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1. INTRODUCTION

The Global Energy Scenarios 2020 study has produced four global energy scenarios. These
scenarios give detailed cause and effect relationship about potential developments that might
influence the global energy situation from now to the 2020. The study was conducted at the
initiative and with financial support from Kuwait Petroleum Corporation and Dar Almashora
Consulting.

The study was structured in three-phases:

e Phase 1: Identification of significant energy scenarios and relate research reports (see
Volume II: Annotated Bibliography of Global Energy Scenarios) and the selection of four
axes for the scenarios: Technological breakthroughs; Environmental Movement Impacts;
Economic Growth; and Geo-Politics and War/Peace/Terrorism. Each could be high, low,
and moderate (for vacillating). The scenario team selected the combination of conditions
of axes that might produce the most interesting and plausible scenarios for further
discussion in the energy policy process.

The four scenarios are:

1. Business as Usual — The Skeptic
Moderate growth in technological breakthroughs
Moderate environmental movement impacts
Moderate economic growth
Moderate changes in geo-politics and war/peace/terrorism

2. Environmental Backlash
Moderate growth in technological breakthroughs
High environmental movement impacts
Moderate economic growth
Moderate changes in geo-politics and war/peace/terrorism

3. High Tech Economy — Technology Pushes off Limits
High growth in technological breakthroughs
Low environmental movement impacts
High economic growth
Few changes in geo-politics and war/peace/terrorism

4. Political Turmoil
Moderate growth in technological breakthroughs
Low environmental movement impacts
Moderate/low economic growth
Major changes in geo-politics and war/peace/terrorism

Chapter 3: Global Scenarios 2



2012 State of the Future

e Phase 2: Two-Round Delphi to collect judgments from experts in the energy and related
domains.

0 The first round rated key elements drawn form the global scenarios and related
research studied identified in the first phase.

0 The second round collected comments on draft scenarios constructed from the
results of the first round of the Delphi.

e Phase 3: The results of both rounds were used to construct the final scenarios.
The four scenarios considered are:

1. Business as usual. This scenario assumes that the global dynamics of change
continue without great surprises or much change in energy sources and consumption
patterns, other than those that might be expected as a result of the change dynamics and
trends already in place.

2. Environmental backlash. This scenario assumes that the international
environmental movement becomes much more organized; some lobbying for legal
actions and new regulations and suing in courts, while others become violent and attack
fossil energy industries.

3. High tech economy. This scenario assumes that technological innovations
accelerate beyond current expectations, and have impacts in the energy supply mix and
consumption patterns, to a similar magnitude as the Internet initiated in the 1990s.

4, Political turmoil. This scenario assumes increasing conflicts, wars, and several
countries collapsing into failed states, leading to increasing migrations and political
instabilities around the world.

The methodology and results from all phases of this research are presented after the full text of
the scenarios.
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2. FOUR GLOBAL ENERGY SCENARIOS

Scenario 1: The Skeptic

Scenario 2: Environmental Backlash
Scenario 3: Technology Pushes Off the Limits
Scenario 4: Political Turmoil

Scenario 1: Business as Usual—The Skeptic

Moderate growth in technological breakthroughs
Moderate environmental movement impacts

Moderate economic growth

Moderate changes in geopolitics and war/peace/terrorism

A Caldron of Contradictions

The world of 2020 is a caldron of contradictions. It is a good time for some and a bad one for
others, both promising and disappointing, full of apparent opportunities and broken promises, a
world of both hope and despair. There have been only moderate technological breakthroughs in
energy and other fields. Environmental impacts, while not benign, at least have not yet been
catastrophic. Economic growth has been cyclical; geopolitics and terrorism have been brutal
sometimes and quiet at other times. In short, with some exceptions, most past trends have
continued to our time. The shifts that have occurred seem to have a random quality and are
applauded or despised largely on the basis of politics, ethnicity, or nationality. One trend,
however—continuing energy demand growth—has reached a crescendo, and most people in the
world are now feeling its consequences.

Many historians have written about bad decisions made by governments—from the Trojan horse
to the war in Vietnam. In 1984, historian Barbara Tuchman wrote The March of Folly, a book
describing huge government mistakes that were often not subtle, that anyone even partially
informed should have known in advance could be catastrophic. Good data were available.
Alternate solutions had been proposed. But despite the high stakes, the future for those
decisionmakers turned out badly. Why? Governments sometimes lie (the Gulf of Tonkin and U-2
incidents) or, to be generous, are misinformed. It is often easier for officials to go with the flow
than to take risks (although some of the bad decisions were risky indeed). Political Pollyannaism,
a blind faith in beneficial but low-probability outcomes rather than the more rational high-
probability catastrophes, clouded decisions. Bad judgment, bad luck, holding self-interests above
societal interests, amorality, timidity, and xenophobia: all trumped over rationality. These myriad
forces have shaped civilization over the past 50,000 years and they shape our time as well. It is
indeed business as usual.
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Life Goes On

The best example of today’s folly is our energy mess. The world’s current energy situation and
the bad decisions that got us here certainly qualify as a colossal, global blunder, as important as
any in history. The data on energy reserves, prices, and alternatives have been largely known for
decades, apparent alternative solutions were on the table, the outcome of doing little or nothing
was relatively easy to forecast, and yet forces were in play that led to the failure to act decisively.
Economic growth has been thwarted, poverty abounds, the bad guys call the shots, and moral
foreign policy decisions have been compromised in the interest of satisfying the world’s need for
oil and other energy sources.

Should the countries of the world have known that oil-consuming countries would be held
hostage to the suppliers? You bet. There were many signs: the anti-US tirades of Hugo Chavez in
Venezuela, bombastic governments in Iran, political instability in Nigeria, the massive and
growing energy demands of China and India, and the alliances between China and suppliers such
as Saudi Arabia and particularly with African countries such as Libya, Sudan, and Angola. Back
in the first decade of the new century, Iranian leaders spelled it out directly and forcefully: they
said they would use oil supply as a weapon to avoid sanctions designed to force them to put aside
plans to develop nuclear weapons. So if the price of gasoline in the United States could be $3 per
gallon without a discernable effect on economic development or consumer behavior, why not $4
or $5? According to the US Energy Information Agency, today—in 2020—industrial countries
import three-quarters of their oil from the Middle East Gulf region.

People began to ask, “Who is getting all of that money?” There seemed to be only a very loose
connection between the price of oil and the gas price at the pump. The tax policies of the
members of the European Union were taking the lion's share of the overall economic rent from
oil in Europe, larger than the share going to OPEC members. So there was a clamor to cut taxes
and even a murmur that the oil taxes being paid to EU governments should instead go to poorer
OPEC members.

There were some inspired moments. In 2006, President George W. Bush announced an energy
plan that was to have greatly lowered US dependence on imported oil by 2025, just five years
from now. One might have guessed that OPEC members would react badly, since their source of
income and political bargaining chip was being challenged. But they needn’t have worried; it
didn’t happen. Why? Because the industrial countries’ commitment to oil was too strong.
Because no one was convinced, really convinced, that the world had reached “peak oil”—that
point in time when petroleum reserves grow more slowly than production—and because the oil-
producing countries and petroleum companies did their best to convince the world that there was
more economic oil to be found. In fact, many people are still not convinced.

A public opinion survey taken the other day asked people what they thought about our present
situation and outlook. The pollsters found that about 37% of those sampled said they thought
they were better off today than in 2005, and almost 40% said they thought that in 2040, 20 years
from now, things would be much better than today, a modest growth at best.
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Another massive plan was jointly proposed in 2009 by another US President and by the British,
German, and Japanese Prime Ministers. They announced a program patterned after the Apollo
space program but with renewable energy as the focus. (See Box 2—1.) It was a world plan,
however, not just a plan for the United States. They called the program “The New Fire.” This
time it struck a spark; it excited nations, science laboratories, industrialists—even those in the
petroleum business—because many people had come to believe that the time of peak oil was
probably close at hand and, more important, that the plan was serious. There were skeptics, of
course. Some other factors helped convince people this time: high energy prices were going even
higher, inflation was everywhere, and reserves were diminishing. It was clearly past the time for
action despite limited funding, the selfish interests of certain industries, and bickering over
appropriate directions within the program.

Box 2—1. The New Fire

A Joint Proposal of the United States, Germany, the United Kingdom, and Japan

Governments make tough decisions. Most big decisions are tough because they have uncertain outcomes, because
once made they cannot be withdrawn. Uncertainty and the risk of damaging peoples’ lives keep decisionmakers awake
at night wondering about the right path. For a few decisions on the horizon, however, risks seem very low and the
potential benefits far outweigh the downside potential. For these decisions, we wonder, “Why not?”’

Moving boldly ahead in energy research is one such decision. We have reached peak production of oil throughout the
world. The attempts to meet the challenges of this event have been much too timid.

We propose a 10-year global goal of developing energy sources and systems that will reduce the world’s rate of
consumption of petroleum by half without increasing pollution, a goal that is easily measurable. The program is vast
and involves many industries and nations. Over its 10-year span it will devise new energy sources and infrastructures.
It will create non-exportable jobs in the United States and in all countries that are part of the program. It will stimulate
our economy and the economies of cooperating nations. It will improve economic development of poor countries that
contribute to its goals. It will improve general technology—not only the technology of energy production and use, but
technology in many fields, spinning off inventions affecting health and education. It may even help reduce the threat
of terrorism as we distance ourselves from the perception that thirst for oil motivates our Middle East policies. Some
people have argued that a sound energy policy is our best anti-terrorism move.

Measured in today’s dollars, the Apollo program of the 1960s cost $100 billion over 10 years. Let’s say this new
energy program will also cost $100 billion. Where will the money come from? From savings in military expenditures,
from the economic stimulation that the program itself will create, from matching funds that other nations will
contribute to the effort, and from reduced expenditures for imported oil.

Industries around the world will benefit from the program. Expedited R&D will test new energy concepts and will
design—experimentally at first and then on a large scale—the infrastructure to deliver the new forms of energy to
consumers. The answers may not rest in a single epiphany or scientific discovery but in a network of reinforcing
policies and practices that build robust systems capable of reducing operating uncertainties and making risks tolerable.
Engineering and science education will be invigorated; new careers will be created.

What of consumers? They are ready. We already have incentives in place to encourage the use of mass transit. These
will be strengthened. The program will result in improvements in the environment—cleaner air and water. The line for
hybrid cars is getting longer. Many consumers look at the price of gasoline and wonder how long it will be before
people everywhere are paying $5 per gallon or more at the pump. Consumers understand that to control their economic
future they must move to limit their countries’ dependency on the decisions of suppliers.
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Box 2-1. The New Fire (continued)

What of the oil-producing countries of the Middle East? How will they react to a plan designed to decrease their
sales? The rational decision for them would be to increase production and lower oil prices so that we might lose
heart and go back to the oil addiction we have learned to love. Like any addict, we have to resist. Sure, we ought
to fill up our reserves when the price drops, but we must remain committed to the program. Once our resolve is
apparent, the best strategy of the oil producers, if they think clearly, will be to join the parade and help search for
whatever comes next. Old buggy whip manufacturers went out of business when the buggy gave way to the
automobile. If the whip people had entered the car business, the world, for them at least, would have been a lot
different. So it is with the oil-producing countries. When the next energy wave appears on the horizon, they ought
to see that it is better to ride it that to be drowned by it. In at least one plausible scenario, some of the forward-
thinking oil-producing countries could help fund the global effort to find the replacement for oil.

