, for example) in a 
five- year period. 

b. False 

The US Department of Energy commissioned a study titled Peaking of World Oil 
Production: Impacts, Mitigation, and Risk Management, by Robert Hirsch, Roger 
Bezdek, and Robert Wendling, published in early 2005. This study indicated that if 
existing technology is used, it would take at least 10 years to begin to mitigate a decline 
in oil production. Twenty years would produce a much better level of mitigation. 

The reason mitigation is expected to take so long is that there is so much infrastructure in 
place that uses the current technology. If a decision is made to increase fuel efficiency 
standards for cars, for example, it takes many years before this decision has a significant 
impact. First, it takes several years for manufacturers to begin making new models, then 
many more years before enough autos are sold to comprise a significant share of the US 
total. If liquid fuel is made from coal (a technology that has been around since World 
War II), it takes several years for factories to be built and new coal facilities to be 
developed. 

Because of these considerations, it is difficult to make any major change very quickly. If 
we are talking about developing new technologies, like plug-in electric vehicles or 
cellulistic ethanol, we should expect even longer lead times, since new technologies need 
to be developed and tested, before they can be implemented on a large scale. 

11. Even after oil production in an area declines, there is still a substantial amount 
of oil remaining in the ground. 

Answer: a. True 

Even after production ceases, a substantial amount (typically 50% to 75% of the oil 
originally in place) remains in the ground. New production techniques have been 
developed over the years, but these have generally had only a minor impact on the 
percentage of oil in place that can be produced. If one looks at the graph of the 
production for the US-48 states shown in Figure 1 above, or the production for the North 
Sea shown in Figure 2, one can discern little impact of new techniques in the last few 
years. Some believe that the primary impact of new techniques has been to remove oil 
more quickly, rather than to significantly raise the percentage of oil that can be recovered. 
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Given that there is still a substantial amount of oil is the ground, there is a possibility that 
new techniques will be developed that will be able to remove a much larger portion of the 
oil in place in an economical fashion. One technique that seems to have promise for some 
heavy and medium-heavy oil deposits is the “Toe to Heel Air Injection” method, patented 
by Petrobank. Other techniques are also under development, including one using 
microbes in the enhanced oil recovery process. It remains to be seen how much impact 
techniques such as these will have in the future. 

12. Technological solutions will overcome the likely oil shortfall. 

Answer: c. We can’t know yet. 

Since there are many people working on the problem, and since there is still a lot of oil in 
place, there is a possibility that solutions will be found to the likely shortfall in oil 
production. There are many issues that make the problem particularly difficult, however: 

• There is a very long lead time for any new technology to be implemented. 
 
• It appears likely that there will be a shortage of natural gas in North America, in 
roughly the same time frame as the expected decline in worldwide oil production. 
 
• Global warming is becoming a serious enough issue that it is questionable whether we 
should burn the additional fossil fuels that are in the ground, if we can get them out.  
 
•We have a large world population and limited fresh water and top soil, limiting the 
amount of biofuels that can be produced. 
 
The above issues all relate to the fact that we live in a finite world and are approaching its 
limits. Researchers will need to understand all these various issues, in addition to the 
problem of oil shortages, to avoid trading one problem for another. 

To Learn More 

Dr. Colin Campbell — Peak Oil Presentation — The End of the First Half of the 
Age of Oil (33 minute video for Windows/Mac or IPOD/mp3) 

Peaking of World Oil Production: Impacts, Mitigation, and Risk Management (US 
Department of Energy report mentioned above) 

“Energy Sources and Our Future” — Remarks by Rear Admiral Hyman Rickover 
in 1957 

Labor and Skills Crisis in Oil and Gas Industry Booklet by Booz, Allen, and 
Hamilton 
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Questions for Discussion (for use in a classroom setting): 

1. If your family were permitted to purchase only five gallons of gasoline per week, how 
would this change your lifestyle? 

2. Geologists and economists seem to have very different ideas regarding the importance 
of the decline of oil. Who would you agree with? Why? 

3. Oil production in Mexico began to decline in the past year, and is expected to continue 
to decline in the future. In the past, revenue from oil income has been one of the 
country’s primary sources of tax revenue. What kinds of changes would you expect in 
Mexico, as production declines in the next few years? 

4. If you were the President of the United States and knew about the likelihood of oil 
shortages, what policies would you recommend? If you knew that it was likely that 
worldwide oil production was about to decline, would you tell the American people? 

5. Some people have suggested that there may be a link between expected future oil 
shortages and the war in Iraq. How likely do you consider such a connection to be? 

6. Given the likelihood of oil shortages in the future, what might be good careers for 
young people making choices today? 
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Chapter 5: What Are Our Alternatives,  

if Fossil Fuels Are a Problem? 

 
1. I love my SUV. Why can’t we continue to use oil and gas as in the past? 

George W. Bush has given us one reason why we need to make changes — Unstable 
foreign oil supply. Al Gore has given us another reason — Climate change. 

There is a third reason that trumps the first two — WE DON’T REALLY HAVE A 
CHOICE. Demand for both oil and natural gas continues to rise each year, as the result of 
China, India and other countries wanting to adopt a lifestyle more like that in the United 
States. As we saw in Oil Quiz — Test Your Knowledge, world oil supply is likely to 
decline in the near future. With demand increasing and supply decreasing, there is certain 
to be a significant gap in the not too distant future. 

Natural gas is similar. Like oil, we started with a finite quantity of it, and it is now 
depleting. The main difference is that we are dealing primarily with a gap between North 
American supply and demand, rather than world supply and demand, because natural gas 
is difficult to transport. Demand is rising, because natural gas is viewed as a less-
polluting source of energy. 

Natural gas supply is likely to decline in the next few years, because most of the larger, 
more productive sites have already been tapped. New natural gas wells are getting 
smaller and smaller, so that more and more new wells need to come on line each year, 
just to stay even. For a while, we were able to make up our shortfall with imports from 
Canada, but these have begun to decline. In the next few years, both US production and 
imports from Canada will be declining. It is doubtful that liquefied natural gas imports 
from overseas will be able to fill the gap. 

2. How much of the fuel we use is oil? How much is natural gas? 

For the United States, 40% of our energy use is petroleum and 23% is natural gas, as 
shown in Figure 1. In total, these fuels which are expected to be in short supply comprise 
63% of our energy supply. 
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Another 23% is coal, which is the other fossil fuel. Because of its high carbon content, it 
generates more carbon dioxide than petroleum and natural gas, contributing to global 
warming. If climate change is a major issue, coal usage should be reduced as well. 
Together, the three fossil fuels comprise 86% of our fuel supply. 

The remaining fuels are nuclear at 8%, and renewables at 6%. The largest renewable is 
hydro-electric. Other renewables include wood, landfill gas, biofuels, geothermal, wind, 
solar, and many other new types of energy. Since renewables total only 6%, all are very 
small in comparison to fossil fuels. 

3. Won’t ethanol cover our fossil fuel shortfall? I know we are growing a lot of corn 
for ethanol and it is supposed to be a clean fuel. 

A few years ago, corn ethanol looked like a very good idea. It would provide an 
additional market for farmers’ corn, thereby helping to hold the price up. Also, as a fuel 
additive, it would act as a substitute for MTBE (methyl tertiary-butyl ether), which makes 
gasoline burn cleaner, but does not easily biodegrade, so tends to pollute the 
groundwater. 

While corn ethanol works as a replacement for MTBE, it does very little to increase the 
liquid fuel supply. It takes a huge amount of corn to produce a small amount of ethanol 
(20% of the 2006 corn crop added the equivalent of 2.4% to the US gasoline supply 
energy level.) When the fossil fuels used in growing corn and making ethanol are 
considered, the net energy gain to the fuel supply in 2006 was virtually nothing (0.4% or 
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even negative, depending on the study). 

Ethanol from corn has increased greatly in recent years, because of the significant 
subsidies it receives. The wisdom of increasing corn ethanol production further is now 
being questioned because of its poor net energy gain, its indirect impact on food costs, 
and its adverse environmental impacts (including soil erosion and aquifer depletion, due 
to its high water usage). 

4. How about Brazilian ethanol from sugar cane? Will this cover our fossil fuel 
shortage? 

Brazilian sugar cane ethanol is a little better than corn ethanol, but is still unlikely to be 
more than a small part of the solution to the fossil fuel shortage. It is better than corn 
ethanol, in that it requires less fossil fuel input, because manual labor is used to harvest 
the sugar cane and because the unused stalks (“bagasse”) are burned to provide the heat 
for the ethanol processing. 

It is likely to be only a partial solution to the fuel shortage for many reasons. The amount 
of sugar ethanol produced in Brazil currently is similar to the amount of corn ethanol 
produced in the United States. Even if Brazil doubled its production, and sent the entire 
increased production to the United States, we would be talking about only a 2% to 3% 
increase in our gasoline supply. 

Furthermore, we are again taking about a foreign source of fuel. Climate change issues 
have been raised regarding the clearing of land for the use in planting more acres of sugar 
cane. The United States cannot easily follow this sugar cane model, because we do not 
have much land suitable for growing sugar cane, our growing season is shorter, and our 
minimum wage would result in much higher labor costs. 

5. Could we solve our problem by replacing our SUVs with very energy-efficient 
models, like Priuses? 

This would certainly be a step in the right direction. A couple of things to keep in mind 
— First, it would be very difficult to do this in practice, except over many years. Once 
SUVs are viewed as problematic, their resale value will drop greatly, so that they will 
have little trade in value. Manufacturers will need to produce a huge number of the high 
mileage cars — many more than they would normally sell in a single year. It would take 
them several years to manufacture the number of cars needed. 

Another point to consider is that even if we solve our fuel shortage with respect to 
transportation, we will still have major shortages in other areas. Figure 2 shows energy 
use in the United States, divided among buildings, industrial, and transportation. 
Surprisingly, transportation is the smallest of the three. 
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One reason for the high amount of energy used in buildings is that our houses are very 
large, and we expect them to be heated and cooled to a constant temperature year around. 
Another area where a large amount of energy is used is in producing our food — diesel is 
used for tractors and transportation; natural gas is used to make fertilizer. Manufacturing 
goods for sale, whether they are cars or appliances or new houses, takes a large amount of 
energy as well. We will either need to expand our energy sources to meet the needs of 
these sectors, or we will need to find ways to use the available energy more efficiently. 

6. What are our best options for offsetting expected shortfalls in oil and natural gas 
production? 

In Oil Quiz Question 10, we learned that implementing even a known technology on a 
large scale takes 10 to 20 years. Since implementing a new technology takes even longer, 
and since declines in oil and gas production are expected in the next few years, our best 
options for offsetting the shortfall are technologies that already are available. These 
include: 

• Coal — “Coal to liquid” technology for producing liquid fuel has been available since 
World War II, but technology for sequestering carbon dioxide (necessary to prevent 
global warming) has not yet been perfected. 
 
• Nuclear — Can be expanded, but waste disposal is an issue. 
 
• Hydroelectric — Most good sites for dams already taken, but a few smaller sites may be 
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available. 
 
• Waste products used as liquid and gas sources, including landfill gas and biofuels from 
waste products can likely be expanded. 
 
• Geothermal heat pumps. Cannot be used in certain locations. Can be expanded. 
 
• Wind. Can be expanded. 
 
• Thermal solar energy and photovoltaic solar energy. Can be expanded. 
 
• Biomass such as wood burned for fuel. Difficult to expand significantly. 
  
• Biofuels from food crops, such as ethanol. At best, a very small part of the solution. 
 
Some technologies which may be developed in the next few years include: 

• Biofuels from plant material other than foods, including algae. 
 
• Improved batteries, to permit electric cars. May possibly be powered by solar panels on 
roofs of garages. 
 
• Improved electrical storage, to permit more extensive use of wind energy. 
 
• Electrical power from more distributed sources, to reduce power loss in line 
transmission. 
 
• Technologies to capture wave energy and tidal energy. 

It might be noted that hydrogen powered vehicles appear to many years away, so are 
unlikely to be part of any solution. Hydrogen is very bulky, making fuel storage in a 
vehicle difficult. 

7. What is the likelihood that the technologies described in (6) will allow the US 
energy supply to continue to grow? 

Not very high, considering the portion of energy supply that is declining, and the sources 
available to make up the shortfall. We are expecting a decline in petroleum and natural 
gas production. These sources together comprise 63% of the US energy supply. This 
leaves only 37% of energy resources that might be increased (Figure 1). 

The largest of the remaining resources is coal, which comprises 23% of the total. While 
we have all heard stories that the United States has 200 years worth of coal in reserves, 
some recent analyses suggest that this estimate is very much overstated, and that coal 
production may also decline in a few years. Even if there is an adequate supply, it is 
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difficult to increase coal production quickly, because of the need to build additional 
railroad capacity to transport the greater supply. There are also global warming issues 
with increasing coal production. 

Nuclear energy can probably be increased, but lead times for new facilities are very long 
and there are waste disposal issues. 

If we exclude coal and nuclear, we are down to renewables, which comprise only 6% of 
the energy supply (Figure 1). Starting from such a small base, it is difficult to increase 
production enough to make up for a shortfall in the oil and gas supply. 

8. What can be done, if the various sources for increased energy production do not 
fully offset the decline in oil and gas production? If this happens, our total energy 
supply is likely to decline, instead of continuing to increase. 

Conservation will likely need to be a part of any future energy plan, to make the best use 
of the energy that is available. We currently are very wasteful in the way we use energy, 
so there are likely ways to reduce energy usage, without hardship. 

This will be discussed at greater length in a future post. 

To Learn More 

Ethanol and Biofuels: Agriculture, Infrastructure, and Market Constraints Related 
to Expanded Production Report by Congressional Research Service, published March 
16, 2007. 

Richard Heinberg’s Summary of the Coal Situation, published March 22, 2007. 

Crude Oil: Uncertainty about Future Oil Supply Makes It Important to Develop a 
Strategy for Addressing a Peak and Decline in Oil Production GAO Report published 
February 2007. 



TheOilDrum.com  Introduction to Peak Oil by Gail Tverberg 47 

Chapter 6: Is Corn-Based Ethanol a Solution? 

Many people have high hopes for ethanol made from corn—that it will prevent future 
gasoline shortages, prevent global warming, be a wonderful investment, and improve the 
income of farmers, among other things. Other observers raise a whole host of concerns 
including scalability, impact on the environment, and impact on food prices. Why is there 
such a huge disparity in views? What is the real promise for corn ethanol?  

