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Introduction

In this document there are the alternative worlds for the innovation seminar explained. The scenarios is the result of global networked Delphoi research work executed by the Millennium Project. The Millennium Project is the most renowned and globally rewarded knowledge base creator on alternative futures images, trends and signals. The project was started by the American Council to the United Nation’s University in 1997. Ten years later it moved over to work under WFUNA. The work of the project is continuously based on a wide global network of thousands of experts in all disciplines. More detailed information of this global futures knowledge creator can be found in www.millennium-project.org. Finland through its Futures Research Centre is one of the most active nodes of the network representing Nordic countries. 
The four scenarios describe four different worlds for 2030. The first scenario is deemed as impossible since it would mean that the world would continue “business-as-usual” and that would is a disaster scenario, which will not be taken into account. It is, however, interesting and educative to study, what can happen if the global community will not improve its ways.
(Please note, that the scenarios are written in present tense as imagining actually living at that time.) 
1. What are Weak Signals aka Wild Cards?    From Hiltunen (2007)
It is clear that not only trends are meaningful in foresight studies, but also the unexpected happenings, their probabilities and possible impacts for the future must also be considered. The Weak Signals Analysis is often incorporated in every futures search seminar. 

What is a weak signal and what is the purpose of weak signal research? In organisational dynamics, a weak signal is:

· an idea or trend that will affect how we do business, what business we do, and the environment in which we will work

· new and surprising from the signal receiver's vantage point (although others may already perceive it sometimes difficult to track down amid other noise and signals

· a threat or opportunity to your organisation

· often scoffed at by people who "know"

· usually has a substantial lag time before it will mature and become mainstream

· therefore represents an opportunity to learn, grow and evolve.

Weak signals mean today’s information that can foretell the changes in the future. This information might sound funny or strange and it can cause confusion, because it offers a totally new way of thinking or idea or innovation. As time passes, it might come out that weak signals were the first signs or symptoms of a big change, even megatrends. However, weak signals are not always clues about big changes. 
They might simply be information about strange things that have happened. A practical example of weak signals is an article about some new technical innovation in a magazine.
Once you perceive a weak signal and understand it, a whole host of other signals may become visible. These comprise the complete ecosystem of ideas and trends that will support each other in the journey from dream to manifestation. No weak signal ever rises to dominance by itself, but is accompanied by shifts in political, economic, technological, and social thought and invention.
2. What are Scenarios? 
 From EUR 20478 (2002)
A scenario is a story with plausible cause and effect links that connects a future condition with the present, while illustrating key decisions, events, and consequences throughout the narrative.

The critical point is that scenario methods should enable us to build internally consistent pictures of future possibilities, that are useful for envisaging the implications of uncertain developments and examining the scope for action. 

Scenarios consist of visions of future states and paths of development, organised in a systematic way as texts, charts, etc. The term may be used to identify either the “history of the future” – a sequence of events and trends – or an “image of the future” – an account of circumstances at a particular point in the future. It is usual in Foresight exercises to work with “multiple scenarios”, so as to allow for alternative courses of development to be taken into account. However, Foresight exercises may also make use of “aspirational scenario” approaches, where a substantial effort is made to elaborate on a vision of a desirable and feasible course of development. 

Scenarios are tools for synthesis of various elements being considered in the course of Foresight; for structuring thinking. They also allow us to be surer that the visions have been developed and articulated in internally consistent and systematically comparative ways. They can be used for purposes of presentation of visions of the future and of specific possibilities in dramatic and comprehensible ways. A scenario should shed light on current action in view of possible (and more or less desirable) futures. Some commentators have remarked that since scenario development requires that we understand the system under study and can identify critical trends, issues, and possible events, we really are using the approach to find out more about the present, not just to envisage the future. 

Scenarios are pictures of future possibilities, typically composed of a mixture of quantifiable and non-quantifiable components, which are arranged as sequences of events or trend developments in the case of a “future history”. Scenarios may be presented in discursive, narrative ways, and illustrated with snippets of fiction and imitation newspaper stories, etc. This can be particularly useful for presentational purposes. But for analytic purposes, to compare scenarios and check their consistency and comprehensiveness, it is very helpful to prepare scenarios in the form of tables and similar systematic frameworks. 

