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12  SETS OF ALTERNATIVE FUTURES SCENARIOS 
 FOR EUROPE 2030 - COLLECTION  2009
(for easier reading, some words are highlighted: traffic, road, network, mobile, service) 

1. Visions of the Future of a Sustainable Europe – PRELUDE – Five Scenarios for 2030.  Jacqueline McGlade, European Environment Agency. Speech at Friends of Europe, Brussels, November 29, 2006.

According to Jacqueline McGlade, the European Environmental Agency plays a leading role in building an integrated assessment of Europe, include the PRELUDE project, which stands for Prospective Environmental analysis of Land Use Development in Europe.  This agency used the scenario planning technique to complete a case study on land use development in Europe for the purposes of surveying sustainable practices.  The agency came up with a sustainable development strategy through the use of tools to map discontinuities against a set of alternative futures, including shocks and surprises, and integrate different political perspectives.  The exploratory scenarios of PRELUDE contribute to a meaningful framework for strategic policy-making, broad enough in time and space. The European Environmental Agency drew-up five scenarios of Europe to 2030.  The following is a brief overview of the five scenarios. Complete scenarios are available through the European Environmental Agency. 

Scenario 1) A Europe of Contrast. This scenario is characterized by increased competition pressure, passive government and decreasing social solidarity. Rich gated communities in the countryside evolve in sharp contrast to urban ghettos. Agricultural markets are liberalized, and only large farms with intensive management survive.  This is a “Great Escape” scenario in which the international markets rule.  Government intervention is low. Relatively poor immigrants move to the urban city centres.  Societal tension builds up.  The contrast between rich gated communities in the countryside and urban ghettos becomes extreme.  Key drivers of this scenario include international trade (globalization), decreasing solidarity, and reduced policy intervention.  

Scenario 2 ) Europe of Innovation. This a bottom-up scenario. The essential drivers in this scenario are growing environmental awareness, technological breakthrough innovation and political decentralization.  Agriculture is revolutionized, facilitated by an open source mentality and propagation of knowledge. Production becomes small-scale and less intensive. This is a “Lettuce Surprise U” scenario where technological innovation is triggered by a food security crisis. People lose trust in central government. The political system decentralises and the demand for environmentally friendly food production increases. New crop varieties are developed that enable higher yields with lower inputs.   

Scenario 3) Europe of Cohesion. In this scenario a series of environmental disasters highlights Europe’s vulnerability. There is widespread concern and public support for a strong policy intervention. A new set of coherent policies for sustainable and regionally balanced development is set up at the European level. In “Big Crisis” environmental disasters change the political climate in favour of centralized government. New policies focus on sustainable and regionally balanced development. Public transport is strongly promoted. Key drivers include growing environmental awareness, growing solidarity, and policy intervention (centralisation).   

Scenario 4)  Europe of Harmony. This is an evolved society scenario. In “Evolved Society” climate change and energy scarcity trigger environmental awareness and strong policy interventions. Revival of the countryside is high on the agenda and supported by financial incentives. People move away from the most densely populated (lowland) areas and settle in more rural and safe areas. Key drivers in this scenario include energy scarcity (shift to renewables), growing environmental awareness, and policy intervention (rural development).  

Scenario 5) Europe of Structure.  In “Clustered Networks”, society adapts to the growing demands of an ageing population. Agriculture marginalises. Spatial planning encourages migration away from polluted urban areas. New cities, with a service economy, are created, benefiting from efficient traffic solutions, a relatively cheap labour force, and investment premiums.” 

2. The Future of Transportation. Global Innovation Outlook 2.0 – IBM.  Samuel J. Palmisano, Chairman and CEO, IBM Corporation.  

The Global Innovation Outlook provides a platform for candid and open conversations about important issues of our day among many contributors of innovative thinking. Contributors include IBM’s top researchers, consultants, and business leaders.  The Global Innovation Outlook also included a 180 outside experts.  The past decade has seen a huge migration to urban areas and a vast increase in global trade.  Congestion is creating logistical nightmares for emerging mega-cities, especially in booming regions of Asia and Latin America. Even modest sized communities are grappling with increasing levels of pollution, costly delays and overall frustration on the part of people and businesses constrained by lack of mobility.  
Scenario of Transportation in 2020.  “The future of transportation portends to expand the options for access to goods and create competitive advantage.  By 2020 it was learned that while one might assume that increasing road capacity would reduce vehicular congestion, statistics showed that the opposite was in fact true. Effective relief for urban congestion isn’t about building more streets; it was about getting smarter in how they are used. More and more, urban areas applied a more holistic approach to understanding and managing urban traffic flows. In the future, the steady shrinking of sensing and computing devices makes it increasingly possible to gather and analyze massive amounts of traffic and transportation data. Cities would explore ways in which they can harness all the information these networks of sensors will deliver. In the future, participants at IBM stated that a real understanding will be gained of the many ways in which people, vehicles, freight and goods actually navigate the urban landscape. Only with this understanding would optimization techniques allow cities to better automate traffic flows based on real-time data rather than generalized predictions based on historic trends. 
By 2020,  pilot “road-charging” systems are able to adjust the cost of tolls and access based on peak congestion periods.  Unfortunately this penalizes the poor and middleclass workers who can’t necessarily adapt their travel patterns but also can’t afford higher peak charges. By 2020 western nations by reject existing paradigms of transportation and embrace entirely new approaches to manage the boom in personal vehicles. Governments provide incentives to greatly increase the number of alternative-energy cars on the road while focusing on R&D efforts and ways to produce low-cost alternative energy vehicles. That approach becomes a boon for the environment, and gives nations such as China or India an economic edge by allowing them to tap their huge internal markets before expanding to global opportunities in the still-green industry of “green” cars. 
Emerging economies aggressively pursue innovative reduction-oriented strategies like fractional ownership, the car-sharing model that is currently gaining a degree of momentum in some European and North American cities. In this model, individuals pay a monthly subscription cost or per-use fee for access to cars at various locations throughout a city. Members get to enjoy aspects of private ownership while the overall population of cars on the road decreases. Such approaches strike a balance between individual aspirations for car ownership and the systemic need for fewer cars. 
Public transit systems adopt  smart cards to provide a common currency across buses, trains, light-rail lines and ferries; some cards even work for taxis and parking lots. While this has certainly made it easier to move more swiftly and easily from mode to mode, there seems to be plenty of room to push such integration further through optimizing schedules 
and modes of transportation to meet individual passenger destination and time preferences. Information is integrated within the public transportation system’s own databases and then pushed  out to riders via mobile devices or street-side Kiosks.  The transit systems are linked not only within the city but also of an entire region or country.  Travel on demand becomes interconnected.” 

3. Last Petrol-Car Auctioned.   BBC Book of the Future. www.bbc.co.uk  

The BBC asked readers and citizens what would the world look like in the year 2020?  As a result, the BBC received over one thousand submissions for the BBC Book of the Future.  Users were able to vote on these articles and the most popular, interesting, and profound were published.  Here is a scenario by Researcher Tony Digba, published on the BBC site January, 2003.  

Scenario: Last Petrol-Car Auctioned.   “ 'Dateline: June 18, 2018 London UK. The last fossil fuel based car was auctioned by BMW for the princely sum of half a million EUROS. A successful bid was placed by Mr. John Smith of Horsham, Surrey. In a statement to the press Mr. John Smith, who made most of his fortune by investing in hydrogen-fuel cell technology companies in the late 1990's, said he will donate the BMW –Z20 SX to the car and motorcycle museum in Birmingham as a memento of an era gone past.' I smiled as I read the article in the newspaper and sipped at my coffee looking over the downcast skyline of Docklands, London from my apartment window. I reflected on events gone past and the effect on my life. The Lagos accord between the G9 and car manufacturers was 5 years ago. Five years that changed my life for the better. 
After major breakthroughs in hydrogen-cell technology car manufacturers had begin mass production of hydrogen-fuelled cars. The accord was made to halt all production of fossil-fuel vehicles (that's petrol cars to you and me!) by 2018. This accord was not without major repercussions for the oil-producing world. Demand for oil fell drastically and economies of oil-producing countries collapsed. Suddenly the Middle East was no longer a hot issue with the major superpowers. However, there is always a silver lining in every cloud. This was where I came in. A new element had been discovered to enhance hydrogen-cell fuel. This made all the difference to the efforts of the late 20th century. Unfortunately mining it was very difficult as it was 20km under the earths crust. A chance conversation between a geologist and myself led to a major discovery of whole strata of the stuff just 5km under the earth's surface in West Africa. The rest they say is history. Again I smiled as I looked at the article. Hydrogen-fuel and world peace in one breath. Time for a ride...”
4. After The Car  BBC Book of the Future. www.bbc.co.uk  