1. Why don’t we see more stations selling E85 (85% ethanol/15% gasoline 
mixture)? 

In 2006, about 20% of the US corn crop was used to produce ethanol. Even with this 
huge share of the corn crop, US corn-based ethanol amounted to only about 3.5% of the 
US gasoline supply by volume, and 2.4% of the supply by energy contribution. 

 

Even if all the corn-based ethanol that was produced were used as E85, there would not 
be many gasoline stations selling E85. In fact, only a very small portion of the corn 
ethanol that is produced is used to make E85 — the remainder is used as a fuel additive, 
in concentrations up to 10% of the gasoline. 

2. Why is so much ethanol used as a gasoline additive? 
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There are two reasons: 

a. E85 isn’t very popular. The fuel is quite corrosive, and only a small percentage of cars 
that have been specially manufactured (or adapted) can use it. E85 is also quite expensive 
for the energy it provides. It is often priced similarly to gasoline, but gets about 25% 
worse mileage. 

b. MTBE is being phased out, and ethanol can be used as a substitute. Until recently, 
methyl tertiary-butyl ether (MTBE) was used as a gasoline additive, to raise octane of 
gasoline and to make cleaner-burning fuel. MTBE does not biodegrade and often gets 
into the ground water, where it gives a bad taste and smell. Furthermore, laboratory tests 
suggest it may cause cancer. MTBE was banned in some states, and is being phased out 
in other states because of liability concerns. 

Ethanol can be used as a substitute for MTBE. The amount of ethanol needed as an 
MTBE substitute is huge — roughly equal to the 5 billion gallons of corn-based ethanol 
produced in 2006. With so much ethanol used as a substitute for MTBE, there is very 
little left over for E85. One advantage of using ethanol as an additive is that in 
concentrations up to 10%, it can be used in any car without modification. 

3. How does ethanol compare to MTBE as a gasoline additive? 

Ethanol is clearly better than MTBE in one regard — Ethanol biodegrades well, so there 
is no issue with it contaminating the ground water. 

In other regards, ethanol’s score is mixed. Ethanol makes gasoline somewhat cleaner 
burning, so it helps oil companies meet emission standards. 

There are several areas in which ethanol is not as good as MTBE: 

a. Ethanol, when blended with gasoline, tends to evaporate in summer, causing smog. 
This tendency can be partly overcome by modifying the gasoline base to which it is 
added. 

b. Ethanol needs to be shipped separately from gasoline. Because of its corrosive nature 
and tendency to combine with water, ethanol needs a separate truck/barge/train shipping 
system (or a dedicated pipeline, but this would be very expensive). MTBE can simply be 
added to gasoline at the refinery, and shipped by pipeline. 

c. MTBE acted as a US-produced non-petroleum gasoline extender. While it may seem 
strange, ethanol is not as good as MTBE in this role. MTBE (made from natural gas) was 
relatively plentiful, and could be added in quantities up to 15% to gasoline as required. 
Ethanol is less available, and can only be mixed to a concentration of 10% of gasoline. 
Adjustments must also be made to the gasoline base, in order to minimize ethanol smog 
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problems. 

4. What kind of impacts did the US Energy Information Administration (EIA) 
expect when oil companies phased out MTBE and increased the use of ethanol as an 
additive? 

The EIA expected that phasing out MTBE and substituting ethanol would tend to 
decrease the amount of gasoline available and raise prices, as discussed in this report. It 
would also somewhat negatively impact air quality. 

Currently, most ethanol is used between the months of May and September. It seems 
likely that the use of ethanol during this time-period contributes to the higher gasoline 
prices experienced in recent summers. 

5. To what extent can the production of corn-based ethanol be increased? 

In 2006, 20% of the corn produced in the United States was used to produce ethanol. 
Under the most optimistic scenarios, this amount could be tripled, to the equivalent of 
60% of our 2006 corn production. At this production level, corn-based ethanol would 
replace about 10% of the volume (or about 7.2% of the energy content) of the US 
gasoline supply. This is still not very much, and there are serious questions whether this 
optimistic production level can in fact be reached. 

If this level of production can be reached, the full amount of corn-based ethanol produced 
could be used as a fuel additive (as the 10% level), with no ethanol left over for E85. 

6. What impact does corn-based ethanol have on global warming gasses? 

Many people believe that using ethanol from corn would greatly reduce the emission of 
gasses implicated in global warming. This belief is based on the observation that if a corn 
plant grew, and then was burned, without any fossil fuel inputs or fertilizer, there would 
be no net gain in global warming gasses. This is because the carbon dioxide released in 
the burning of the plant would be offset by the carbon dioxide absorbed by the plant 
while the plant was growing. 

This simplistic model is not correct for the production of corn-based ethanol because 
fossil fuels are used in the growing of corn and the production of ethanol, and these 
contribute to global warming gasses. Nitrogen used in fertilizer also tends to produce 
nitrous oxide, which is 300 times as potent a global warming gas as carbon dioxide. 

There are also secondary impacts — for example, increasing US corn production is likely 
to result in less US soybean production. If this occurs, Brazil, the largest producer of 
soybeans, is likely to increase its soybean production. Space for this increased Brazilian 
production is likely to be obtained by cutting down rain forests, which will tend to 
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increase global warming gasses. 

One review of the impact of ethanol on global warming gasses found “ambiguous” 
indications, with some studies indicating small increases, and others indicating small 
decreases. The authors’ best estimate was a 13% decrease relative to the emissions made 
by gasoline. This implies that burning ethanol still contributes to global warming gasses 
— but to a slightly smaller extent than gasoline. 

7. What other biological/ environmental impacts does the production of corn-based 
ethanol have? 

• Huge use of water. Approximately 4 gallons of water are used for every gallon of 
ethanol produced. Water use is much greater if irrigation is required. If ethanol 
production is in an arid region, non-renewable aquifers may be drawn down. 

• Increased soil erosion. Even when corn is grown using the latest “no till” methods on 
flat land, there is some soil erosion. The amount of erosion increases if land in hilly or 
low-lying areas is tilled. Since soil regenerates very slowly, soil loss is a serious concern. 

• More fertilizer use. Nitrogen fertilizer use is associated with increased global warming 
gasses and its run-off causes “dead” areas in the sea. Nitrogen fertilizer is made from 
natural gas, which is is in declining supply in North America. In the future, we will 
depend more and more on foreign imports of nitrogen fertilizer. 

• More herbicide and pesticide use. Causes pollution problems. Also, since these are 
made from oil and natural gas, future supply is likely to depend on imports. 

8. To what extent does the use of corn-based ethanol reduce fossil fuel use? 

Studies vary in the extent to which the extent to which corn-based ethanol can be 
expected to reduce fossil fuel use, depending on how the corn is grown, and the 
“boundaries” considered in the analyses. Some studies show that more fossil fuel energy 
is used in the production of ethanol than is provided in the ethanol produced. Other 
studies show a small net gain — typically about 20% of the fossil fuel inputs. Thus, the 
ratio of energy output to fossil fuel input is about 1.2 to 1.0. 

One concern is that this net gain is much lower than for many other liquid fuel sources. 
For oil produced from wells, typically 15 gallons of oil are produced for each gallon of 
fossil fuel used in production. For ethanol from sugar cane produced in Brazil, the net 
energy gain is about 8 or 9 to 1. For most types of biodiesel, the net gain is about 2.0 and 
3.0 to 1.0. Thus, even when the best planting areas are available, ethanol from corn 
appears to be inefficient compared to other liquid fuels. 
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9. Does it matter whether there is a net energy loss in the production of corn-based 
ethanol — that is, it takes more fossil fuel energy to produce ethanol than the 
ethanol itself produces? 

Some argue that we need liquid fuels, and we have large amounts of coal and natural gas, 
so it does not matter if we use an inefficient way of converting these fuels to a liquid 
form. Thus, having a net energy loss is the production of corn-based ethanol is OK. 

This argument is wrong for two reasons. First, our fossil fuels are much more limited 
than most people believe. Natural gas is in especially short supply. If we use large 
amount of natural gas for ethanol production, we risk shortages for other purposes, 
including electrical production and home heating. We also drive up the price of natural 
gas. 

Second, using large amounts of fossil fuels to produce ethanol is likely to exacerbate 
global warming. One argument for using ethanol is that it (hopefully) reduces fossil fuel 
use, and thus produces less carbon dioxide, which contributes to global warming. If 
instead of decreasing fossil fuel use, it really increases fossil fuel use, the effect is 
reversed – more carbon dioxide is produced, rather than less. 

10. To what extent does corn-based ethanol replace imported foreign oil? 

As discussed above, ethanol in the quantity produced today is almost exclusively a 
replacement for MTBE. MTBE is made from natural gas, and was primarily US 
produced. Thus, what we are doing is replacing one US produced item with a more 
expensive US produced item. Since some diesel fuel is used in the production of ethanol, 
one might argue that we may even be slightly increasing our use of foreign oil. 

11. What economic impact does corn-based ethanol have? 

Since at this point we are replacing one US-made product (MTBE) with a more 
expensive US-made product performing a similar function, the basic impact is 
inflationary. We are reducing the amount of corn available for export abroad, so we are 
most likely making our balance of payments worse. It is not clear that there is any 
savings on the amount of petroleum that needs to be imported from overseas. 

The price of corn, and in fact many food products, is expected to increase with the greater 
use of corn ethanol. This tends to raise the income of farmers. Costs to farmers are also 
expected to rise, as the price of land rises and the cost of other inputs, such as fertilizer 
and fuel oil, rise. Consumers are likely to have to pay more for food products, so this 
transfers more of their wealth to those producing food. 

The overall effect is expected to be a slightly lower standard of living for Americans, 
because a less efficient approach is being used to produce a fuel additive. Resources 
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which might have been used for goods with higher value to consumers are now being 
devoted to ethanol production. There will be some transfer of wealth among groups, with 
farmers and ethanol producers perhaps being winners. 

12. Is there a possibility of a better economic outcome, if the production of corn-
based ethanol is greatly expanded? 

It is not clear that corn production can be greatly expanded, without harmful impacts. At 
this point, nearly all of the land that can reasonably be used for corn without undesirable 
impacts is already being used for that purpose. To increase corn production, one or more 
of the following approaches are likely: 

• Grow corn on land that needs to be irrigated. Result: more fossil fuel energy used than 
obtained from ethanol; may deplete aquifers. 

• Grow corn on hill sides, or on other areas subject to erosion. Result: soil loss; not 
sustainable. 

• Grow corn without crop rotation. Result: much more fertilizer used; more fossil fuel 
energy used than obtained from ethanol. Soybean production shifted overseas, resulting 
in increased imports of soybeans. 

Even if expansion of corn production is accomplished, it is not clear that it can be 
maintained for long. The amount of natural gas available is expected to decline in the 
next few years, making fertilizer less available, and reducing the fuel available for 
producing ethanol. 

If ethanol expansion occurs, transportation of the ethanol is also a question. Existing 
train/rail/barge systems are being strained with the current volume of ethanol. Significant 
investment in infrastructure may be needed if much larger volumes of ethanol are 
produced. 

13. There are a number of new approaches to producing corn-based ethanol, using 
more renewable energy in the production of ethanol (such as methane from waste 
products or wind energy). What role do these efforts play in corn-based ethanol’s 
future? 

These efforts are to be applauded. To the extent that they are successful, they can perhaps 
be substituted for some of the natural gas and coal used in producing ethanol today. The 
use of the renewable fuels in ethanol production will tend to give corn-based ethanol a 
more positive energy balance and will reduce the use of fossil fuels. Some of these efforts 
may prove to be cost-effective as well. 

It is not clear that these new methods will have a significant impact on the total amount 
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of ethanol that will produced. Current ethanol production seems to be guided by a 
government plan to increase production to the maximum amount which can produced. 
This maximum amount appears to be governed by factors such as the amount of corn that 
can be grown and the amount of transportation that is available for the final product. 
Whether or not it is economic to produce fuel in this way does not seem to enter into the 
decision. 

14. What do recent analyses say about expanding ethanol production? 

There recently have been two major studies looking at the question of expanding 
biofuels, one by the Congressional Research Service for Congress and one by the United 
Nations. Both urge caution in the expansion of biofuels because of the likelihood of 
unintended consequences. The Congressional Research Service Report looked 
specifically at the issue of ethanol from corn; the UN report report looked at biofuels 
more generally. 

One concern raised in the Congressional Research Service Report is that corn-based 
ethanol is likely to be quite variable in supply, depending upon the weather. Thus, if we 
expand corn-based ethanol production, we will be exchanging the variability associated 
with foreign oil with the variability associated with weather. 

15. Is there any reason why corn-based ethanol should continue to receive tax 
subsidies? 

No. Corn-based ethanol does not appear to have any particular advantage over other 
biofuels, and it is questionable whether it can be significantly expanded without adverse 
consequences. If other types of biofuels make more economic sense, they should be given 
a level playing field. Corn-ethanol will continue to be produced if it makes economic 
sense, without tax subsidies. The subsidies in place currently benefit the corporations that 
produce ethanol, with little benefit for individual farmers. 

One potential disadvantage of removing tax subsidies is that this may tend to raise the 
price of gasoline at the pump. If higher prices encourage consumers to conserve fuel and 
companies to explore other types of biofuels, the higher prices may in fact be an 
advantage. 

To Learn More 

Congressional Research Service Report for Congress, “Ethanol and Biofuels: 
Agriculture, Infrastructure and Market Restraints Related to Expanded 
Production” 

Supply Impacts of an MTBE Ban, US Energy Information Agency 

Refining 101: Summer Gasoline, Robert Rapier on TheOilDrum.com. 
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Economic Impact of Peak Oil 

 
This is a major issue. Exactly how these implications will play out 

involves more uncertainty than the decline in production itself.  
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Chapter 7: Economic Impact of Peak Oil   

Part 1- A Flashback 

What happens when peak oil collides with our economic system? It seems to me that 
there is a high probability of a major discontinuity of some type. What exactly happens 
after the discontinuity is likely to vary from country to country. It seems to me that the 
United States is especially vulnerable to a drastic drop in the amount of oil available for 
import because of the large amount of oil we import and the relatively small amount of 
goods we export. 

Many people when analyzing the world oil situation focus on the relatively small drop in 
overall world supply in the first few years. From this, they conclude that peak oil will 
primarily raise the price of oil and some related goods, but not have a huge effect 
otherwise. If the decrease in oil products is severe, some rationing may be required. I 
think this analysis misses the big part of the problem – the impact of peak oil on the 
overall economic system, particularly in the United States. 