Examining how each scenario looks (or how each point in the development of a scenario looks), in terms of the same set of elements, provides a basic check for the scenario development process. 

It is common to work with a relatively small number of alternative scenarios – three to five is most usual for any sort of detailed exploration. The alternatives must be chosen to    reflect important developments, and to contrast with each other sufficiently to give a good sense of the range of future options, the sorts of events that might transpire. Another criterion for selection is plausibility, though it has to be recognised that what is plausible is very contingent on one’s perspectives and worldviews, and it is well worthwhile to examine some “wild cards” (weak signals) and remote possibilities – even if these are not eventually at the core of the scenarios developed.  
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4. Basic Assumptions and Wild Cards for 2030  

	Basic Assumptions 2030

(similar to Megatrends)
	Wild Cards aka Weak Signals 2030



	Galileo system or some such available

People on earth 8-10 Billion:

   5 B in cities, 3-4 B rural

Climate change situation worse

Economic slow down and great variances

Ecological immigration worse and global
	Pandemics

Sweet water scarcity

Superconducting in low

    temperatures solved

Bioterrorism

Nuclear disaster

Life on an exoplanet


5. Four World Scenarios for 2030    From Glenn & Gordon (2008)

Four Global Scenarios based on Energy to 2030 

Source: Glenn, Jerome & Gordon, Theodore (2008), State of the Future 2008, WFUNA Millennium Project,  Annual Report, Chapter 3.6, www.millennium-project.org
Summary produced by Auli Keskinen 

Scenario 1: The Skeptic   NOTE! This scenario will not be used in the seminar!
Scenario 2: Environmental Backlash      

Scenario 3: Technology Pushes Off the Limits   

Scenario 4: Political Turmoil  
Scenarios in Brief - Alternative Worlds in 2030

	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

	Scenario 2. Environmental Backlash

Moderate growth in technological breakthroughs

High environmental movement impacts

Moderate economic growth

Moderate changes in geopolitics and 

    war/peace/ terrorism



	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
	Scenario 4. Political Turmoil

Moderate growth in technological breakthroughs

Low environmental movement impacts

Moderate/low economic growth

Major changes in geopolitics and 

    war/peace/terrorism


Scenario 1: Business as Usual - The Skeptic - Not Discussed
· Moderate growth in technological breakthroughs

· Moderate environmental movement impacts

· Moderate economic growth

· Moderate changes in geopolitics and war/peace/terrorism

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.

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. 

Should the countries of the world have known that oil-consuming countries would be held hostage to the suppliers? 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. 

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. 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. 

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. 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. 

Program introduction: “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 all countries that are part of the program. It will stimulate our economy and the economies of cooperating nations.”

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. 

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.

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.

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. 

                      Figure. Total Energy Demand Growth, 2000–25
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Source: The Millennium Project based on data from the International Futures model of the University of Denver.

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 “telework,” 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.)

In 2015, there came a time when the higher oil prices 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. 

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.

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. 

China’s demand for oil now, in 2030, 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 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. 

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 base-load electricity) to 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.

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. 

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 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.

Terrorism is still a major concern. 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. Some people have even suggested that, through terrorism, the terrorists themselves believe they can become rich by taking over oil resources.

Terrorists hatched a plan. In great secrecy, in a dozen places, biochemists loyal to their cause were directed to produce self-replicating micro-organisms designed to contaminate oil with contagious human pathogens. 

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.

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 2011 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.

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 CO2. 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. 

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 2012 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 CO2 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 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 2011 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.

Since the growth in nuclear energy was essentially stopped by the environmental movement by the mid-1970s, and the 2011 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 base-load electricity and transportation power. - 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. 

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. 

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. 

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. Some

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 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. 

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. 

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 CO2.

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. -  With these 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 favourable reports. They were also nearly immune from health, safety, and environmental lawsuits, which attracted even more investors to buy their stocks.

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. 

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).

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. 

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.

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 colour 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 solarpanels. 

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 CO2 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.

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. 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). 

Figure 2-7: CO2 Emissions Forecast          
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Source: 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.

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. 

Biodiesel fuel production got an early boost when the EU mandated that 5.7% of its diesel fuel be biodiesel by 2012. Biofuel production has now replaced 10% of petroleum usage. Biofuels have become a new form of wealth for previously impoverished rural areas of the world. 

