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Abstract

The desirable world energy system is seen as a stable, resilient, efficient, sustainable, and clean system, which does not unduly harm the environment or people.  The choice of energy resources, the type of energy technology applied, and the design of societal structure determine these desirable properties.  This paper discusses the ecological, social, political, economic, and individual issues arising from the energy choices.  
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1 INTRODUCTION

The success of the modern, technological civilization is largely due to specialization and analytic thinking.  However, as Kenneth Boulding used to say, nothing fails like success.  The unintended consequences of the local, short-term solutions are now problems, which if not addressed, will bring about a catastrophic collapse of life-supporting ecosystems.  Climate change, the large extinction rate of species, soil erosion, water, food and fuel shortages, and other issues are serious challenges to the very survival of civilization.  No single discipline is capable of understanding, let alone solving these complex ‘big issues’.

Knowledge integration, and systemic thinking have become imperative.  Energy issues are intertwined with the vital issues of ecological sustainability, social stability, and individual survival and security.  Therefore, a wide-angle, full spectrum analysis of the impact of human energy use on the global ecosystem, on society, and on individual well-being is indicated.

2 THE WORLD ENERGY issues 

Available energy (exergy) is the very essence of life.  Food and fuel keep individuals and societies functioning.  

2.1 The Cosmic Energy Connections 

Most of the Earth’s energy resources are of cosmic origin, and of large magnitudes.  It is easier to understand global phenomena when they are brought down to a human scale.  Assuming a human population of 6 billion people, the Earth surface receives from the Sun approximately 25,000 kW per person [1].  Sunlight is hot, low entropy energy of excellent thermodynamic quality.  The Earth keeps a slightly negative energy balance by sending 25,009 kW per person mostly infrared, high entropy radiation into the cold cosmic space.  See Fig.1.  Of the net energy loss rate of 9 kW per person 7 kW per person are of geothermal origin [2], and about 2 kW per person originate in human energy activities such as burning of fossil, and nuclear fuels.  Table 1 shows the global average of the total human energy use.  At the present world population and energy consumption rate, humanity’s total energy use is less than 0.01 % of the radiation energy from the Sun at the Earth’s surface.  





Fig. 1: The cosmic energy flow.  The Earth’s surface, with a human population of 6 billion people, receives approximately 25,000 kW per person low entropy energy flux from the Sun, and loses some 25,009 kW per person through surface reflection, and infrared radiation into space. 7 kW per person of the excess are of geothermal origin, and 2 kW per person comes from nuclear reactors, and fossil fuel burning.  Present human global average total energy consumption rate is estimated at 2.1 kW per person, or 0.01 % of the cosmic energy input.

2.2 Ecological Impact of Energy Use

The ecosystem is under stress from energy driven human activities.  40% of primary biomass production is already under human control [3].  This human interference threatens the self-regulating mechanisms of the biosphere.  As human interference increases, the diversity and resilience of the system is reduced, and there will be an increased risk of a catastrophic collapse of the life-supporting global ecosystem.  

Most of the ecological damage is done through loss of habitat due to growth of human population, and the accompanying energy driven mechanized agriculture, deforestation, industrialization, and urban sprawl.  Human settlements and other constructions destroy the integrity of the natural ecosystem.  Increased per person consumption accelerates the process.


Fig. 2. The Energy Monster, a model of rapidly growing humankind destroying its environment.  The ecosystem is burdened by increased human demand on energy resources from the environment, by inefficient use of energy, and by discharging ecological poisons together with the energy waste into the environment.  Stopping population growth, switching to renewable resources, using energy efficient technology, and reducing waste are all conditions for achieving a sustainable world energy system. 

Through the use of inappropriate, and wasteful technology, humankind puts additional stress on the global and local ecosystems by the excretion of ecological poisons.  The burning of fossil fuels creates greenhouse gases, and the discharge of poisonous wastes irritates the web of life.  The energy intensive use of pesticides, artificial fertilizers, and irrigation degenerates the land and reduces biodiversity.  The complexity, and non-linearity of ecosystems make it difficult to predict when the limit of sustainability is reached.   