The world is very different now than it was before the industrial revolution, which began 
about 1800 when fossil fuels were first used extensively. It seems to me that there is a 
significant chance that over the long term there will be just as big a change as we leave 
the age of fossil fuels. To start the discussion, let’s start with where we are, and then take 
a look back. 

1. What is our current economic system like? 

We all recognize our current economic system. Goods are made in factories around the 
world. Food is grown on large farms, then processed and packaged before we buy it in 
grocery stores or restaurants. There is a huge amount of international and local trade that 
brings all of our goods and services to us. 
 
Most of us have jobs and work for money to purchase the things we need or want. We 
expect to buy various types of insurance, such as life insurance, auto insurance, and long 
term care insurance. After we have worked for a number of years, we expect to retire and 
collect funds from various sources — social security, a pension, or perhaps a 401(k). 
To finance all of this, there is a huge financial industry. This industry includes many 
players: 
 
• Banks and savings and loans 
• Insurance companies 

• Hedge funds 
• Markets that sell stocks, bonds, and a wide variety of derivatives and repackaged debt 



TheOilDrum.com  Introduction to Peak Oil by Gail Tverberg 56 

 
• Large numbers of accountants, actuaries, economists, financial advisors, financial 
planners, quantitative analysts, and others associated with the financial services industry. 
 
We know that this system includes a very large amount of debt. Almost any new factory 
is “financed”. Businesses use debt to buy other business. Individuals use debt to finance 
college educations and to purchase homes or cars. In recent years it has become 
fashionable to refinance home loans as soon as some equity has built up, and use the 
funds withdrawn to pay down credit card debt. 
 
Governments use debt to just as great an extent as individuals. State and local 
governments issue bonds to finance a wide range of projects. The federal government has 
both the debt that it reports, and unfunded programs such as Social Security and 
Medicare. USA Today reports that when corporate style accounting is used, federal 
liabilities amount to $59.1 trillion, or $516,348 for each US household. This compares to 
an average of $112,043 per household in personal debt such as mortgage loans, auto 
loans, and credit cards. 
 

2. Have economies always been similar to ours today? 

We all know that the answer is “No”. Prior to the industrial revolution, most people were 
farmers, and businesses tended to be quite small. Governments funded big undertakings 
like roads or water systems (or pyramids). Farmers grew or made most of what they 
needed. What was left over was sold and traded for other goods. Cities tended to be quite 
small, because the amount farmers produced over and above what they needed for 
themselves was not sufficient to support very many additional people. While there was 
international trade, the volume was much smaller than today. 

In businesses and governments, debt seems to have played a lesser role than today. When 
Lloyd’s of London was formed in 1688 to pool insurance risk, it was formed by a group 
of wealthy individuals, each pledging a share of their personal wealth as backing for the 
venture. Thus, the emphasis was on assets rather than debt. The US government did not 
have significant debt until the Civil War. Its next increase in debt came with World War 
I. 

The use of debt, particularly by individuals, seems to have been viewed quite negatively. 
The Catholic Church forbad interest on debt until 1822, and Islam to this day forbids 
paying interest on debt. The Jewish Torah says debts should be erased every seven years 
and every 50 years. Those who could not repay loans were sometimes sent to debtors’ 
prisons or became indentured servants or slaves. 

Homes and barns were quite simple, and were often built with the help of friends or 
neighbors, so little debt was needed. Farms and other property tended to stay in families, 
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and were transferred through inheritance. Many of the skills needed to run a farm or 
small business were learned through apprenticeship, often with the boy’s own father. 
Retirement was unknown. People would work as long as their heath permitted, and lived 
with their children when they got older. 

Since retirement was unknown, when people saved for the future, it was primarily 
savings for a “rainy day”—crop failure or ill health or burial. The stock market and even 
banks were viewed as risky. Panics, crashes and bubbles happened frequently, making 
it difficult to predict how markets would behave in the future. 

3. How did this huge change in the economic system take place? 

One of the big factors in the change was the greater use of fossil fuels, starting about 
1800, when coal began to be used to power factories and the steam engine. This allowed 
for the production of many more goods, and resulted in greatly expanded trade. 

Petroleum came into widespread use in the late 19th and early 20th century. Farmers were 
able to farm larger tracts of land with the use of tractors and other equipment. The green 
revolution between 1940 and 1960 further increased farm productivity through the 
greater use of fertilizers (natural gas), pesticides (oil), and pumped irrigation (oil). 

4. Wasn’t technology important in the change in the economy? 

Energy and technology go hand-in-hand. Without energy, it is hard to have much 
technology improvement. Energy also goes hand in hand with productivity growth, since 
energy is what permits a machine to do the work a person previously would have done. 

5. Have economists studied the relationship between energy and economic growth? 

The standard model by which economists explain growth is the Solow-Swan neoclassical 
growth model, which is described in Robert Solow’s 1956 paper A Contribution to the 
Theory of Economic Growth. This paper looks at the contribution of labor and capital 
to the growth of the US economy, using a model that assumes that the contributions of 
labor and capital are proportional to their respective costs. The paper finds that labor and 
capital in fact explain less than 25% of the actual growth of the US economy. The 
assumption is then made that “technology” must explain the huge residual. 

With a model that explains so little (less than 25% of actual growth), it is not clear that 
the model is very helpful. The residual comprising over 75% of growth could just as well 
be energy as technology. 

One economic growth model that explains growth quite well is Accounting for Growth, 
the Role of Physical Work by Robert U. Ayres and Benjamin Warr, Structural Change 
and Economic Dynamics, February, 2004). This model looks at the amount of work (in a 
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physics sense) that is done by energy. Thus, it considers both the amount of energy used 
and how productive that energy is. For example, power stations in 1900 converted only 
4% of the potential energy in coal to electricity, but by 2000, the conversion efficiency 
was raised to 35%. This model explains the vast majority of US real economic growth 
between 1900 and 2000, except for a residual of about 12% after 1975. 

 

Figure 1: Results of model by Ayres and Warr. The selected model is the dotted red line, 
which includes biomass and animal labor, as well as other types of fuels (fossil and 
nuclear). 

A closely related result from the Ayres and Warr paper is that declining real cost of 
energy, particularly electricity, and the rising use of the much cheaper electricity, fed 
economic growth in the 1900 to 1998 period. 
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Figure 2: Electricity prices and electrical demand, USA 1900 — 1998 

6. Has the real price of electricity and other energy products continued to drop in 
recent years? 

Any of us, looking at our electric bills, our natural gas bills, and the cost of fuel for our 
cars know the answer to this one. Rather than talking about peak oil, perhaps we should 
be talking about passing the “trough in energy prices”. 

The Department of Labor shows this graph of changes in the Consumer Price Index for 
Energy. 
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Figure 3: Changes in Consumer Price Index for Energy, from the US Department of 
Labor 

The cost of electricity has also been rising since 1999. 

Productivity is growing, but not nearly as rapidly as energy costs. The International 
Energy Association says that energy efficiency is growing at less than 1% per year in 
its 26 member countries. The US Energy Information Administration forecasts energy 
efficiency gains ranging from 2.2% to 2.4% per year between 2004 and 2030 in its 
various forecast scenarios. 

One way of confirming the higher real cost of energy is to look at the trend in energy 
costs as a percentage of GDP. According to the U. S. Energy Information Agency, energy 
costs rose from 6.0% to 7.4% of US GDP between 1999 and 2004. We all know that 
since 2004, energy costs have likely risen further. 

7. Were there any other factors besides the increased use of fossil fuels that caused a 
change in the economic system between early days and now? 

Yes, there certainly have been many. 

One that is important for our analysis is the fact that there was a real change in the way 
the markets and financing were viewed. Debt was viewed more positively. The stock 
market came to be viewed as a safe investment. The whole system came to be viewed as 
sufficiently stable that quantitative analysts could develop sophisticated models of the 
system and use these to price financial products. 
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We will look at how this change came about in Part 2. In Part 2, we will also look a little 
more at where the economy is now. 
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Chapter 8: Economic Impact of Peak Oil 

Part 2 – Our Current Situation 

Peak oil seems likely to make a huge change in our economic system—more than would 
be expected by a worldwide decline in oil production by a few percentage points a year. 
In Part 1, we looked at the contrast between economic systems before the industrial 
revolution and the current economic system. We also looked at economic studies that 
suggested that energy, and the more efficient use of energy, seem to be big contributors 
to the real economic growth that took place since the industrial revolution. 

In this segment, we will look at some other changes affecting the economy besides the 
growth in the use of fossil fuels. We will look particularly at debt and how peak oil is 
likely to affect a financial system that is tied to debt. We will also look at some the 
stresses that the economy is currently under. Some of these stresses seem to stem from a 
failure of the United States to fully adapt to its own decline in oil supply since 1971; 
some of these stresses come from the fact that the world is finite, and we are reaching the 
earth’s limits with respect to more than just oil. 

1. Why is debt important to our economy today? 

Debt, and the trust that makes debt work, is the glue that holds our economy together. 
 
There is a very close relationship between debt and the supply of money. When a person 
borrows money from the bank, the loan actually increases the supply of money 
available. When more and more people take out mortgages and other types of debt, the 
people taking out the mortgages end up with more house then they would otherwise have. 
When homeowners refinance their homes and take the equity out, they get additional cash 
that they can spend on other things. 
 
If we suddenly have a situation where there are many defaults on mortgages or other 
debt, we end up with a reverse of the above situation, so that there is in fact less and less 
money. If a bank takes possession of the house when a purchaser is behind on payments, 
and tries to sell the house to get its money back, the house is added to the large inventory 
of other unsold houses. This tends to bring the prices of houses down further, and tends to 
reduce the amount of equity other homeowners have in their homes. 
 
Besides this role of debt, debt (in the form of bonds of various types) makes up a large 
share of the assets of insurance companies, pension funds, and banks. If there are 
suddenly many defaults on debt, most of the financial institutions in the country are at 
risk. 
 
Debt is also a means of smoothing financial transactions. We use credit cards for personal 
purchases. Businesses make purchases from other businesses, and are often given some 
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specified period to pay (say, 30 days or 60 days), before interest starts accruing. This is a 
form of debt. Because the US has a trade deficit, there is debt associated with purchases 
we make abroad. If we buy a car from overseas, on average, there are not enough exports 
to balance out our imports. Japan (or whoever is selling the car) ends up with more cash 
than it can use for imports. It often takes its excess dollars and buys US Treasury 
bonds—another form of debt. 
 

2. How did we get to a situation where debt is so important to the economy? 
Weren’t panics and crashes (like the bank failures during the depression) between 
1800 and 1932 so disruptive to the economy that debt could only play a minor role? 

During the time when panics and crashes were frequent, it was difficult to use debt 
widely, since defaults were a major problem. A number of changes were made over the 
years in an attempt to provide stability. The indirect result of these changes was to make 
greater use of debt possible. (Increased use of debt was also enabled by going off the 
gold standard in 1971, since the money supply was no longer tied to the amount of 
available gold.) 

Factors which contributed to the stability of the system included: 

• Establishment of the Federal Reserve System in 1913. This acts as a central bank, and 
tries to regulate monetary supply, primarily by adjusting interest rates. 

• Establishment of the Federal Deposit Insurance Corporation in 1934. The FDIC 
insures deposits in banks and savings and loans up to a specified limit (now $100,000), to 
prevent runs on banks. 

• Establishment of rules for international financial relations at the Bretton Woods 
Conference in 1944, including the establishment of the International Monetary Fund in 
1945. 

Another factor adding stability to the system was the economic growth that came through 
the growing use of fossil fuels. 

3. Why would economic growth—pushed along by growing fossil fuel use—make 
the debt system more stable? 

The reason that economic growth makes a debt system more stable is that we are dealing 
with a system in which a person (or company or government) borrows money at one date, 
and pays back that money plus interest at a later date. If the economy is growing rapidly, 
incomes tend to be rising, making the payback of loans, with interest, easier. A person 
who has taken out a home loan, or a loan for college expenses, will find that his higher 
income over time makes debt payments relatively affordable. Default rates tend to be 
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low, so interest rates can be relatively low. 

If there is no real growth (that is 0% economic growth), there will still be a few situations 
where loans make economic sense. These projects will have a good enough return that 
borrowed money can be used, and the return on the project will cover the interest on the 
loan. In general, the process will not work very well, however. Real incomes will not be 
rising fast enough to provide a cushion to make interest payments more affordable. 
Default rates will be quite high, so lenders will need to charge a higher interest rate to 
cover defaults. This will make loans affordable only in fairly rare circumstances. 

If we get to a situation where there is long-term economic decline, rather than growth, 
debt becomes a losing battle. Default rates are likely to be very high, making required 
interest rates (to cover expected inflation, a “rent” payment on money, and expected 
defaults) extremely high. Virtually no project will have a high enough expected return to 
be financed by debt in such an environment. 

4. Where do we stand now with respect to economic growth? 

Wikipedia tells us that income per capita was essentially flat until the industrial 
revolution. Between 1790 and 1946, Economic History Services data shows that the US 
experienced long term economic growth. There were a lot of ups and downs, related to 
the bubbles, panics and crashes that were so much a problem in that era, however. 

Since 1946, Economic History Services data shows that the US real growth has been 
about 3% per year. Year to year fluctuations have been smaller than prior to 1946, due to 
the changes described in Question 2 and the interventions of the Federal Reserve to 
maintain stability. 

Going forward, it seems very probable that the US real growth rate will decline once 
world oil production begins to decline. From Part 1, we know that there is a close tie 
between energy use (and more productive use of energy) and economic growth. We also 
know from Part 1 Question 6 that productivity growth at this point is relatively small — 
only 1% or 2% per year, so that we are unlikely to make up a very big decline in supply 
by efficiency gains. 

Surprisingly, a decline in US real growth rate may come even before peak oil. The issue 
is really one of how much oil is available to the US, through its own production and 
through imports. If something happens to reduce our imports, such as a drop in the value 
of the dollar, or greater competition for existing supply, we could find ourselves with less 
oil, even before the world reaches peak oil. If the decrease in oil supply is large enough 
that we cannot make up the shortfall by other means (increased coal or biofuels, for 
example), we could face declining real growth on a long term basis, even before peak oil. 
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5. Wouldn’t declining economic growth cause problems in an economy that is as tied 
to debt as ours? 

Yes! I It is likely to cause a lot of problems. 

If no intervention is made, there are likely to be a huge number of defaults. This will lead 
to many insolvencies and deflation, most likely. 