Consider China. That nation will enjoy the falling petroleum prices that the oil-producing countries use to bait the
West; this will be a windfall that furthers China’s economic development. People there may even see themselves
as the emerging “last consumer” enjoying the new abundance of oil as the old consumers switch to new sources.
But such opportunism carries the seeds of its own defeat as new energy systems come on-line and replace obsolete
engines of consumption.

From the start, developing countries will have important research to perform, thus promoting their indigenous
scientific capacity, reducing their “brain drain,” and providing new goals and incentives for education. With the
fruits of this program, these countries can follow more-efficient economic development; they can jump-start
toward an economy that avoids the energy pitfalls that others have discovered.

These actions will benefit the world and will hurt only those who gloat over our pain: terrorists and those who
make unconscionable profits from manipulating energy prices. We are going to ask all people who support this
program to practice conservation and all nations that cooperate to initiate incentive programs that will encourage
the wise use of fuel.

In September 1962, President Kennedy said, “We choose to go to the moon. We choose to go to the moon in this
decade and do the other things, not because they are easy, but because they are hard, because that goal will serve
to organize and measure the best of our energies and skills, because that challenge is one that we are willing to
accept, one we are unwilling to postpone, and one which we intend to win...” This is a great model for our time.
We choose to solve the looming energy crisis not because it is easy but because to go on as we are will deny the
world of our children the best the future has to offer, will keep the world on a path of depletion, a path promising
riches for some and poverty for many. We choose to solve the energy question for the long term and not accept
short-term patches. We choose to create our future and not simply let it happen.

From the start, developing countries will have important research to perform, thus promoting their indigenous
scientific capacity, reducing their “brain drain,” and providing new goals and incentives for education. With the
fruits of this program, these countries can follow more-efficient economic development; they can jump-start
toward an economy that avoids the energy pitfalls that others have discovered.

These actions will benefit the world and will hurt only those who gloat over our pain: terrorists and those who
make unconscionable profits from manipulating energy prices. We are going to ask all people who support this
program to practice conservation and all nations that cooperate to initiate incentive programs that will encourage
the wise use of fuel.

In September 1962, President Kennedy said, “We choose to go to the moon. We choose to go to the moon in this
decade and do the other things, not because they are easy, but because they are hard, because that goal will serve
to organize and measure the best of our energies and skills, because that challenge is one that we are willing to
accept, one we are unwilling to postpone, and one which we intend to win...” This is a great model for our time.
We choose to solve the looming energy crisis not because it is easy but because to go on as we are will deny the
world of our children the best the future has to offer, will keep the world on a path of depletion, a path promising
riches for some and poverty for many. We choose to solve the energy question for the long term and not accept
short-term patches. We choose to create our future and not simply let it happen.
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The New Fire is Cooling

Nevertheless, the excitement kindled by the New Fire program did not result in a globally unified
effort as had been hoped but rather piecemeal projects that added up to less than the sum of their
parts. Special interests prevailed. What a wasted opportunity! There were vigorous attempts to
entice all countries to subscribe to post-Kyoto agreements that would reduce greenhouse gas
emissions to 1990 levels (the attempts failed), strengthened energy-efficiency standards, carbon
trading plans, taxation schemes on fuel use (in place in many countries), education to raise
energy awareness (sounds good, but putting into practice is difficult), readjustment of budgets
for related basic scientific research (but mainly research that was scheduled anyway).

One lobby was pushing for an advanced fission nuclear reactor generation program, but the safe
storage of nuclear materials still stymied the engineers. Some projects were imaginative, such as
seawater agriculture along the desert coastlines of the world—planting salt-loving plants on
beaches of areas like Somalia in order to make biofuels competitive, provide additional carbon
sinks, and stabilize coastal erosion. Solar-derived space energy, or space solar power, was
generally seen as pie in the sky and way too expensive in any event; even the experts now predict
that is still two or three decades in the future. Terrestrial solar cells have been improving in
efficiency but are not yet nearly efficient or cheap enough to be in wide use.

Now the world is a decade into the New Fire program, and the countries that could have
developed alternatives to oil have not. There have been only “Band-Aid” quick fixes and timid
projects that pander to special interests, not the unified and massive programs that could have
been justified. The technological development programs have been largely left to the free
markets, and the marketplace believed that instability in energy prices should limit the levels of
“prudent” investments. When people today wonder how the world has developed as it has, most
often they point to many culprits: corruption, greed, irresponsible environmental extremism,
short-term profit-taking and policymaking, the oil companies, life-style excesses, failure of
imagination, and a lack of understanding that resources are, after all, finite.

The oil-producing countries were pleased with this situation. They controlled supply, and supply
largely set prices. They were also the countries that thought they had the most to lose if
technological developments produced viable alternatives to oil. Thus when it appeared that high
oil prices might justify large-scale investment in alternative energy systems, the price of oil
dropped, supply tended to expand, and the economic justifications of new programs evaporated.
Away from the glare of media, OPEC threatened repeatedly to denominate oil price in euros, a
move that could have favored Europe and proved costly to the United States. The threat was
enough to cause tension among industrial countries.

India and China decided to extend their cooperative energy agreements, strengthening their
earlier “Memorandum for Enhancing Cooperation in the Field of Oil and Natural Gas,” which
outlined comprehensive cooperation in hydrocarbon trading and joint bidding, exploration, and
production. This move sounded ominous to other countries.

Chapter 3: Global Scenarios 8



2012 State of the Future

There were other signals, well above the horizon, that the big energy-consuming countries were
being manipulated by the producers and that there was trouble ahead. The western consuming
countries, in particular, could have seen the obvious and anticipated the outcome. Consequently,
they, and to a greater or lesser degree all oil consumers, are hostages now. If you asked
presidents of oil-exporting countries why things have turned out as they have, they often say,
“It’s your own fault. You have consumed beyond your means. We don’t make you take the oil—
we sell you what you demand, and your failure to develop alternatives underscores your
addiction to easy energy and your unwillingness to take the future into consideration in your
policies.”

On the other hand, oil company presidents say, “We’re doing the best we can; our hands are tied.
The shareholders demand a return so we must proceed as we have in the past. There has been no
national strategy that would have allowed us to devote enough resources to research energy
alternatives.” And some still say, “We have many decades of supply left, so let us move slowly
and wisely.”

The Cost of “Addiction”

The major driver of economies around the world has been the price of oil. Today, in 2020, crude
oil costs over $160 per barrel ($90 per barrel in 2005 currency), up by a factor of three in the last
20 years (see Figure 2—1). And the price could be over $200 per barrel by 2025.

Figure 2-1. World Oil Prices, 1988-2025 (in current $)
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Source: The Millennium Project based on EIA data.

Despite the higher oil prices, demand has just kept rising. Figure 2—2 shows the history and a
projection of growth of energy demand in four countries or regions over the last two decades.
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Figure 2-2. Total Energy Demand Growth, 2000-25
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Increasing demand has resulted in even higher prices in a tight feedback loop. Higher prices have
encouraged changes in the fuel mix and improved energy conservation and efficiency. Figure 2—
3 shows how much global energy was required to produce $1,000 in global GDP over the last 50
years. As can be seen, the world was doing pretty well until about 2005, when efficiency was at
its peak The easy conservation targets were being harvested—automobile speed limits,
incentives for smaller cars and for home insulation, taxes on sport utility vehicles, incentives to
replace antiquated and inefficient energy consumption by industry, and improvements to mass
transit. The curve started rising again, and now it is on a par with 1990 or so. Why should that
be? It took awhile to see that improvements had ended. Now economists say that around 2010
the higher energy prices led the world to squeeze out all of the easy efficiency changes that were
available—improving efficiency was too costly from then on.

Figure 2-3. Global Energy Efficiency
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The environmentalists had their say—at least to a small degree. They focused on legislation and
international treaties while the pollution continued merrily along. Oh, a few policies were
changed. Carbon trading became a game, with loads of experts and their computer models
leading the way. The Corporate Average Fuel Economy standard was beefed up almost
everywhere. Other policy changes included subsidizing renewable sources while taxing fossil
sources, stiffer efficiency regulations, support for “tele-work,” elimination of import tariffs for
ethanol and other biofuels, and charging automobile owners for access to city centers.

Further, the markets were relied on to encourage development of renewable fuels, but the effects
that are now all too obvious were minor, like pouring a glass of water in the ocean. (And
speaking about oceans, their levels are now clearly on the rise.)

It was also surprising to many economists that economic growth continued at first, despite high
oil prices. In 2015, however, there came a time when the higher oil pices had an effect, when oil
prices went above $100 per barrel and when the rate of discovery of new reserves was continuing
to fall behind production rates. At that point, the old complacency was eroded. People drove less,
bought less, worried more, and were cold in the winter. Water problems plagued many countries
in the world. Jobs were lost and rhetoric could not hide the fact that most consuming countries
were hostage. Further, inflation rose and even soared in some nations. A few new industries
emerged in response to these new pressures (see Box 2—2), but the net effect was a gradual
erosion of optimism.

Countries that had non-conventional energy raw materials, such as Canada, saw the scene as
shifting in their favor. The tar sands of Alberta drew massive investments, and a major
extraction, processing, and export industry grew up there. This served to expand the reserves and
curb enthusiasm for the development of nonrenewable sources. Now tar sands supply almost 3%
of the world’s energy. Once Canada had an exportable product, it was in their interest to
maintain high prices. Similarly, Brazil, a large exporter of ethanol, also set pricing policies that
gave them the highest return. What the US and Europe saw as an escape from the price tyranny
of OPEC proved a chimera.

The world used to think that inflation was conquered, that somehow the US Federal Reserve
Board and other European and Asian central banks had found the magic control knob to tailor
inflation and more generally economic growth to whatever rate seemed appropriate. Now it is
clear that the beast has come to bite us again. In the US and the EU, in 2015, the rate topped 9%
(see Figure 2—4 for the history and short forecast of one measure of inflation); in other countries
double-digit inflation was the norm, with some countries reaching near-panic stages.
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Box 2-2. We Love Our Golf Carts

A new form of transportation has emerged. Some of these cars look like small Rolls Royces, others like Ferraris.
Since 2010, in many countries there has been a small industry making specialized golf carts; their users, mostly
elderly people, love them. Many towns have created a special infrastructure for these vehicles, expanded bicycle
paths in effect, that allow the carts to travel from the outlying residential centers to the town in safety. Certainly,
they are slow, 40 mph peak, but they are very efficient since most run on batteries. A few of the carts are powered
by small internal combustion engines that only sip fuel. Their use began in communities where the affluent elderly
tended to concentrate. They provided reliable, short-distance transportation.

The vehicles abound in the suburbs of sufficiently affluent cities, particularly where the towns have provided
special roads and paths. If we count the number of people over 65 who have incomes above $100,000 as our
market segment, we find that there are 10 of these cars per 100 people, a very significant slice. They take many
forms: replicas of classic cars (car companies sell intellectual property rights to the shapes), modernistic and
fantastic varieties, and rolling jokes like the Titanic version complete with smoke stacks. People buy them
complete or go to small businesses that customize the factory platforms.

Three significant catalysts aided the growth of this mini-industry:

1 Provision by towns and private communities of roads reserved for such vehicles. These are not roads in the
ordinary sense; they bear lower weights and hence are much less expensive; they can be shared with bicycles,
roller blades, and horses, and, most important, they can be beautiful, wooded, and park-like.