One measure for humankind’s environmental impact is the species extinction rate.  The natural rate is some 3 extinct species/year.  The present rate is higher due to the impact of human activities on the environment; it is estimated at 30 000 extinct species/year [4].  A collection of data on species extinction is given in the red list of the International Union for Conservation of Nature [5].

According to Ehrlich and Holdgren [6], the human environmental impact “I” has three factors (assuming for simplicity’s sake a linear dependence of a very complex, non-linear function).  First, human world population “P”; second, the average affluence, which can be represented by the global average energy consumption rate per person “E”; and third, by the technology factor “T”, which represents the ecological impact per unit of energy consumed: 

I = P * E * T
(1)

Using familiar data for population, and for global average total energy consumption of  2.5 kW per person, equation (1) yields: 

3 104 extinct species/year = 

6 109 humans * 2.5 kW/human * T, 

or an energy technology impact factor of:

T = 2 extinct species/GW year 
(2)

Cleaner energy technology will reduce the technology factor substantially, and that in turn will reduce the human impact on ecosystems.  

The damage inflicted on the humans, and the entire biosphere by the present world energy system makes a change necessary.  The cost of not changing will be high.  The consequences of global warming are rising weather related damages, which rose from 10 billion US$/year before 1990, to ninety billion US$/year in 1998 [7].  In the long term the rise of the ocean levels due to global warming will inflict unacceptable damages to infrastructure, coastal areas, cities, and to many low lying countries.  With 1 m sea level rise, according to Nobuo Mimura [8], 90% of Japan’s sandy beaches would disappear.  Many of the ocean islands would become uninhabitable.  In East Asia, at present population density in coastal zones 258 million people would be vulnerable to storm floods.  Even if the Kyoto Protocol on carbon emissions is implemented, sea levels will continue to rise since theoretical models show that climate change processes last for hundreds of years.

The fact that we have an abundance of clean cosmic energy flow at our disposal makes fundamental change feasible.  All technical and political means should be mobilized presently, in order to get a smooth transition to a new energy system worldwide.  Business as usual in the energy field is not an option.  Politicians, who still try to get their economy growing again by drilling for more oil, are flirting with global ecological disaster. 

2.3 Social Implications of Energy Choices, and Energy Implications of Social Choices.

A nation’s energy system is a key to economic and political power.  Centralized generation is easier to control by the state than a distributed generation.  Therefore, politicians seem to have a preference for centralized energy systems.  Canada is an example for that theory:  there seems to be a love affair between the Canadian government and the nuclear industry.   

Energy choices have severe and long-term impact on a society.  Once an inappropriate energy system is established, it is very expensive to change it.  Hence, careful energy planning at the local and global levels will yield long-term benefits.  Any nation that neglects precaution in energy planning will face severe long-term repercussions.

Scarcity of vital resources, be it water, food, or energy causes directly, or indirectly many social conflicts.  Thomas Homer-Dixon’s research [9] has shown this to be true in many countries.  – For example, firewood is scarce in the Sahel region of Africa, and villagers quarrel over firewood.  The economic superpowers depend on oil, and as oil is a limited resource available only in certain geographic locations, wars are fought over it.  John Bacher gives a thorough analysis of this issue in “Petrotyranny” [10].  

The current process of decentralizing power generation will do more than improve the efficiency of the world energy system.  Using distributed renewable energy resources will foster local independence from world markets, and create economic, social, and political  stability. 

Social choices of nations have direct consequences for their energy systems.  Population is a factor in the equation that determines the environmental impact of the energy system, as shown in equation (1).  Humankind needs to recognize that technology and consumption control will not be enough to achieve a sustainable world energy system, and there is a social choice to be made between the quality and the quantity of human life on this planet.

2.4 Individual Energy Needs 

Food energy consumption rate of 200 W/person is determined by the human metabolism.  This is the naturally determined absolute individual minimum energy consumption for survival.

Fuel consumption per person depends on cultural traditions, and types of technology applied.  The global average total energy consumption rate is listed in Table 1 as 2.1 kW per person.  This world average energy use leaves a majority of humans unable to achieve a decent standard of living.  Using efficient, modern energy technology, a fair standard of living should be sustainable for all with a global average total energy consumption converging to a rate of 4kW/person. 

