
Journal of Fusion Energy, Vol. 21, Nos. 3/4, December 2002 (© 2003)

155
0164-0313/02/1200–0155/0 © 2003 Plenum Publishing Corporation

A Half Century of Long-Range Energy Forecasts: Errors
Made, Lessons Learned, and Implications for Forecasting

Roger H. Bezdek1 and Robert M. Wendling1,2

This paper assesses the major U.S. long-range energy forecasting studies conducted over the past
half century, identifies the errors made and lessons learned in energy forecasting, and discusses the
implications for current and future attempts to accurately forecast energy consumption, production,
and prices. Over the past several decades, long-range energy forecasting has been extremely diffi-
cult and the accuracy of the major forecasts has, in retrospect, often been found wanting. Although,
in hindsight, a large portion of the forecasts and associated policy recommendations turned out to
be inaccurate and mistaken, here we conduct a careful review of 50 years of energy forecasting to
determine how some of the major pitfalls can be avoided in future efforts. We identify: (1) lessons
that can be learned from these past forecasting exercises that may improve our track record in the
future; (2) basic trends and truisms that may be discerned that may allow us to more accurately
forecast energy technologies and variables; (3) insights for doing the job better in the future; (4) the
most egregious forecasting errors made in the past that can help us avoid making similar errors in
the future; (5) assumptions that may aid us in better predicting the long-run energy future; and
(6) how this review can assist policymakers in formulating energy policies and technology and
R&D priorities for the future.
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“Prior to determining where we are going, we must first
ascertain from whence we came.” 

–A. Lincoln

I. INTRODUCTION

Over the past several decades, long-range energy
forecasting has been extremely difficult and the accu-
racy of the major forecasts has, in retrospect, often
been found wanting. Even the most basic data have
frequently been misforecast by orders of magnitude.
Nevertheless, ascertaining the likely energy trends and

parameters for the United States and the world over
the next several decades remains an important exercise
with critical economic, environmental, and political
implications.

Although, in hindsight, a large portion of the fore-
casts, projections, predictions, and associated policy rec-
ommendations turned out to be inaccurate and mistaken,
the issue at hand is whether a careful review of 50 years
of energy forecasting can be helpful in avoiding some of
the past pitfalls in future related efforts. What lessons can
be learned from this review of past energy forecasting
studies? What basic trends and truisms can we discern
that may allow us to more accurately forecast energy
technologies and variables? Can a review and assessment
of previous long-range energy forecasts provide insights
for doing the job better in the future? Can identification
of the most egregious forecasting errors made in the past
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help us avoid making the same errors in the future? Do
there exist basic trends and assumptions that may aid us
in better predicting the long-run energy future? What les-
sons can we learn from these past forecasting exercises
that may improve our track record in the future? How can
this review assist policymakers in formulating energy
policies and technology and R&D priorities for the
future?

These are the types of questions we sought to
address by reviewing the major long-range energy fore-
casting studies conducted over the past half century, as
part of a larger study of approaches to evaluating long-
run R&D.1

II. THE STUDIES REVIEWED

We identified over 100 studies by a variety of
organizations conducted between 1952 and 2001 that
attempted to forecast long-term energy developments
for the United States and the world, and we systemat-
ically analyzed 49 of them. These are summarized in
Table 1, which lists the studies chronologically.

First, the major studies were identified and
assessed in accordance with their relevance for this
project. Next, the most important were reviewed and
analyzed to identify information and insights. For each
study, the following specific questions were addressed:

● What were the specific objectives of the analysis?
● What types of analyses and forecasts were con-

ducted?
● What were the major assumptions, guidelines,

and constraints employed?
● What technology and market scenarios were

considered?
● To what degree did the studies specify barriers

to be overcome and suggest long-range targets
for technology development?

● What were the major conclusions and findings
derived?

● What unforeseen technological, environmental,
and institutional developments occurred since
the research was conducted?

● What are the major strengths and weaknesses
of the study?

● What lessons relevant to future forecasting
efforts can be derived from the study?