If steps are taken to guarantee the payment of loans, this may lead to hyper-inflation. We 
may still have our bank accounts and pension plans, but we will find that the funds in 
them will purchase much less than in the past. 

It is possible that there will be such serious disruption that the monetary system as we 
know it disappears. We could temporarily end up with barter as the primary means of 
exchange. Presumably, an alternative monetary system would be developed fairly 
quickly, but it could still be quite different from what we have today. 

New agreements with trading partners to facilitate inter-country trade would also be 
required. These new agreements could prove to be a more difficult problem than 
developing a new monetary system for use within the country. 

6. Hasn’t planning been done that considered the possibility that over the long term, 
economic growth may not really be possible? 

No. Economic theory has grown up since the industrial revolution, during a period of 
long-term economic growth. Recent economic work has been done using data since 
World War II. No one has stopped to think that the analysis period data might not be 
typical of the situation over the long run. 

Some examples of calculations that are distorted by looking at data from only periods of 
economic growth include the following: 

• Pension calculations. Much higher contributions will be needed, it economic decline is 
expected. 

• Loan calculations. A much higher margin for default is needed in interest rates, if a 
decline in economic growth is expected. Thus interest rates on loans will be higher. 

• Projections of stock market values. An analysis that considers only periods of economic 
growth will show good prospects for stock market growth in the future. An analysis that 
considers the possibility of long-term economic decline will show declining values. 

• Models used by quantitative analysts to price derivatives and sliced and diced bond 
funds. It is not clear that these models are very good in the best of circumstances. If one 
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adds the major shifts caused by declining economic growth, rather than increasing 
economic growth, the models are likely to be hugely distorted. 

7. I have heard that the US has been spending more than its real income in recent 
years. It seems like this will only make the problem of a future decline in real 
income worse. In what ways are we overspending? 

There are several ways that we are spending more than our real income: 

• We keep adding more and more debt (personal, business, and governmental). We use 
debt to finance our expenditures, with the idea that our income will be higher in the 
future, so we can afford to pay for our expenditures plus interest later. One example of 
this is refinancing home loans, and using the equity to pay for current purchases. 

• The government has developed programs like Social Security and Medicare that 
promise payments in the future, that are only partially funded today. 

• We defer maintenance on our infrastructure — roads, bridges, pipelines, and electric 
grid, for example. 

• We are depleting our non-renewable resources. Besides oil, we are depleting our natural 
gas, so that declining production is expected in North America in a few years. We are 
also using water from our aquifers more quickly than it can be replenished, and we are 
depleting our soil by not returning enough organic matter to it. 

• Debt payments are artificially low, 

• We are importing more than we are exporting, resulting in a growing balance of 
payments deficit. 

8. I’d like to know more about the last two points. Tell me first about the US 
Balance of Payments situation. 

US oil production began to drop in 1971, and the US went off the gold standard the 
same year. Since then, the US has been importing increasing amounts of oil and other 
products. This increase in imports has not been balanced by an equivalent increase in 
exports, so our balance of payments is getting more and more lopsided. 
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Figure 1: US Balance of Payments, 1970 – 2006 

What is happening is the US standard of living is increasingly being subsidized by the 
deteriorating balance of payments. In 2006, this deficit amounted to about $2,700 per US 
resident, or somewhat more than 10% of US per capita income. This deficit relates to a 
wide range of products —only about 15% of our imports are currently petroleum 
products. 

US trading partners are becoming increasingly unhappy about this situation, partly 
because they realize that they are financing a lifestyle Americans cannot really afford. In 
addition, many trading partners are becoming aware that world oil production is likely to 
decline in the next few years. Peak oil is likely to result in declining real GDP and a 
much greater chance of default on debt. Our trading partners do not want to be caught 
with a lot of worthless debt. 

9. What about the other point in Question 7, “Debt payments are artificially low”? 

There are several reasons debt payments are artificially low: 

• Foreign trading partners in recent years have been using the excess cash they received 
from the US purchase of imports to buy US debt. This has helped to keep interest rates 
artificially low. This issue is closely tied to the balance of payments situation above. 
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• Low interest rates set by the Federal Reserve have also tended to keep interest rates low. 

• Some new debt products have artificially low teaser rates for the first few years they are 
effective. 

• The charges required for defaults on loans have been calculated in a period of economic 
growth, so are artificially low. 

• Underwriting of loans has often been very loose. 

If payments on loans are artificially low, lenders will generally fare poorly. Such a 
situation is not sustainable—In the long term, debt payments (on all new loans and some 
existing loans) are likely to rise, resulting in market contraction and defaults. 

10. Are there problems with the debt system, over and above the artificially low 
payments that may cause defaults in the future? 

Yes. Confidence in the system is being severely tested. One of the basic characteristics of 
a debt-based finance system is that there must confidence in the system for it to continue 
to exist–-otherwise lenders will stop granting credit and the system will come to a 
screeching halt. For example: 

• Debt products have been put together without adequate concern for protecting the 
lender. Home loans were made with initial teaser interest rates and little down payment. 
Commercial loans were made without proper covenants. 

• Questionable loans were repackaged (after being sliced and diced) and resold around 
the world. These repackaged loans cannot be valued properly, partly because of the 
questionable nature of many of the underlying loans, and partly because the valuation 
system that was planned (using rating agencies and theoretical models) works very poorly 
in practice. 

• Off-balance sheet financing of banks makes it impossible to assess a bank’s true 
financial situation. Banks are becoming less willing to lend to each other, because they 
cannot tell what each other’s actual financial situation is. Banks lending to other banks 
are not protected by FDIC coverage, so they are concerned when there may be a risk of 
default. 

11. What other issues are currently on the horizon? 

The world is finite, and we are reaching its limits in many ways. Besides energy-related 
impacts discussed in Part 1, there are many others: 

• There is increased competition for soil and fresh water. It is not easy to increase 
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production of biofuels, because of competition with food production. Costs of food and 
other products tend to rise with scarcity, adding to the overall pressure on consumers, and 
pushing real economic growth downward. 

• Many minerals are becoming harder and harder to extract, because the locations with 
high concentrations have been mined. The real cost of mining these minerals is rising, 
both because of the higher cost of fuel and because of the additional work required to 
extract these minerals. 

• Climate change is becoming a serious issue. There is a significant possibility that 
climate change will disrupt food production in not many years. There is also a possibility 
of coastal flooding causing significant damage. 

12. How would you sum up what we are seeing here? 

We are facing a world that is already stressed — by a debt market that is not working 
well, by pressure on limited resources, and by climate change. In such a world, it does not 
take much of a change to disturb the debt system, and to cause serious problems with the 
world monetary system. 

Peak oil, or even the squeeze preceding peak oil, is likely to result in a decline in real 
growth. Even a slowdown in growth might cause a problem at this point, given the 
existing problems in the system. This disruption of economic growth is likely to put 
pressure on the monetary system, because our monetary system is tied to debt, and debt is 
easily disrupted by declining economic growth. 

The United States is particularly vulnerable to problems because we are living beyond 
our means and because we are already straining our debt-based system to its limits. There 
is a significant possibility of a discontinuity of some type—either deflation or rapid 
inflation. There is even a possibility that our monetary system will fail completely, and 
need to be replaced. 

The long period of economic growth in the past 60 years has lulled analysts of many 
types into believing that the favorable patterns associated with economic growth will last 
forever. It is pretty clear that these favorable patterns are in fact temporary. Peak oil, or 
the squeeze preceding peak oil, is likely to result in a rapid change in the financial 
situation that may have more impact than the decline in oil production itself. 

In Part 3, we will look at the changes that may occur in the years ahead. 
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Chapter 9: Economic Impact of Peak Oil 

Part 3 – What’s Ahead? 

We cannot know exactly what is ahead. In this part, we look at one possible future 
scenario. When we think of economic impacts, we usually think of the impacts that the 
squeeze of higher oil prices will bring--such as energy price inflation, food price 
inflation, and the need for more mass transit. 

While these "squeeze" impacts are expected to occur, the real problem may be the 
discontinuities that occur, because of pressure on monetary systems and pressure on 
political systems. These pressures can cause unexpected results such as: 

• Hyperinflation or deflation that indirectly results in a major decline in imports of all 
kinds (not just oil), 

• Major changes in governments, and 

• Fast declines in oil production in some oil exporting countries. 

1. What impacts do you expect peak oil to have in the future? 

There are three types of impacts that may occur. In the scenario that is presented here, we 
will assume that they all occur. 

Squeeze impacts These are the impacts caused by gradually higher prices and slowly 
reducing world supply. This type of impact is already squeezing some of the poorer 
countries out of the world oil market. While this type of impact can be expected to 
increase over time, in this scenario, it is of far less importance than discontinuities. 

Discontinuities for oil exporters In these countries, there is the possibility of social unrest 
and overthrow of governments once oil production begins to fall. This may happen 
because government revenues begin to decline, resulting in a cutback in governmental 
services and imports. The impact is likely to be a faster decline in oil production. 

Discontinuities for oil importers Once real growth falters, the combination of increasing 
debt and decreasing real incomes may overwhelm monetary systems for oil importers. 
The infinite growth paradigm will come to an abrupt halt. Depending on the type of 
governmental intervention, the resulting discontinuity could either take the form of 
hyperinflation or rapid deflation. My analysis suggests either of these may result in a 
decline in the amount of oil and other goods a country is able to import, because of debt 
and monetary problems. 
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2. How soon might such discontinuities occur? 

Discontinuities could start very soon, and continue in different countries over many 
years. 

With respect to oil exporters, Mexico, with its declining oil production, is already at risk 
for social unrest and overthrow of the government. Saudi Arabia has a high risk of 
government overthrow, once its oil production starts clearly declining. Because of this 
type of discontinuity, world oil production may begin to decline considerably faster than 
models based on "business as usual" would suggest. 

With respect to oil importers, we indicated in Part 2 that the debt situation in the United 
States is already in a precarious situation. A little more squeeze in oil availability, or a 
sharp drop in the value of the dollar, or even widespread knowledge of the likelihood of 
peak oil and its effects could further destabilize the debt market. Faith in the ability of 
long-term borrowers to repay their debt could evaporate. Depending on how the 
government deals with this situation, the result could be either hyperinflation or deflation. 

If there are discontinuities, the timing is likely to vary from country to country, 
depending on the situation in that particular country. Once there is a discontinuity in a 
major country such as the United States, the impact may to spread to some other 
countries as well. Some countries may be able minimize discontinuity effects by finding a 
group of lesser-affected countries and sharing resources within the group. 

3. If there is hyperinflation in the United States, what kinds of effects might there 
be? How about massive deflation? 

With peak oil, there are likely to be many debt defaults, ultimately caused by the squeeze 
of higher oil prices. (This squeeze of higher oil prices may actually cause problems 
before the peak arrives. See Part 2, Question 12.) If the response of the government is to 
guarantee payment of debt, so as to prevent business failures, the money supply may 
expand greatly and hyperinflation may occur. If there are many defaults and the 
government does not intervene, or its intervention is unsuccessful, the money supply may 
contract, and deflation may occur. 

Hyperinflation. If there is hyperinflation, people and businesses will find that money in 
their bank accounts and fixed income retirement funds will purchase very little. Incomes 
of people with jobs are not likely to rise as fast as the price of goods, so they will find it 
necessary to reduce their purchases. Demand for many optional goods and services will 
drop. 

After a short time, the government will find that its revenue is very low compared to the 
huge amount of debt that it has guaranteed. Buyers for government bonds are likely to 
disappear, and the monetary system will collapse. 
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Whether or not the monetary system fails, foreign governments holding US debt will be 
very unhappy. Even if there is not a default, the bonds will be redeemed with dollars that 
are worth much less than when the bonds were purchased. Either way, foreign 
governments will feel cheated. 

Massive Deflation With massive deflation, there will be many business failures --banks, 
money market funds, hedge funds, insurance companies, and ultimately businesses of 
many kinds. FDIC insurance will cover some of the bank losses, but this would soon be 
depleted. Many people will find their life savings wiped out. 

Governmental revenue will decline in such a scenario, making it difficult for the US 
government to repay its debt. Exceedingly high interest rates might be needed to attract 
buyers for US debt--higher than could be afforded with the decline in revenue. If the 
problems were to become severe enough, the whole monetary system could collapse. 

4. If the monetary system fails, what are the options for replacing it? 

In a scenario where the monetary system fails, there will be big problems. In such a 
scenario, it seems like there is a significant chance that the government may also be 
replaced, because the existing government will have no money and there will be a huge 
number of people who are very angry about the situation. Waiting up to four years for a 
new president, and up to six years for new senators, may seem unacceptable. Open revolt 
seems possible. 

Once we are talking about replacing the government, we are really speculating. One 
question is whether the new government would cover the same 50 states as it does today, 
or a smaller area. When the Soviet Union collapsed in 1991, the governments of its 
constituent states remained, and these took over. 

If the analogous situation happened here, we would fall back on the 50 individual state 
governments. This would be the easiest new government to implement. It is theoretically 
possible that the 50 state governments could each set up its own fiat monetary system. It 
seems to me that this may be the most likely outcome. 

5. What kind of new monetary system would work? 

If we are talking about 50 state governments issuing currency, I would expect that the 
level of planning that would go into each of the new systems would be limited. Each state 
would issue some type of money, good only in that state. A governor might choose to 
increase the amount of money available whenever he or she found it politically expedient 
to do so. 

With this system, money would still act as a means for facilitating the transfer of goods. 
No one would reasonably expect money to be a store of value because the amount of 
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money in circulation in the future may be quite a bit greater than today, and the amount 
of goods available for purchase would likely be decreasing. 

In a scenario where a new 50-state monetary system is created, the monetary system 
would still not act as a store of value. The inflation rate would likely to be very high, and 
interest rates would not be sufficient to offset the inflation. This result is expected 
because the amount of goods available to society will be decreasing over time because of 
peak oil and decreasing imports. Unless someone figures out a way to keep contracting 
the money supply on a regular basis (ask for 5% back from everyone?), the decrease in 
available goods would almost certainly result in persistent inflation. 

If it is necessary to create a new 50-state government, the length of time it takes to put all 
of the pieces in place--a new government, a new monetary system, and probably a new 
banking system--could be a problem. If a new democratically elected government were to 
be formed, it would seem like the process could take up to three years. We would most 
likely be without any monetary system at all during this time. If some type of dictatorship 
took over, the timeframe might be much shorter, but there would be different issues. 