The British Broadcasting Company asked readers, citizens, and experts their opinion on a plausible future of the world in the year 2020.  As a result, one thousand submissions were received and many were published in the BBC Book of the Future.  
Users were asked to vote on those articles that were most innovative.  The scenario “After the Car” discusses the future of fuel-cell technology applied to motor vehicles. 
Major countries will have  hydrogen fuelled vehicles by the year 2020. According to India’s roadmap, one million hydrogen powered vehicles are expected to run on the country's roads by 2020.  With aggressive research, the hydrogen fuel-cell vehicle will significantly outperform other conventional engines. However, for the total cost of infrastructural changes,  a major MIT study concluded that it might be a better idea to focus on hybrids – vehicles powered by conventional  engines supplemented by  electric motors. In terms of greenhouse gases, fuel-cell vehicles might not be  significantly better than  diesel and gasoline hybrids. See the "MIT Laboratory for Energy and Environment"  Issue: January-March 2003.  

Scenario: After the Car.  “The threats of global warming, and declining oil production, have forced a revolution in transport in 2020. There were riots in the streets, both by the environmental lobby and the road transport lobby, but public attitude is changing. Private car ownership is declining! There are still a few old petrol and diesel vehicles on the road. Their petrol is mixed with 20% bio-ethanol and their diesel is mixed with 40% vegetable oil but these fuels are too expensive. Improvements in battery technology have led to much better electric cars, but they still have to spend 15 minutes recharging for every hour of driving…There have been experiments with electric wires above or below motorways, but these are still at an early stage of development. 
The first hydrogen-powered, fuel cell private cars are now being sold but they are too expensive for most people. By 2020 hydrogen fuel cell buses have now been around for 10 years, and hydrogen fuel cells are also used in lorries. Minibuses now provide door-to-door transport like a taxi but carry many people at once on a route optimised and continuously updated by computer. These dial-a-ride minibuses have been instrumental in reducing congestion and removing people's need for cars…
For longer journeys, most people take electric trains on land. 'Ekranoplans' have overtaken traditional planes as the most popular form of transport over sea. They fly at 1 to 5 metres above the surface of the ocean to reduce aerodynamic drag. Safety forbids them travelling faster than 200 mph in international water and 100 mph in inshore waters, so it takes them about 24 hours to cross the Atlantic. They are popular because they are affordable and comfortable, having a quarter the fuel consumption per passenger-mile of a traditional aircraft. High altitude aircraft are reserved for the super-rich and the military. The days of £10 flights are long gone. For journeys under 10 miles, many people walk or cycle. The roads are almost empty of cars, and therefore quiet and safe.” 
5. Wireless Foresight - Scenarios of the Mobile World in 2015  “ This project has been initiated by WIreless KTH, a research and educational center formed by the Royal Institute of Technology (KTH) in cooperation with industry. See the Wireless Foresight website for the final report.

"We are entering exciting times.  After the decade of the Internet and the cell-phone changed our lives and working habits, these two technologies are about to merge.  At the same time, the industry is going though one of its worst crisis ever.  At this crossroads, the future can take any direction. Up or down. Success or failure.  The Wireless Scenario Project deals with the state of the wireless industry in 2015 and presents four scenarios of the future.  Royal Institute of Technology

These four scenarios are based on a set of fundamental trends shaping the development of the wireless world.  Some of these trends include:  
Trend 1. Development will be more user driven: Up until today it can be argued that vendors and technology have driven the wireless development. This will probably change. The scenarios differ according to the extent the development is user driven and to what segments that are most important drivers.  
Trend 2. User mobility will increase:  In the future we will probably travel more and longer and we will spend more time commuting. The scenarios vary according to how fast travelling will increase and by means of transportation.   
Trend 3. The service and application market will grow:  The future market for wireless services will probably be much larger than today, consisting of both complex and basic services. The scenarios differ along a dimension ranging from an abundance of different services and service types to rather few.  
Trend 4. User security, integrity, and privacy will become more important:  Guaranteeing security, integrity, and privacy is an important problem facing industry. The difficulty and complexity of this issue suggests that it might not be solved by 2015. The scenarios differ according to whether these issues are solved or not.  
Trend 5. Real or perceived health problems due to radiation will become more important:  A big threat to the industry is health problems, real or perceived, due to radiation from devices etc. Research might indicate that the radiation in fact is dangerous. The scenarios are differentiated according to how big a problem these health issues are.  Trend 6. Environmental issues will become more important:  The trend towards increasing environmental awareness will continue. Two areas of special importance are: energy consumption and potentially detrimental substances used in e.g. terminal cases. The scenarios vary in terms of how big these problems are.  
Trend 7. Spectrum will become an increasingly scarce resource: Today, most of the spectrum is locked-in by legacy users, e.g. operators, the military and television broadcasters. The shortage is forcing operators to build unnecessary expensive infrastructure. Growing usage will aggravate this problem. The scenarios vary according to how much spectrum that is released and whether for licensed use.  
Trend 8. The wireless industry will grow: All scenarios are based on the assumption that the wireless communications industry will grow during the coming decade, both in size and scope. The question is how fast. Royal Institute of Technology Studies

Scenario 1: Wireless  Explosion, Creative Destruction
“Wireless applications and services are a huge success in 2015, and in a rapidly transforming industry the old market leaders lost their dominant positions. The old telcom world with closed, vertically integrated solutions gave way to layered, open architectures based on IP (Internet Protocol). The datacom industry won the market battle. 
However, in a large but maturing industry, profit margins were squeezed and the datacom winners could never really leverage their market power. 

Users were very active and drove this development towards an open IP world with skyrocketing traffic and an abundance of applications. They preferred choice over convenience and didn’t accept being locked-in to corporate bundles. Governments released a lot of new unlicensed spectrum, undermining operator dominance and triggering a do-it-yourself wireless movement. The Open Source movement, down-loading of music and other copyrighted material, enforced these changes in consumer attitudes and the values of the underground culture gradually became mainstream. 
Feeling this value shift, governments were more and more reluctant to enforce restrictive IPR (Intellectual Property Rights), further undermining profit margins.

The wireless success changed peoples’ way of work and lifestyle. Being always connected with context sensitive information, a growing part of the knowledge work force could spend most of their time on the move, in meetings or travelling between meetings. Globalization continued and with it the growing trends of travelling and commuting.

Rapidly growing industry: The economic downturn in the early years of the century slowed industry growth for a few years. However, the rapid technological development within the communication and information technology industries continued and essentially all markets and industry segments experienced a more or less continuous growth. 

Industry fragmentation – market leaders losing hegemony: The incumbent players consolidated but in a maturing industry profits were eroding as the products became low-margin commodities. Independent consumers under-mined IPR-enforcement. Open Source software and do-it-yourself wireless access further undermined corporate hegemony. The dominant market leaders did not vanish but the rapid technological development was as ruthless in turning profitable products into low-margin commodities as it earlier had been in creating these markets. Industry fragmentation and vertical disintegration accelerated when companies became more and more specialized. When performance of any given technological function was good enough, design and manufacturing knowledge was no longer a critical asset and modularization set in. As a consequence, this part of the market split into several new markets. 

Debt burdened operators losing market dominance: When wireless data started, traditional operators first tried to offer closed telcom style services and developed in-house wireless portals. Seamless roaming (as in the voice GSM-world) was very hard to accomplish with wireless data over a number of different underlying networks. The operators failed. The major blow to operator dominance was the rise of unlicensed spectrum and WLANs. By keeping high prices for wireless data, operators opened a market for WISPs based on WLANs. 

Telco equipment and terminal vendors lose to datacom attackers: Traditional telcom equipment vendors failed in responding to all disruptive innovations in a rapidly changing marketplace. They were adapted to a business model built on selling extremely expensive systems to a few very demanding operators and they were dragged down together with their traditional customers. When the market fragmented, attackers captured emerging sub-markets such as base-stations. Telco terminal vendors lost market power when the commoditization of the market occurred, dominated by open IP access. The critical telcom knowledge embedded in the radio and CODEC (coding and decoding) software was over time commoditized by attackers from the NICs, and the datacom industry. 