The geographic variations are unfair too.  Bangladesh, for example, survives with 0.6 kW/person, Canada is on the other extreme. Some of the statistical data given by the World Resources Institute [11] are shown in Table 1.  The inequities in available energy cause dissatisfaction, out of which social conflicts will grow. 

Table 1: Average rate of total energy use per person 

	Canada                    13.4   kW/person

	US                           10.3   kW/person

	Europe                      4.6   kW/person 

	Minimum (food)       0.2   kW/person

	World                         2.1   kW/person


3 Desirable Features of Energy Systems

The world energy system, and its local components should have the following features.  To begin with, it must be scientifically, technically, economically, socially, and ecologically feasible.  Beyond that it should have most of the following features:

· Clean, eco friendly

· Safe, people friendly

· Sustainable 

· Reliable 

· Plentiful, 4 kW/person

· Just, equitable

· Economic, affordable

· Controllable
· Resilient, stable
· Efficient, non-polluting

· Quiet, visually pleasing

4 State and Development of the World Energy System 

The structure of energy systems co-evolves with environmental, and social conditions.  It evolves due to: the mix of available resources; the changes in demand structure; emerging disposal issues, and innovations in conversion and utilization technology.

4.1 The Existing Energy System

The present world energy system is largely based on fossil fuels.  The contribution of a variety of primary resources is given in the first column of Table 2, which is based on data from the International Energy Agency [12].  The growth rate of each resource is given in the second column.  This data is from “The State of the World 2000”[13].  At present, 80% of the world energy is derived from fossil fuels.  However, the double-digit growth rate of wind and solar energy indicate that wind and direct solar energy can soon gain a large share of the energy market.

Table 2: The global resource mix, and growth rates.  Fossil fuels at present supply 80% of the world’s energy.  However, the double-digit growth rates of some renewable resources can shift the energy mix quickly.

	Energy Resource
	Share of Global Consumption %
	Global growth rate %

	Wind power                                    
	0.1
	22

	Solar PV                          
	0.1
	16

	Geothermal                     
	0.2
	4

	Hydroelectric                        
	2.3
	2

	Oil                                                 
	35.8
	2

	Natural gas                                    
	20.1
	2

	Nuclear power                                 
	6.6
	1

	Coal                                                
	23.7
	0

	Biomass                                          
	11.1
	?


The environmental and social costs are at present not included in the pricing of fuel or electricity.  These external costs can be substantial.  Their omission results in a false price structure in the energy economy, which amounts to a hidden subsidy of dirty energy industries.  An extensive European study of external costs reveals the magnitude of these hidden costs.  The ten-year research project “EXTERNE” covered all member countries of the European Union, and was coordinated by Rosetti [14].  Table 3 shows some of the results; it lists the highest and the lowest external cost of electricity generation for a variety of resources in cents per kWh.  The external costs vary with the kind of fuel used, and with the location of the power plant between 0 and 0.15 US$/kWh. 

Table 3:  External Cost of Electricity Generation in Europe 

	Resource
	Minimum c/kWh
	Maximum c/kWh

	Coal
	2
	15

	Oil
	3
	11

	Gas
	1
	4

	Nuclear
	0.2
	0.7

	Biomass
	0
	3

	Hydro
	0
	1

	Solar PV
	0.6
	0.6

	Wind
	0
	0.25


The external costs ought to include the social and political costs attached to the energy choice of a nation.  These hidden costs are not reflected in the price we pay.  For example: the Gulf War was an oil related conflict, but the cost of that war was covered by general taxes, and it does not show up in our heating bill.  Similarly, the vulnerability created by nuclear power stations has an impact on the defense budget, and that is not visible in our electricity bill.

4.2 Transition to a Sustainable World Energy System 

Is a sustainable world energy system achievable?  The answer requires an analysis based on equation (1).  The development of the technology factor, the energy consumption per person, and the total world population need to be looked at.