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 CO2 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.

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, São 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 CO2 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. 

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 China, India, and intermittently in many other countries. There are    1.2 billion people without reliable access to electricity today.

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. 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 accessories added to clothing and bags.

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. 

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.  Telerobotic 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.

Telework, work-at-home, and flexi-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. 

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.

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.

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.

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 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 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. 

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 producers also continue to supply the needs of aviation, plastic, and pharmaceutical industries for the foreseeable future.

Table 2-2: Types of Vehicles Sold in 2020

	New vehicles Sold in 2020
	Percentage of sales in 2020

	Hybrid
	31.7

	Gasoline
	26.5

	Biofuels
	19.0

	Electricity
	15.4

	Hydrogen
	9.5


Source: Millennium Project Global Energy Delphi Round 1.

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 2030, 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: trans-humans and post-humans. 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.

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.

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.

The 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. 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.

Thanks to the consistent strength and cooperation generated by continuous trade and investment flows, and barring wars and catastrophes, the world economy is also headed for more growth in the next few decades. Energy efficiency is increasing and less energy 

is needed to produce more, particularly now that so many nations are moving from industrial to post-industrial societies. 

Oil has maintained an annual growth slightly below 2%, just below the average world energy growth. In fact, there is still plenty of oil yet to be produced: the first trillion barrels of oil were produced by 2000, and the second trillion will be produced before 2030. Nonetheless, there are still close to 4 trillion additional barrels of oil in the earth, including regular conventional oil, deep-water oil, super-deep oil, enhanced oil recovery (EOR), Arctic oil, heavy oil, and oil shales. 

The worldwide best-selling book of 2019 was Life After Oil by Daniel Yergin, author of The Prize and founder of Cambridge Energy Research Associates (CERA). In his latest book, Yergin wrote about all the new possibilities for energy generation in a world where gas is overtaking oil as the main energy supply, and where new sources of energy will also soon be overtaking gas and eventually substituting for most fossil fuel production in the planet. 

Yergin argued again that the world will never really run out of oil, but that it will be replaced by other cleaner, cheaper, and more abundant energy sources. He reminded us of the five previous times when many “experts” thought that oil was being exhausted: in the 1880s, after the first World War, after the second World War, in the 1970s with the first oil shock, and in the early 2000s with all the talk about an approaching global Hubbert peak (just like a previous Hubbert peak in the US during the 1970s). 

By 2020, gas production has indeed caught up with oil production. The supply of gas doubled between 2000 and 2020, and it overtook coal production in 2016. Now, according to most forecasts, other energy sources will also catch up in the 2030s with gas and oil, which are both declining relatively. Even though there has never been any continuous shortage of coal, oil, or gas, except for small local production problems sometimes caused by political disruptions or weather factors, the era of fossil fuels does seem to be reaching its zenith and might end in the next few decades. Indeed, other energy sources, including some not considered today, will apparently be the dominant sector in the US by 2040. 

Outside fossil fuels, nuclear energy has increased marginally, and its share in the total generation of electricity has dropped by almost half, even though the third-generation fission plants might eventually regain some terrain. Several nuclear reactors have been decommissioned in Europe, and new nuclear plants have been concentrated in very few countries. 

Furthermore, nuclear fusion has not yet been successful. The ITER tokamak fusion reactor built in southern France by an international consortium (founded by China, Europe, India, Japan, South Korea, Russia, and the US) carried out its first plasma operations in 2018, with a budget overrun of 80% and two years behind schedule. But it is estimated that much more research in plasma physics is needed before electricity-producing fusion power plants might become fully operational in a decade or two. 

Worldwide averages, despite the enormous regional disparities, are over 20% electricity generation from renewable sources: hydroelectricity, wind energy, and solar power each with close to 5%, followed with less than 1% by geothermal and tidal power. The rest is now provided by new biofuel sources, both natural and artificial. Renewables have been and will be the sector growing the fastest, led by new sources like biofuels. Traditional biomass consumption will fall with development and urbanization, but it will be replaced by other renewables, which will supply new urban energy needs. In addition, biofuels have had an enormous growth from close to 0% of total consumption in 2000 to almost 5% worldwide in 2020. 