An explosion in services and applications: In the industrial countries as well as in the most successful NICs, cellular systems are complemented with a large number of other systems (e.g. ad hoc networks, WLAN access, satellites, high altitude platforms). Most problems concerning seamless roaming, system integration etc. have gradually been solved. 
Appetite for wireless applications and services is very high and once the new geographical positioning infra-structure was in place, the number of location aware applications and services grew rapidly. Wireless services are used by everyone and in all segments. 

Spectrum – abundant release for unlicensed bands: During 2005-2010, governments released significant chunks of new spectrum. With much more available spectrum, 
traffic prices fell rapidly and the dominance of the incumbent operators were reduced. Unlicensed spectrum usage was a huge success. The unlicensed bands drove rapid innovation of cheap install-it-yourself »black-box« access points that can double as multi-band base stations. 

Batteries and complexity management no show-stoppers: The lifetime of batteries for mobile terminals has increased dramatically since the turn of the century. Batteries are now used on a large scale for an enormous number of services and applications, which has lead to very large production volumes and price drop for these new energy sources.”

Scenario 2: Slow Motion
“The wireless world has developed slowly since the turn of the century. The global economic recession during the first decade in combination with real and perceived health problems due to radiation from wireless devices deeply affected the wireless industry. Even though the demand for mobile services has increased, the service explosion that many people envisaged never materialized. The wireless industry has gone through substantial change. Consolidation has increased and the number of companies in each market has been reduced. Technological development has slowed down and profit margins have decreased substantially. The industry has matured. The big NICs, for example China, India, and Russia, are catching up faster than expected.

Economic recession and 3G fiasco: The global economic downturn that started in 2001 turned into a large scale economic recession. The telecom, computer, and media industries were severely affected. It became really bad when a large European operator went bankrupt. This spread very quickly to other operators and eventually to vendors and service providers. Several large telecom actors disappeared and those that survived made massive cuts and saw drastically reduced margins. Many 3G commitments were re-negotiated. Some networks were cancelled and many were merged, resulting in only one or two net-works per country. In many rural areas there is still no 3G coverage. 

Health problems from radiation: The long-term studies of how radiation affects humans, presented around 2005, still have a negative impact on industry. The results were clear and most experts agreed that wireless devices, when heavily used, would injure the brain due to radiation from the transmitter. In the beginning, the telcom industry argued that the results were inconclusive, but eventually adopted a proactive strategy and managed to avoid total disaster by suggesting strict regulation of radiation levels and by redesigning their products. Usage is still affected, even though most problems are solved.

Security a problem still waiting to be solved: The problem of hacking and virus creation is still significant. Most security codes are quite easily broken and viruses are easily spread in the wireless networks. The problems increased when data services were introduced in the updated 2G systems and were further accentuated with the introduction of 3G. Many people feel that they cannot trust electronic transactions and are seldom willing to e-shop. Nor do they feel secure when contacting, for instance, the government with sensitive information. 

The mobile lifestyle loses ground: In the Western world and in Japan the mobile lifestyle came to a halt during the first decade of the century. Many people, especially young families, moved from the cities to smaller communities. Telecommuting, working from home or in local offices became increasingly popular. 
The result is that fewer people travel long distances to work. One important driver behind this shift is the increasing environmental awareness. Environmental groups also started to campaign for decreased usage of communication devices. For some time, usage was negatively affected but eventually industry was able to handle this issue by significantly reducing the power consumption in equipment and devices. 

No service explosion: Despite the hype in the beginning of the century, the mobile service market has experienced a slow growth. Most services used by consumers are still quite simple, focusing on satisfying basic communication and information needs. Many consumers are simply not prepared to pay for advanced services at the price they are offered. Their demands are quite like the ones they had around the turn of the century. 

Wireless telecommunication is a mature industry: Telecom has become a mature industry that has gone through consolidation and restructuring. The technological development has slowed down considerably and profit margins in all sectors have decreased substantially. Many platforms, solutions, and components are still designed according to closed and incompatible standards protected by patents. Concentration has increased and the number of players in each market is rather few. Still their profit margins are generally very low. 

The big NICs catching up after a slow start:  The slow development in the Western world and in Japan in the first half of the 2000s was reinforced by problems in the big NICs (China, India, Russia, etc.). However, around 2010 the situation had improved substantially in many of these countries. Investment in infrastructure started to increase, giving the vendors a chance to recover some of their declining sales. The big NICs are now by far the most important markets for systems and terminal vendors. Moreover, there are now important global players such as operators, vendors, and service providers based in these countries.

Power consumption and complexity management as technical limitations: Despite large research efforts on new battery technology, no significant progress has been made. Many wireless applications are almost impossible to run when the terminal is on battery power and even the simple 2.5G handsets have to be recharged after downloading a new song, video-clip, or after a teleconference session. Despite the slow development, several different types of systems exist. Cellular systems of different generations coexist with other types of systems (WLANs, PANs, broad-casting etc.). The problems of managing this complexity are still not solved.” 

Scenario 3. Rediscovering Harmony
“Balance in life became the dominating value in most industrialized nations where material abundance (and security) could be taken for granted. These are post materialistic times where human and environmental needs are in focus. The wireless industry is experiencing a difficult dilemma: refocus or die! There are fewer service and application providers than predicted around 2000, but the market is not completely dry. The big hurdle is to refocus and rethink business models, offerings, and brand on a market with active and demanding consumers categorized by numerous sub-cultures with individual needs. We see many local operators and service providers that have emerged as a result of the trend to move out of the crammed cities and forming smaller, local communities where people live and work. At the same time there are a few global operators providing global communication for the increasing number of people traveling longer and more often for pleasure, and for smaller but more price insensitive segments. 

A sustainable society in balance with itself: The industrialized world is based on the idea of a sustainable lifestyle where friends, family, and the environment are key elements. The high-paced lifestyle that dominated the western world in the closing decades of the last century finally went out of control. The consumers became more and more indifferent to brands and commercial messages and no longer accepted companies ignoring ethics, environment, human needs, and product quality. As a result, we saw a number of movements that combined a more sustainable and human perspective on society with a strong individual and social focus. To consider the environment and human needs had become valuable in the marketplace. 

Two market segments driving the development : The move towards the new lifestyle started in two segments: Moklofs (Mobile Kids with Lots of Friends) and Elders. The Moklofs are strongly focused on entertainment and messaging services. They participate in communities (both local and global) and are very global in their ways of thinking. This segment is open-minded towards new technologies but they don’t believe smart marketers trying to claim that they will get a new life by buying the latest gizmo. Living in a world of tribes with many lifestyles, they want to express their affiliation with clothes, looks, and stuff they use. However, after the mad era around 2000, the tribes got extremely wary of being exploited. The Elders place high demands on usability and quality of service and they are not afraid of letting their voice be heard. Communicating with the family while on the move or when living apart has turned out to be very important. Healthcare is another important segment, allowing people to check up on their health wherever they are. 

Less but more travel: People are moving out of the crammed cities and into smaller and cleaner local communities in the suburbs or countryside. The lifestyle trend is that of working and living in small, local and very social communities. In the cities, the public transportation systems were upgraded while the amount of cars decreased. This is due to harder environmental laws and political decisions to turn more of the city areas into car free zones. Leisure travel is the only form of travel that is increasing all over the world. The main effect of this is a demand for more environmentally friendly ways to travel, but also a need for global communication possibilities. 

A few clouds in the sky: Health risks and integrity problems are widely debated, but it is the telcom industry’s impact on the environment that people are most concerned with. Especially ruminated flame retardants used in electronic equipment has turned out to be damaging to both environment and humans. Lower power consumption for terminals and infrastructure is another issue that consumers want to see improved. 
The perceived health threats (real or not) are hard to battle, forcing the telcom industry and governments to find new ways of restoring public trust in wireless technology.

The industry dilemma – refocus or die:  After the initial wave of excitement over the new communication possibilities with 3G, the pace of development slowed down. This left the telcom industry confused. The main reason was the industry’s inability to adjust to the mass market’s new attitudes and values. The industry is currently regrouping and adjusting to the new situation. Some players realize this and are adjusting their business models and offerings to the new fragmented marketplace and are as a result highly successful. Other companies failed to understand the new environment (and that they need to change) and are thus having a hard time surviving. The big hurdle is to manage to refocus and rethink business models, offerings, and brand. 