The technology factor can be substantially improved.  Von Weizsäcker and Lovins have claimed this in their book “The Factor Four” [15].  More recently, the European Industry Association has gone beyond this ambitious goal, and has formed the “Factor 10 Institute” [16].  A reduction to 10% of the present energy impact appears utopian, but we assume that energy technology can be improved by a factor of 4.  It has been concluded earlier that a fair lifestyle for all can be achieved with global average energy consumption converging to 4 kW per person; this is an increase by a factor of 2 from the present level of 2 kW per person.  The world population is predicted to increase by a factor of 2 in the next 50 years.  While the assumptions made on population, energy consumption, energy technology improvement are all realistic, the result is that these measures do not lead to any net change of human impact on the environment.  

Fundamental social and political measures seem necessary for achieving a sustainable civilization.  Leading ecologists claim that a human world population of 2 to 3 billion is deemed sustainable with a reasonable lifestyle [17].  It is, therefore difficult to imagine that humanity can achieve a sustainable mode of existence with peaceful means.  Where to go from here?  The seriousness of the human condition must be presented to the politicians, and to the public at large, and engineers and scientists must continue to develop the best possible energy technology.

4.2.1 Shift to new resources

An energy system based on sustainable, renewable energy resources is technically feasible.  The results of the European study of external costs shown in Table 3, indicate that both, the renewable and nuclear based energy systems create less external costs.  

4.2.2 Improved efficiency of generation and utilization

Efficiency gain from distributed co-generation of electricity.  The visible global trend to distributed generation is driven by the availability of the efficient small gas turbines.  The distributed generation allows for cogeneration and that will double the efficiency of fuel use.  This decentralized generation will require new skills in power conditioning for feeding back into the electric distribution network.  Both are steps in the right direction for the future world energy system based on distributed renewable resources.  A description of this new trend can be found in a booklet entitled “Micro Power” by  Dunn [18].

Energy efficiency can be achieved through new designs in housing, urban and land use planning.  With proper design, there is no need for using fuel to heat or cool buildings.  Zero energy houses are scientifically and technically feasible.  Examples of zero energy houses exist.  A practical demonstration is the Toronto Healthy House [19].  Steven Strong is an Architect who specializes in solar electric architecture [20].  Land use, and urban planning can improve the efficiency of transportation and residential energy use. 

Efficient transportation systems.  Automobiles are here to stay.  However, it is technically feasible for cars to be much more fuel efficient, or operate on clean hydrogen derived from renewable resources.  The railways are the future for transportation of goods and people across land.  The world should follow the example of Japan and Europe, using energy efficient high-speed rail systems.  Railways, must be separated from the ecosystem by fences, tunnels and bridges.  This will cause minimal interruption to animal and human traffic in the landscape.  Airplanes are dynamic carriers, and generally less energy efficient than rail, road or sea transport [21].  The revival of a static air carrier, a Zeppelin style airship is being reconsidered in Germany.

Improving the specific energy use in industry.  The energy intensity of production varies substantially for different economies.  In Russia and affiliated economies in Eastern Europe the energy consumed per product value is 50 MJ/US$; in developing nations it is about 20 MJ/US$, and in the industrialized countries it is 10 MJ/US$ [22].  There is room for  regional improvements of energy intensity according to this data.  In general, the efficiency of an energy system must be improved substantially by “cradle to grave design”.  The designer has to think of the final disposal of a product at the very beginning of the product development

New Technologies.  Emerging new technologies impact on the energy efficiency of a society.  An example is the current development of solid-state light sources.  According to Bergh et.al. [23], it is expected that solid-state devices will provide inexpensive, energy efficient, environmentally friendly illumination that changes the way we think about using artificial light.  Such benign new technologies should be globalized, as soon as it becomes practical. 

4.3 The Structure of a Stable and Sustainable World Energy System

What should a rationally, and purposefully developed world energy system look like?  Its design must be based on ecological necessities, on social justice, fairness, and equity.  For an energy system to have all the desirable features enumerated in Section 3, it must contain technical diversity, which makes it more flexible and resilient, just as biodiversity stabilizes the ecosystem.  A mix of a variety of energy resources will likely fuel the sustainable world energy system.  It will have as many global features as necessary, and it will have as much local independence as possible.  