Buckminster Fuller spoke of playing not “war games” but “world games” to bring peace and prosperity to every nation on Earth. Electrification has brought development to the poorest parts of the world and the continuous acceleration of growth to a globalized world. This created a virtuous cycle of energy increase and economic development. Furthermore, new technologies and better materials also improve transmission line efficiencies and reduce the cost of connecting renewable energy sources to the grid. Radically new automated grid management systems combining new chips, new sensors, actuators, and communications, and new algorithms make it possible to juggle the supply and demand for electricity more effectively across time, which is essential to getting full use from renewable energy sources, intelligent appliances, and car batteries.

Another major piece of news in the energy industry has been the impressive growth of many forms of bioenergy, which originally started with bioalcohols in the 1970s and biodiesels in the 1990s. Bioalcohol, commonly just called ethanol for its main chemical component, has grown from almost nothing in 1980 to 20 billion liters in 2000 and almost 200 billion liters in 2020—that is, close to 20% of the total car gasoline market in the world today. Similarly, biodiesel has grown from about zero in 1990 to 1 billion liters in 2000 and around 30 billion liters in 2020, which is almost 2% of the total diesel consumption in the world.

The bioalcohol or ethanol industry started in Brazil after the oil shock in the 1970s. It had a first successful phase during the 1980s with the introduction of the first ethanol engines, but it slowly decayed in the 1990s with the decrease of oil prices. However, it had a major revival in the early 2000s with the appearance of the first flexible fuel cars. The flexifuel engines could use gasoline, ethanol, or any mixture of the two. In addition, by the time the first flexifuel cars appeared all gasoline sold in Brazil contained 20–25% alcohol, and it had an equivalent price to gasoline per mileage driven. Ethanol and flexifuel cars allowed Brazil to stop importing gasoline and start exporting bioalcohols in 2005. By 2010, all new cars sold in Brazil had flexifuel engines, and ethanol became one of the major Brazilian exports, mostly to Japan and other Asian countries. 

The US started a similar program in the 1990s but one based on corn, first in Minnesota and other Corn Belt midwestern states. Minnesota had 10% ethanol in all its gasoline and 20% was required by law beginning in 2013. Soon other states followed. In Europe, E85 fuel (a mixture of 85% ethanol and 15% gasoline by volume, also sometimes called    bioalcohol BA85) was doing well in Sweden and quickly spread through much of Europe. However, higher costs in Europe and the unavailability of more land have impeded any faster replacement of gasoline. Biodiesel started in Europe where there was an important fleet of diesel vehicles and it could be produced from a variety of sources—from soybeans to rapeseed to algae.

India started a very successful pilot plan in 2006 to produce 10 million liters of biodiesel on 8,000 hectares of marginal wasteland with Jatropha curcas, a nonedible oil crop that is drought-resistant. The experiment was so successful that BP and the New Delhi–based Tata Energy Research Institute (TERI) started commercial production in 2016 after increasing the yield per hectare by 400% thanks to biotechnology. The biodiesel fuel program started as a cheap alternative fuel to the typical Indian three-wheeled diesel motor rickshaw, and the fuel now is beginning to be exported. There is a limit to such exports, however, since India has little marginal land and it needs its arable land for food production. Biofuels based on cellulosic ethanol, which is made of more abundant and less expensive biomass using a variety of bacteria, yeast, and enzymatic processes, is now proving very successful in many countries.

Transportation (by land, air, or sea) still consumes about 20% of the total energy supplied worldwide and about 60% of the oil produced. That is why the advance of biofuels has been so important, particularly with car ownership rising tremendously around the world. 

Thanks to its rapid growth, China has positioned itself as the most efficient producer of the most efficient cars on the planet. China now produces over 10 million cars per year, almost as many as Europe, Japan or the US. Nonetheless, the Chinese ones are the most energy-efficient with miles per gallon ratings of over 100. China copied the flexifuel cars from Brazil and combined them with the hybrid cars from Japan (gasoline-electric vehicles, which use gasoline and electric batteries to power internal-combustion engines and

the electric motors) to create hybrid flexifuel cars that also run on electrical energy with nanobatteries.