Peer-to-peer applications and services a hit. Despite the new market focus there is still a demand for wireless services but the main difference is that the mass market is selective in terms of what kind of information is being received, and when it is delivered. A new market has gradually emerged where personalized and very specific types of services are successful. Examples are: personal (peer-to-peer) communication services, multi-media messaging, personal location based services supporting social interaction, and devices and services forming »family intranets«. The demand for peer-to-peer technology has lead to a fierce debate on how to solve the problems with IPRs, where the content providers feel that the operators don’t take responsibility for how their networks are being used, while the operators argue that they are simply providing the infrastructure for communication.”

Scenario 4. Big Moguls and Snoopy Governments
“Through consolidation and mergers, large companies, known as moguls, have come to dominate the market. A mogul is a descendant of the early, big information technology or media companies that managed to survive the crises of the first decade of the 2000s. These (few) grew and expanded outside their original business segments, for instance from being only a systems software manufacturer a company became a big content provider and also started manufacturing devices aimed specifically at using their services. Smaller players were often bought or put out of business due to the dominant position of the big companies. The moguls, together with the world’s governments exert substantial and active control over the information flow and the communication industries. The companies and government are working against the chaotic freedom that used to characterize the early Internet, and the purpose is to protect society and individuals from various unwanted actors and behaviour. Examples are: cyber crime, international terrorism, protecting content owners and others from illegal copying of software, music, movies etc. and battling other forms of information use and abuse. The moguls are supported by government since they are seen as more easily monitored. Anonymity on the Net is no longer possible. All users are automatically identified and registered when acting on the Net.

The world is however not an anti-democratic society where the moguls and governments use the Net and the information to gain power and ultimately dictatorship, even though many people fear that this might be the case. Counter- and freedom movements do exist despite heavy measures against them by governments and large corporations alike.

Moguls and governments. In each market segment there are now only one or two totally dominant market leaders. Some market leaders have been able to expand their market power into other areas. Users like these big companies because they feel they can trust them and their products fulfil their needs. There are also no longer any problems with compatibility of software and hardware as there is basically only one choice. Governments like the big companies since they think they can control them. To some extent, the moguls agree to this control, as long as the governments are doing what the moguls want.

Security problems of the 2000s solved: Governments and industries took strong measures against the security problems of the early 2000’s. In 2007, the first »secured devices« where introduced by one of the major hardware and software developers. These devices relied on new, »unbreakable« encryption technologies, and required a personal certificate, together with user biometrics, for use. At the same time it contained circuitry for monitoring the traffic and sending information on possibly unapproved traffic directly to the applicable government agencies.

Moguls in control and slow development in the NICs:  Network effects, economics of scale, and successful enforcing of Intellectual Property Rights created a new global economy with large players becoming even larger, resulting in a winner-take-all society. The US government abandoned the anti-trust laws of earlier centuries allowing already big players from America to grow huge on the truly global market. 
Even though there were quite a few positive signs in the big NICs (e.g. China, India, and Russia) in the early years of the century, their difficulties continued. Financial problems haunted Russia with frequent devaluations of the currency and the integration of China into the world economy slowed down due to political instability.

Incumbent telcom players keep control of the market.  With traditional mobile operators dominating over new actors, the strategic success factor proved to be brand and customer ownership. The leading European operators managed to survive the financial problems in the early 2000s through debt restructuring together with government rescue packages and a mild regulatory regime, which left them as monopoly players. Relieved of heavy debts and government demands for rapid 3G investments in rural areas, the operators could generate just enough cash-flow to continue their 3G investments but at a slower speed.

Applications and services focus on convenience for the user:  Users keep all their information stored at their favorite big company portal, easily accessible from anywhere, at any time. There are numerous applications and services available, but most users prefer the comfortable convenience of one-stop-solutions. Wireless devices are used for payments, to get profiled advertisements based on geographical location, secure transactions of money between peers and so on.

No free airwaves: Governments have been very slow to release new spectrum during the last decade. Unlicensed spectrum use is heavily limited by extremely low upper limits of emitted power. As the only spectrum owners for wireless, mobile operators remain the dominant gate-keepers in the industry. 

Somewhat of a complex world: Managing the growing complexity of a varied wireless world has been a problem. With many diverse types of wireless technologies in the Western world and Japan (such as GSM and iMode) there have been problems of seamless integration between standards and technologies.”

6. Shell energy scenarios to 2050 

© 2008 Shell International BV, www.shell.com

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, published or transmitted, in any form or by any means, without the prior written permission of Shell International BV. 

Never before has humanity faced such a challenging outlook for energy and the planet. This can be summed up in five words: “more energy, less carbon dioxide”.
To help think about the future of energy, we have developed two scenarios that describe alternative ways it may develop. In the first scenario – called Scramble – policymakers pay little attention to more efficient energy use until supplies are tight. Likewise, greenhouse gas emissions are not seriously addressed until there are major climate shocks. In the second scenario – Blueprints – growing local actions begin to address the challenges of economic development, energy security and environmental pollution. A price is applied to a critical mass of emissions giving a huge stimulus to the development of clean energy technologies, such as carbon dioxide capture and storage, and energy efficiency measures. The result is far lower carbon dioxide emissions.

We are determined to provide energy in responsible ways and serve our customers and investors as effectively as we can. Both these scenarios help us do that by testing our strategy against a range of possible developments over the long-term. However, in our view, the Blueprints’ outcomes offer the best hope for a sustainable future, whether or not they arise exactly in the way we describe. I am convinced they are possible with the right combination of policy, technology and commitment from gov​ernments, industry and society globally. But achieving them will not be easy, and time is short. We urgently need clear thinking, huge investment, and effective leadership. Whatever your role in this, I hope these scenarios will help you understand better the choices you face.

Jeroen van der Veer. Chief Executive,Royal Dutch Shell plc

Scenario:  Scramble reflects a focus on national energy security. Immediate pressures drive decision-makers, especially the need to secure energy supply in the near future for themselves and their allies. National government attention naturally falls on the supply-side levers readily to hand, including the negotiation of bilateral agreements and incentives for local resource development. Growth in coal and biofuels becomes particularly significant. 

Despite increasing rhetoric, action to address climate change and encourage energy efficiency is pushed into the future, leading to largely sequential attention to supply, demand and climate stresses. Demand-side policy is not pursued meaningfully until supply limitations are acute. Likewise, environmental policy is not seriously addressed until major climate events stimulate political responses. Events drive late, but severe, responses to emerging pressures that result in energy price spikes and volatility. This leads to a temporary slowdown within an overall story of strong economic growth. 

Although the rate of growth of atmospheric CO2 has been moderated by the end of the period, the concentration is on a path to a long-term level well above 550 ppm. An increasing fraction of economic activity and innovation is ultimately directed towards preparing for the impact of climate change.

Scenario: Blueprints describes the dynamics behind new coalitions of interests. These do not necessarily reflect uniform objectives, but build on a combination of supply concerns, environmental interests, and associated entrepreneurial opportunities. It is a world where broader fears about life style and economic prospects forge new alliances that promote action in both developed and developing nations. This leads to the emergence of a critical mass of parallel responses to supply, demand, and climate stresses, and hence the relative promptness of some of those responses. 

This is not driven by global altruism. Initiatives first take root locally as individual cities or regions take the lead. These become progressively linked as national governments are forced to harmonise resulting patchworks of measures and take advantage of the opportunities afforded by these emerging political initiatives. Indeed, even the prospect of a patchwork of different policies drives businesses to lobby for regulatory clarity. 

As a result, effective market-driven demand-side efficiency measures emerge more quickly, and market-driven CO2 management practices spread. Carbon trading markets become more efficient, and CO2 prices strengthen early. Energy efficiency improvements and the emergence of mass-market electric vehicles are accelerated. The rate of growth of atmospheric CO2 is constrained leading to a more sustainable environmental pathway. 

7. Machines Will Be Smarter Than We Are.  Robert E. Newnham, a materials scientist at Pennsylvania State University. Robert E. Newnham is Alcoa Professor Emeritus of Solid State Science at the Pennsylvania State University. He served as Chairman of the Solid State Science program for 18 years.  1997 Buessem Award Recipient.  Dr. Mark Humphrys, University of Edinburgh. New Scientist Magazine, June, 2003.  Otis Port, senior writer, Business Week. 
Superbrains born of silicon will change everything. Previously intractable problems in science, engineering, and medicine will be a snap. Robots will rapidly displace humans from factories and farms.