2  Granting of special licenses for use of these new roads. In the old days, children of elderly parents had to tell
them, at some point, that they were no longer capable of driving conventional cars safely—a traumatic
experience since this was a sentence for a life-style change from independent mobility to dependence.
Departments of Motor Vehicles found it no easier to tell elderly applicants that they no longer had the acuity
necessary to drive conventional vehicles. Solution: the new golf carts provided an alternative: encroaching
decrepitude no longer means immobility. The new licenses have restrictions, of course.

3 Encouragement by organizations like AARP and insurance companies for the elderly to drive vehicles that are
safer than conventional automobiles. For the insurance companies, it was a matter of economics; for
organizations of elderly persons, this opened new domains of experience for their clients.

Not only did the market grow, but unexpected by-products appeared. To list a few: there are golf cart races at
Daytona and Indianapolis, the kids hop them up, there are gymkhanas and rallies, and there are distance and
duration competitions. Teen-agers are advocating a new pre-licensing class for their age group. This new vehicle
category did not cannibalize the conventional car market; it layered on a new dimension.

Figure 2-4. US Inflation Trends, 1960-2025
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Forecasting Selected US Economic Variables and Determining Rationales for Judgments, Prepared for the Society
of Actuaries, October 6, 2005
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Why? The number of baby boomers born in 1960 was at a peak. In 2015 they were 55 years old,
and thus the retirement rate was at its peak and demand for services—particularly health care—
also peaked. Because of the numbers of people demanding care but also because health care was
expensive, corporate retirement plans were failing and many plans required government rescue.
It is true that population growth rate has slowed around the world, and in 2020 the world has just
shy of 7.5 billion people or so, up by about 25% since 2000. Nonetheless, government spending
for weapons, wars, rebuilding countries in which they warred, and subsequent peacekeeping bled
national treasuries and deficits soared. Anti-terrorism vigilance has also been very expensive.
Mother Nature didn’t help either. For whatever reason—some say it’s climate change—
earthquakes, hurricanes, and pandemic scares seemed all too frequent.

The Cascade of Consequences

The price of energy was the primary reason for the growth of inflation, however, and it turned
out that the oil-producing countries had more control than the regulatory agencies. Trade deficits
grew in energy-importing nations. Since the price of imported oil was so high, many of the
importers had to increase their money supply to help reduce their trade deficits. Many countries
called their international loans. Action: print more money. Result: inflation. Many economists
think it is lucky that inflation stayed as low as it did. The only reason inflation began to ease in
many countries after 2015 was recession in most places and a depression in some. When that
happened, some saw a “great depression” looming. But the dip lasted only five years and now
recovery is becoming apparent, although it’s a different and difficult world.

The economic crisis was a special problem for Middle Eastern countries that had a rich elite and
an ever-growing multitude of young, poorly educated, unemployed youths. As happened in
France in 2006, demonstrations by young people full of anger, losing hope for a better future,
called their governments to task; people everywhere protested their poverty. When global
inflation spread to these countries, the political pressures became intense and resulted in
challenges to elitist regimes in Egypt, Saudi Arabia, the Arab Emirates, and elsewhere. Where
these challenges were successful in Middle Eastern countries, political control and control of oil
supply shifted to fundamentalist governments. Like dominos, these changes led to bidding wars
and confrontations between the West and China and India for oil supplies. Some people suspect
that the fundamentalist regimes designed their oil policies to pit China and India against the
West. But more on that in another essay.

Chinese Cars for the World

China’s demand for oil now, in 2020, exceeds that of the US and the EU; in fact, it accounts for
30% of the growth in oil demand since 2000. China, by 2010, was the world’s largest consumer
of many commodities: aluminum, copper, steel, and coal. What fueled this huge increase in oil
demand? High economic growth was responsible, to be sure, but more important the primary
mode of Chinese private transportation changed from bicycle to automobile. In 2000, the country
had only 10 motor vehicles per 1,000 people, compared with 765 in the US. By 2020, that figure
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was 200 motor vehicles per 1,000 people in China, and most industry analysts forecast more
growth to come.

As important as the Chinese domestic market was to the country, it was their export market that
changed the face of the world and the world’s energy situation. China’s economic policies
favored the development of the automobile industry. In 2000, Chinese automobile manufacturers
produced more than 2 million vehicles; sales volume was up by 14%; automobile manufacturing
was the path to the future. Feng Fei, vice minister of the State Council of China’s R&D Center,
said in 2004, “The auto manufacturing industry has stepped onto a stage for large-scale
production in China.” He predicted that China would be able to export sedan-chair cars on a
great scale, and they did. (See Box 2-3.)

Box 2-3. Sedan Chairs

Sedan chairs? Ah, there’s the clue.

When China entered the World Trade Organization, automobile manufacturers around the world saw this
country as a great potential market for their products, and the export of cars to China became an important
marketing target in Detroit, Stuttgart, and Tokyo. It was easy to multiply the projected population of China
by the number of cars per person in the US, Germany, or Japan to get staggering figures about the
potential of the Chinese automobile market. Furthermore, with China in the WTO, import tariffs would be
limited.

However, there were impediments to this dream of Cadillacs in Beijing and BMWs in Shanghai. China
was not about to give the market away to foreign companies, particularly in view of the petroleum
consumption, overcrowding, and pollution it implied. Thus a development plan was initiated in Beijing to
nurture the young domestic automobile industry, to encourage the design of a car compatible with Chinese
needs, and to find ways in the interim to use imported vehicles to fill the gap between domestic production
and demand.

The foreign car manufacturers saw the blip in demand as a hopeful sign and built overcapacity based on
this expectation. Bad decision.

The Chinese car evolved from the boxy, three-wheeled motorcycle sedan car that became popular in
Chinese urban centers early in the century. The new sedan car that was designed for domestic use was very
light, had a small engine capable of running on pure ethanol or gasoline, was available in three- or four-
wheel configurations, and—best of all—had a sleek plastic body, mostly recyclable. An early gimmick
was that if the car failed it could be turned in for a new one. The pricing was initially subsidized by the
government; but when sufficient volume built up, the cars were profitable at half the price of the imports.
International competition withered.

Then the exports began in earnest. There was a bit of customization for foreign markets, primarily added
electronic systems. Imagine a car that looked great, carried four people, got 75 mpg at a peak speed of 75
mph (this became known as the 75 squared spec), with a range of 400 miles at a price of under $10,000. In
the electric version, the mpg was basically infinite. The world’s auto manufacturers continued to build
their products, but fewer than they had hoped, focused on niches and image, and became suppliers of parts
and aftermarket add-on to the Chinese cars. Many failed, many merged.

By now, in 2020, the Chinese sedan car design has evolved to a true all-electric vehicle. This
year, China produced over half a million units; all other countries together produced another
half-million. Electric cars made great sense in China; the technology was well understood and it
was seen as a way that the country’s coal could be used (via generation of baseload electricity) to
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provide mobility and minimize pollution in urban centers. Most large cities banned entry of
vehicles that burned gasoline or diesel fuels, so the move to electric propulsion was welcomed
around the world. Many countries gave tax credits to purchasers of electric vehicles. The export
market was waiting for the Chinese electric cars. Consequence: despite their attempts to survive
by introducing new engines (for example, Stirling engines), old-line automobile companies
failed, and oil companies consolidated.

The World Energy Supply

The net consequences of these developments on world energy supply are summarized in the
Table 2—1. As might have been guessed, the demand for oil and conventional coal have increased
considerably since 2006, but demand for natural gas has grown by almost 50%. Despite the
scientific interest in fusion energy, including important research by the Chinese, the process is
still seen to be a very long way off.

Table 2-1. Evolution of the World Energy Mix (Business as Usual Scenario)

2005 2020 Gain

Consumption Consumption Consumption or Loss Percent Change

(mill TOE) (mill TOE) (mill TOE)
TOTAL
(sum of components below) 11,409 15,544 4135 36.2
Oil 3678 4,300 622 16.9
Natural gas 2420 3,600 1,180 48.8
Coal (conventional) 2778 3193 415 14.9
Traditional biomass and waste 793 1400 607 76.5
Nuclear fission 624 790 166 26.6
Hydro 634 750 116 18.3
Other biomass
Methanol 370 388 18 49
Ethanol
Unconventional
oil from tar sands 88 350 262 297.7
and shale
Coal processes total from
liquefaction, oxygenation, - 500 - !
gasification
Solar (photovoltaics, solar
power towers, solar thermal, 11 100 89 809.1
and space solar)
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Wind 8.5 100 92 1076.5
Nuclear fusion 0 0 0
Methane gas hydrates 0 22 22
Geothermal 4.8 50 45 941.7
Tides 1 1 1 900.0

Source: The Millennium Project based on 2006 energy survey

Overall, global energy use has grown by over 36% since 2005. Conventional oil supply has
grown at a much slower pace (17%), so it is losing its market share. However, note that oil from
tar sands has grown rapidly and now supplies over 2% of the world’s total.

Conventional coal has also grown more slowly than the total (15%) and hence has lost share,
although the new coal processes such as liquefaction and gasification have grown rapidly and
now make up about 3% of the total. Not only has natural gas grown greatly, but it is now
contributing an amount of energy that is of the same magnitude as coal and oil. Nuclear (fission)
and hydro continue to supply significant amounts, about 5% of the total. All of the other so-
called promising renewables are still waiting in the wings. One spot that is a bit brighter than the
rest is terrestrial solar energy. Although space solar projects have foundered, terrestrial solar
energy has grown. The questions about space solar resulted from high anticipated costs,
uncertainty about the technology, and the unproven net energy balance of the scheme. (There is
some suspicion that pro-oil interests have engaged in anti-space power lobbying.) Yet terrestrial
solar (photovoltaics, solar thermal, and solar power towers) is now approaching a healthy 1% of
the world’s energy supply.

Ethanol is a particularly important fuel and fuel additive. Of course, it comes from many sources:
waste, cellulose, corn, sugarcane, palm oil, sweet sorghum, saw grass, and so on, so agricultural
polices throughout the world were adjusted to encourage this renewable supply. Genetic research
into new, higher-alcohol-producing varieties was encouraged. Engine designs were altered to
accept fuel blends in which ethanol (and other alcohols) represented a higher and higher
percentage. Brazil, which was a prodigious producer of sugarcane-based ethanol, became a
major exporter of the fuel, and by 2010 half of its exports were going to Japan. The parade of
ethanol exporters grew and, to mention a few, included Argentina, Australia, Central and South
American countries (such as El Salvador), Malaysia, Mexico, South Africa, and Poland. As early
as 2004, India established programs to encourage ethanol production.

The EU, with its huge agricultural production of sugar and grain, converted a major portion of its
surplus into fuels (Germany and France led in the production of bio-fuels). And to boost the
possibility of a European biofuels industry, the EU introduced protective tariffs on imported
ethanol. The US and other countries cried “protectionism” and created ethanol reserves. Anti-
genetic modification attitudes in Europe were deeply ingrained and continued, and production of
the crops needed for this embryonic industry were lower than they might have been. The
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European countries opposing genetic modification included Austria, France, Portugal, Greece,
Denmark, and Luxembourg. With the emphasis on ethanol, world food supply became
imbalanced and hunger increased. There were brave experiments that attempted to use marginal
lands and brackish water for the production of alcohol crops, but these added only marginally to
the acreage. It seemed that the world could not have both adequate food and expanded
production of alcohol grains. It was indeed business as usual.