III. LESSONS TO BE LEARNED FROM PAST
FORECASTS

In hindsight, a large portion of the forecasts, pro-
jections, predictions, and associated policy recommen-
dations turned out to be inaccurate, which is not
surprising. The issue at hand is how a careful review
of the past 50 years of energy forecasting can improve
similar efforts in the future.

Our review of previous energy forecasts vividly
illustrates how very difficult such forecasts are to make.
On the one hand, a number of elements of past forecasts
were correct and are likely to persist into the future. On
the other hand, predictions that consistently turned out
to be inaccurate in the past often provide guidance as to
pitfalls to avoid in the future.

First, our analysis identified lessons learned that
may aid current and future energy forecasting efforts.
With respect to past energy forecasting errors, we
think those summarized below are of particular note.

Many past forecasts consistently underestimated
the size of world energy resources, particularly oil and
natural gas. For example, world oil production has been
predicted to peak within the next 10–15 years for at
least the past 50 years. At present, the “experts” predict
that world oil production might peak somewhere
between 2020 and 2040. This may very well occur—at
least for “cheap” conventional oil production. However,
as (or if) the real price of oil increases substantially, new
supplies of unconventional oil will likely be produced.2

Nevertheless, the oil resource is finite and depleting, and
at some point world oil production will peak.

Many of the major forecasts made over the past
50 years have tended to underestimate the role of
prices and the adaptability of markets. The free market
works, often with a vengeance, but this seems to be a
lesson not learned.

Energy technology forecasters frequently failed
to fully appreciate that they are dealing with moving
targets, for existing technologies will continue to be
improved over time. Thus, while impressive advances
in some new technologies are being made, substantial
improvements in the competition, such as conven-
tional electric power generation or the internal com-
bustion engine, are also occurring. Thus, in some
cases, energy technology forecasters are like “the gen-
erals who are very good at fighting the last war.”

156 Bezdek and Wendling

1 See Hirsch and Management Information Services, Inc., January
2002.

2 However, it is worth noting that the current 2002 real (inflation
adjusted) price of oil is likely no higher than it was in the late
1800s and that the current real price of gasoline is about what it
was in 1949.
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Many past forecasts have assumed/predicted a
new environmental/conservation/energy ethic on the
horizon for the United States. This has not occurred,
although the nation has continued to improve its effi-
ciency in the use of energy (energy per unit of GDP,
for example). Part of the problem may be that,
although in public opinion polls (and often in the vot-
ing booth) Americans are overwhelmingly in favor of
the environment, energy efficiency, and renewable
energy, they overwhelmingly do not vote that way
with their dollars and lifestyles. Thus we should heav-
ily discount any energy forecast that even hints that
people or society will act any differently in the future
than in the present or the past. Many studies have
assumed long-term changes in the U.S. population’s
energy preferences, environmental ethics, lifestyle,
commuting habits, and even dietary preferences. A
more likely assumption is that people will behave over
the next 20, 30, or 40 years in about the same way they
have over the past 20, 30, or 40 years.

One of the most important parameters to forecast
is total U.S. primary energy consumption. However,
most forecasts have overestimated primary energy
consumption by substantial amounts.

Many forecasting studies identify the barriers to
new energy technology development as being institu-
tional, political, and policy related, rather than eco-
nomics, which has in fact been the primary barrier.
They then state that these barriers must be removed so
that the favored technologies can flourish. This can be
interpreted as saying “if businesses and consumers will
not adopt these technologies voluntarily for economic
reasons, we must pass laws to force them to do so.”

Photovoltaics, fuel cells, wind power, and a variety
of other technologies have been predicted to become
economically viable within 5 years for a very long time.
These and other technologies appear to hold great prom-
ise for the future and, indeed, they may someday
become viable. Nevertheless, the experience of the past
four decades suggests that it is not without considerable
risk to suggest that these technologies may be ‘5 years
away from being commercially viable’.

Even the most sophisticated energy forecasts are
strongly influenced by events and trends of the time of
the forecasts. Most obviously, all of the major fore-
casts made during the 1970s and early 1980s predicted
that the real price of oil would increase dramatically in
the near future which, of course, did not happen.