Scenario in the 21st Century in 2050: Machines Will Be Smarter Than We Are:   In the era of 1960 – 2004, computers showed no signs of intelligence because they were less complex than the brain of an earthworm.  Then in the year 2007, Stephen W. Hawking made a very profound statement in his speech to the Society of Artificial Intelligence in Washington, DC when he said, “ But it seems to me that if very complicated chemical molecules can operate in humans to make them intelligent, then equally complicated electronic circuits can also make computers act in an intelligent way.”  In 2020, intelligent computers were inevitable as in Moore’s Law -- the 1965 dictum predicting the geometric growth of semiconductor power. Moore himself agreed in 2004: ``Silicon intelligence is going to evolve to the point where it'll get hard to tell computers from human beings.”  Today in 2050, we have the MCSquare, here in Palo Alto, a computer,  now in it’s infant stages that is far smarter than Albert Einstein and Hawking rolled into one.  This computer is designed to go beyond superior number crunching in which Silicon has given birth to new kinds of life. The advances and advantages of silicon life…chiefly immortality and unimaginable brainpower— inspired scientists in 2050 to forge composite human-silicon life forms with a common conscientiousness  that transcends all living beings.  The arrival of silicon life transformed civilization. 
All our science and art, even our concept of self, stemmed ultimately from what our senses tell us about the world. But beings that can see radio waves and listen to starlight, that can feel the vast empty spaces in atoms of steel, have different perception of reality. What we have learned from them in 2050 is more wondrous than all the discoveries made with microscopes, telescopes, X-ray machines, and other high-tech tools for amplifying our senses back in the 20th-early 21st centuries. In 2020, we began to realize that the human brain only had a short time left as the smartest thing on earth.  The speed and complexity of computers continued to double every 18 months through 2012. 
By then the density of computer circuits jumped 1,000-fold, and the raw processing power of a human brain fit into a shoe box.  Beyond 2012, chips that exploit the quirky world of quantum mechanics promised far bigger leaps in complexity. Because such chips didn’t need wires, which now occupy most of the space on silicon, it won't take long to duplicate a human brain fully--not only its 100 billion neurons but also its trillions of synapses, or interconnections. This dense maze of interconnections is regarded as essential for intelligence to emerge.”

8. Beyond The Internet.   Author: Charles W. Schmidt, freelance science writer living in Portland, Maine. Special thanks goes to Neil Gershenfeld of the MIT Media Laboratory for providing invaluable background and insight in technology futures. 
Thanks also goes to Charlie Plot (California Institute of Technology), David Tennenhouse ( Intel Corporation), John Seely Brown (Xerox Corporation), Kris Pister (University of California, Berkeley), Mark Grey and Jim Closs (NASA), John Ledyard (California Institute of Technology), and Cherry Murray (Bell Laboratories/Lucent Technologies). 

Mr. Schmidt explores the second wave of connectivity, where "intelligence" is embedded in the objects and materials of our daily lives, creating huge and ubiquitous networks.  Scientific understanding will continue to grow.  Environmental gains are possible.    

Scenario One: Beyond the Internet.  (Phrased within the context of a scenario.) 
 “In 2002, we are surrounded by computers.  Computers in 2010 disappear altogether. According to the pioneers of information technology (IT) that's exactly what happened.  Not that this world is a world of written ledgers and the abacus -- far from it. What it means is by 2010 computers are literally absorbed by their surroundings and embedded in walls, carpets, toasters, neckties, and even our own bodies. As computing dissolves into the environment it becomes as pervasive as the electricity flowing through society.  Some scientists suggested the earth will be wrapped in a "digital skin," transmitting signals over the Internet almost as a living creature relays impulses through its nervous system. Millions of sensors probe and monitor highways, cities, factories, forests, oceans, and the atmosphere. Some are linked to orbiting satellites -- extending the reach of this digital infrastructure into outer space.  Scientists refer to this scenario as ubiquitous or pervasive computing. Either way, the bottom line is the same: an unprecedented level of connectivity. The international consulting firm Ernst & Young predicted that by 2010 there will be nearly 10,000 telemetric devices (meaning devices that transmit or receive data) for every person on earth.  
Because in 2010, managing connectivity on a scale like  that is too difficult for humans to do on their own,  network management will be partially delegated to software programs called agents that learn about their users and act autonomously on their behalf. The way humans interact with computers changes profoundly. Instead of typing commands into a passive box, humans use speech and physical gestures to communicate with computers much as they do with anyone else. Computer networks are adaptive, intelligent, and self-organizing.” 

Scenario Two: The Networked Physical World.  (Phrased within the context of a scenario.)  “Down in the trenches of MIT's famous Media Laboratory, Associate Professor Neil Gershenfeld reflects on the bits and the atoms. "The bits are the good stuff," he muses, referring to these units of digital information. "They consume no resources, they travel at the speed of light, we can copy them, they can disappear, we can send them around the globe and construct billion dollar companies." Contrasting them with physical objects, he says, "The atoms are the bad stuff. They consume resources, you have to throw them away, they're old-fashioned."  In 2010, a  continuing challenge for the 21st Century is to find ways to "bring the bits into the physical world."   
In this world, computers are brought into the stuff of everyday life by embedding them into ordinary objects and machines.   Inexpensive servers bring Internet access to household appliances and office equipment. People take for granted that microwave ovens download cooking instructions from the Web or that alarm clocks reset themselves after a power outage. The cheapest gateways to the Internet comprises sensors and radiofrequency (RF) tags linked to networked microprocessors. 
An RF tag is actually a silicon chip that emits an electronic signal in the presence of the energy field created by a device called a reader. Tags already have some familiar uses in 2002 -- for instance driving through an automatic toll booth causes an RF tag to boot up and identify your car.   In 2010, tags and readers are linked to the Internet, opening up new worlds of opportunities. “Smart" fridges monitor tagged products, learn food preferences and shopping schedule, and eventually buy all a household’s groceries.  Washing machines monitor colours -- toss a tagged red sock into a pile of white laundry, and the machine will shut down. Tagged pill bottles in a medicine cabinet allow doctors to monitor patient compliance with prescriptions, remotely.  Companies will be able to determine the whereabouts of all their products, all the time. This capability provides some important environmental benefits: real-time product tracking  enables manufacturers to save millions in cash and energy resources by shifting to a process that matches production to consumption, item for item. Tagged products become self-managing; able to convey their identity and composition to networked trash containers and recycling centres.”  

Scenario Three: Here Come the Jetsons.  (Phrased within the context of a scenario.)    “In 2010, scientists devised ways to ship bits rather than atoms to manufacture products remotely. Printers called "personal fabricators" are used to make things like toy jeeps and wine glasses in the household. In 2002, scientists at the Media Lab were already involved in printing semiconductors, transistors, and other electronic devices as if they were made out of paper. Simple three-dimensional objects have already been printed as well, with more complicated structures just around the corner.   
In 2002 – 2010, scientists contemplate the environmental upsides and downsides of personal fabrication. On the one hand, the technology could save energy by reducing energy expenditures involved in transporting a product to its point of use. On the other, three-dimensional printing could inundate society with objects, in the same way the "paperless office" is in reality saturated with more paper than ever.  Scientists eventually find a way to make  the personal fabricator  environmentally feasible through equipping it with a "defabricator" that breaks objects down to their constituent materials.”   

Scenario Four: The Future of Remote Sensing.    (Phrased within the context of a scenario.)  “In 2010, if one looks into the digital world, the digital world is looking right back at you. Advances in remote sensing give computer networks the eyes and ears they need to observe their physical surroundings. Sensors detect physical changes in pressure, temperature, light, sound, or chemical concentrations and then send a signal to a computer that does something in response. Billions of these devices form rich sensory networks linked to digital backbones that put the environment itself online. Dense arrays of networked sensors extract as much "information per unit volume," about the environment as possible. In the area of smart dust, much of the research driving small, inexpensive sensors is found in the area of MEMS, short for micro-electromechanical systems. 
Scientists working with MEMS  create tiny electronic features from silicon, some of them smaller than a red blood cell. MEMS extends to sensor design as well. “Smart dust" is designed to be so small it literally floats in the air. These minute devices are self-powered and contain tiny on-board sensors and a computer on a scale of just five square millimetres -- roughly the size of an aspirin tablet.  In 2001 it becomes possible to reduce their size to a single millimetre  and to airborne dust-like dimensions by 2005.  The idea is to use them by the thousands as interconnected networks that communicate with each other.  Smart dust "motes" sprinkled out of airplanes monitoring the atmosphere or hovering in the dark recesses of factory stacks monitoring pollution, or used in farms to measure soil chemistry and pesticide levels. In 2002, it is possible to pack the motes with the computing power of the first Intel computer chip -- just 200 microns long (one micron = one millionth of a meter) -- for about 10 cents.  In 2010, continuing advances in MEMS push the price down below a penny.”  