Opportunistic Terrorism

The intersection of these developments with global terrorism deserves special attention.
Terrorism is still a major concern. There have already been small attacks during the past two
decades, and many people expect that they will grow in scale in the next 20 years, able to disrupt
supplies by 5-10% for at least a month. Some analysts think the anti-oil mission of the terrorists
is to cause democratic governments and secular economies to fail so that fundamentalist
governments can take their place in some oil-producing nations. There may be other reasons as
well, such as alienating the moderates from their ineffectual governments, maintaining wealth
concentrations in oil-rich countries, and slowing the development of advanced technologies,
which they see as irreligious. Some people have even suggested that, through terrorism, the
terrorists themselves believe they can become rich by taking over oil resources.

At very least, some analysts think that terrorists want to see a rise in the price of oil (and attacks
on supply result on price increases) to enrich Arab countries. They want to reduce the Western
presence in “their” countries. They want to undermine democratic governments by pushing them
to adopt strict security provisions that move these countries toward police states and truncate
what the terrorists consider to be immoral freedoms. Some see terrorism devolving to a
protection racket, functionally indistinguishable from organized crime. Clearly, they want
withdrawal of Western troops and corporations from Moslem countries to “purify” the Islamic
caliphate.

Killing of people over the last 20 years was a strategy designed to illustrate the weakness and
fragility of non-fundamentalist countries. With the obvious need for oil, it was apparent that
there were other ways to provoke failure and to illustrate, and perhaps intensify, the inherent
weakness and fragility of the countries they perceived as decadent. Initially the approach was to
attack the oil fields and the institutions and infrastructure of the oil industry. Military presence in
oil fields was increased in response to this threat. Ports and pipelines were vulnerable, so new
ports and pipelines were built offering parallel paths to the markets. By and large, though,
security was spotty and only partially successful.

Terrorists hatched a plan. In great secrecy, in a dozen places, biochemists loyal to their cause
were directed to produce self-replicating microorganisms designed to contaminate oil with
contagious human pathogens. Bugging the oil, they called it.

This was not the only oil/biotech program under way. Many biomethane projects were being
pursued to find more cost-effective ways of converting agricultural crops, and cellulose in
general, to fuel. A dozen legitimate laboratories have been attempting to develop strains of
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microbes that, in one application, could be injected into depleted wells to digest heavy oil
residuals and produce less viscous crude that could be more easily pumped to the surface. In
another application, anaerobic microorganisms were designed to convert the residual oil to
methane.

The contraband organisms looked much like the legitimate ones, and they were injected into half
a dozen wells in the Middle East. When mini-epidemics developed among oil field workers,
there were celebrations among the minions of the radical terrorists. They announced their
success, and in so doing created a wave of fear about the extraction, processing, and use of oil.
This was better and more effective than exploding a bomb under a pipeline. At a considerable
cost, the oil companies had to bio-isolate their workers and prove to various environmental
protection agencies around the world that refining oil also pasteurized it.

Finally

So, yes, it’s easy to be a skeptic. We’ve heard it all before. What people miss most about the old
days is vacations in distant places, freedom to drive what they wanted and where they wanted,
having a government they could believe in, that tells the truth—if indeed anyone knows what
truth is any more—and stability. Today there is too much pessimistic thinking about energy.
Reserves have grown in the past when depletion was forecast, and now many people in the
industry say it will happen again. As for developing new energy systems, with effort and
fortitude the world powers can solve the problem; they can do anything they want to do. But the
World Soccer Games are on TV now, so let’s worry about all this tomorrow.
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Scenario 2. Environmental Backlash

Moderate growth in technological breakthroughs

High environmental movement impacts

Moderate economic growth

Moderate changes in geopolitics and war/peace/ terrorism

The catastrophic nuclear accident in 2008 that polluted the Indian Ocean with radioactive waste
galvanized the brewing environmental movement with a new dynamic force around the world.
Pro-environment politicians were elected, and the G8 hammered out an agreement to create and
implement the Global-Local Energy-Environment Marshall Plan (GLEEM Plan) with an Apollo-
like mandate to fix the energy situation and reduce climate change.

Figure 2-5: Maps of Nuclear Power Reactors: India
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Source: INSC, http://www.insc.anl.gov/pwrmaps/map/india.php
(Purple reactor labels show specific reactor locations; some reactor labels may not represent the exact geographic
location.)

The environmental backlash had been gathering momentum for years—both from nature and
from environmentalists. From the 1970s onward, forecasts of climate change and its impacts
have proved to understate what actually occurred. In the last 10 years, major areas of tundra have
melted, releasing huge amounts of methane, a gas 22 times more dangerous for the climate than
CO,. Nature’s backlash was felt most directly via increasing droughts, flooding, hurricanes,

tornadoes, new diseases, fires, sandstorms, falling crop yields, and social unrest among millions
of environmental refugees from dying rivers and lakes. During the past 10 years East Africa
experienced massive famine, killing 20 million. Many fishing industries around the world are
gone. The water tables have fallen dramatically in India and China over the last 20 years, leaving
dry wells for hundreds of miles in many locations, forcing millions to flee to already congested
cities, where tensions explode into riots.
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Increasing demand for meat accelerated the industrialization of livestock production, with its
massive concentrations of animals and their wastes, which led to the Pig Flu pandemic of 2010
that killed more than 25 million people. Less dramatic but also quite devastating is the slow-
motion march of desertification in Asia, Africa, North and South America, and the Middle East.
Hundreds of species of marine life have been exterminated due to increased acidification of the
oceans from CO, deposition. The changing climate increased drought and fires in some areas and

floods in others. It altered insect migrations, which carried mutated viruses that caused new
epidemics; it shifted crop yields to more northern and southern latitudes, causing parts of Siberia
and Canada to become a viable breadbasket; and it meant glaciers in high mountains
disappeared, leading to water problems in major mountain-valley regions around the world.

The nuclear catastrophe caused massive fisheries collapses, first in the Indian Ocean as a result
of the accident, causing food shortages in much of south Asia, then subsequently in other
fisheries, as pressures to catch fish were redirected. Just as in the Chernobyl nuclear accident, the
human mortality will not be fully known for years, but it is expected to be worse than in
Chernobyl. Many people fled the area and settled elsewhere with little systematic medical
follow-up. There were also some airborne contaminations that caused crop losses and failure in
the region. Radiation caused enough loss of plankton in the Indian Ocean that the natural CO,

absorption capacity was reduced, contributing to record annual increases in atmospheric GHG
concentrations. Increased acid rain in the industrial areas further reduced the ability of green
cover to absorb CO, and increased soil erosion.

The backlash from nature that makes scientists most worried is the beginning submergence of the
Gulf Stream in the North Atlantic by freshwater runoff from the Greenland icecap. This will
reduce the ability of warm ocean currents to flow along Europe’s coasts, giving it the same
weather as Canada before its recent climate changes. If Europe cools, its ability to feed itself will
also be reduced, increasing food costs around the word.

The environmentalists’ backlash cut a broad swath across the array of industrial powers. There
were strategic lawsuits, high-profile public confrontations, protocols to environmental treaties
that used biosensors and satellite data for better detection of environmental crimes, tougher
national regulations (mostly in Europe), inflammatory Internet blogs, and violent attacks on the
key offices of fossil fuel industries. Although the horrific 2008 disaster caused the environmental
movement and public attention to cross a fundamental threshold, knowing that environmental
viability for life support was no longer assured, the world’s dependence on fossil fuels continued.

Increasing damage from hurricanes, like those that hit New Orleans in 2005 and Houston in
2007, and drying water sources in India and China added to the intensity of the
environmentalists’ outrage at the inaction on climate change. Prior to the Indian Ocean nuclear
catastrophe, political and corporate leaders gave emotional speeches full of beautiful rhetoric
about sustainable development but they acted with little urgency; they congratulated themselves
over agreements that were trivial compared with the enormity of the situation and the task to be
achieved. This caused a gathering potential firestorm of resentment and anger in the
environmental movement that just needed a spark to spread worldwide.
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It is ironic that the spark was a nuclear accident, rather than emerging climate changes, that led
to environmentalists’ greater focus against the global fossil fuel industries. Since the growth in
nuclear energy was essentially stopped by the environmental movement by the mid-1970s, and
the 2008 catastrophe killed all future plans to build new nuclear power plants, the fossil fuel
industry became the next logical target. Their mission was to change the world’s energy sources
to non-nuclear, non-fossil fuels for baseload electricity and transportation power. Self-organized
groups set out to destroy any obstacle blocking this change. Although the nuclear disaster got it
going, it was the continuing evidence of climate change that sustained the movement. Today the
Gulf Stream has shifted enough that it brings less heat north, making Europe colder'. It was
difficult to believe—climate change made Europe slowly warmer, and then made it cooler,
bankrupting farmers, increasing heating costs, and depressing not only some economies but also
the spirits of many Europeans who now expect to eventually have a climate more similar to
Canada’s.

Environmentalists have endorsed nonviolent civil disobedience since early-twentieth-century
protests at the Hoover Dam in the United States, but even before the Indian Ocean catastrophe
increasing numbers had begun to talk about more serious sabotage of the fossil fuel industry
because people were not taking global warming seriously enough. Even during the 1990s there
were attacks on oil company facilities and kidnappings of employees that had been largely kept
out of the press, for fear of copycat attacks. These and subsequent scattered attacks on oil
companies, automobile manufacturers, and large car dealerships were unable to make much
impact on fossil fuel consumption. The potential targets were too numerous and diverse. Should
the saboteurs hit drillers, refineries, pipelines, tankers, storage tanks, truckers, gas stations, car
manufacturers, consumers, corporate headquarters... what?

The daily reports of new impacts from the radioactive material seeping into the Indian Ocean got
so many people enraged that coordinating attacks and setting priorities for targets became
irrelevant. The radiation pollution from the accident spread along the populated continent of
India and neighboring areas, causing bitter political disputes between the states. Activist groups
organized themselves in the U.S., Europe, Asia, and Latin America. They chose the most
convenient target at hand that would make national and international news and used cell phone
cameras to get dramatic images on Internet blogs that fed the media.

The new environmental movement took many forms. “Green Smart” emerged as a loose network
of architects and engineers that became a force in urban planning and alternative communities
around the world and made inroads in rural agriculture. “Save Gaia” radicals hit oil pipelines in
the Middle East and the United States with assaults that disrupted supply by 5% for a month, and
they carried out a series of cyber attacks on oil and car companies’ financial systems. In the
middle were “moderate radicals” and university students who marched on the United Nations,
the World Bank, parliaments, newsrooms, and corporate headquarters of leading energy
companies around the world.

The Save Gaia bombers were protesting the way the world was run, the way the wealthy spent
their money, and the superficial values spread by the media throughout the world that kept
people pursuing irrelevant consumption while the life-support systems of nature were being

! http://www.soc.soton.ac.uk/index.php?pagetype=display news&idx=303
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destroyed. These radicals wanted to take the profit motive out of environmental destruction by
targeting and causing economic damage to fossil-fuel-related businesses. They spread rumors via
the Internet to affect stock prices and got employees of conscience to resign. Save Gaia had
many political and economic sympathizers—those opposing globalization, free trade, cartels,
imperialism, and the status quo in general—who saw the movement working to their advantage.

The backlash took many forms. In Nigeria, the environmental and economic pillage of many
areas of the country by government officials and oil companies had created militant groups that
grew in strength every year, kidnapping hundreds of oil company employees and both stealing
from and attacking pipelines. The risks to the oil companies seemed to have no end. Finally,
they took matters into their own hands. They hired militants, environmentalists, and economic
development professionals to create development programs around the oil-producing areas. It
was far more cost-effective to get ahead of the problem by working with the militants than to
expect the government to provide a safe and reliable working environment.