Government energy forecasts seem to be at least
indirectly influenced by politics and political constraints.
At a minimum, even the high-quality EIA work is con-
strained by mandated policy and regulatory assumptions.

Some forecasts are more directly influenced by political
considerations. Was a series of optimistic forecasting
studies by the DOE laboratories during the 1990s relat-
ing to energy efficiency and renewable energy favored
by the Clinton Administration influenced by politics? In
the early 1980s, the first comprehensive forecasts made
by the Reagan Administration predicted that U.S. oil
imports would decline after 1985 as a result of the poli-
cies of the new Administration and the reversal of the
“failed” policies of the past. Was politics a factor? In
fact, energy efficiency and renewable energy programs
are still struggling, and U.S. oil imports have been
increasing relentlessly for the past 30 years.

Objective, rigorous studies can derive some con-
tradictory findings. For example, the 1977 Stanford
Research Institute study Solar Energy in America’s
Future concluded that nuclear power was the key to
the U.S. energy future,3 but that has not proven to be
the case, at least thus far.

Engineering and technical feasibility forecasts
often err by confusing what is technically feasible or
feasible in an engineering sense with what is likely in
the future. Thus we have 30 years of optimistic fore-
casts for various technologies and concepts that have
yet to achieve significant market penetration.

The current accepted wisdom is basically “in gas we
trust.” However, not too long ago, in the United States we
tried to prohibit use of natural gas in many industrial and
utility applications, and some jurisdictions even banned
its use to heat people’s swimming pools, because fore-
casts at the time had the United States running out of nat-
ural gas.

The United States cannot decide what it wants to
do with coal and nuclear power—this has not changed
in 40 years.

The future contribution of solar energy and renew-
ables has been consistently misforecast for the past
50 years; for example, the 1952 Paley Commission
report predicted 10 million solar homes in the United
States by 1975; the 1977 U.S. National Energy Plan
predicted 2.5 million solar homes by 1985, the DOE
laboratories studies during the 1990s predicted solar
commercialization within 10 years, etc. Although many
advocates have great expectations for renewable
energy, all of the major objective studies reviewed here
indicate that the contribution of renewables will remain
very small for at least the next 20 to 30 years.

Many studies have blamed the failure to include
“negative externalities” in energy costs as the reason
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for certain technologies not being cost competitive.
Although theoretically appealing, rigorous studies of
this issue indicate that the actual price adders for exter-
nalities are quite low and may not be that important.
For example, the National Research Council of the
National Academy of Sciences has estimated that the
externality price adder for gasoline in the United States
is only about $0.30.4 Thus, beware of this pitfall in
forecasting.

Over the past three decades, many researchers in
academia, the DOE, the DOE laboratories, advocacy
organizations, and research institutes have invested
their entire professional careers in specific energy tech-
nologies and energy systems. Their analysis and fore-
casts reflect this—if even inadvertently. This potential
bias must be kept in mind in assessing related forecasts.

Over the past 40 years, some of the most egre-
gious forecasting errors have often been made by the
smartest people, working for the most prestigious
organizations, with the most money; for example, the
1974 Ford Foundation study, the 1977 Stanford study,
the 1979 Harvard study, etc.5 Thus it is important to
keep in mind that the accuracy and validity of an
energy forecast is not necessarily correlated with sta-
tus of the persons making it or the money invested in
the project.

The only new energy source the world has devel-
oped over the past century is nuclear power, and, after
60 years experience with the technology, we still do
not know what we want to do with it. This should be a
cause for serious reflection.

A major topic in some recent forecasts concerns
the future market potential for distributed generation,
decentralized small energy systems, etc. Actually, many
of them are not new, for example, wood fireplaces, coal
stoves, rural windmills, etc. Technological progress has
moved in the opposite direction for 200 years. Are we
really going to reverse ourselves over the next several
decades? Do businesses and consumers really want to
have to manage their own micro energy plants 24 � 7?
The same people who do not change the oil in their car
or program their VCR? Once again, forecasts based on
assumed changes in people’s behavior must be viewed
with a high degree of skepticism.