The US passed Corporate Average Fuel Economy (CAFE) regulations in 1975 and slowly increased the standards for normal engines to achieve 25 mpg by 2000, when the first Japanese hybrid cars by Toyota reached 50 mpg (and all Toyota cars sold after 2012 were hybrid, getting 60 mpg or more). Brazilian cars of the early 2000s added the possibility of combining different fuels in variable mixtures, since the engines had internal control mechanisms to adjust their functioning to changing fuel conditions, while the first European commercial electric cars transformed chemical energy stored on the vehicle in batteries. 
In 2015, the Chinese created the first sophisticated electrical engines with nanobatteries for hybrid cars with flexifuel engines. These “electric-flex-hybrid” cars have now become a major export from China, and GM (Guangzhou Motors, the main manufacturer in Guangdong province) expects to keep developing better batteries, thanks to the continuous breakthroughs in nanotechnology, to reach 120 mpg by 2022. (And some experts also plan to incorporate fuel cells into these cars once their costs come down enough.) The new cars are not only cheaper but also run on any possible combination of biofuels and electricity. This reduces fuel emissions substantially since the cars can also be plugged in anywhere along the energy Internet, and they are readily and cheaply reparable (for example, construction is modular so that items such as batteries can be fully recycled as well as reused in other of vehicles). The new Chinese electric-flex-hybrids are revolutionizing the world in the 2020s even more than the Ford Model T changed the US in the 1910s.

The present energy and transportation revolutions also include creating biofuels directly from living cells—not from long-dead fossil fuels or from recently harvested sugarcane or palm oil, but from real living cells. In fact, generating and using energy is what life is all about. Every child today knows that plants transform carbon dioxide and water into carbohydrates and oxygen.  Since biomass originates from plant and algal photosynthesis, both terrestrial plants and water microalgae are appropriate targets for increasing biomass energy production.

Plants do it, most algae do it too, and even some very simple bacteria can fix carbon dioxide and water to produce carbohydrates and oxygen under the influence of light. In fact, many simple cells can do photosynthesis and similar biochemical processes. Making hydrocarbons is one of the simplest biological processes. Hydrocarbons are not complicated molecules with thousands of atoms and a number of elements, like proteins and enzymes; they are just small molecules with two of the most common elements on Earth: hydrogen and carbon. Surprisingly, it took many scientists and many years to artificially create the first commercial hydrocarbons from living carbohydrates and not from fossil fuels.

Clostridium C. acetobutylicum is a commercially valuable bacterium, sometimes called the Weizmann Organism after Chaim Weizmann, who in 1916 helped discover how C. acetobutylicum cultures could be used to produce acetone, butanol, and ethanol from starch using the ABE (Acetone, Butanol, Ethanol) process to satisfy such industrial purposes as gunpowder and TNT production. C. acetobutylicum also produces acetic acid (vinegar), butyric acid (a vomitous smelling substance), carbon dioxide, and hydrogen. These technologies are proving so successful that they are now being used to start factories that use cellular processes to create efficient organisms to digest heavy oil and get more of the residuals. 

Mohan Kapoor called his new bacterium Petroleum artificiali and started a marketing test in November 2019. It is expected that his bacterium that “eats” carbon dioxide and “drinks” water under light, 24 hours a day, in order to “excrete” hydrocarbons will truly revolutionize the world. Not only will it produce hydrocarbons continuously, but it will also capture carbon dioxide and generate free oxygen and energy. If there are no major problems, production of new fuel excreted by P. artificiali will become financially viable in 2021 and will take care of the carbon sequestration problem. 

More recently, the new bacteria can be compared with the biologically engineered Chinese chicken wings grown directly from chicken stem cells in 2014 without the need to actually reproduce a whole chicken to be killed later for its wings and other body parts or with the Japanese Kobe beef produced genetically from premium cow cells in 2015 without having to grow cattle to be later slaughtered. The “chickenless” Chinese chicken wings and the “cowless” Japanese Kobe beef are also over 10 times cheaper to produce and totally avoid any risks of animal problems, including avian flu or mad cow disease, and they eliminate the methane production and waste streams from beef production. 

The other important cells for current energy production are the fuel cells that convert biofuels into electrical energy. Fuel cells have very high efficiencies in converting chemical energy to electrical energy, since they not constrained by the maximum Carnot cycle efficiency, as combustion engines are. A combustible fuel reacts with oxygen in a fuel cell to transform chemical energy into electricity with efficiencies of more than 60% today, as compared with only 40% at the start of the century.