On the legal front in North America, Friends of the Earth and Greenpeace achieved a precedent-
setting victory in the ExxonMobil lawsuit on climate change; like the previous judgments against
the tobacco industry, the ExxonMobil verdict shocked the business world. That was the key
event that let the fossil fuel industry know that the rules of the game had changed forever.

ExxonMobil was convicted of causing up to 4% of the economic losses due to global warming
and had to pay this amount to the Global R&D Fund established by the G8’s GLEEM Plan for
alternative energy systems. It nearly bankrupted the company, but corporate leaders negotiated
payment terms while integrating environmentalists into their diversification planning, and the
company may well survive. Business executives in other major oil and automobile companies
scrambled to create crash programs to drastically reduce their greenhouse gas emissions and fit
into the plan. This paved the way for the post-Kyoto international agreement to reduce
greenhouse gas emissions to 1970 levels.

Environmentalists were brought in to work with company engineers to help their businesses
become greener. Some diversified into alternative energy sources. Others got into “green
agribusiness,” such as seawater agriculture, synthetic photosynthesis to produce alcohol fuels,
and massive tropical forest growth programs for carbon credits. Still others improved energy
efficiency by retrofitting buildings for better use of sunlight for heating and for producing local
electricity from nanoplastic photovoltaics.

Environmentalists became extensively involved in training and education to show how to be
more energy-efficient and to change cultural attitudes. They also worked with politicians to
standardize and internationalize carbon taxes, road taxes, product labeling, and other incentives
and taxes to allow the market to adjust to the new conditions.

Some energy executives and environmentalists just could not work together, making their efforts
a complete waste of time. Some others who were merely paying lip service to environmental
concerns got caught up the excitement of re-educating their markets about clean, more-efficient
and more-profitable businesses alternatives. Public education for cultural change is exciting. The
burst of corporate innovations encouraged governments to create environmental taxation and
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emission trading systems to ensure a level playing field for business. Governments began to
expedite the process of getting innovations to market and streamlined the permits within a
comprehensive framework. For example, many old abandoned oil and gas fields in high wind
areas were converted to wind energy sites as the result of government incentives.

Architects increasingly integrated the concepts of ecology and architecture,” creating a range of
“arcologies” in new construction projects that reduced heating and cooling costs. Urban systems
ecology became a popular major in universities as success stories of matching industries whose
waste was an input to the production requirement of others became known.

Backlash Changes Business as Usual

The environmental backlash helped make brainpower, determination, altruism, and honesty more
fashionable in the energy industry than the previous mindset of corporate loyalty and short-term
bottom-line thinking. Luxury businesses worked with Green Smart and other environmental
groups to make top-quality products that were energy-efficient, environmentally friendly, and
educationally significant. Even advertising agencies, movie producers, and rock video
choreographers began to use more images and concepts that reinforced the honor of
environmental stewardship.

New rules mandating stronger fuel flexibility in cars in Brazil also resulted in a large, new
biofuels industry gasifying parts of the sugarcane plant previously unused (and other plants) to
produce “Fischer-Tropsch” liquids, which allowed Brazil to export most of its ethanol to other
nations by 2015 and to become “the new Saudi Arabia” of the Green Era.

Nevertheless, increasing oil prices, the nuclear accident, and a range of environmental
backlashes created recessions and depressions around the world. Countries that decided to cut
oil dependency avoided many of these economic problems. Sweden moved from being 77%
dependent on oil for its energy in 1970 to 32% in 2005 and zero by 2020.’ Iceland hopes by
2050 to power all its cars and boats with hydrogen made from electricity drawn mostly from its
geothermal resources. By 2011 Brazil powered 80% of its transport fleet with ethanol derived
mainly from sugarcane and is now nearly free of oil requirements for transportation. Sugarcane
is the best cultivated plant for capturing CO,.

The Eminent Scientists Group appointed by the UN Secretary General created the definitions of
terms, standards, and measurements that proved necessary for effective political and economic
polices. These common measures helped the establishment and implementation of environmental
tax incentives, product labels (such as energy per unit), and international sanctions on violators
of a series of UN treaties related to sustainable development. Improved biochemical sensors and
their prevalence due in part to counterterrorism efforts have reinforced the use of these
scientifically determined definitions and measures. Offenders were more easily spotted and
exposed to the press, which helped generate the political will for enforcement. With these

? For current examples of archeology see http://www.arcosanti.org/
3 http://www.sweden.gov.se/sb/d/3212/a/51058:jsessionid=aRO1qHEpCvAg
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changes in policy and technology, and with an increasingly informed global market, businesses
competed to show their “environmental correctness.”

The Green Smart label has become the most sought-after product endorsement due to its strict
environmental standards and public relations plan that lists the best to the worst companies and
countries in the world. Companies had little choice but to be rated by these standards.” Highly
energy-efficient companies with excellent environmental impact audits received some tax
advantages and attracted more investments and international market access than those that did
not get favorable reports. They were also nearly immune from health, safety, and environmental
lawsuits, which attracted even more investors to buy their stocks.

Some companies that used environmentally sound production practices created their own green
labels to gain a competitive advantage. “Green” producers and consumers united in political
movements that changed waste-subsidizing government policies. Utilities began charging for the
real costs of water, nuclear energy, and so on. Buying clubs and consumer unions encouraged
people to purchase from companies that used more environmentally friendly industrial processes.
The merger of many educational activities of the environmental movement and human rights
groups, in collaboration with many leading multinational corporations and the global inter-
religious discourses, helped to establish reasonably clean air and water and healthy soil on the
political agenda as a human basic right rather than just a factor in economic cost/benefit
analyses. Environmental stewardship has increasingly been added as a moral responsibility in the
preaching of religions. It became almost unthinkable to propose an environmentally dangerous
project.

The Wealthy Step In

The successes of George Soros in the development of the transition economies, Ted Turner in the
United Nations, and Bill Gates in international health programs laid the foundation for many
wealthy individuals to support the GLEEM Plan. For example, CEOs of some of the largest
businesses in the world gave each other awards for who had implemented the most change in
their own corporations to support the Plan. Vast PR campaigns promoted the awards and their
achievements. In China, several new billionaires constructed eco-industrial parks to display
green production systems and habitats that become a new alterative to Disneyland. Local
charities sprang up to support small- and medium-sized companies to become more green.
Larger companies got tax incentives to help smaller ones. Others that contributed to the R&D
Fund called for in the Plan received tax credits from their governments. Some even painted their
private planes green as a statement that their corporations supported the GLEEM Plan.

Several wealthy scientists endowed Scientists for Global Renewal to promote the best scientific
conclusions on how to implement the Plan by giving its own World Energy Science Prize and
opposed the activist groups who lobbied for actions with little scientific evidence.
Philanthropists, celebrities, and media stars in Europe set up LeapFrog to help poorer countries
skip as many of the industrial stages in the transition from subsistence farming to the knowledge

* Some less well known rating systems are already in place: http://www.csrwire.com/article.cgi/5008.html
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economy as possible, while supporting sustainable energy technology. Major parts of the Congo
basin were bought by a club of the 100 richest individuals in China to prevent what happened to
Amazonia. The three richest entrepreneurs in India financially leveraged the major water projects
in Asia. Some of the wealthiest people in the Middle East have turned around several major
desertification areas in the world.

Smaller investors also had a way to participate financially in the environmental backlash by
investing in international funds such as the Green Brick (composed of the top 10 Green Smart
companies in Brazil, Russia, India, China, and Korea) and GreenMap (composed of the most
promising companies, regardless of location, that are producing the technologies within the
GLEEM road map).

GLEEM in the World’s Eye

The GLEEM Plan had 13 elements:

o Establishment of the World Energy Organization as a unique transinstitution of self-
selected governments, corporations (both for profit and not-for-profit), national
academies of sciences, and international organizations (such as the International Atomic
Energy Agency and what became INSOLSAT, the International Solar Satellite
Consortium based on the INTELSAT model).

o Periodic meetings of a council to review the Plan and amend long-term plans as
necessary to reduce further energy-environment problems.

o A long-term R&D Energy Fund administered by the WEO to provide a global focus for
business, government, university, and individual efforts to invest in energy and
sustainable development projects that were scientifically sound, not already being
pursued, too distant to attract venture capital, and unable to receive funds by individual
governments if acting alone. The resulting products and processes would have lower
costs and license fees, applying the principles of how the costs of AIDS medicines were
lowered.

o Establishment of a World Energy Prize for proven technology ready for massive
investment for international proliferation.

e A trust fund, administered by IAEA, to finance the dismantling of dangerous plants
(Chernobyl-type) and the management of nuclear waste.

o Creation of a Meta Internet to make the world’s energy-environment knowledge more
easily available, including implementation status and road maps for transparent access to
the current status and future prospects of the global energy-environment nexus and nearly
real-time information from the many centers that analyze risks, benefits, and time-to-
impact of various energy and environmental projects in a standard user-friendly format
that nonscientists can understand, including politicians.

o Harmonization of environmental treaties leading to a common set of government policies
(including local energy management agencies), technological and management standards,
measurements of impacts, and incentives (including international agreements on taxation
of fuels for international air and water transport and an authoritative unique Global Green
Label with a related energy ratings standard for consumer products) to save energy and
produce it more safely.
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o Designation of the WTO to enforce environmental and energy standards in trade as set by
the United Nations Eminent Scientists Group.

o An International Court of Environmental Arbitration and Conciliation created as a
complement to the WTO and the International Criminal Court to strengthen enforcement
of international agreements and provide a common dispute settlement mechanism with
reliance on bio-nanosensors and satellite networks.

o A world education program by UNESCO in cooperation with WEO, UNEP, and the UN
University to support the production of Internet events, computer games, music videos,
and additions to school curricula to help ensure that the next generation will continue
the transition to a more sustainable world.

o A Global Partnership for Development to promote a series of partnerships among high-
and low-income peoples, corporations, and civil society groups to improve energy
applications and economic development.

» Establishment of a special agency to help the expansion of the U.S. Peace Corps, British
Voluntary Service Overseas, UN Volunteers, and various forms of tele-volunteers to help
support energy-environmental local initiatives in developing countries, technology
transfer, and training and to ease the burden of such country’s compliance with the new
regulations in coordination with the WEO.

o Launching of a Post-Kyoto Protocol that was beneficial economically and
environmentally to both rich and poor countries.

Many science and technology forums sprang up to exchange best energy-environment practices
that helped keep media attention on progress and regress on these elements of the Plan. These
fed the ongoing assessment of the Plan available to all on the Meta Internet Web site.

The GLEEM Plan’s R&D helped further novel technologies that served as non-fossil, non-
nuclear fuels or significantly improved the efficiency of their use. The key funding categories
were energy for transportation in developing countries; universal access to electricity; carbon
capture, separation, storage, and reuse; and the gap between R&D and commercialization. New
projects included portable sources, energy storage systems, decommissioning of nuclear power
plants, and nuclear waste management. WEO also helped to implement policies—such as the
elimination of energy subsidies and tax incentives—that perpetuated the status quo and stifled
development of alternative sources.