6. What kind of financial system would work with a fiat monetary system, long-term 
inflation, and a declining economy? 

In such a scenario, people would expect to spend money pretty much as soon as they 
earned it. Banks would be primarily for convenience, rather than as a place to store 
money for the future. 

Insurance products with a very short time horizon could be sold - for example, term life 
insurance, health coverage, auto coverage, homeowners coverage, fire insurance for 
buildings, and cargo coverage for shipping. 

Loans with very short time frames might be offered--for example, short-term financing of 
goods for resale. Long term business and personal loans would generally not be available, 
because of the uncertainty of the value of the currency in the future, and also because of 
the declining economy. (If the only problem were the variable inflation rate, variable 
interest rate loans might work.) 

Because of the uncertain nature of money, it is possible that longer-term loans could be 
made to individuals that would be paid back in services rather than money. For example, 
a city might pay a person's tuition for medical school in return for his/her agreeing to 
work for that city for a set number of years to repay the loan. (Does this sound a little like 
being an indentured servant?) 

Financing of large projects by businesses or individuals would be very difficult, because 
of the lack of long-term loans. Because of this, large projects would most likely need to 
be undertaken by governments, and financed by tax dollars. 
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A country with an economy of the type described would likely be very poor. It would 
theoretically be possible for the country to have a social security-type retirement program 
financed by a tax on workers. Because of the poverty of the country, such an arrangement 
seems unlikely, however. Instead, I would expect most people to work as long as they are 
able, and live with children in later life. 

7. I learned that money is always a store of value. Isn't that what economics teaches? 

Economics may teach that money is a store of value, but unfortunately this cannot be true 
when an economy is in a period of long-term contraction. Economists have developed 
their theories looking at an atypical period in the world's history--one where growth was 
the norm. They have never stopped to realize that our world is finite, so infinite growth is 
not possible. Their theories may hold for a specific time period, but aren't true in general. 

In some ways, their assumptions are similar to the assumptions of people who once 
thought the world was flat. At some time in the not too distant future, people will come to 
realize that the most important word in the phrase "economic theory" is the word theory. 
Economic theory is really just an untested hypothesis, developed in period of long-tern 
economic growth. Once this growth stops, there is no particular reason to believe that 
economic theory will hold. 

8. What will future trade look like in scenarios such as you are discussing? 

If we are looking at 50 state governments, each with its own type of money, future trade 
is likely to be pretty limited. There will be some trade across state lines, but long-distance 
transport of people and goods is likely to decrease significantly. It may be possible to 
import some goods from overseas, but I would expect that an equal-value export would 
need to be traded at the same time with the same country. 

If we are looking at a unified United States, prospects for trade are better. Trade within 
the United States will most likely continue unhindered. Overseas trade may still be a 
problem. For one thing, foreign countries will be unhappy about the default on US debt 
(or its payment in inflated dollars), and will want to retaliate. At a minimum, they will be 
unwilling to extend credit, unless it is clearly earned. I expect that countries will develop 
a close set of allies whose credit can be trusted, and trade mostly with those allies. 

In either scenario, I expect that the total amount of foreign trade will drop sharply. As an 
upper bound, I would expect imports from overseas to equal about 56% of our current 
imports. (See Part 2, Question 8.) This kind of drop would be needed to eliminate our 
current balance of payments deficit. Even this level of imports is almost certainly 
unreasonably high, if our ability to produce goods for export decreases, or if there are 
barriers to trade. Also, some of our trading partners (like Japan) are likely to have 
economic problems as well. A better guess might be that overseas imports will equal 10% 
of current imports. 
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The decline in trade is a key issue. In a scenario where the US monetary system 
collapses, there will be oil somewhere in the world, but we won't be able to buy it. The 
inability to buy the oil will cause the problems, not the lack of oil itself. We also will find 
ourselves unable to buy most of the other goods we currently import. 

9. What will happen to large companies? 

In scenarios such as this, I expect that most large companies will either cease to exist, or 
will break into pieces that fit within a single country. There are several issues: 

• If a US company has assets in overseas locations, there is a significant possibility that 
foreign governments will find an excuse to confiscate those assets, as partial payment for 
the US default on debt. 

• Business airline travel is likely to disappear very quickly, because of the squeeze effect 
of declining oil supply. It will be very difficult to manage overseas locations using boats 
as the primary means of travel. 

• Financial system problems may be a huge issue. It will be difficult to expand operations 
without the availability of long-term debt. Stock values are likely to be very low if the 
economy is in long-term decline, so raising funds from the issuance of stock will not 
work well either. If there are 50 states with non-interchangeable currencies, business 
operations across state lines may be very difficult. 

• The decline in imports is likely to be a real problem. Local replacements will need to be 
found for raw materials and parts that were imported from abroad--even replacement 
parts, to keep machinery operating. Fuel for transportation of products will be very 
limited. Customers will have difficulty visiting stores, because of limited fuel supplies. 

10. What kind of economy can continue, without large companies, with very few 
imports, and with a finance system as you described? 

In such a scenario, I expect that the economy that can exist long-term would be a very 
simple system, with most people either growing their own food or manufacturing some 
type of product using local materials. Such a system might be similar to an economy from 
1900 or earlier. 

If this scenario should happen now, the new economy would not work as well as the 
economy in 1900 in many ways, because the country would be lacking some of the things 
available in 1900 -- for example, draft animals for labor and farm tools that do not require 
fuel. People now are also lacking the required skills to live as people lived then - 
knowledge of farming, food processing and woodworking, for example. 

For the first several years, I expect we would be able to carry over some of our current 
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lifestyle. People would continue to live in houses that were built prior to the 
discontinuity--perhaps two or three families in a single house, if the house is conveniently 
located. Clothing and other manufactured goods would be used as long as possible. I 
expect that there would be considerable trade in used household goods. 

Electricity would continue to be available as long as the grid can be maintained and 
power plants can be operated. I expect that if new power plants are built, they would use 
local materials for generation-- wood pieces where there are forests and oil where oil is 
produced. The availability of electricity is likely to vary by the part of the country. Grids 
are likely to be difficult to maintain, so eventually electricity is likely to be generated 
close to where it is used. Many homeowners are likely to be without electricity. 

11. Will there be rationing of gasoline and diesel fuel? 

In this scenario, it is possible that there would be rationing of fuel for a few years, but I 
expect the whole transportation system would collapse pretty quickly, so that the need for 
gasoline and diesel would decline. The reason I see a problem is the fact that our vehicles 
-- cars, semi-trucks, fire engines, ambulances, farm equipment, and airplanes--have many 
parts that need to be replaced regularly: 

• Batteries 

• Oil filters 

• Tires 

• Brake linings 

• Head lights 

• Fluids such as anti-freeze, transmission fluid, and motor oil 

In addition, roads and bridges that the cars and trucks use need regular maintenance. If 
we are very much restricted in terms of imports, we will not be able to import the parts 
and raw materials that we are accustomed to. Because of this, it will be difficult to keep 
the cars and trucks running and the roads repaired. Even if we have plenty of gasoline 
and diesel fuel, the system will come to a stop. 

Boats and trains may be better, in terms of needing fewer replacement parts. Electric 
trains would seem to be OK as long as the grid is running. Once the grid stops, electric 
trains will stop. 

12. How much new infrastructure would we be able to build, after the discontinuity? 

Very little. There are a lot of things we would like to use our resources for, including: 
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• Building factories to manufacture all of the things we used to import from overseas, but 
can no longer import. 

• Maintaining roads and bridges. 

• Maintaining the grid. 

• Transporting raw materials from one end of the country to the other. 

• Building new battery powered cars. 

There would simply not be enough resources to go around, since the resources we will 
have will be those within the country itself, plus a few imports. Financing is also likely to 
be a problem, because of the lack of long-term loans. Most of the infrastructure 
development would need to be undertaken by governments, because of financing issues. 

13. If we need to use more manual labor to grow our food, how will that work? 
Right now it seems like there are a lot of huge farms. 

I can think of two approaches that might be used to make the transition from large 
mechanized farms to farms using more manual labor. One approach is for the government 
to print lots of extra money, and use the extra money to buy up the large farms. The extra 
money will add to inflation. The government will then divide the large farms into small 
tracts, and assign families to the tracts. 

A second approach would be to keep the farms intact, and assign people to work on the 
farms, much like serfs. The farm owner would assign people to tasks and keep a portion 
of the crops as his share. 

Regardless of which approach is used, a large amount of housing will be needed in areas 
where farms are located. If existing houses are located in the area, they can be subdivided 
and used. If not, there will be a need for houses that can be built at low cost with local 
materials. I would expect homes would be built of local materials such as straw, sod, 
logs, or adobe. These new homes would lack amenities such as electricity, heat, and 
running water. 

14. Which countries are likely to fare best in the transition to a scenario such as you 
describe? 

The countries that are likely to do best in the transition are the ones whose economies are 
at a fairly low level currently, so that the people have the skills and the tools needed to 
grow local crops, and make clothing. It would be helpful for the countries to have fertile 
soil, adequate rain, and a relatively low population for the area available. It would be best 
for most people to already be living in the countryside or small towns, because it is 
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doubtful that economies will be able to support large cities after the discontinuity. 

Finally, it would be helpful for the countries not to be too affected by climate change. If 
climate change kills the native crops, there will be a huge problem. 

15. What might a country do to prepare for life after the discontinuity? 

If a scenario such as the one we have discussed takes place, the world will look much like 
it did before the industrial revolution in not too many years. Most products will be grown 
or produced locally. Foreign trade will play a minor role. The array of goods available 
will be much smaller than today. Finance will play a smaller role than today. 

If a country is to prepare for a scenario such as this, one major thing that needs to be done 
now is to train people for life in a low energy world--teaching the many skills required. It 
would be helpful to collect open-pollinated seeds for grains, legumes, and vegetables 
suitable for each area. It may also be helpful to manufacture some tools and easy-to repair 
machinery for use in the future. A country may even want to re-build some older 
technology like grain mills powered by waterfalls and cotton gins, since these can be 
built to be fairly sustainable in the future. 

If a scenario such as we are discussing happens in the next few years, spending time and 
money on attempts to extend our current lifestyle would be counterproductive. The 
decline would be so significant that we would not be able to maintain our new 
technologies in the years ahead. 

Hopefully, a scenario such as what I have described will never happen. Thinking about it, 
and why it might or might not happen, can perhaps give us better insight as to how we 
should prepare for the years ahead. 



TheOilDrum.com  Introduction to Peak Oil by Gail Tverberg 79 

 

 

Section 4 

 

 

The Future 



TheOilDrum.com  Introduction to Peak Oil by Gail Tverberg 80 

Chapter 10: What Should We Do Now? 
We know that peak oil will be here soon, and we feel like we should be doing something. 
But what? It is frustrating to know where to start. In this chapter, we will discuss a few 
ideas about what we as individuals can do. 

1. What will the first few years after peak oil be like? 

It is hard to know for certain, but a reasonable guess is that the impact will be like a 
major recession or depression. Many people will be laid off from work. Gasoline is likely 
to be very expensive ($10 a gallon or more) and may not be available, except in limited 
quantities after waiting in line for a long time. Fewer goods of all types will be available 
in stores. Imports from third-world countries are likely to be especially unavailable, 
because of the impact of the oil shortage on their economies. 

Money may not have the same value as previously--opinion is divided as to whether 
deflation or rampant inflation will be a problem. Investments, even those previously 
considered safe, are likely to lose value. Things we take for granted--like bottled water, 
fast food restaurants, and dry cleaners--may disappear fairly quickly. Electricity may 
become less reliable, with more frequent outages. Airplane tickets are likely to be 
extremely expensive, or only available with a special permit based on need. 
 
2. If a scenario such as this is coming, what can a person do now? 

Here are a few ideas: 

• Visit family and friends now, especially those at a distance. This may be more difficult 
to do in the future. 

• Learn to know your neighbors. It is likely that you will need each other's help more in 
the future. 

• If you live by yourself, consider moving in with friends or relatives. In tough times, it is 
better to have others to rely on. It is also likely to be a lot cheaper. 

• Buy a bicycle that you can use as alternate transportation, if the need arises. 

• Start walking or jogging for exercise. Get yourself in good enough physical condition 
that you could walk a few miles if you needed to. 

• Take care of your physical health. If you need dental work or new glasses, get them. 
Don't put off immunizations and other preventive medicine. These may be more difficult 
to get, or more expensive, later. 
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• Move to a walkable neighborhood. If it seems likely that you will be able to keep your 
job, move closer to your job. 

• Trade in your car for one with better mileage. If you have a SUV, you can probably sell 
it at a better price now than in the future. 

• If you have two cars powered by gasoline, consider trading one for a diesel-powered 
vehicle. That way, if gasoline (or diesel) is not available, you will still have one car you 
can drive. 

• Make sure that you have at least a two-week supply of food and water, if there is some 
sort of supply disruption. It is always good to have some extra for an emergency--the 
likelihood of one arising is greater now. 

• Keep reasonable supplies of things you may need in an emergency--good walking 
shoes, boots, coats, rain wear, blankets, flashlights and batteries (or wind-up flashlights). 

• Take up hobbies that you will be able to continue in a low energy world, such as 
gardening, knitting, playing a musical instrument, bird watching, or playing cards with 
neighbors. 

• Join a local sustainability group or "permaculture" group and start learning about 
sustainable gardening methods. 

3. Do I need to do more than these things? 

It really depends on how much worse things get, and how quickly. If major services like 
electricity and water remain in place for many years, and if gasoline and diesel remain 
reasonably available, then relatively simple steps will go a a long way. 

Some steps that might be helpful to add once the crunch comes include: 

• Join a carpool for work, or make arrangements to work at home. If public transportation 
is available, use it. 

• Cut out unnecessary trips. Eat meals at home. Take your lunch to work. Walk or jog in 
your neighborhood rather than driving to the gym. Order from the internet or buy from 
stores you can walk to, rather than driving alone to stores. 

• If you live a distance from shopping, consider forming a neighborhood carpool for 
grocery and other shopping. Do this for other trips as well, such as attending church. If 
closer alternatives are available, consider them instead. 
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• Plant a garden in your yard. Put in fruit or nut trees. Make a compost pile, and use it in 
your garden. Put to use what you learned in sustainability or permaculture groups. 

• Meat is likely to be very expensive. Learn to prepare meals using less meat. Make 
casseroles like your grandmother's, making a small amount of meat go a long way. Or 
make soup using a little meat plus vegetables or beans. 

• Use hand-me-down clothing for younger children. Or have a neighborhood garage sale, 
and trade clothing with others near you. 