In many countries, especially in Europe, retail energy
prices are relatively unresponsive to changes in actual

energy costs and prices, because most of the retail price
consists of taxes. From a free market standpoint, this is
unfortunate, because it obscures market signals and
contributes to the instability of world energy markets.

The major energy forecasting studies conducted
from the early 1970s through the early 1980s disagreed
on many things, but they generally agreed on four major
points, namely that by 2000: (1) world real energy
prices would rise substantially; (2) world oil production
would peak and then decline; (3) energy conservation
would become the new ethic; and (4) renewable energy
technologies would become cost competitive and flood
the market. However, none of these actually came to
pass. This should make us cautious and humble in
preparing energy forecasts.

The most important event of the past quarter cen-
tury, and one that no one predicted, was the implosion
and disintegration of the Soviet Union. This has had a
profound effect on world energy supply and demand.
The above point may provide some caution even
today. The most important factor that “everyone” cur-
rently agrees on is the critical role of China over the
next several decades in determining total world energy
requirements, demands for new energy technologies,
coal production and utilization, nuclear power, envi-
ronmental pollutants, and global warming. However,
how viable is the current hybrid Chinese communist/
socialist/ free market system? It is at least conceivable
that China could collapse into political and economic
chaos, or at least vastly underperform current expecta-
tions. This could have profound, unforeseen effects on
world energy markets.

Fusion has been 20–30 years away from commer-
cialization for over 30 years. Today, virtually no one
expects fusion to make any significant impact before
2050; although, once again, this does not necessarily
mean that it will not happen.

Beware of studies (of which there are many) that
conclude that “technology X” will save the world if
only we will spend $___ billion in R&D on it over the
next 20 years. Many have so spoken, and relatively
little has been realized.

IV. OBSERVATIONS AND IMPLICATIONS
FROM PREVIOUS ENERGY STUDIES

As discussed above, a large fraction of previous
forecasts, projections, and predictions turned out to be
inaccurate in very significant ways. Predictions that
were consistently incorrect in the past can provide
guidance as to pitfalls to avoid in the future.
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4 National Research Council, 2002. Also, see the discussion in
Krupnick and Burtraw.

5 Ford Foundation, 1974; Stanford Research Institute; Stobaugh and
Yergin.
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Conversely, a number of elements of past fore-
casts were correct, and many may well persist into the
future and influence energy and technology forecasts;
these include the following:

● The U.S. population will continue to increase.
● U.S. economic growth will likely continue at a

long-term average rate of about 2%–3% annu-
ally. U.S. energy consumption will continue to
increase, but at a slower rate of between 1%
and 2% annually. Thus, absent any major pol-
icy or societal shifts, the U.S. economy will
continue to become less energy intensive over
time, but the energy consumption per capita
will nevertheless continue to increase.

● The gradual electrification of the U.S. economy
will continue, and the economy will become
more electricity intensive over time.

● Natural gas will continue to increase in import-
ance, although it is unclear how long this trend
will last. In any case, its price will remain volatile.

● In the United States, the price of electricity will
likely continue to gradually decline in real
terms. Over time, this will make it increasingly
difficult for many new energy technologies to
compete on a nonsubsidized basis.

● U.S. net oil imports will continue to gradually
increase, reaching 65%–70% in the 2015–2020
timeframe. There appears to be no politically
or economically feasible way to alter this trend.

● The United States and the world will gradually
become even more dependent for oil on the
OPEC members in the Middle East.

● World oil prices will remain volatile but may
increase little in real terms over the next 20 years.

● The U.S. population will remain adverse to any
substantial increases in energy taxes.

● Environmental protection will remain a high
priority in the U.S., and global warming will
remain a major concern.

● Energy technologies, technology requirements,
and technology development will be more
influenced by environmental concerns than by
most other factors.

● “Magic bullet” breakthroughs in potentially
important technologies will remain elusive but
periodically much hyped.

● The shape and form of the energy industries
will likely change, but precisely how remains
uncertain.