Government Helps the Plan

The scientific energy measurements and standards defined by the UN Eminent Scientists Group
were used to set energy pricing policies to reflect the external and environmental impacts of
energy production and use. Governments, in partnership with environmental scientists and the
private sector, created carbon taxes ($50 per ton) and fees for the most environmentally
damaging activities. All stages of the production process were included (extraction, production,
distribution, and consumption). A portion of the revenues subsidized R&D for more
environmentally sound technologies and provided incentives for use of such technologies,

> All US dollar references are in 2006 value, not forecasted to 2020 value)
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goods, and equipment. Governments allocated some of the income to be administered
internationally by the WEO long-term R&D Energy Fund.

As the cost of adding carbon capture and storage sank below the carbon trading fees, the use of
CO, sequestration accelerated around the world. Nearly all countries have consumption standards

for vehicles (new and old) and some have had to ration energy and water usage. Many parts of
China and India still do so today, which is the key limiting factor to their rates of economic
growth. These governments supported new solar Stirling technologies that are now used to
convert CO, streams into useful liquid fuels, based on complex molecules combining nitrogen-

based compounds with small amounts of carbon for stability and safety.

Carbon trading has been practiced by the majority of the top 50 emitting countries since 2010;
funds from this activity are used both for local environment-energy projects and for the Global
R&D fund.

With assistance from UNEP, the World Bank, and the UN regional economic commissions, most
governments today have a system of national accounts that includes the economic impacts of the
depletion of natural resources. The Sustainable Development Index is now used to help countries
set national priorities. Most corporations of any size have used the ISO 14001 Environmental
Management System to create their own EMS to continually improve their environmental
profile.

These policy changes, plus the continuing technological breakthroughs and some cultural
changes, have begun to have some impact on the energy-environment nexus. For example, the

energy efficiency of the world economy has continued to improve.® (See Figure 2-6)

Figure 2-6: Global Energy Efficiency
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What Happened Next?
...IT It Ain’t Fit, Retrofit

Government incentives helped stimulate retrofits in such green technologies as photovoltaic
roofing tiles and walls for buildings, better use of natural light for heating as well as saving
electricity, more-efficient windows, and liquid crystal display lighting (solid state lighting that
puts the right photon at the right place at the right time in the right color and with the desired
intensity) that is 10 times more efficient than conventional lighting. Even shading over parking
garages in India and China is being replaced by photovoltaic nanotech sheeting to produce extra
income for parking lot owners. Cars and trucks have been retrofitted for different fuels. Rooftops
from Egypt to Ecuador are getting solar panels.

However, some of the biggest retrofits that are beginning to alter the energy situation are the
additions of CO, capture and storage mechanisms in fossil fuel plants and home heating systems

and improvements to temperature control in buildings. Improved insulation of existing buildings,
heat-controlling paints and surfacings, air conditioning systems, and retrofits to recover and use
“waste” heat are reducing energy consumption.

Improved standards for new buildings (insulation, spatial orientation, ratio of windows, efficient
heating/cooling systems, and localized energy production) should also improve conditions. The
use of low-cost highly efficient energy storage systems that complement solar roofs and other
developments are allowing some individuals to go “off-grid.”

The development and recycling of non-fossil environmentally friendly materials for repair of
roads and highways is beginning to reduce the need for asphalt. First-generation photovoltaics
are being replaced with advanced nanomaterials that absorb solar energy more efficiently.
Wherever feasible, nanotubes are replacing transmission wire in much of the world to conduct
electricity more efficiently. This has had the same effect as producing a new source of energy
without greenhouse gases or nuclear waste.

Many cars built since 2015 remove CO, from exhaust gases by chemical absorption with

solvents. Businesses that retrofit their previously built cars with this new carbon capture
equipment are growing around the world—and fast!

Energy storage was dramatically improved by replacing old batteries with those using a range of
nanotube applications.” These new “nanobatteries” plus the three-dimensional computer chips
with nanotubes have drastically cut the computer drain on the electric grids that just 15 years ago
accounted for nearly 20% of electric usage in high-tech areas of the world.

The retrofit craze to get tax incentives could have been more effective if more people had
conducted pre- and post-analysis on life-cycle financial and ecological cost-effects before
installation. Nevertheless, the global infrastructure is being made more efficient.

7 Draft paper by Dennis Bushnell, Chief Scientist, NASA Langley Research Center
d.m.bushnell@larc.nasa.gov
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Transportation

Genetically engineered synthetic life that can create hydrogen and biofuels like ethanol and
methanol has been developed.® This marked the historic transition from reading genetic code to
writing it. Genetic codes were specifically written from data banks of genetic information that
produced life forms that now create hydrogen and ethanol in the presence of sunlight in a manner
similar to how plants produce oxygen. Bio-hydrogen factories are beginning to produce large
enough volumes to begin to be a source of reliable fuel for transportation. Although scaling up
has been difficult, this approach could one day be a major source of hydrogen.

In response to the G8’s GLEEM Plan, the major oil companies and automobile industry leaders
met with environmental leaders and scientists to work out a road map to cut carbon emissions
dramatically. (See Figure 2-3) This included bio-hydrogen, electric cars, biofuels, and many
ways to improve efficiencies. Even several years before the Plan, BP® led the oil industry to the
attempt to stabilize carbon dioxide in the atmosphere (back in 2003, the transport sector
accounted for about 27%'® of U.S. GHG emissions). Some in the oil industry tried to find ways
for the fossil fuel industries and consumers to reduce the amount of annual emissions of carbon
from all sources to 7 billion tons by 2020, while continuing economic growth. Although 9 billion
tons of carbon are now emitted, it is much better than the old forecast that there would be 12
billion tons. "'

Figure 2-7: CO;, Emissions Forecast
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"'t is 7 billion tons of carbon in 2004, which can be translated into about 25 billion tons of CO.,.

http://www.bp.com/genericarticle.do?categoryld=98&contentld=7000452. (see section on Climate
Change)

Chapter 3: Global Scenarios 29


http://www.syntheticgenomics.com/
http://www.bp.com/sectiongenericarticle.do?categoryId=9008205&contentId=7015200
http://www.epa.gov/otaq/climate/420r06003summary.htm
http://www.bp.com/genericarticle.do?categoryId=98&contentId=7000452

2012 State of the Future

7WEDGES
are needed
to build the
stabilization
triangle

1WEDGE
avoids 1 billion tons
Of carbon emmisions

1 “wedge”
per year by 2054

Flat path

Source for both graphs: Princeton University Press Release'?

Others did not take this seriously, since it would mean either building 4,900 nuclear plants
around the world to replace a sufficient number of fossil-fuel-burning power plants or increasing
the use of solar power by an impossibly large amount. Still, three years later, when the nuclear
accident took the nuclear solution off the table, the oil industries realized that fundamental
changes were necessary.

In this search for fundamental change, some transportation and energy companies followed
Brazil’s leadership and led the fight for governments to pass regulations mandating flexible fuel
vehicles that could use gasoline, ethanol, methanol, or mixtures of these fuels. As early as 2005,
over 30% of Brazil’s gasoline demand was met by ethanol, while ethanol provided only 2% in
the United States. This open standard for fuel competition provided the final incentives to make
the less costly fuels more widely available.

When it was realized that less than 6% of the U.S. land mass could produce enough biomass to
supply that country with its oil and natural gas needs, it became a national security issue in the
U.S. Congress, which passed the biomass energy bill. Granted, there was not the accompanying
reliable water necessary to produce all that biomass, but the bill spurred the R&D that helped the
world make enough fundamental changes so that today 19% of all new cars use biofuels.

Biofuel production used to rely on fossil energy to convert biological sugars to transportation
fuels. Even with the use of fossil energy to make the biofuels, their greenhouse gas emissions
were 20-50% lower than those of petroleum fuels. Fossil fuels are now replaced with nanotech
solar strips of photovoltaics layered for catching photons of the most efficient wavelengths. This,
plus the use of cellulosic ethanol production techniques, now allows biofuels to be considered
“greenhouse gas neutral” because the amount of CO, plants take from the atmosphere when

growing is roughly equal to what they give back when burned as fuel.

Biodiesel fuel production got an early boost when the EU mandated that 5.7% of its diesel fuel

12 http://www.bp.com/genericarticle.do?categoryld=98 &contentld=7000452
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be biodiesel by 2010. Biofuel production has now replaced 10% of petroleum usage.'® This
should increase if the terraforming of Earth’s coastlines by seawater agriculture continues.
Biofuels have become a new form of wealth for previously impoverished rural areas of the
world. For example, biofuels from sugarcane helped the Haitian economic recovery, and
seawater agriculture helped reduce poverty along the coast of East Africa and Somalia.

Although this prevents further damage, it does not solve the problem of climate change.
Additional ways had to be found to sequester the excessive global warming gases. Green Smart
engineers have been testing nanotechnology applications to exhaust systems to reduce CO,

emissions. The use of nanotech on the surface of buildings to strip carbon from the air is a source
for future molecular manufacturing applications. Massive tree plantings have helped, but they
have only reduced the growth rate of carbon in the atmosphere without turning it around.
However, the uses of advanced composites, ceramics, nanotubes, plastics, and lightweight-steel
have more than doubled the efficiency of cars and trucks, which has reduced emissions
proportionally.'

The promise of the hydrogen economy is still just a promise—but an attractive future possibility.
There are many alternative production methods and applications for hydrogen, and more than 7%
of all new cars are powered by hydrogen today; nevertheless, it has not become the dominant
fuel yet. Many would not buy hydrogen cars before sufficient numbers of local gas stations
carried hydrogen, and few hydrogen producers and car manufacturers would take the risk of
investing in distribution systems and new car designs that might not sell.

The global R&D fund in the GLEEM Plan might have more substantially funded the
development of hydrogen by reducing the investment risks, but a new problem was discovered.
To achieve a 50% reduction in oil used for transportation (in the United States, for example, in
20 years by using hydrogen fuel cell cars), half the new cars sold within five years would have
to be running on hydrogen. Since that seemed unlikely, the hydrogen enthusiasm began to wane,
not to mention that the hydrogen production might have to come from water electrolysis using
electricity generated by many new nuclear power plants that the environmentalists would protest.
Nevertheless, some dedicated truck fleets used a combined system of hydrogen with ammonia.

The use of metal hydrides, which store hydrogen at densities approaching liquid hydrogen, is
being developed. Just a little increase in temperature releases the hydrogen. The depleted block
of metal hydrides could be replaced at gas stations with a new “charge,” just like a battery.
However, the process is still very new and it is notyet clear if it will succeed. In 2010, a
magnesium alloy with a modified nanostructure was shown to store enough hydrogen to allow a
vehicle to drive 500 kilometers, but commercialization has been slow because of very high
production costs and technical problems, such as the requirement for operation at 350-400?C,
still have not been economically resolved. Hydrogen suppliers have not been able to support the
massive level of hydrogen distribution infrastructure needed to entice vehicle manufacturers and
drivers to switch. Chemical hydrides and carbon nanostructure materials operating at lower
temperatures than metal hydrides are becoming competitive in R&D trials.

'3 http://europe.eu.int/comm/energy/res/sectors/bioenergy_en.htm
' http://www.oilendgame.com/ExecutiveSummary.html
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Electric cars are more acceptable now that nanomaterial batteries improved the weight-storage
ratio. They account for 15.4% of all cars sold in 2020. As a result, China’s long-term strategy to
be the world’s leader in electric cars has paid off, and China now sells over a million cars a year.
China accounts for over 50% of all new electric cars sold in the world. Granted, the majority of
them are sold within the country, but their success has gone a long way toward changing world
opinion about that nation’s earlier air and water polluting practices.