9. Visions for a Sustainable Europe.   

Author: Jan Rotmans, European VISIONS Project. 

“Europe is entering a period of great uncertainty.”  Scenario methodology is an essential tool which allows policy makers and other stakeholders to look into the crystal ball with confidence and the lessons provide a useful starting point for that process. Scenarios are becoming increasingly important as tools for policy makers. Also, models and the links between models and scenarios are seen as useful means to support policy decisions.  Thus, the objective of the VISIONS project was to assist a sustainable European future.  
The following set of scenarios are based on numerous studies related to modelling, scenario planning, and number of collected European scenarios commissions by major governmental organizations, NGOs, and private agencies The Vision 2020 scenarios.    

Scenario 1) Opening Opportunities has it that “ EU policies of the 1990s fail to deliver economic growth and jobs. The only way to solve these problems and to improve environmental quality is to innovate and grow through more liberal policies. Globalization, liberalization and technological innovation will continue fast. There is a strong focus on competitiveness and economic progress. 

In this scenario, economic development is based on new patterns of more eco-efficient growth emphasizing services, knowledge and new materials. Privatization will continue and subsidies to industry will be stopped. Governments will enable markets to work efficiently and will better use the creative forces of entrepreneurship. 
The social partners will embrace the need for continuous change, for a shift towards a high skill economy, despite the social dislocations and changes in employment patterns that this will entail. Market mechanisms will drive environmental improvement through a combination of strong tradable property rights and liability law. Environmental campaigners will focus their attention on building tightly knit alliances with the business sector and consumers to accelerate the diffusion of cleaner technologies and products. 
Mistrust of government and business information on the sustainability of production and products will give way to independent certification by coalitions of environment organizations, trade unions and human rights organizations. The economy will be truly global. Markets will have been fully opened. Global trade and investment liberalization will diminish the importance of EU policy. The move to global free trade will prove to be of far greater benefit to developing countries than aid used to be.

In the Opening opportunities scenario, all subsidies will be removed from the energy sector. Due to liberalization of energy markets, economic players compete freely. Energy intensity will continue to decrease. In the agricultural sector, the Common Agriculture Policy will be completely phased out. Biotechnology will increase productivity and reduce environmental impacts. Land, unsuited to agriculture, will be taken out of production. In the transport sector, vehicles will be clean and efficient both in production and use. IT will reduce the demand for mobility. Sophisticated traffic management systems will further reduce congestion. In the telecommunications branch, innovation will drive dematerialisation and efficiency improvements, and thereby reduce pressures on the environment. In the manufacturing sector, strict environmental liability will be the major driver for industrial clean up. Cities will be refurbished and will become attractive again. 
Science and technology will permit growth while using energy and other resources more efficiently. Most R&D: Research and Development will be conducted in the private sector, although governments will continue to fund basic research.”   

Scenario 2) Guiding Change    “The market is unable to solve problems without regulation: social and economic disparities are increasing, while environmental issues are not being resolved. Citizens will welcome a stronger government role in maintaining standards of living and securing stability and certainty in a changing world. There is insecurity and persistent unemployment and growing numbers of old people are faced with declining social security systems. Nationalism and populism are growing.  In the Guiding Change scenario, the EU will co-fund large-scale investments in environmental infrastructure including transport systems, waste treatment and renewable energy supplies. There will be a controlled phase-out of unsustainable industries, supported by outplacement and subsidy schemes. 
Green groups will lobby for EU efforts to improve the environmental performance in Eastern and Central Europe. Society will have high levels of security, social services and a strong economy. There will be common welfare systems that will provide for a dignified livelihood rather than just a minimal safety net. Rights to social and environmental quality will be strengthened. Stakeholders and citizens will participate at local and national levels to set priorities and to guide policy. Producers will be legally responsible for environmental impacts. 
There will be subsidies to promote eco-efficient companies, and to fund environmental R&D. To promote the transition to sustainability, governments will seek to change consumption and production behaviour. To this end, they will aim to universalize best practice, through a radical overhaul of regulations and incentives. The economy will be predominantly intra-regional rather than global. EU policy will focus on the internal market. The EU will have strong borders and will continue the policy of controlled trade. 
In this scenario, EU-wide energy policy involves taxes and incentives to promote energy efficiency and R&D on non-fossil fuel energy. 
Nuclear power will still be used. In the agricultural sector, the Common Agriculture Policy will be an integrated agriculture, land use and environmental protection policy. Conventional agriculture will be replaced by organic and low input agriculture. Only a few carefully controlled biotech applications will be allowed. In the transport sector, private vehicles will be heavily taxed. Investments will be directed to infrastructure and education. Ultra clean-burn engines for ‘hypercars’ will be developed. In the telecommunication sector, eco-efficiency will increase due to an integrated IT and clean manufacturing strategy in the EU. In the manufacturing sector, there will be large EU support and subsidies for R&D and ‘clean’ technologies. Furthermore, an EU-wide strategy for sustainable cities will be effective: initiatives in planning and higher building standards will reduce travel demand, energy and water use. In the science and technology branch, regulations and incentives will be used to encourage environmental-friendly goods and services that are acceptable in life-style terms. R&D will be substantially increased and will become more coherent at the EU level.”   

Scenario 3) Transforming Communities   “EU policies of the 1990s fail to tackle the root causes of growing social insecurity, declining quality of life and environmental degradation. There is a spreading conviction that radical changes are required, which will put the goals of social justice and environmental sustainability first. Attitudes to environment, work and lifestyles will continue to develop along the lines of ‘not more, but better’ and people will seek greater satisfaction in social and cultural relations rather than increased material wealth.  
In the Transforming Communities scenario, government efforts will be especially geared towards an economic framework in which social and environmental enterprises can prosper. A new wave of community based organizations will promote local development techniques such as micro-credit and local currencies. 
Targets for economic growth will be set within the broader context of Europe’s fair share of the global ecological carrying capacity. Quality of life will increasingly be experienced through low impact activities such as art, music and appreciation of the natural world. Radical reductions in resource use and pollution will manifest themselves through changes in infrastructure, lifestyles and the scale of the economy. Governments will internalize environmental costs through ecological tax reform. Emphasis is being placed on decentralization. Unnecessary resource flows and transport will be minimized through widespread use of IT and networking. The EU will become less dependent on imported material and energy resources from unstable regions. The EU will take the lead in establishing international environmental policy.  
This scenario features an energy sector with high taxes on fossil fuels. Furthermore, there will be programs to promote non-fossil energy. Nuclear power will be phased out. In the agricultural sector, the Common Agricultural Policy will become a system of incentives for Community Supported Agriculture, stressing local production. In the transport sector, changes in land use and lifestyles will reduce mobility and this will especially reduce air and road transport. Passenger transport will be mainly by public transport means. IT and the telecommunication will become very important.  The manufacturing sector will concentrate on the production of long-lasting, recyclable products. The majority of the enterprises will see themselves as providers of services rather than products. 
Cities are eco-villages. The economic role of cities will change drastically in line with changing social and economic priorities. The science and technology sector will develop new technologies that enable radical ecological modernization and maximum recycling efficiency.”
10. Science and Technology 2025 Global Scenarios  Jerry Glenn and Theodore Gordon.  American Council for the United Nations University-- Millennium Project.  Written in 2003 based on studies conducted in 2000-03.  