Fuel cells are being used almost everywhere, in homes, industries, cars, and even rockets. They can also use many types of fuels, from pure hydrogen to landfill waste gas, 

in order to produce electricity. If pure hydrogen is “burnt” with oxygen, then water is the only emission. In addition, the vehicular cost of using hydrogen with fuel cells has come down from 8¢ per mile in 2000 to 3¢ per mile in 2020, but that is still 50% more than the cost of fuel for hybrid flexi-fuel internal combustion engines. - Ethanol is an excellent combustible, since hydrogen-rich fuels like methanol or ethanol (methane hydrate, natural gas, gasoline, diesel, and even gasified coal), just produce heat and water, plus some carbon dioxide depending on the hydrocarbon molecular weight.

Hydrogen is the most abundant element on Earth. It is the basic component of water, not to mention virtually every fuel ever used by humankind—wood, oil, coal, and natural gas—all of which are made of hydrocarbons. Pure hydrogen, however, does not occur naturally: hydrogen must be harvested using electrical or chemical processes, which have their own hidden environmental consequences; hydrogen is only an energy carrier and it has to be produced from water or hydrocarbons. Obviously, using renewable resources to power those processes could vastly reduce the environmental footprint of hydrogen production; at present, however, producing hydrogen for fuel costs several times more than conventional fuels do.

Since the start of this century, Iceland has made a major effort to become the first “hydrogen economy” in the world, and its advances by 2020 are notable. Nonetheless, this is the special case of a country with overabundant and readily available hydroelectric and geothermal energy that can be used to produce hydrogen as a carrier or storage of energy for later use. The hydrogen produced in Iceland is mostly for transportation, since for other activities it is more convenient to create electricity directly, without intermediaries (just like making Japanese Kobe beef without the intermediate step of the cow). The hydrogen for cars is later used by the fuel cell to transform its chemical energy into electric and mechanical energy to drive the car. Iceland, a country with excess energy, has chosen to electrolyze water and began exporting the hydrogen contained in high-pressure tanks, and in the form of metal hydrides, since hydrogen is released from the hydrides with just a bit of heat.

Hydrogen has not yet become the main energy commodity, as dreamed of by many in the early 2000s, because it is still costly to produce, dangerous to store safely, difficult to transport, and tricky to distribute, and its volumetric energy density is much lower than that of other liquid fuels like ethanol or gasoline (although not in the form of metal hydrides). Safety would be another problem and a major worry; it would take many years to accomplish the logistics and infrastructure changes required to move from standard liquid fuels to hydrogen. The best idea here seems to be the “hydrogen battery,” a block of metal hydride storing hydrogen at densities higher than liquid hydrogen. When a hydrogen powered car needs a fill-up, the “gas stations” of the hydrogen era would simply exchange the hydrogen batteries, probably automatically.

Continuous research is being carried out to increase the efficiency and reduce the costs of the so-called hydrogen economy. Even the use of advanced fission nuclear plants is still considered to electrolyze water and produce hydrogen. Likewise, R&D on high-temperature solar dissociation of water to make hydrogen has progressed, but awaits solution of other difficulties. The theoretical potential of hydrogen as a clean energy carrier is certainly incredible, but it is not economically competitive since it is not freely available. For cars, the sustainable economy of the future may well use some mix of electric batteries, heat batteries, and methanol, instead of hydrogen, as primary energy carriers (at least for as long as it costs more to produce than to use hydrogen).

A combined European, Japanese, and US manned mission landed on moon in 2017.  A moon base called Luna 1 was started in 2019, and Nikolai Sevastyanov, Honorary President of RKK Energiya, just announced plans to begin mining the moon to bring helium 3 (He 3) to Earth in the Russian Kliper spacecraft. According to Sevastyanov, there is enough helium in the Moon to power all human needs for at least a century. 