Hybrids are still the most popular, accounting for 31.7% of all new cars sold in 2020. Their
owners can now plug them in at night to get the previously unused power in the electric grids to
recharge their cars. Hence, electric plug-in hybrid cars with flexible fuels acquired the “Green
Smart” image along with the Chinese electric cars. Pure electric cars were exempt from road
taxes, congestion charges, and other similar state fees. Some cities—Paris, Sao Paulo, Tokyo,
and Mexico City—have been offering free parking for electric cars for several years now, while
most major cities have significant areas that are closed to private vehicle traffic. Where this is
being done, the picture of urban-cloaking congestion is beginning to fade.

The use of natural gas in cars has not grown significantly because such vehicles do not address
the issue of CO, production in a manner that is significantly better than gasoline-powered cars.

And, like oil, natural gas would also run out one day.

New uses of nanotubes, ceramics, and plastics reduced the weight of cars and trucks, which in
turn lowered the amount of carbon emissions per mile traveled. Fuel cell cars with methanol in
the tank, electric cars, and advanced Stirling engines are expected to reduce this even further.

Gasoline vehicles still account for 26.5% of all those sold around the world in 2020. Although
some expected the power of OPEC to become nearly hegemonic as non-OPEC countries passed
their peak oil production in 2010, Canada has become an energy powerhouse. When the United
States finally realized that the Canadian oil sands could actually replace Middle Eastern oil,
investments poured into western Canada, like the California gold rush. There was no political
risk and no exploration costs, since Alberta was covered in the black muck. Worried by the Save
Gaia attacks, the oil managers had a series of high-profile meetings with moderate
environmentalists to make less damaging extraction and production plans. When the political
risks subsided in Venezuela, it too received major investments into tar sands and heavy oil
production around the Orinoco basin, estimated to hold 1.3 trillion barrels of oil equivalent, and
became an important factor in world energy. Despite these new sources, gasoline was a dying
fuel and the replacements all were seen to have finite lifetimes.

Electricity

The need for new electric production has grown dramatically due to increasing population and
wealth, more electric cars, new desalination plants, and the closing of nuclear power plants (over
300 of the 443 nuclear power plants and the 25 under construction around the world in 2005
have been decommissioned by 2020). Even with the 20.7% improvement in total energy
efficiency over the past 15 years, the demand cannot be fully met. Electricity is rationed in
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China, India, and intermittently in many other countries. There are 1.2 billion people without
reliable access to electricity today.

Coal and natural gas still produce the majority of our electricity today, but the alternatives in
solar, wind, and biomass are catching up. The environmental movement has affected some fossil
fuel demand, but not enough to stop climate change. The greatest growth in kilowatt-hours of
electricity from solar between 2010 and 2020 was due to new technology, government policies,
public education, and the increasing prices of fossil fuels. Solar concentrators, mass production
of thin plastic film photovoltaics with better use of nanotechnology, and solar paints lowered
costs and increased efficiencies. The GLEEM plan and the WEO promoted these technologies
around the globe.

With these advances in solar energy technology, governments began to make installation of solar
electricity and water heating systems mandatory in all new government and some commercial
buildings. They also subsidized some forms of production and gave tax incentives to buyers.
Energy historians credit the “California Solar Initiative” back in 2006 as the key event in solar
electric’s growth that uses $2.3 billion to accelerate solar electric production.

Farmers around the world added extra income from wind energy, which had little negative effect
on agricultural output. Nearly half of Denmark’s electricity comes from wind. Offshore wind
supplies a growing proportion of the rest of Europe’s electricity. Even the United States gets
much of its electricity from the winds of North Dakota, Kansas, and Texas. Five years ago the
construction of great ocean wind farms began in earnest; these farms are expected to account for
at least 5% of world electric production by 2030. Some of this will be wirelessly transmitted via
satellite to the electric grids around the world and some will produce hydrogen to be transported
by sea.

The joint report of the EU-China nZEC (Near Zero Emissions Coal) project and the FutureGen
project of the U.S. released in early 2019 demonstrated the engineering feasibility of coal
gasification with carbon capture and storage, while producing hydrogen. Its commercial viability
is yet to be determined, however, but even when it is, it will take another 20 years—until 2040,
at least—to build enough new plants and retrofit existing ones to have much effect on climate
change.

Also coming into question is the growing world dependence on natural gas. Although its supply
would last longer than oil, it too would be gone one day and its use also emits greenhouse gases.
So some asked why not use the peak oil frenzy and climate change issues to try and fix the
energy problems with truly long-term solutions. As a result, further development of natural gas
supplies seems short-term, and additional investment has diminished recently.

Additional Innovations

As the world has moved to ubiquitous computing and communications, the need for local and
portable energy has grown dramatically. Mini methanol-fueled fuel cells now power most
wearable and portable electronic and photonic appliances. There are also fashionable nano-solar
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accessories added to clothing and bags.

On a larger scale, and as the International Space Station neared completion, the consortium of
countries that built the ISS plus China, Brazil, India, and Korea have begun to throw their weight
behind space solar power.'> When the environmental movement finally realized that space solar
power had a better chance of success than any other approach to non-fossil, non-nuclear energy
to supply the world’s needs indefinitely at costs comparable to or less than today’s electricity
prices, many began to support the establishment of INSOLSAT. This triggered massive
international funding for space solar power. The first commercial orbital solar electric satellite
and receiving antenna on Earth feeding electricity to the terrestrial grids is expected to go online
by 2030. Income potential should be enormous, and private industries want to participate with
government investments. An agreement was reached. Today governments account for 50% of the
investments in INSOLSAT, while the oil industries have 25%, automobile industries 15%,
electric utilities 5%, and private investors the last 5%.

At first, the concept of space solar electric power had no natural allies. Initially the
environmental movement opposed it, as being big science, centralized technology, and
environmentally dangerous. Some governments and the nuclear industries saw it as a long-term
competitor for providing baseload electricity without CO, emissions and tried to co-opt

environmentalists to oppose it. Ground solar and other alternative renewable energy players saw
it as competition for R&D funds and associated it with Star Wars fantasy hightech. NASA saw it
as cutting into their International Space Station priorities, arguing that they could get only one
major project funded at a time. So when the ISS was essentially complete in 2011, NASA began
to openly support space solar electric power.

Surprising support for the idea of wireless energy transmission via satellite came from African
countries of the Sahel. They had little invested in energy plants and lobbied the World Energy
Organization members to invest in wireless energy transmission from their desert solar
photovoltaics to satellite relay systems. Tele-robotic assembly in Earth orbit has begun; the
initial test of a solar satellite in orbit is scheduled for next year. The design objective is for 90%
efficiency in the wireless energy transmission from orbit to Earth. Japan has announced that if
the consortium breaks down, it is prepared to continue building orbital solar power satellites on
its own for commercial operations by 2040, potentially making it a major suppler for electric
grids around the world.

In the meantime, coal is still the main energy source for electric power generation today, and
much important work to reduce its pollution and emissions has been done and is continuing.
Nevertheless, the global momentum is now irreversibly moving toward non-fossil renewable
power generation sources, completing the more-efficient electric grids around the world, and
getting inexpensive electricity to the billion people who still do not have access. There is also an
evolving decentralized network for energy, which provides local energy for increasing numbers
of people.

' Space Solar Power research program see http://space-power.grc.nasa.gov/ppo/publications/sctm/ for
background see http://www.spaceref.com/directory/future_technology/solar power_satellites/
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Work Smart—at Home—from Mumbai to Mexico City

Tele-work, work-at-home, and flexible time have finally become acceptable for many
information and knowledge workers around the world, saving energy, increasing productivity,
and allowing families to raise their children more easily. Although some expected problems of
social disintegration, children got more attention from their parents, and previously isolated
neighbors had more time together.

The initial successes of China’s sustainable communities and Finland’s Information Society
Initiative for international development (which put small computer transceivers in the hands of
millions of poor people around the world by 2012) helped trigger the World Bank-Linux-MIT-
Google work smart economic development programs in many developing regions as well as
richer megacities. This helped reduce the growing demand on urban public and private
transportation systems, which are still congested—but less so—in part due to the price of oil,
which still hovers around $123 per barrel in 2020.

The “return to the future” movement was  in part caused by intolerable urban congestion.
Green Smart engineers and energy-environment NGOs worked with private and public land
developers to create high-tech environmentally sustainable communities in different settings
around the world. These communities were designed for foot, bicycle, and electric vehicle
transportation, reduced material consumerism, increased knowledge and esthetic consumerism,
and included sylvan spaces throughout the built environment. Often these communities were
built for fewer than 2,000 people.

Seawater Agriculture

Proponents of biomass fuels had difficulty proving that there was enough sustainable water to
provide reliable large-scale substitution for petroleum. Then they discovered the value of coastal
deserts for seawater agriculture. After a series of meetings among the Food and Agriculture
Organization, the International Food Policy Research Institute, NASA, and USAID, the World
Summit on the Energy-Food Nexus was held in New Delhi, India, to secure agreements to
initiate very large-scale seawater agriculture. Vast desert coastlines like those of Somalia were
selected to become salty Gardens of Eden by growing salt-tolerant plants on beaches for
biofuels, fertilizers, and food. Large-scale saltwater agriculture also had the effect of raising
water tables and absorbing CO».

The initial successes of saltwater agriculture in the Persian-Arabian Gulf, China, and some of the
coastal deserts in Baja California have begun to “reclaim” or desalinate the land, allowing for
new channels to be dug that now bring additional seawater further inland to deserts. Of the
10,000 natural halophyte plants, more than 100 have been used for food or biofuel factories.
With genetic modifications, many more—such as rice, tomatoes, wheat, and maize—are now
grown in salty conditions. This turned out to be very important, since climate change reduced the
yields of these crops in China and India.
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Desert sunlight also produced electricity via nanotech plastic—highly efficient photovoltaic
strips to run the biofuel plants and support the emerging coastal desert communities.

In the desert interiors like the Sahara, 10-mile-long robotically managed closed-environment
agricultural tubes, interspersed with nanotech photovoltaic strips, are beginning to produce

sufficient food for Africa and exports to Asia. Surplus energy from the strips is planned to be
exported by microwave to Earth orbital relay satellites and on to electric grids on the ground.

Animal Protein without Growing Animals

The price of meat, eggs, and milk began to increase dramatically around 2012 as the amount of
land and animal feed required to meet world demand for animal protein could not be met.
Simultaneously, the increasing urban demand for meat led to dense concentrations of animal
production, and mutating pathogens in their wastes were found to cause a number of new
diseases among livestock and humans.

Continual global disease threats were killing consumer confidence and the livestock sector.
Alternatives had to be found. Public and private investments in the Netherlands began the new
meat revolution. The amount of energy, land, water, fodder, and time to produce meat via
animals had been called one of the greatest environmental and energy wastes in civilization.
Thanks to the Dutch initiative, stem cells are now taken from the umbilical cord blood of cows,
goats, and pigs to grow muscle tissue without the need to grow the entire animal. This has
substantially reduced the threats of disease and bioterrorism, as well as the requirements for land,
water, and energy. Even some vegetarians see this as a moral alternative to the conventional
animal factories.

Educated Consumers

The race to educate the world about being Green Smart consumers began after the World
Summit on Cognitive Development in 2010. Then, only about 1.5 billion people were connected
to the Internet, compared with 3.5 billion today. Back in 2010, most institutions that had even a
peripheral association with education began debating the most equitable and cost-effective ways
to make everyone more knowledgeable, virtuous, intelligent, and Green Smart. Educational
software was beginning to be imbedded into kitchens, people movers, jewelry, and anything that
could hold a computer chip and nanotech transceiver. Now the interconnection of many
separate programs into several global systems of education has created a cyberspace through
which most people can receive the best education at their own pace, learning style, available
time, and even language. Energy and environmental considerations in decisionmaking is a new
focus of education, which in turn has significant impact on the number of energy-
environmentally destructive purchases.