The four scenarios included in this subchapter are part of the study Future S&T Management Policy Issues––2025 Global Scenarios.
Scenario 1: S&T Develops a Mind of Its Own:  “In this world, businesses and universities that used the early brain-computer interfaces prospered and stimulated more R&D. Good for NGOs and governments.  The forces behind Moore’s law not only accelerated computer capacity, these forces also accelerated all phenomena connected to computers.  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.  By 2025, nearly 70% of the world was connected via TEF and 44% wore some form of CyberNow (glasses) at least once a week.   
TEF-CyberNow went far beyond those crude connections of text and images of the World Wide Web by becoming a continuous virtual reality, as user-friendly as breathing. Between 2010 and 2015 the massive international S&T cooperative research program on human-computer intelligence was initiated by the largest research trans-institution in history (composed of governments, corporations, NGOs, universities, and international organizations). It was named the Brain Trans-science Service (BTS). This identified the factors and systems that ultimately enhanced human-machine collective intelligence.   

TEF and CyberNow provided the basis for the best educational programming the world could make.  Students were able to go from   a state of relative ignorance to the cutting edge of the field  These educational systems diagnosed cognitive difficulties via analysis of inquiry patterns and automatically altered the curriculum.  Computers had the same computational capacity as the human brain and were able to simulate much of the neural activity of an entire human brain.  As intelligence increased, science and technology accelerated, which in turn further accelerated collective intelligence.  In this world, other technologies developed, such as genetically modified foods which accounted for easily 50% of the world’s food because nanotechnology and bio-engineering merged—creating all kinds of organic compounds that were considered safe.   
By 2025, the world environment computer simulation (WECS)—from cloud tops to under the sea—was integrated with the Global Environmental Monitoring System (GEMS) and was publicly accessible so that anyone could know who was polluting.  
Although religious and political hierarchies still had much ceremonial control and many social maintenance responsibilities, the real growth of the human mind, technologies, and actions that were building the future seemed   far too complex, self-organized, and creative    to be understood by older institutions.  

Scenario 2: The World Wakes Up:  “The murder of 25 million people over a three-month period in 2021 in the major population areas around the world by a self-proclaimed Agent of God (AOG) finally woke up the world to the realization that an individual acting alone could create and use a weapon of mass destruction.  This phenomenon became known as SIMAD (Single Individual Massively Destructive). With the acceleration of scientific understandings and miniaturization of technology, fewer and fewer people became able to destroy more and more.   

The first step that led to the new S&T global control systems began with a series of meetings of eminent persons. They decided how to control science and technology and limit access to developments that could be applied to SIMAD.   
By 2025, the Security Council had authorized intervention to terminate lines of scientific inquiry in viral modification, nanoweapons, and potentially runaway particle physics experiments. Each time, the research lab in question decided to come into ISTO compliance prior to the need for international enforcement.  Information obtained through ISTO helped societies based on complex technological systems to become less vulnerable.  Consequently, the speed of S&T slowed due to the increased regulation of everything from genetically modified organisms to nanotechnology.  Yet, progress was still so fast that the media were always full of amazing innovations in medicine, transportation, and education that had vastly improved general human welfare over the last 25 years.   

The positive trends in 2025 were global assessments of educational curricula that led to improved learning. Every jurisdiction, every state and town, every ethnic group thought that its approach to education was correct and its right to teach its version of truth inviolable. SIMAD changed that. Global guidelines brought more rigorous thinking to the design of curricula. Because nearly all information and educational systems were constantly subject to international cross-referencing and feedback, information accuracy helped reduce intolerance.  
With more precise information, and with less prejudicial misinformation arising from ignorance and frustrations from injustice, more room was made for the expression of altruistic ideals. The international focus on human security—freedom from fear—as the new organizing principle for world affairs helped strategic cooperation to improve living conditions.”   

Scenario 3: Please Turn Off the Spigot:  “From the perspective of Time Magazine's Man of the Year: "When science was “hot", biotechnology was giving us one breakthrough after another. The genetic origins of behaviour were being articulated, and biotech was being used to build new kinds of weapons of mass destruction. Biodiversity suffered from aggressive marketing of genetically altered, patented varieties. Cognitive sciences were moving ahead; there was much greater insight into functioning of the brain but without much improvement in decisionmaking. Computers were gaining awareness. 
S&T was globalizing; scientists in poor countries were conducting much of the leading-edge research since many of the frontier projects were inexpensive and could be performed in small labs. In addition, vastly improved communications made it quite practical for geographically dispersed teams to function efficiently. 

Applied nanotechnology was being used in products and in labs to perform quantum feats of what would have been called magic only two decades earlier.  But many new scientific discoveries were being distorted from their original intent deliberately or inadvertently, and these “slip-ups” provided, in the end, new means for killing large numbers of people. Thus,  the International Commission of Science was finally formed in 2019. This Commission was designed to review controversial research proposals, establish risk limits, issue permits for risky experimentation, and indict scientists who stepped over the bounds established by the commission. The Commission evolved through a corruption phase when my slogan reached around the world—on Internet sites, in public hearings, in parliaments. 

“Everywhere the air stinks from corruption. The management of science has failed, give us management of science.”  The anti-corruption strategies eventually took hold but only after some unforgiving investigations and prosecutions on a global scale.   In any event,  I remain optimistic that science can achieve its promise and that with luck and planning we can all survive its unintentional mistakes.”

Scenario 4:  Backlash:  “Scientists carried signs in protest at the Jakarta World Summit on Science and Technology in 2015. The principal topic of discussion was the need to institute some sort of world control over the directions of science and technology. Those arguing for regulation of science listed physical threats such as the sorcerer’s apprentice syndrome: self-replicating nanotechnology overrunning the planet.  They also argued about the missed opportunities for something like a Manhattan Project on cheap, efficient, environmentally benign, non-nuclear fission and non-fossil energy sources, or one on simple, inexpensive, effective medicines and delivery systems to treat widespread diseases, or a project on improved sources and efficiency of water use.  

The resolution known as the Principles of Inviolability of Science (or simply “Principles”) recognized the autonomy of science and charged the disciplines with the responsibility of determining the “line in the sand” that defined acceptable risks in their fields.  In this scenario, science blossomed under the Principles.   
Artificial intelligence research teams produce computers that claimed to be superior to human reasoning.  But about five years into this idealized world of accelerated science, it became apparent that the Principles had a dark side. 

The golden age of science proved to be a mixture of good, bad, and illusion. It started as isolated criticism by intellectuals and grew to a river of doubt by populations in general.  Innovation was throttled because no one was sure whether they would be stepping over some fuzzy line of law or propriety with leading-edge research. When the spark of discovery dimmed, economies slowed, and innovations that saw the light of day became more proprietary than ever. Horizons shrank and goals became diminished. As the global economy wound down, poverty rose and the safety zone of reduced risk that global regulation was supposed to provide proved not to be safe at all.  People asked, What’s next?”  
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Four Global Scenarios based on Energy to 2030 (Jerome Glenn)
Scenario 1: The Skeptic 

Scenario 2: Environmental Backlash
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Scenario 3: Technology Pushes Off the Limits

Scenario 4: Political Turmoil
Summary made by Auli Keskinen

(some words are highlighted for easier reading: car, travel, transportation, vehicle, auto, information)

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

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 favorable 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 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. 

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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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: 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.

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 transnational 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 neighbors. One wonders if the world has entered a new kind of World War III.


12. Suggestions from Dr. Domokos Jankó (RODS)   2009-01-29: Remarks to the agenda of the 2nd Innovation Seminar Session 4:  Road Traffic in Europe 2030 – Services and Information Products

General remark

For the specification of the possibilities of road transport in Europe in 2030, the possible changes in the global world should also be taken into account. In the framework of the ROADIDEA project there are not any possibilities to make long term predictions, but it has been done by several famous institutes and scientists. (For example, „Global Trends 2025. The National Intelligence Council Project. www.dni.gov/nic)) When thinking of the future of road transport the main problems have to be referred. The global world is struggling with several problems and these problems are related to the future of road transport also. 

Population

The population of the world is expected to be 8–8.5 billion by 2030. According to certain calculations there will be 33-35 cities with a population above 8 million and full of transport problems. (Currently there are 22 such cities). The growth of the population is different in each region. In Europe the decrease of the population is expected. The stability can only be preserved by immigration, inducing communication questions in transport. The growth of the population involves increasing demands on transport which mean more vehicles (more capacity) in traffic. The economic growth is accompanied by the increasing the level of motorization.

Energy

It is a fact that the demand on energy is increasing while the oil supply is being used up. Alternative source of energy must be found urgently as there are up to 30–50 years to find and introduce it. 