4. Should families continue to have two, three, or four children, as they often do 
today? 

With the uncertainties ahead, it would be much better if families were very small--one 
child, or none at all. The world's population has grown rapidly in the last 100 years. Part 
of the reason for growth is the fact that with oil and natural gas, it was possible to grow 
much more food than in the past. As we lose the use of these fossil fuels, it is likely that 
we will not be able to produce as much food as in the past, because of reduced ability to 
irrigate crops, and reduced availability of fertilizers, insecticides, and herbicides. In 
addition, manufactured goods of all types, including clothing and toys, are likely to be 
less available, with declining fossil fuel supply. Having smaller families will help fit the 
population to the available resources. 

If couples have completed their families, it would probably be worthwhile for them to 
consider a permanent method of contraception, since birth control may be less available 
or more expensive. 

5. Are there any reasons why steps such as those outlined in Question 3 might be too 
little to handle the problem? 

Besides the decline in oil production, there are a number of other areas of concern. 
Hopefully, most of these will never happen, or if they do happen, will not occur for 
several years. If they do happen, greater measures than those outlined in Question 3 are 
likely to be needed. 

• Collapse of the financial system. Our financial system needs growth to sustain it, so that 
loans can be paid back with interest. Once peak oil hits, growth will be gone. Economic 
growth may even be replaced with economic decline. It is not clear our financial system 
can handle this. 

• Collapse of foreign trade. Many factors may come into play: The cost of transportation 
will be higher. Airline transport may not be available at all. Fewer goods are likely to be 
produced by third world countries, because of power outages related to high oil prices. 
Rapid inflation/deflation may make monetary transactions more difficult. 
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• Rapid climate change. Recently, scientists have discovered that climate change can 
take place over a very short period of time--as little as a decade or two. Temperature and 
precipitation changes may cause crop failures, and may make some areas no longer 
arable. Sea levels may also rise. 

• Failure of the electrical grid. The grid tends to be vulnerable to many kinds of 
problems--including deterioration due to poor maintenance, damage during storms, and 
attacks in times of civil unrest. Maintenance is currently very poor (grade of D) according 
to the "Report Card on America's Infrastructure" by the American Society of Civil 
Engineers. If we cannot maintain the grid, and upgrade it for the new wind and solar 
capacity being added, we will all be in the dark. 

• Water shortages. There are several issues--We are drawing down some aquifers at 
unsustainable rates, and these may be depleted. Climate change may reduce the amount 
of water available, by melting ice caps and changing storm patterns. City water and sewer 
systems require considerable energy inputs to continue functioning. If these are not 
provided, the systems will stop. Finally, systems must also be adequately maintained--
something that is neglected currently. 

• Road deterioration. If we don't have roads, it doesn't matter whether we have cars. In 
the future, asphalt (a petroleum product) is expected to become more and more expensive 
and less available. It is not clear whether recycling asphalt from lesser-used roads will 
overcome this difficulty. 

• Decline in North American natural gas production. Natural gas is especially used for 
home heating, making plastics and making fertilizer. It is also used in electrical 
generation, particularly for extra load capacity when demand is high. Conventional 
natural gas is declining, and it is not clear that supply from other sources can make up the 
gap. 

• Inadequate mineral supplies. A number of minerals are becoming less avaialble, 
including copper (used in electric wiring), platinum (used in catalytic 
converters),phosphorous (used in fertilizer). 

• Fighting over available supplies. This could happen at any level. Individuals with 
inadequate food or gasoline may begin using violence. Or there may be fighting among 
groups within a nation, or between nations. 

6. Are there any reasons for optimism? 

Yes. We know that people throughout the ages have gotten along successfully with far 
fewer resources than we have now, and with much less foreign trade. Financial systems 
have gotten into trouble in the past, and eventually new systems have replaced them. If 
nothing else, barter works. 
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We know that among the countries of the world, the United States, Canada, and Russia 
have reasonably good resource endowments in relation to their populations. They have 
fairly large amounts of land for crops, moderate rainfall, reasonable amounts of fossil 
fuels remaining, and populations that are not excessively large. 

We also know that Cuba successfully made a transition from high oil usage to much 
lower oil usage, through the development of local gardens, increased public transit, and 
bicycles. A movie has been made about the Cuban experience. 

7. What should we do, if we want to do more than described in Question 3? 

Some web sites (such as Life After the Oil Crash and wtdwtshtf.com) advocate moving 
to a farming area, buying land and hand tools, and learning to farm without fossil fuels. 
Typically, an individual purchases an existing farmhouse and adds solar panels or a 
windmill. The web sites generally recommend storing up large supplies of food, clothing, 
medicine, tools, guns, and ammunition, and learning a wide range of skills. These sites 
also suggest storing some things (liquor, razor blades, aspirin, etc.) for purposes of barter. 

This approach may work for a few people, but it has its drawbacks. Making such a big 
move is likely to be expensive, and will most likely involve leaving one's job. The 
individual will be alone, so security may be a problem. The individual may be dependent 
on his or her own resources for most things, especially if the farm is in a remote location. 
If the weather is bad, crops may fail. Living on the edge of a small town may prevent 
some problems, but such a move would still be a major undertaking. 

8. How about Ecovillages? What are they? 

These are communities dedicated to the idea of sustainable living. These communities 
were set up in response to many issues facing the world, including global warming, 
resource depletion, and lifestyles that are not fulfilling. They were generally not formed 
with peak oil in mind. 

Each ecovillage is different. Organizers often buy a large plot of land and lay out a plan 
for it. Individuals buy into the organization. Homes may be made from sustainable 
materials, such as bales of hay. Gardening is generally done using "permaculture"- a 
sustainable organic approach. Individuals may have assigned roles in the community. 

The few ecovillages I investigated did not seem to truly be sustainable--they bought 
much of their food and clothing from outside, and made money by selling tours of their 
facilities. The ecovilliage approach could theoretically be expanded to provide self-
sustaining post-peak oil communities, but would require some work. Some 
adventuresome readers may want to try this approach. 
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9. Is there a middle ground? What should be people be doing now, if they want to do 
more than outlined in Questions 2 and 3, but aren't ready to immerse themselves in 
a new lifestyle? 

As a middle ground, people need to start thinking seriously about how to maintain their 
own food and water security, and start taking steps in that direction. 

Food security. We certainly hope our current system of agriculture will continue without 
interruption, but there is no guarantee of this. Our current method is very productive, but 
uses huge amounts of energy. If we can keep our current system going, its productivity 
would likely be higher than that of a large number of individual gardens. The concern is 
that eventually the current system may break down due to reduced oil supply and need to 
be supplemented. Vulnerabilities include: 

• Making hybrid seed, and transporting it to farmers 

• Getting diesel fuel to the farmers who need it 

• Transporting food to processing centers by truck 

• Creating processed food in energy-intensive factories 

• Making boxes and other containers for food 

• Transporting processed food to market 

If diesel fuel is allocated by high price alone, farmers may not be able to afford fuel, and 
may drop out. Or truck drivers may not be able to get what they need. 

It is in our best interest to have a back-up plan. The one most often suggested is growing 
gardens in our yards—even front yards. Another choice is encouraging local farms, so 
that transportation is less of an issue. It takes several years to get everything working well 
(new skills learned, fruit trees to reach maturity), so we need to start early. 

One type of crop that is particularly important is grain, since grain provides a lot of 
calories and stores well. In some parts of the country, potatoes might be a good substitute. 
It would be good if people started planting grain in gardens in their yards. There is a lot 
to learn in order to do this, including learning which grains grow well, how much 
moisture and nutrients the grains need, and how to process them. If the grain that grows 
well is unfamiliar, like amaranth, there is also a need to learn how to use it in cooking. 

Individuals (or local farms) should also begin growing other foods that grow well in their 
areas, including fruits and nuts, greens of various types, and other more traditional garden 
crops. For all types of gardening, non-hybrids seeds (sometimes called heirloom seeds) 
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are probably best for several reasons: 

• It makes storing seeds after harvest possible, and reduces dependence on hybrid seeds. 

• There is less uniformity, so the harvest is spread over a longer period. 

• The reduced uniformity also helps prevent crop failure in years with drought or 
excessive rain. Some seeds will not grow, but others will. (Hybrids are all or nothing.) 

Imported foods are likely to shrink in supply more quickly than other foods. If you live in 
a country that is dependent on imported foods, you may want to consider moving 
elsewhere. 

Water Security. Here, the largest issue is whether there is likely to be sufficient supply in 
your area. Another issue is whether there will be sufficient water for your garden, at 
appropriate times. A third issue is whether there will be disruptions in general, because of 
poor maintenance or because the process of treating fresh water (and sewage) is energy-
intensive. 

With respect to sufficient water in your area, if it looks like there is a problem (desert 
Southwest, for example), relocating now rather than later is probably a good idea. 
Transporting water is energy intensive, and new efforts at developing energy (like shale 
oil or more ethanol) are likely to make the water supply situation even worse. 

With respect to water for gardening, consider a rainwater catchment system for your 
roof. Runoff water is saved in barrels, and can be used for irrigation in dry periods. 

General disruptions of water supply are more difficult. Keep some bottled water on hand. 
You may also want to consider a tank for greater storage supply. Rainwater catchment 
can be used for drinking water, with the correct type of roofing (not asphalt shingles!) 
and proper treatment, but this is not generally legal in the United States. 

10. What kind of investments should I be making? 

A person's first priority should be buying at least a little protection for a rainy day - some 
extra food and water, comfortable clothing, blankets and flashlights. I suggested two 
weeks worth in Question 2. If you have money and space, you may want to buy more. 

Paying down debt is probably a good idea, if only for the peace of mind it brings. There 
are some possible scenarios where debt is not a problem (hyper-inflation but you keep 
your existing job and get a raise). In many other scenarios (deflation; job lay-offs; rising 
food and energy prices) debt is likely to be even harder to pay off than it is now. 

Land for a garden is probably a good investment, as well as garden tools. You will want 
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to invest in gardening equipment, some books on permaculture, and perhaps some 
heirloom seeds. You may also want to consider a rainwater catchment system, to 
collect water from your roof. 

You may also want to invest in solar panels for your home. If you want round-the-clock 
solar energy, you will also need back-up batteries. These tend to be very expensive, 
require lots of maintenance, and need to be replaced often. 

There is a possibility that the financial system will run into difficulty in the not-too-
distant future. Some ideas for investments that may protect against this are 

• Treasury Inflation-Protected Securities (TIPS) 

• Bank accounts protected by the FDIC 

• Gold coins 

• Silver coins 

If you want to put money in the stock market, we know that there will be more and more 
drilling done for oil and gas done in the next few years, so companies making equipment 
are likely to do well. Small independent oil and gas companies may also do well, doing 
"work-over" business. We know that there are likely to be shortages in some metals in the 
years ahead (copper, platinum, uranium), so shares in companies mining these types of 
metals may do well. 

Investments in biofuels should be considered with caution. Most ethanol from corn 
appears to be heavily dependent on subsidies. If it should ever have to compete with other 
fuels on a level playing ground, it is likely to do poorly. 

I would be cautious about buying insurance policies, except for short-term needs such as 
automobile coverage, homeowners coverage, and term life insurance. If we encounter a 
period of significant deflation, insurance companies are likely to fail, because 
bondholders cannot pay their debt. If we run into a period of rapid inflation, the life 
insurance or long term care coverage you buy may have very little real value when you 
come to use it. 

11. Should I move to a different location? 

There are many reasons you might want to consider moving to a different location: 

• To find something less expensive. If times are going to be difficult, you do not want to 
be paying most of your income on a mortgage or rent. 

• To be closer to friends or family, in the difficult times ahead. 
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• To share a house or apartment with friends or family. 

• To be closer to work or public transportation. 

• To be closer to a type of employment that you believe will have a better chance of 
continuing in the future. 

• To have better fresh water supplies. 

• To join a community with similar interests in sustainability. 

• To leave a community that you feel may be prone to violence, in time of shortage. 

There are disadvantages as well as advantages to moving to a new location. If many 
others are trying to move at the same time, you may not be welcome in the new 
community. You will likely not have friends and the support group you would have had 
in your prior location. Because of these issues, it is probably better to move sooner, rather 
than later, if you are going to move. If you balance the pluses and the minuses, it may be 
better to stay where you are. 

12. We hear a lot about various things we can do to be "green", like buying 
fluorescent light bulbs. Do these save oil? 

Most of the "green" ideas you read about save energy of some kind, but not necessarily 
oil. Even so, they are still a good idea. If there is a shortage of one type of energy, it tends 
to affect other types of energy as well. 

Here are some green ideas besides using fluorescent light bulbs: 

• Move to a smaller house or apartment. 

• Insulate your house, and have it professionally sealed to keep out drafts. 

• If any rooms are unused, do not heat and cool them. 

• Keep your house warmer in summer, and cooler in winter. 

• If you no longer need a big refrigerator, buy a smaller one. Be sure it is an "Energy 
Star" refrigerator. 

• If you have more than one refrigerator, get rid of the extra(s). Refrigerators are a big 
source of energy use. For parties, use ice in a tub. 

• Separate freezers are also big energy users. Consider doing without. 

• Eat less meat. Also avoid highly processed foods and bottled water. All of these require 
large amounts of energy for production. 
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• Get power strips and turn off appliances that drain energy when not in use. 

• Turn off lights that are not needed. 

• Rewire lights into smaller "banks", so you do not need to light up the whole basement 
when all you want is light in a small corner. 

• Get a clothes line, so you do not need to use your clothes dryer. 

• When cooking, use the microwave whenever possible. 

• Reduce air travel to a minimum. Air travel results in a huge number of miles of travel 
with corresponding fuel use. 

• Recycle whenever you can. 

• Eliminate disposables as much as possible (coffee cups, napkins, plastic bags, etc.) 

13. Should we be talking to our local government officials about these problems? 

Yes! At the local level, there are many changes that would be helpful: 

• Laws permitting people to put up clothes lines in their yards. 

• Laws encouraging gardens to be grown, even in the front yards of homes. 

• Laws permitting multiple occupancy of houses by unrelated individuals. 

• New public transportation plans, particularly ones that do not require large outlay of 
funds. For example, a plan that is more like a glorified car pool might work. 

• Allocation of funds to study the best crops to be grown in the area, and the best 
cultivation methods, if energy supplies are much lower in the future. 

It would also be helpful to make changes at higher levels of government, but these are 
beyond the scope of the discussion in this chapter. 

14. What other resources might we look at with ideas about what is ahead what we 
might do now? 

The Community Solution is an organization that puts on an annual sustainability 
conference and issues reports on energy-related solutions. 