The Meta Internet is working smoothly, providing energy-environmental data that are married
with an integrated global scholarly and scientific knowledge base that is far more user-friendly
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today. It has increased the speed of problem-solving in all fields by providing a logically
structured framework into which existing and newly acquired knowledge is placed and
assimilated for examination, discussion, and extension by scientists and scholars worldwide and
for a full range of educational applications and public access. Academic and business interests
collaborated to create a sophisticated body of principles and techniques for knowledge
visualization and the use of artificial intelligence to make it possible to navigate rapidly around
the cumulative knowledge of the world. The speed of feedback from inquiry to intelligent
response is so fast today that curiosity is becoming a normal mental state for most adults, which
in turn exposes energy-environmentally destructive purchases to the now more educated
consumer.

The promise of the information and knowledge economies to reduce the energy requirements for
transportation is beginning to be felt around the world. The price of ICT interfaces has become
so low by 2020 that many people in poorer regions of the world are now given free connections
as part of employment benefits, rights of citizenship, insurance policies, marketing programs,
and credit systems. This accelerated the diffusion of access to the Meta Internet within poorer
countries. UNICEF, the World Health Organization, UNESCO, and some international
development agencies also helped with distribution in poor regions. Speech recognition and
synthesis, which is integrated into nearly everything, made technology transfer far more
successful than originally deemed possible by the UN Development Programme’s Tele-
volunteers, who did much to help the poorest regions understand and use the benefits of these
new technologies. As a result, many remote villages in the poorest countries have cyberspace
access for tele-education, tele-work, tele-medicine, tele-commerce, and tele-nearly-anything.
This helped reduce the energy consumed per unit of GDP.

In the past we had universal declarations and local ignorance, but increasingly all these efforts
have added up to a more educated public around the world.

Results by 2020 and Foundations Laid for the Future

The sixth World Summit on Sustainable Development, held in 2017, reviewed the status of the
GLEEM Plan and implementation of the energy-environment Interlinkage Convention that
harmonized the hundreds of environmentally related treaties. The International Court of
Environmental Arbitration and Conciliation and WTO have given teeth to these agreements.

Technological breakthroughs, regulatory changes, and increased public awareness of the energy-
environment linkages have changed the mix of energy usage. For example, hybrid cars now
outsell gasoline-only cars, and biofuel and electric cars are catching up fast. (SeeTable2-2.)

The big promise of nanotechnology to decrease manufacturing unit costs, requiring a smaller
volume of materials and energy usage and hence lowering the environmental impact and

increasing productivity, is just now on the horizon.'®

In the meantime, over one-third of our transportation needs are still met by petroleum. The oil

' hitp://www.foresight.org/cms/press_center/128
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producers also continue to supply the needs of aviation, plastic, and pharmaceutical industries for
the foreseeable future.

Unfortunately, the dynamics set in motion over the past will continue climate change for some
years to come. Although great gains have been made in both energy efficiency and the
production of energy via non-greenhouse-producing systems, humans still emit about 9 billion
tons of carbon per year. Granted, this is less than forecast back in 2005, but it is still too much,
since the absorption capacity of carbon by oceans and forests is only about 3 billion tons per
year. If we are to avoid the point of inflection for a serious runaway greenhouse effect, we still
have to continue improving. We must hope that the new polices, technologies, and cultural
patterns will make the impacts less traumatic that they might have been. As a result, those who
died as a result of the Indian Ocean nuclear catastrophe will not have died in vain.

Table 2-2: Types of Vehicles Sold in 2020

New vehicles Sold in 2020 slz)iigeiﬁt;%; g 1f7
Hybrid 31.7
Gasoline 26.5
Biofuels 19.0
Electricity 15.4
Hydrogen 9.5

Source: Millennium Project Global Energy Delphi Round 1

' These numbers add up 102.1% instead of 100%, because the individual estimates were averaged from Round 1
participants of the Global Energy Delphi. http://www.acunu.org/millennium/energy-delphi.html Rather than fit them
to 100% the results are simple reported with the 2.1% variance.
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Scenario 3: High-tech Economy — Technology Pushes Off the Limits

High growth in technological breakthroughs

Low environmental movement impacts

High economic growth

Few changes in geopolitics and war/peace/terrorism

In 2020, population has grown to 7.5 billion people, the global economy is approaching $80
trillion,"® and the wireless Internet 4.0 is now connecting almost half of humanity. Synergies
among nanotechnology, biotechnology, information technology, and cognitive science
(commonly known as NBIC technologies)'® have dramatically improved the human condition by
increasing the availability of energy, food, and water and by connecting people and information
anywhere, anytime. The positive effects are to increase collective intelligence and to create value
and efficiency while lowering costs.

The acceleration of technological development has opened the door to continuous and rapid
worldwide economic growth and has in fact allowed the world to achieve energy sustainability
using many different energy sources. The NBIC technologies are proving to be the key to a very
bright future, in which machines increasingly work so efficiently that the cost of goods continues
to plummet and tremendous wealth is created faster and faster for everybody. All basic
necessities, as well as intellectual and physical luxuries, can be accessible to even the poorest
societies, thanks to a political system that has managed to keep world peace.

Space exploration, artificial intelligence, and robotics are close to a takeoff point that some
experts refer to as a technological “singularity.”*’ Meanwhile, Moore’s Law continues to hold,
and computers continuously become faster and more powerful. Quantum computing, 3D circuits,
and subatomic particles have given new life to Moore’s Law. It is expected that sometime soon
the largest computers will have more transistors than humans have neurons in their brains. At
that moment, artificial intelligence might overtake human intelligence, as some scientists
suggest. That could be the beginning of an incredible scientific development, when humans can
be transformed into more advanced life forms: transhumans and posthumans. In fact, already
some cyborgs and clones are becoming accepted and normal in some societies, and their
numbers are increasing faster than those of the so-called “naturals”. Biological evolution, which
is slow and erratic, will be overtaken by technological evolution, which is faster and directed.
Humans will never be the same, and all thanks to the great new energy mix.

The Proper Energy Mix

It all started late in the twentieth century. In 1992, an official announcement by the World
Energy Council (WEC), based in London, stated clearly that the planet was not running out of

'8 All dollars are in 2006 values.
' http://www.wtec.org/Converging Technologies
2 http://www.singularity.com/
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energy resources. A few years later, the International Energy Agency (IEA), based in Paris, also
confirmed that there was more than enough energy, including oil and gas, to last for many
decades, maybe even centuries, thanks to the availability of new technologies.

Such news from two recognized institutions like the WEC and the IEA openly contradicted the
pessimistic views of the previous reports of the Club of Rome, which had forecast in 1972 that
the world would be running out of resources by the end of last century. The major problems with
the Club of Rome’s computer models and its Limits to Growth report were that they failed to
consider technological change, they overlooked new energy sources (all the way from deeper
resources within Earth to new energy sources outside the planet), and they did not include
resource substitution. Predictably enough, technological change, discovery of new resources, and
resource substitution have been the three key energy drivers in the twenty-first century. There
may be other drivers playing an important role, like the move toward virtual presence replacing
real presence and the demise of irresponsible environmental fanatics, but they have had a smaller
effect up to now.

After the oil shocks from the early 1970s to the late 1980s, the price of oil declined in the 1990s
and even dipped below $10 per barrel in 1998. During the early 2000s, however, a long period of
underinvestment in the oil industry and the long and accelerating rise of China’s economy
pushed prices over $70 per barrel in 2005. That same year, Hurricane Katrina hit the Gulf of
Mexico and destroyed many offshore platforms plus several petroleum installations in Louisiana
and Texas. Gasoline prices rose momentarily above $3 per gallon in the US and close to €2 per
liter in some European countries. During the 2006 State of the Union address, US President
George W. Bush said that his country had an “addiction to oil” and that the US should reduce its
dependence on oil from the Middle East by 75% by 2025.

The best way to eliminate the addiction to foreign oil was by accelerating breakthroughs in
advanced energy technologies. Since 2001, the US had spent nearly $10 billion to develop
cleaner, cheaper, and more reliable alternative energy sources. The plan was to accelerate
breakthroughs in how homes and businesses used energy and in how automobiles were powered.
There were programs to improve cars, make cleaner coal-burning power plants, convert coal into
a gas and store its carbon dioxide emissions underground, and develop more efficient use of
wind, solar cells, ethanol, and batteries for hybrid cars, and so on.”! The new subsidies for coal,
wind, solar, nuclear and ethanol were intended to diversify energy sources, first in the US and
then in the rest of the planet. Since the US used roughly a quarter of all the energy produced in the
world at that time, these programs ultimately had a profound impact on the future of energy around
the world.

That was not the first time that a US President had said, “Let’s get serious about energy.” In the
1970s, in response to the first oil shock, President Jimmy Carter proposed that the country fight a
“moral war” to overcome its “oil addiction.” But conditions were different then. First, in the
1970s there were fewer environmental concerns and, second, energy technologies were not very
advanced. By the 2000s, environmental groups had become more sophisticated and were a major
force, but there were also many more potential technological breakthroughs that helped in
tackling the energy problems of that time. Carter’s dreams of solar power were ahead of his time,

2! See http://www.whitehouse.gov/news/releases/2006/01/20060131-6.html.
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while his support for Colorado oil shales was uneconomical then. The energy returned on energy
invested (EROEI) was actually very low, which meant that it took more energy to get the oil out
of the shale than was produced when burned. Other initiatives were carried out in major
European countries and in Japan during the 1970s, and they substantially increased the energy
efficiency in both cars and buildings, reducing oil consumption and conserving energy.

Many years later, a new US President gave the 2020 State of the Union address. The first female
president of the U.S., underlined the great progress made in terms of energy independence and
energy diversification in the country. Although the promises of neither the hydrogen economy
nor nuclear fusion have yet been fulfilled, the US is almost energy-self-sufficient thanks to
advances in biotechnology and nanotechnology. In fact, biofuels now account for over 20% of
US vehicle combustibles and long-life, automatically rechargeable nanobatteries are all the rage
in electric, flexifuel, and hybrid cars. In addition, tailor-made artificial bacteria using
photoelectrosynthesis are becoming a surprisingly reliable and novel source of electricity
production in new power plants.

Similar advances have been pioneered in other major countries, and Europe particularly
emphasized a massive conversion program for old power plants. Japan, on another front, has led
the world in energy conservation practices. China, a rising economic power, is now leading the
way in car technologies and carbon capture and storage (CCS) in coal-based power plants and in
CO,-free oxygenated coal gasification (clean coal), a source of both electricity and methanol
fuel. Even poorer developing countries have become less dependent on imported energy, their
industries are now less energy-intensive, and they use energy much more efficiently. On average,
the world energy intensity per unit of GDP has steadily decreased, even though our energy
consumption is still increasing, and major new technological changes like the extension of new
uses of the electrical “vector” on everyday life are still expected. The continuous progress of
energy efficiency has been due to the steady accumulation of incremental improvements in
energy efficiency throughout the entire economy. It has also been driven by the steady rise in the
real price of energy, which has resulted in structural changes in societies, such as denser housing,
reduced travel, and manufacturing closer to the point of sale.

The Energy “Waves”

Due to the accelerated growth