● World population will continue to increase,
primarily in the developing nations. This will
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increasingly influence future energy and envi-
ronmental trends, related problems, and the
policies and technologies developed to address
them.

● The developing nations, especially China and
India, will account for an increasing share of
world energy consumption, environmental emis-
sions, and GHG, and by 2010 will likely surpass
the developed nations in these areas. There-
fore future energy and environmental technology
development will be increasingly dictated by
developing nations’ circumstances.

● Increased world carbon emissions are likely
inevitable under any realistic scenario.

● Maintaining adequate economic growth, espe-
cially for the developing nations, will remain
much more important than artificially limiting
the growth of energy consumption.

● Nonhydro renewables will continue to increase
in importance and account for a larger share of
U.S. energy supply; however, because they start
from such a small base, barring technological
breakthroughs or new regulations, their overall
contribution will remain negligible.

● There will likely continue to be periodic “energy
crises” that will generate intense concern and
interest in the short run, but will be largely for-
gotten in the longer term. Thus policy changes
are less likely, once prices decline and normalcy
returns.

● Surprises—both pleasant and unpleasant—will
periodically continue to occur. Examples from
the past include the collapse of the Soviet Union,
the collapse of oil prices in the late 1980s, the
Internet, personal computing, wireless technolo-
gies, the development of deep water production
capabilities, and the terrorist attacks of September
11, 2001, to name but a few.

V. ENERGY FORECASTS RETROSPECTIVE
AND PROSPECTIVE: SOME CAUTIONARY
EXAMPLES

One of the major findings that emerged from our
study is that accurate long-range forecasting of even
the most basic energy data is difficult, and the track
record of the studies reviewed here is not good. The
difficulties encountered over the past several decades
can be illustrated with several examples.

First, one of the most important parameters to fore-
cast is U.S. primary energy consumption. However, few
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Fig. 2.

of the major forecasting studies reviewed here did an
adequate job of forecasting this parameter, as illustrated
in Fig. 1. This figure compares actual 2000 U.S. pri-
mary energy consumption with forecasts made between
1974 and 1985 by the Ford Foundation (1974), the
Electric Power Research Institute (1978), Resources for
the Future (1979), the MITRE Corporation (1979),
Brookhaven National Laboratory (1979), the National
Research Council of the National Academy of Sciences
(1980), Oak Ridge Associated Universities, Oak Ridge
National Laboratory (1985), and the Department of
Energy’s Energy Information Administration (1982).6

Figure 1 illustrates that, with the exception of
EIA, all of the forecasts were highly inaccurate and
substantially overestimated U.S. energy consumption.
For example:

● EPRI’s conservative forecast, made in 1978,
overestimated 2000 U.S. primary energy con-
sumption by nearly 50%.

● MITRE’s forecast, made in 1979, overesti-
mated 2000 U.S. primary energy consumption
by more than 30%.

● The Ford Foundation’s “Technical Fix” fore-
cast, made in 1974, overestimated 2000 U.S.
primary energy consumption by 25%.

● RFF’s midrange forecast, made in 1979, over-
estimated 2000 U.S. primary energy consump-
tion by 15%.

● Even the most recent of the forecasts, that by
Oak Ridge made in 1985, overestimated 2000
U.S. primary energy consumption by 11%.

Further, this figure indicates that the gap between
actual and forecast energy consumption generally
increased over time and, if we revisited this exercise in
5 or 10 years, the inaccuracies would be even more
pronounced. Once again, the only exception to this is
the DOE forecast, the midrange estimate made in 1981,
which converged over time to the actual value and pre-
cisely forecast 2000 U.S. primary energy consumption
of 100 quads. Although there are obviously many rea-
sons for the differences in the forecasts, it is worth not-
ing that, for all of the political and institutional
constraints under which DOE/EIA labors, it probably
deserves some credit for getting this forecast right.

Second, another very important variable of interest
is the price of oil; over the past three decades immense
effort has been expended in attempting to forecast
future world oil prices. Nevertheless, as illustrated in
Figs. 2, 3, and 4, the studies that we reviewed did a

Fig. 1.