A Type I civilization is one that is able to harness all the power available on a single planet (in our case, Earth has an available power of 174 × 1015 W). A Type II civilization is one that is capable of harnessing all the power available from a single star (approximately 386 × 1024 W for our sun), while a Type III civilization would be able to harness all the power available from a single galaxy (approximately 5 × 1036 W for the Milky Way, but this figure is extremely variable since galaxies vary widely in size). A Type IV civilization will have control of the energy output of a galactic supercluster (approximately 1046 W), and a Type V civilization will control the energy of the entire universe (approximately 1056 W). 

According to Kardashev, our civilization is still at Type 0, but it might reach Type I in the twenty-second century. In the year 2030, we know that we still have available a variety of resources to create a diversified energy matrix depending not on one single energy source but on a mixture of alternatives, at least during this critical transition period.

Earth, the sun, the galaxy, and the universe have more than enough energy resources to power our civilization for the next decades, centuries, and millennia. With the proper technology, it is basically a matter of costs and priorities. Converting the energy resources into available supplies can be done, but it will certainly take massive investments and lots of imagination, creativity, science, and engineering. Methane hydrate mining, hydrogen and helium, nuclear fusion, solar energy capture, mass-energy conversion, and antimatter fuel generation are all eventually possible. Our civilization is still in its infancy, and barring any wild cards, geopolitical crises, environmental disasters, or extraterrestrial contacts, technology will keep pushing off the limits to growth.

Scenario 4. Political Turmoil

· Moderate growth in technological breakthroughs

· Low environmental movement impacts

· Moderate/low economic growth

· Major changes in geopolitics and war/peace/terrorism

The failure of nation-states and international organizations to make serious decisions is making them irrelevant. Political conflicts over oil are increasing. Transnational organized crime syndicates—with nearly three times more money than that of all the 2020 military budgets combined—play out their power struggles through governments, corporations, and even NGOs. Systems of all kinds—from medical records to financial transfers—have become so complex that individuals are bewildered and even “experts” are lost. Media empires have unwittingly countered much of the moral underpinnings of society with an “anything the market wants” attitude. 
The health and retirement costs of the aging populations around the world have forced many governments to cut benefits for all ages, which has led to increasing protests and general strikes. Selfish individualism seems to be replacing communal values, making international law meaningless. Global climate change continues. Terrorism has increased because too many see the governing systems as unjust, and international cooperation is breaking down. Migrations of the poor to the rich areas spark riots and expose the horrific income gaps. There is a real fear that the world is slowly being taken over by high-tech warlords, as growing numbers of economic and environmental refugees roam Earth. 

The most dramatic of the recent migrations are the Afro-Indo-China water migrations into Europe and North America, which have triggered a series of ethnic and racial conflicts with no end in sight. The EU and NATO create political stability in Europe only for short periods of time until the next eruption occurs. The U.S. economy was so weakened by the costs of wars in Iraq, Afghanistan, and generally against terrorism that it was difficult for it to play a role in reducing conflicts around the world.  The EU was not able to reach agreements on strategies to replace the U.S. roles. UN peacekeeping forces were overstretched and underfunded. As a result the world seems to be in a perpetual state of stagflation.

Three twinned dirty bombs were detonated, one each in Europe, Asia, and North America. Twenty-six of the world’s major oil extraction sites, 13 refineries, 100 supply depots, and three shipping lane choke-points were hit with conventional explosives within several minutes of each other around the world. This reduced oil supplies by 20% for almost a year. On the same day, 19 terrorist-martyrs, who had previously ingested individual disease packages, infected passengers in the busiest airports of Europe, Asia, and North America. The price of gasoline quintupled overnight, spot prices were never more volatile, long-term contracts for oil were abrogated, trading in carbon rights was suspended, electricity and gas disruptions multiplied, many banks closed, and transportation-dependent supplies were missing, closing factories and causing food shortages around the world, which was now in the grip of fear and suspicion.

This terror act brought many of the world’s airlines, medical systems, and tourist industries to their knees and the global economy to a depression, from which we have now recovered — but only to a series of recessions and periods of hyper-inflation. Economies have turned inward, politics have become more nationalistic, and religion less ecumenical. Ad hoc demonstrations against incompetent governments erupted around the world, which went into the depression with increased poverty. Within six months the increased inflation caused some banking systems to collapse, unemployment rates to double, and businesses to migrate from emerging markets to advanced countries. 