Road transport issues and proposals for solution until 2030.

a.) Energy

Specific energy consumption of road transport has to be permanently reduced until 2030 while preparing for the application of a new type of fuel. It is a technical issue to apply any sources of energy in road transport. Both the limited and unevenly distributed reserves of drinking water and the limited reserves of uranium, which is necessary for nuclear energy, have to be taken into account and it is the problem of present time.

b.) The paradox of performance and speed in road traffic. 

While several efforts have been made to reduce the speed on the European road network both from road safety and environmental reasons there have been higher specific performance (engine performance/mass of vehicle kW/tons) and higher speed vehicles produced. The difference between obtainable speed and the speed permitted on roads keeps growing, so control and enforcement require more and more efforts and expenses. Some parts of ITS solutions also cover this area. It would be totally unnecessary if the reason of it was stopped namely the performances of vehicles used in road transport would correspond to the current conditions of road infrastructure and the human factor as well. Huge amount of surplus of engine performance has been accumulated which means waste of energy while the general objective is saving energy. It would be a real change of paradigm to solve the paradox of performance and speed in road traffic.

c.) Reduction of travelling time

It is obvious that because of economic reasons the reduction of travelling time, in other words increase of speed, in both personal and commercial transport is an important economic objective. In road transport speed cannot be increased, but in railway transport approx 300 km/h top speed can be reached while using relatively less  energy. With new means of transport (e.g. high-speed magnetic railway) it is not impossible to reach 500 km/h top speed. Transporting trucks on railway and increase the volume of passenger transport on railway require new, innovative ideas in the area of services and information technology as well.

d.) Modal split substantial modification

The major part of commercial transport and certain parts of passenger transport have to be driven to railway. It is not a new proposal, it is included in EU transport policy, but the process has to be accelerated in the term until 2030 not only to rationalise energy consumption, but because of other economic reasons as well. 

e.) Reduction of differences between EU member states

It can be easily demonstrated with several statistical and economic figures that there are significant differences in some areas between the 27 EU member states. These differences certainly can be seen in the area of road transport referring to either the rate of vehicles and people (vehicle/1000 inhabitants) or the providing level of infrastructure (road network data/area/inhabitants) or the average age of vehicles etc. The differences can also be seen in the area of road safety. In the developed EU member states the number of fatalities of road crashes is 7-9 persons per billion kilometres to be run. In the less developed countries this figure is 30-35. It is an important objective that beside the suggested innovations of ROADIDEA projects (high quality level technical solutions) the current differences have to be reduced to get EU member states transport figures nearer to each other.

f.) Road safety programmes

Beside significant differences there are similar tools and solutions of road safety activities of the EU member states. It is necessary to create a unified EU road safety programme which takes local characteristics into account and stresses the equivalent methods. It is well known that the EU White Paper prescribes the decrease of the number of death toll on the roads by 50% by 2010. It is obvious that due to the different figures of the basis, economic possibilities and other factors there are some countries which will not be able to make process in that kind of development. So far the results have proved that it was a good decision to establish such demanding requirements, but on the other hand it is a fact that not a single country has been able to achieve that improvement. (It has to be remarked that theoretically it would have been easier to make process in countries with poorer figures and more difficult in better developed countries. In fact the better developed countries have better results than the less developed ones. It would worth analysing that phenomenon.)

Acceptance of ’zero vision’ could be proposed in EU programmes while it would also be reasonable to work out individual methods and objectives for each member state.

g.) Development of intelligent infrastructure

In occurrence of road crashes fatalities are often caused by the adverse (’non-forgiven’) conditions of the surrounding of public roads. It is necessary to have as many innovative ideas and solutions as possible in order to improve passive safety. 

h.) Acceleration of rescue

There is an urgent need of innovation and development in the area of rescuing those injured in road crashes. Time to respond has to be reduced in cases of discovering accidents, reaching the injured by the rescue team and taking the injured into hospital. There are new solutions for accidents involving vehicles (eCall), but it has to be spreaded towards accidents involving vulnerable participants introducing other technical solutions. (In Hungary crashes involving cyclists and mopeds at night and outside of built-up areas have a quite high number. The rescue of injured of those crashes requires development.)

i.) Information sent to drivers

It is an important question that how much and what kind of information has to be forwarded to drivers avoiding overloading them. While drafting up new innovative ideas it is not a priority to supply as much and unique information as possible to drivers. It is more important to have only the necessary information and it has to be displayed when and where it is essential. Drivers for example do not expect to be informed about fog and poor visibility because it is their personal experience as well. They need instruction about safe behaviour and the appropriate speed. There is an innovative idea about a technical solution which provides that the usual picture is displayed in front of the driver even in case of limited visibility conditions. There are devices which provide good visibility in dark and foggy conditions and the application of them in vehicles would be a great help for drivers.

 Some radical (?) ideas for consideration:

1. Extension of eCall system to bicycles. (Develop a simple eCall system for two wheelers and an intelligent cyclocomputer)

2. Enlarge of Minimum Set of Data (MSD) of eCall  system, by crash speed of vehicles and number of passengers detected by an innovative equipment. The data are  automatically  stored in the board computer.

3. Night vision enhancement and use of special night vision cameras in cars. 

4. Separate truck lanes on interurban roads with special shoulders.

5. Automatic speed control at work zones

6. More sophisticated drowsy driver detection and continuous blood alcohol monitoring

7. Black box (board computer) in every vehicle with the operational data of vehicle for the eCall data set and the accident investigation. 

Other sources - need to be purchased:
Transportation 17: 231--237, 1990,© 1990 KluwerAcademic Publishers. Printed in the Netherlands. A scenario on the evolving road service informatics in Europe

OVE SVIDEN, Drive-SECFO, Rue de Treves 61, Brussels, Belgium
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Abstract. Road Transport Informatics is being developed to improve road transport.

Telecommunication links will connect microcomputers in vehicles with roadside beacons

and traffic control centers. Drivers can get better information and guidance en route. If

these functions are charged as services rather than sold as products, a better traffic can be obtained. This can improve traffic safety, efficiency and the environment.

Abbreviations: DRIVE -- Dedicated Road Infrastructure for Vehicle Safety in Europe,

SECFO -- System Engineering and Consensus Formation Office (a project within the

DRIVE programme), RSI -- Road Service lnformatics, TRAC -- Transport Access Card,

EUROADS -- European Utility for Road Operation, Administration, Development and

Services, tCC -- Intelligent Cruise Control, ABS -- Anti-Block-System, MTBE -- Mean

7]me Between Failure, IT -- Information- and Telecommunication (industries)

Introduction

The objective of this scenario is to show a possible path of development. The scenario is only meant to present a development that can happen. It is based upon ideas and preliminary R&D results both from the DRIVE Programme and a number of EUREKA transport programmes like PROMETHEUS, CARMINAT and EUROPOLIS. The synthesis is a personal construct. It is not necessarily a forecast of what will happen. The purpose is to show that a number of interesting possibilities now exist to improve road traffic. The idea of a service providing utility, as a strong actor for Road Service Informatics (RSI), is tested within the scenario. The envisioned result represents one of the many possible paths towards a desired efficient and safe road traffic. The potential of the Road Service Informatics (RSI) evolution is described in four scenes for the year 2000, 2010, 2020 and with 2050 as a visionary round off.

D3 - FINAL REPORT SCENARIOS, TRAFFIC FORECASTS AND ANALYSIS OF TRAFFIC FLOWS INCLUDING COUNTRIES NEIGHBOURING THE EUROPEAN UNION
http://www.eulib.com/document/final-report-scenarios-traffic-forecsts-analysis-1091

The publication “European energy and transport – scenarios on key drivers” is available from the sales agents of the Publications Office, the European Union’s publisher. “Scenarios on key drivers” investigates alternative energy futures as distinct from the baseline development that shows the effects of current trends and policies. The key drivers concern either different framework conditions for energy and transport policies, such as higher world energy prices, higher or lower economic growth, or they are about different policy approaches on, for example, energy efficiency, renewables, nuclear energy, modal split in transport and climate change. The analysis covers the European Union of 25 Member States and extends to the year 2030. http://ec.europa.eu/dgs/energy_transport/figures/scenarios/index_en.htm
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Main Source: Glenn, Jerome & Gordon, Theodore: State of the Future 2008, WFUNA Millennium Project,  Annual Report, Appendix O: Annotated Scenarios Bibliography, www.millennium-project.org
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