6 Ford Foundation, 1974; Electric Power Research Institute, 1978;
Hans Landsberg; MITRE Corporation, 1979; National Research
Council, 1980; Jae Edmonds and John Reilly; U.S. Department of
Energy, Energy Information Administration, 1982.
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generally abysmal job of forecasting the actual 2000
world oil price:

● As shown in Fig. 2, in terms of dollars per
MMBTU, both NRC/NAS and Brookhaven
were high by more than a factor of four.

● As shown in Fig. 3, in terms of dollars per bar-
rel, DOE was high by a factor of more than
five. More discouraging, even the Oak Ridge
forecast made in 1985—when oil prices had

Fig. 3.

Fig. 4.

already collapsed—was high by a factor of
more than two.

● As shown in Fig. 4, in terms of percentage
change from the 1985 price, MITRE predicted
a doubling and Ford anticipated a 75% increase;
however in actuality, the real price of oil
declined by nearly 40%. Thus the studies erred
not only in the magnitude of the change but also
in the direction of the change.

The price of oil is one of the most important com-
modity prices in the world and perhaps the one subjected
to the closest scrutiny. Nevertheless, for decades, oil
prices have stubbornly refused to behave as predicted.
Inaccurate forecasts have created much skepticism about
forecasting, as well as emphasizing the difficulties of
energy industry planning.7

Finally, as noted earlier, forecasts of energy tech-
nology innovation and commercialization have often
been highly inaccurate and overly optimistic. For
example, consider Fig. 5, which compares the actual
2000 U.S. energy supply provided by solar energy
(including wind) with the forecasts made by the MITRE
Corporation (1979), the National Research Council of
the National Academy of Sciences (1980), the Harvard
Business School Energy Project (1979), the Department
of Energy’s Energy Information Administration (1981),
and Brookhaven National Laboratory (1979).8

The actual solar/wind contribution to U.S. energy
requirements in 2000 was 0.1 quad, whereas:

● The MITRE Corporation, in 1979, forecast that
solar/wind would provide 8 quads.

● The Harvard Business School Energy Project,
in 1979, forecast that solar/wind would provide
5 quads.

● The National Research Council, in 1980, fore-
cast that solar/wind would provide 4.1 quads.

● The Department of Energy’s Energy Informa-
tion Administration, in 1981, forecast that solar/
wind would provide 1.8 quads.

● Brookhaven National Laboratory, in 1979, fore-
cast that solar/wind would provide 1.4 quads.

Thus the most accurate forecast was high by a
factor of 14, the forecast made with the shortest time

7 See the discussion in Cambridge Energy Research Associates and
Arthur Anderson and Company.

8 MITRE Corporation, 1979; National Research Council, 1980; Robert
Stobaugh and Daniel Yergin; U.S. Department of Energy, Energy
Information Administration, 1982; and Brookhaven National Labo-
ratory, 1979.
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horizon was high by a factor of 18, and the average
forecast of the five studies was high by a factor of
more than 40. This gross inaccuracy is especially trou-
bling because during the 1970s and early 1980s enor-
mous time, effort, and resources were devoted to solar
and wind energy technology specification, assessment,
commercialization, and forecasting—probably more
than for any other technology.

The point of the above examples is not to chastise
the organizations or analysts that produced inaccurate
forecasts. In truth, all of the studies involved good faith
efforts, state-of-the art modeling techniques, highly com-
petent researchers, and significant resources. Rather,
reviewing the past track record graphically illustrates
how complex and difficult energy forecasting is. Thus,
in future long-range energy forecasting efforts, consid-
erable effort will be needed to avoid the types of fail-
ures of the past. Hopefully, this review and analysis of
previous energy forecasting efforts will aid in this for-
midable task.

VI. CONCLUSION

In conclusion, a review of the past energy forecasts
illustrates how complex and difficult such forecasting
is. It is especially sobering to realize that projections of
just 15 to 20 years into the future can end up very much
in error. Future long-term energy forecasting efforts

must therefore take great care to avoid many of the pit-
falls of past attempts to peer into the future.
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