The disruption of the Pan European pipeline that delivered oil to Europe from the Caspian Sea area and Russia placed Europe in a very tight supply situation for about six months. During this time gasoline rationing was instituted. There were frequent electricity brownouts across Europe as a result of the shutdown of the natural gas pipeline that ran from Turkmenistan to Europe through Azerbaijan, Georgia, and Turkey.

A worldwide social contract was signed, which brought into being the emergency international and trans-institutional plan to respond to collapses due to future terror attacks, which included ubiquitous sensors, computers, satellites, and a massive worldwide intelligence campaign to determine intentions, at the individual level, to enable preemption. 

Even before the terror act, world leaders knew there was increasing political alienation, widening income gaps, a growing number of failed states, falling water tables, spreading new diseases, rationing of commodities, and skyrocketing energy prices. Yet they failed to act to make a difference. 

Oil-related political hot spots occurred in the Caucasus, China, Japan, the Arctic, Nigeria, the Persian/Arab Gulf, Russia, Venezuela, and Antarctica, where demand had finally shattered any semblance of accord on preserving the natural heritage. Here’s a brief overview on what happened in some of these areas.

Climate change continues to melt the polar ice. Huge resources have become more and more accessible in the Arctic, where a quarter of the world’s undiscovered oil and gas are estimated to reside. Norway, Denmark (through Greenland), Russia, Canada, and the United States are competing for access. The dispute revolves around the different methods of determining maritime frontiers. The median line method, supported by Canada and Denmark, would divide the Arctic Sea between countries according to their length 

of nearest coastline. This would give Denmark the Pole itself but Canada would gain as well. The sector method would take the North Pole as the center and draw lines south along longitudes. This would penalize Canada, but Norway and Russia would gain. 

The daily struggle of 30 million AIDS orphans without love or mercy turned so many in Africa to crime networks that roving gangs eventually made political stability impossible in many countries. Water shortages across much of India and China had induced migrations of people in unsettled conditions, and migrations of the poor to the richer areas have caused civil strife around the world, which continued the political turmoil.

Russia built dozens of nuclear reactors for several reasons. By building these plants, the country further developed a technology that it thought might someday be exportable. In addition, excess electricity production would allow Russia to supply nations previously in the Soviet Union, bringing them further into Russia’s economic orbit. The Russian plan, now largely accomplished, was to build about 40 new nuclear reactors in order to increase the share of nuclear energy in the nation’s energy balance to 25%. Although many experts forecast that a means for safe storage of nuclear waste is likely by 2030, the increasing opportunities to hijack radioactive waste during transport are still a worry.  

Europe still relies heavily on the exported Russian gas and hence has a interest in trying to keep Russia politically stable, which may not be possible. Therefore, the EU sought to diversify its energy supply by developing coal gasification technology, wind, solar, and other forms of renewable energy sources. Nevertheless, the importance of the Russian gas led the EU to political compromises in the UN and in trade agreements that might not have been necessary in other circumstances. Europe is still trying to formulate a common energy policy that will help assure continuing and stable supply.

North American R&D funding has tripled and some progress has been made in the development of solar cells, water-energy efficient agriculture, and new organisms that use life processes to produce crops that can be converted to fuels. There is also some experimentation with “synthetic” organisms that will permit the extraction of residual petroleum from wells previously thought to be depleted. The development of large-scale portable generators by the U.S. military has led to an acceleration of diffusion of points of generation. Military technology also provided new kinds of batteries for a range of battery-powered devices, including the electric car. 

Other investments focused on high-efficiency water purification processes, in the hope that the region might at some future time export water in trade deals for oil. The R&D program also concentrated on the development of new catalysts to lower the energy requirements of electrolysis, a step toward a hydrogen economy. 

Efforts to create serious international governance structures that require compromise and give-and-take negotiations have largely failed over the past 20 years. Ethnic groups and countries are looking out for their own interests. The global economy has not yet grown back to its pre-2011 size. Many have turned inward, focusing more on local affairs and with increasing reliance on religion for security. 

An electronic iron curtain has come down between the knowledge-able and the knowledge-less. The decay of family and social values, corruption, and trans-national crime seem to have become the governing elements in the system. Many people have withdrawn into the personal, private, cyberspace world. Not enough seem to care about the environment or their neighbours. One wonders if the world has entered a new kind of World War III.
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