Global Public Media has a number of talks on relocalization. 

Closing the Collapse Gap is a humorous talk by Dmitry Orlov. The Soviet Union 
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collapsed in 1990, and its oil production dropped about that time. Dmitry compares the 
US situation to that of the USSR. 

Rolling Stone has a short summary of The Long Emergency, a book by James Howard 
Kunstler. 
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Another Inconvenient Truth

An Introduction to Peak Oil
October 2007

TheOilDrum.com

The US was once the leader in 
world oil production
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But US oil production began to 
decline in 1970

No one told the public about 
the decline

• US oil decline gave rise to the oil problems in 
the 1970s - OPEC, embargo

• Decline continues, year after year
• Decline occurred even with improving 

technology
• We began to import more oil and moved to a 

“service” economy
• Truth was too embarrassing to tell
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One by one, other sites have 
begun to decline also

Soon, world oil production will 
begin to decline

• Date not yet certain
• Association for the Study of Peak Oil-

USA says “Before 2015”
• Case Western Reserve survey of oil 

experts says “highly likely” by 2010
• Several experts say 2005 or 2006
• Data suggests peak may be past
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Peak may have occurred about 
time of Hurricane Katrina (2005)

Where is oil used?

• Transportation - cars, buses, trucks
• Food - planting and harvesting, 

processing, refrigeration, transportation
• Raw materials - asphalt, building 

materials, clothing, pharmaceuticals
• Energy source - manufacturing
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Rough estimates of future world 
oil production - if peak is now

Sources of data for previous 
graph

• Historical: US Energy Information
Administration

• Symmetric: Assumes future will be 
mirror image of past

• Analyst average: Average of close-date 
projections by Ace, Bakhtiari, and 
Robelius
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Future US oil supply will depend 
on level of imports

Level of future US oil imports is 
very uncertain

• Imports likely to decline faster than 
world oil supply
– Exporters supply themselves first
– Hoarding; civil unrest

• US may be unable to purchase oil
– Balance of payments issues
– Will exporters take more IOUs?
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With less oil, real GDP is likely to 
decline

Why weren’t we told?

• We weren’t told when US production 
peaked.

• Can we expect to be warned before 
world production peaks?

• Declining economies are embarrassing.
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Will technology save the day?

• Technology didn’t prevent the decline in 
US oil production.

• Technology didn’t prevent the decline in
North Sea oil production.

• Should we expect it to prevent a decline 
in world oil production?

Is there an easy solution?

• No, not really.
• Conservation is a partial solution.
• Alternative fuels (solar, wind, biofuels, 

geothermal) are likely to provide some help.
• New technology like battery-operated cars is 

likely to be too little, too late.
• We may need to unwind globalization; go 

back to simpler life styles, technologies that 
worked before.



Appendix B: Energy Resources and Our Future 

Speech by Hyman Rickover in 1957  

Rear Admiral Hyman Rickover gave a amazingly prescient speech in 1957, which every 
TOD reader should read, if they haven't already. Among other things, the speech talks 
about 

• The relationship between fossil fuels and economic growth. 

• The relationship between fossil fuels and military power. 

• The fact that oil, natural gas, and coal are expected to peak, and the approximate 
timeframe. 

• The responsibility of Rickover's generation to tell later generations about the fact that 
fossil fuels will deplete, so that they can start very early making plans for the difficult 
transition away from fossil fuels. 

This speech was posted in December 2006 on the Energy Bulletin. This speech was 
made available by the work of two people: Theodore Rockwell, author of The Rickover 
Effect: How One Man Made a Difference, who had this article in his files, and Rick 
Lakin, who sought out the article and converted it to digital form. 

The text of Rear Admiral Hyman Rickover's May 14, 1957 speech to the Minnesota State 
Medical Association is as follows: 

Energy Resources and Our Future 

I am honored to be here tonight, though it is no easy thing, I assure you, for a layman to 
face up to an audience of physicians. A single one of you, sitting behind his desk, can be 
quite formidable. 
 
My speech has no medical connotations. This may be a relief to you after the solid 
professional fare you have been absorbing. I should like to discuss a matter which will, I 
hope, be of interest to you as responsible citizens: the significance of energy resources in 
the shaping of our future. 
 
We live in what historians may some day call the Fossil Fuel Age. Today coal, oil, and 
natural gas supply 93% of the world's energy; water power accounts for only 1%; and the 
labor of men and domestic animals the remaining 6%. This is a startling reversal of 
corresponding figures for 1850 - only a century ago. Then fossil fuels supplied 5% of the 
world's energy, and men and animals 94%. Five sixths of all the coal, oil, and gas 
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consumed since the beginning of the Fossil Fuel Age has been burned up in the last 55 
years. 
 
These fuels have been known to man for more than 3,000 years. In parts of China, coal 
was used for domestic heating and cooking, and natural gas for lighting as early as 1000 
B.C. The Babylonians burned asphalt a thousand years earlier. But these early uses were 
sporadic and of no economic significance. Fossil fuels did not become a major source of 
energy until machines running on coal, gas, or oil were invented. Wood, for example, 
was the most important fuel until 1880 when it was replaced by coal; coal, in turn, has 
only recently been surpassed by oil in this country. 
 
Once in full swing, fossil fuel consumption has accelerated at phenomenal rates. All the 
fossil fuels used before 1900 would not last five years at today's rates of consumption. 
 
Nowhere are these rates higher and growing faster than in the United States. Our country, 
with only 6% of the world's population, uses one third of the world's total energy input; 
this proportion would be even greater except that we use energy more efficiently than 
other countries. Each American has at his disposal, each year, energy equivalent to that 
obtainable from eight tons of coal. This is six times the world's per capita energy 
consumption. Though not quite so spectacular, corresponding figures for other highly 
industrialized countries also show above average consumption figures. The United 
Kingdom, for example, uses more than three times as much energy as the world average. 
 
With high energy consumption goes a high standard of living. Thus the enormous fossil 
energy which we in this country control feeds machines which make each of us master of 
an army of mechanical slaves. Man's muscle power is rated at 35 watts continuously, or 
one-twentieth horsepower. Machines therefore furnish every American industrial worker 
with energy equivalent to that of 244 men, while at least 2,000 men push his automobile 
along the road, and his family is supplied with 33 faithful household helpers. Each 
locomotive engineer controls energy equivalent to that of 100,000 men; each jet pilot of 
700,000 men. Truly, the humblest American enjoys the services of more slaves than were 
once owned by the richest nobles, and lives better than most ancient kings. In retrospect, 
and despite wars, revolutions, and disasters, the hundred years just gone by may well 
seem like a Golden Age. 
 
Whether this Golden Age will continue depends entirely upon our ability to keep energy 
supplies in balance with the needs of our growing population. Before I go into this 
question, let me review briefly the role of energy resources in the rise and fall of 
civilizations. 
 
Possession of surplus energy is, of course, a requisite for any kind of civilization, for if 
man possesses merely the energy of his own muscles, he must expend all his strength - 
mental and physical - to obtain the bare necessities of life. 
 
Surplus energy provides the material foundation for civilized living - a comfortable and 
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tasteful home instead of a bare shelter; attractive clothing instead of mere covering to 
keep warm; appetizing food instead of anything that suffices to appease hunger. It 
provides the freedom from toil without which there can be no art, music, literature, or 
learning. There is no need to belabor the point. What lifted man - one of the weaker 
mammals - above the animal world was that he could devise, with his brain, ways to 
increase the energy at his disposal, and use the leisure so gained to cultivate his mind and 
spirit. Where man must rely solely on the energy of his own body, he can sustain only the 
most meager existence. 
 
Man's first step on the ladder of civilization dates from his discovery of fire and his 
domestication of animals. With these energy resources he was able to build a pastoral 
culture. To move upward to an agricultural civilization he needed more energy. In the 
past this was found in the labor of dependent members of large patriarchal families, 
augmented by slaves obtained through purchase or as war booty. There are some 
backward communities which to this day depend on this type of energy. 
 
Slave labor was necessary for the city-states and the empires of antiquity; they frequently 
had slave populations larger than their free citizenry. As long as slaves were abundant 
and no moral censure attached to their ownership, incentives to search for alternative 
sources of energy were lacking; this may well have been the single most important reason 
why engineering advanced very little in ancient times. 
 
A reduction of per capita energy consumption has always in the past led to a decline in 
civilization and a reversion to a more primitive way of life. For example, exhaustion of 
wood fuel is believed to have been the primary reason for the fall of the Mayan 
Civilization on this continent and of the decline of once flourishing civilizations in Asia. 
India and China once had large forests, as did much of the Middle East. Deforestation not 
only lessened the energy base but had a further disastrous effect: lacking plant cover, soil 
washed away, and with soil erosion the nutritional base was reduced as well. 
 
Another cause of declining civilization comes with pressure of population on available 
land. A point is reached where the land can no longer support both the people and their 
domestic animals. Horses and mules disappear first. Finally even the versatile water 
buffalo is displaced by man who is two and one half times as efficient an energy 
converter as are draft animals. It must always be remembered that while domestic 
animals and agricultural machines increase productivity per man, maximum productivity 
per acre is achieved only by intensive manual cultivation. 
 
It is a sobering thought that the impoverished people of Asia, who today seldom go to 
sleep with their hunger completely satisfied, were once far more civilized and lived much 
better than the people of the West. And not so very long ago, either. It was the stories 
brought back by Marco Polo of the marvelous civilization in China which turned 
Europe's eyes to the riches of the East, and induced adventurous sailors to brave the high 
seas in their small vessels searching for a direct route to the fabulous Orient. The "wealth 
of the Indies" is a phrase still used, but whatever wealth may be there it certainly is not 
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evident in the life of the people today. 
 
Asia failed to keep technological pace with the needs of her growing populations and 
sank into such poverty that in many places man has become again the primary source of 
energy, since other energy converters have become too expensive. This must be obvious 
to the most casual observer. What this means is quite simply a reversion to a more 
primitive stage of civilization with all that it implies for human dignity and happiness. 
 
Anyone who has watched a sweating Chinese farm worker strain at his heavily laden 
wheelbarrow, creaking along a cobblestone road, or who has flinched as he drives past an 
endless procession of human beasts of burden moving to market in Java - the slender 
women bent under mountainous loads heaped on their heads - anyone who has seen 
statistics translated into flesh and bone, realizes the degradation of man's stature when his 
muscle power becomes the only energy source he can afford. Civilization must wither 
when human beings are so degraded. 
 
Where slavery represented a major source of energy, its abolition had the immediate 
effect of reducing energy consumption. Thus when this time-honored institution came 
under moral censure by Christianity, civilization declined until other sources of energy 
could be found. Slavery is incompatible with Christian belief in the worth of the humblest 
individual as a child of God. As Christianity spread through the Roman Empire and 
masters freed their slaves - in obedience to the teaching of the Church - the energy base 
of Roman civilization crumbled. This, some historians believe, may have been a major 
factor in the decline of Rome and the temporary reversion to a more primitive way of life 
during the Dark Ages. Slavery gradually disappeared throughout the Western world, 
except in its milder form of serfdom. That it was revived a thousand years later merely 
shows man's ability to stifle his conscience - at least for a while - when his economic 
needs are great. Eventually, even the needs of overseas plantation economies did not 
suffice to keep alive a practice so deeply repugnant to Western man's deepest convictions. 
 
It may well be that it was unwillingness to depend on slave labor for their energy needs 
which turned the minds of medieval Europeans to search for alternate sources of energy, 
thus sparking the Power Revolution of the Middle Ages which, in turn, paved the way for 
the Industrial Revolution of the 19th Century. When slavery disappeared in the West 
engineering advanced. Men began to harness the power of nature by utilizing water and 
wind as energy sources. The sailing ship, in particular, which replaced the slave-driven 
galley of antiquity, was vastly improved by medieval shipbuilders and became the first 
machine enabling man to control large amounts of inanimate energy. 
 
The next important high-energy converter used by Europeans was gunpowder - an energy 
source far superior to the muscular strength of the strongest bowman or lancer. With 
ships that could navigate the high seas and arms that could outfire any hand weapon, 
Europe was now powerful enough to preempt for herself the vast empty areas of the 
Western Hemisphere into which she poured her surplus populations to build new nations 
of European stock. With these ships and arms she also gained political control over 
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populous areas in Africa and Asia from which she drew the raw materials needed to 
speed her industrialization, thus complementing her naval and military dominance with 
economic and commercial supremacy. 
 
When a low-energy society comes in contact with a high-energy society, the advantage 
always lies with the latter. The Europeans not only achieved standards of living vastly 
higher than those of the rest of the world, but they did this while their population was 
growing at rates far surpassing those of other peoples. In fact, they doubled their share of 
total world population in the short span of three centuries. From one sixth in 1650, the 
people of European stock increased to almost one third of total world population by 1950. 
Meanwhile much of the rest of the world did not even keep energy sources in balance 
with population growth. Per capita energy consumption actually diminished in large 
areas. It is this difference in energy consumption which has resulted in an ever-widening 
gap between the one-third minority who live in high-energy countries and the two-thirds 
majority who live in low-energy areas. 
 
These so-called underdeveloped countries are now finding it far more difficult to catch up 
with the fortunate minority than it was for Europe to initiate transition from low-energy 
to high-energy consumption. For one thing, their ratio of land to people is much less 
favorable; for another, they have no outlet for surplus populations to ease the transition 
since all the empty spaces have already been taken over by people of European stock. 
 
Almost all of today's low-energy countries have a population density so great that it 
perpetuates dependence on intensive manual agriculture which alone can yield barely 
enough food for their people. They do not have enough acreage, per capita, to justify 
using domestic animals or farm machinery, although better seeds, better soil 
management, and better hand tools could bring some improvement. A very large part of 
their working population must nevertheless remain on the land, and this limits the amount 
of surplus energy that can be produced. Most of these countries must choose between 
using this small energy surplus to raise their very low standard of living or postpone 
present rewards for the sake of future gain by investing the surplus in new industries. The 
choice is difficult because there is no guarantee that today's denial may not prove to have 
been in vain. This is so because of the rapidity with which public health measures have 
reduced mortality rates, resulting in population growth as high or even higher than that of 
the high-energy nations. Theirs is a bitter choice; it accounts for much of their anti-
Western feeling and may well portend a prolonged period of world instability. 
 
How closely energy consumption is related to standards of living may be illustrated by 
the example of India. Despite intelligent and sustained efforts made since independence, 
India's per capita income is still only 20 cents daily; her infant mortality is four times 
ours; and the life expectance of her people is less than one half that of the industrialized 
countries of the West. These are ultimate consequences of India's very low energy 
consumption: one-fourteenth of world average; one-eightieth of ours. 
 
Ominous, too, is the fact that while world food production increased 9% in the six years 
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from 1945-51, world population increased by 12%. Not only is world population 
increasing faster than world food production, but unfortunately, increases in food 
production tend to occur in the already well-fed, high-energy countries rather than in the 
undernourished, low-energy countries where food is most lacking. 
 
I think no further elaboration is needed to demonstrate the significance of energy 
resources for our own future. Our civilization rests upon a technological base which 
requires enormous quantities of fossil fuels. What assurance do we then have that our 
energy needs will continue to be supplied by fossil fuels: The answer is - in the long run - 
none. 
 
The earth is finite. Fossil fuels are not renewable. In this respect our energy base differs 
from that of all earlier civilizations. They could have maintained their energy supply by 
careful cultivation. We cannot. Fuel that has been burned is gone forever. Fuel is even 
more evanescent than metals. Metals, too, are non-renewable resources threatened with 
ultimate extinction, but something can be salvaged from scrap. Fuel leaves no scrap and 
there is nothing man can do to rebuild exhausted fossil fuel reserves. They were created 
by solar energy 500 million years ago and took eons to grow to their present volume. 
 
In the face of the basic fact that fossil fuel reserves are finite, the exact length of time 
these reserves will last is important in only one respect: the longer they last, the more 
time do we have, to invent ways of living off renewable or substitute energy sources and 
to adjust our economy to the vast changes which we can expect from such a shift. 
 
Fossil fuels resemble capital in the bank. A prudent and responsible parent will use his 
capital sparingly in order to pass on to his children as much as possible of his inheritance. 
A selfish and irresponsible parent will squander it in riotous living and care not one whit 
how his offspring will fare. 
 
Engineers whose work familiarizes them with energy statistics; far-seeing industrialists 
who know that energy is the principal factor which must enter into all planning for the 
future; responsible governments who realize that the well-being of their citizens and the 
political power of their countries depend on adequate energy supplies - all these have 
begun to be concerned about energy resources. In this country, especially, many studies 
have been made in the last few years, seeking to discover accurate information on fossil-
fuel reserves and foreseeable fuel needs. 
 
Statistics involving the human factor are, of course, never exact. The size of usable 
reserves depends on the ability of engineers to improve the efficiency of fuel extraction 
and use. It also depends on discovery of new methods to obtain energy from inferior 
resources at costs which can be borne without unduly depressing the standard of living.  
 
Estimates of future needs, in turn, rely heavily on population figures which must always 
allow for a large element of uncertainty, particularly as man reaches a point where he is 
more and more able to control his own way of life. 
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Current estimates of fossil fuel reserves vary to an astonishing degree. In part this is 
because the results differ greatly if cost of extraction is disregarded or if in calculating 
how long reserves will last, population growth is not taken into consideration; or, equally 
important, not enough weight is given to increased fuel consumption required to process 
inferior or substitute metals. We are rapidly approaching the time when exhaustion of 
better grade metals will force us to turn to poorer grades requiring in most cases greater 
expenditure of energy per unit of metal. 
 
But the most significant distinction between optimistic and pessimistic fuel reserve 
statistics is that the optimists generally speak of the immediate future - the next twenty-
five years or so - while the pessimists think in terms of a century from now. A century or 
even two is a short span in the history of a great people. It seems sensible to me to take a 
long view, even if this involves facing unpleasant facts. 
 
For it is an unpleasant fact that according to our best estimates, total fossil fuel reserves 
recoverable at not over twice today's unit cost, are likely to run out at some time between 
the years 2000 and 2050, if present standards of living and population growth rates are 
taken into account. Oil and natural gas will disappear first, coal last. There will be coal 
left in the earth, of course. But it will be so difficult to mine that energy costs would rise 
to economically intolerable heights, so that it would then become necessary either to 
discover new energy sources or to lower standards of living drastically. 
 
For more than one hundred years we have stoked ever growing numbers of machines 
with coal; for fifty years we have pumped gas and oil into our factories, cars, trucks, 
tractors, ships, planes, and homes without giving a thought to the future. Occasionally the 
voice of a Cassandra has been raised only to be quickly silenced when a lucky discovery 
revised estimates of our oil reserves upward, or a new coalfield was found in some 
remote spot. Fewer such lucky discoveries can be expected in the future, especially in 
industrialized countries where extensive mapping of resources has been done. Yet the 
popularizers of scientific news would have us believe that there is no cause for anxiety, 
that reserves will last thousands of years, and that before they run out science will have 
produced miracles. Our past history and security have given us the sentimental belief that 
the things we fear will never really happen - that everything turns out right in the end. 
But, prudent men will reject these tranquilizers and prefer to face the facts so that they 
can plan intelligently for the needs of their posterity. 
 
Looking into the future, from the mid-20th Century, we cannot feel overly confident that 
present high standards of living will of a certainty continue through the next century and 
beyond. Fossil fuel costs will soon definitely begin to rise as the best and most accessible 
reserves are exhausted, and more effort will be required to obtain the same energy from 
remaining reserves. It is likely also that liquid fuel synthesized from coal will be more 
expensive. Can we feel certain that when economically recoverable fossil fuels are gone 
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science will have learned how to maintain a high standard of living on renewable energy 
sources? 
 
I believe it would be wise to assume that the principal renewable fuel sources which we 
can expect to tap before fossil reserves run out will supply only 7 to 15% of future energy 
needs. The five most important of these renewable sources are wood fuel, farm wastes, 
wind, water power, and solar heat. 
 
Wood fuel and farm wastes are dubious as substitutes because of growing food 
requirements to be anticipated. Land is more likely to be used for food production than 
for tree crops; farm wastes may be more urgently needed to fertilize the soil than to fuel 
machines. 
 
Wind and water power can furnish only a very small percentage of our energy needs. 
Moreover, as with solar energy, expensive structures would be required, making use of 
land and metals which will also be in short supply. Nor would anything we know today 
justify putting too much reliance on solar energy though it will probably prove feasible 
for home heating in favorable localities and for cooking in hot countries which lack 
wood, such as India. 
 
More promising is the outlook for nuclear fuels. These are not, properly speaking, 
renewable energy sources, at least not in the present state of technology, but their 
capacity to "breed" and the very high energy output from small quantities of fissionable 
material, as well as the fact that such materials are relatively abundant, do seem to put 
nuclear fuels into a separate category from exhaustible fossil fuels. The disposal of 
radioactive wastes from nuclear power plants is, however, a problem which must be 
solved before there can be any widespread use of nuclear power. 
 
Another limit in the use of nuclear power is that we do not know today how to employ it 
otherwise than in large units to produce electricity or to supply heating. Because of its 
inherent characteristics, nuclear fuel cannot be used directly in small machines, such as 
cars, trucks, or tractors. It is doubtful that it could in the foreseeable future furnish 
economical fuel for civilian airplanes or ships, except very large ones. Rather than 
nuclear locomotives, it might prove advantageous to move trains by electricity produced 
in nuclear central stations. We are only at the beginning of nuclear technology, so it is 
difficult to predict what we may expect. 
 
Transportation - the lifeblood of all technically advanced civilizations - seems to be 
assured, once we have borne the initial high cost of electrifying railroads and replacing 
buses with streetcars or interurban electric trains. But, unless science can perform the 
miracle of synthesizing automobile fuel from some energy source as yet unknown or 
unless trolley wires power electric automobiles on all streets and highways, it will be 
wise to face up to the possibility of the ultimate disappearance of automobiles, trucks, 
buses, and tractors. Before all the oil is gone and hydrogenation of coal for synthetic 
liquid fuels has come to an end, the cost of automotive fuel may have risen to a point 
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where private cars will be too expensive to run and public transportation again becomes a 
profitable business. 
 
Today the automobile is the most uneconomical user of energy. Its efficiency is 5% 
compared with 23% for the Diesel-electric railway. It is the most ravenous devourer of 
fossil fuels, accounting for over half of the total oil consumption in this country. And the 
oil we use in the United States in one year took nature about 14 million years to create. 
Curiously, the automobile, which is the greatest single cause of the rapid exhaustion of 
oil reserves, may eventually be the first fuel consumer to suffer. Reduction in automotive 
use would necessitate an extraordinarily costly reorganization of the pattern of living in 
industrialized nations, particularly in the United States. It would seem prudent to bear this 
in mind in future planning of cities and industrial locations. 
 
Our present known reserves of fissionable materials are many times as large as our net 
economically recoverable reserves of coal. A point will be reached before this century is 
over when fossil fuel costs will have risen high enough to make nuclear fuels 
economically competitive. Before that time comes we shall have to make great efforts to 
raise our entire body of engineering and scientific knowledge to a higher plateau. We 
must also induce many more young Americans to become metallurgical and nuclear 
engineers. Else we shall not have the knowledge or the people to build and run the 
nuclear power plants which ultimately may have to furnish the major part of our energy 
needs. If we start to plan now, we may be able to achieve the requisite level of scientific 
and engineering knowledge before our fossil fuel reserves give out, but the margin of 
safety is not large. This is also based on the assumption that atomic war can be avoided 
and that population growth will not exceed that now calculated by demographic experts. 
 
War, of course, cancels all man's expectations. Even growing world tension just short of 
war could have far-reaching effects. In this country it might, on the one hand, lead to 
greater conservation of domestic fuels, to increased oil imports, and to an acceleration in 
scientific research which might turn up unexpected new energy sources. On the other 
hand, the resulting armaments race would deplete metal reserves more rapidly, hastening 
the day when inferior metals must be utilized with consequent greater expenditure of 
energy. Underdeveloped nations with fossil fuel deposits might be coerced into 
withholding them from the free world or may themselves decide to retain them for their 
own future use. The effect on Europe, which depends on coal and oil imports, would be 
disastrous and we would have to share our own supplies or lose our allies. 
 
Barring atomic war or unexpected changes in the population curve, we can count on an 
increase in world population from two and one half billion today to four billion in the 
year 2000; six to eight billion by 2050. The United States is expected to quadruple its 
population during the 20th Century - from 75 million in 1900 to 300 million in 2000 - 
and to reach at least 375 million in 2050. This would almost exactly equal India's present 
population which she supports on just a little under half of our land area. 
 
It is an awesome thing to contemplate a graph of world population growth from 
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prehistoric times - tens of thousands of years ago - to the day after tomorrow - let us say 
the year 2000 A.D. If we visualize the population curve as a road which starts at sea level 
and rises in proportion as world population increases, we should see it stretching 
endlessly, almost level, for 99% of the time that man has inhabited the earth. In 6000 
B.C., when recorded history begins, the road is running at a height of about 70 feet above 
sea level, which corresponds to a population of 10 million. Seven thousand years later - 
in 1000 A.D. - the road has reached an elevation of 1,600 feet; the gradation now 
becomes steeper, and 600 years later the road is 2,900 feet high. During the short span of 
the next 400 years - from 1600 to 2000 - it suddenly turns sharply upward at an almost 
perpendicular inclination and goes straight up to an elevation of 29,000 feet - the height 
of Mt. Everest, the world's tallest mountain. 
 
In the 8,000 years from the beginning of history to the year 2000 A.D. world population 
will have grown from 10 million to 4 billion, with 90% of that growth taking place during 
the last 5% of that period, in 400 years. It took the first 3,000 years of recorded history to 
accomplish the first doubling of population, 100 years for the last doubling, but the next 
doubling will require only 50 years. Calculations give us the astonishing estimate that one 
out of every 20 human beings born into this world is alive today. 
 
The rapidity of population growth has not given us enough time to readjust our thinking. 
Not much more than a century ago our country - the very spot on which I now stand was 
a wilderness in which a pioneer could find complete freedom from men and from 
government. If things became too crowded - if he saw his neighbor's chimney smoke - he 
could, and often did, pack up and move west. We began life in 1776 as a nation of less 
than four million people - spread over a vast continent - with seemingly inexhaustible 
riches of nature all about. We conserved what was scarce - human labor - and squandered 
what seemed abundant - natural resources - and we are still doing the same today. 
 
Much of the wilderness which nurtured what is most dynamic in the American character 
has now been buried under cities, factories and suburban developments where each 
picture window looks out on nothing more inspiring than the neighbor's back yard with 
the smoke of his fire in the wire basket clearly visible. 
 
Life in crowded communities cannot be the same as life on the frontier. We are no longer 
free, as was the pioneer - to work for our own immediate needs regardless of the future. 
We are no longer as independent of men and of government as were Americans two or 
three generations ago. An ever larger share of what we earn must go to solve problems 
caused by crowded living - bigger governments; bigger city, state, and federal budgets to 
pay for more public services. Merely to supply us with enough water and to carry away 
our waste products becomes more difficult and expansive daily. More laws and law 
enforcement agencies are needed to regulate human relations in urban industrial 
communities and on crowded highways than in the America of Thomas Jefferson. 
 
Certainly no one likes taxes, but we must become reconciled to larger taxes in the larger 
America of tomorrow. 
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I suggest that this is a good time to think soberly about our responsibilities to our 
descendants - those who will ring out the Fossil Fuel Age. Our greatest responsibility, as 
parents and as citizens, is to give America's youngsters the best possible education. We 
need the best teachers and enough of them to prepare our young people for a future 
immeasurably more complex than the present, and calling for ever larger numbers of 
competent and highly trained men and women. This means that we must not delay 
building more schools, colleges, and playgrounds. It means that we must reconcile 
ourselves to continuing higher taxes to build up and maintain at decent salaries a greatly 
enlarged corps of much better trained teachers, even at the cost of denying ourselves such 
momentary pleasures as buying a bigger new car, or a TV set, or household gadget. We 
should find - I believe - that these small self-denials would be far more than offset by the 
benefits they would buy for tomorrow's America. We might even - if we wanted - give a 
break to these youngsters by cutting fuel and metal consumption a little here and there so 
as to provide a safer margin for the necessary adjustments which eventually must be 
made in a world without fossil fuels. 
 
One final thought I should like to leave with you. High-energy consumption has always 
been a prerequisite of political power. The tendency is for political power to be 
concentrated in an ever-smaller number of countries. Ultimately, the nation which control 
- the largest energy resources will become dominant. If we give thought to the problem of 
energy resources, if we act wisely and in time to conserve what we have and prepare well 
for necessary future changes, we shall insure this dominant position for our own country. 
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