A global electricity grid, was proposed by Buckminster Fuller, and is being promoted by Peter Meisen [24].  A worldwide electricity grid is technically feasible as a global DC network interconnecting regional AC networks.  Combined with distributed generation, large area electricity grids will save on energy storage requirements, and on installed capacity, by transferring power between time zones, where local peak power demand occurs at different global times.  This would make a global  “Powernet”, a multiply connected network of networks like the Internet.  Multiple connections to each node of the network are essential for reliability.  The usefulness of this feature became evident during the January 1998 ice storm in Montreal.  The city receives its power from 4 major transmission lines. The ice storm broke down three of the transmission lines, but the 4th one prevented a total blackout and chaos in the city [25].

A global authority, like the United Nations must establish ground rules for   energy traffic.  Beyond the basic rules, it must allow and promote local self-regulation.  Following the “subsidiary principle”, the global authority must delegate locally manageable tasks to national governments.  A global energy system of such organization is analogous to the traffic system.  In traffic, some common rules are necessary.  For example, the rule that all must travel on the designated side of the road prevents chaos.  This global regulation results in some commonality, but allows for maximum freedom of motion within the basic rules.  For all big systems, it is good to have unity and cooperation in global concerns, and competition in locally relevant matters.  It is good for the functioning of big, complex systems to have an optimal mix of chaos and global coherence: Hock [26] called this mode of existence “chaorder’.  It is a stable, and self regulating mode for complex systems. 

5 ANALYSIS OF FEASIBILITY 

Feasibility of an energy system is a multidimensional concept.  The first condition sine qua non is the scientific and technical feasibility.  Secondly, it must be people friendly, since energy systems that are a danger to health are not feasible.  Furthermore, the feasibility has an economic, social, and an ecological component. 

5.1 Renewable Resources

Planet Earth is blessed with an abundant flow of cosmic energy.  These fortunate circumstances allow all life to flourish on Earth, and humans to live in a sustainable technological civilization.  

5.1.1 Solar 

Solar power is the ultimate energy resource for humankind.  It is globally available and abundant, as shown in Figure 1.  Assuming, a global average total energy use of some 4 kW/person, which can provide a comfortable lifestyle for all, we have to harvest only 0.02 % of the available solar energy.  Scientifically speaking, humankind has sufficient solar energy for any imaginable scenario in any distant future.  Thermodynamically, solar energy is of a high quality, and better than fossil fuels.

Technical harvesting of heat and electricity from sunlight can realistically be done at 30 % average efficiency or better when using cogeneration.  Heat collection can be achieved with efficiencies of more than 50%, depending on the technology used and the temperature desired.  Electricity can be produced with an efficiency of around 20 percent.  Using solar cogeneration, a total efficiency of 50% is technically achievable.

The yearly global average insolation on a horizontal surface is 240 W/m2 [27].  At 30% efficiency, we can technically harvest an average of 80 W/m2.  At the present global average consumption rate of 2.4 kW per person we require 40 m2 of collector area per person.  Some of that area is available on roofs and walls, and the remaining collector area can be set up for hydrogen production, or for grid connection on remote, infertile land, or on water.  A sustainable solar world energy system is, therefore, a technically feasible solution to climate change, and other ecological problems caused by the extensive use of fossil fuels. 

The economic feasibility of solar energy has been established for some niche markets in remote  locations, or special applications.  The city of Toronto, for example is using solar energy to operate its parking meters even directly underneath the city’s electricity lines.

5.1.2 Wind

In windy locations, wind power is cheaper than electricity derived from coal.  For many nations, wind power potential is sufficient to supply all the nations electricity needs.  In the United States, the potential for wind electricity in a dozen of the windiest states is sufficient to supply several times the electricity for all of the United States.  Globally, wind potential could provide 15 times the world’s total energy needs, i.e. 30 kW per person [28]. 

5.1.3 Biomass 

The large-scale use of biomass energy is not an option for a sustainable world energy system.  Energy farming would be in direct competition with food production in land and water use.  

Using data on primary productivity and land use from  Lieth [29], we can draw several conclusions.  The biomass energy productivity of cultivated land is 0.36 W/m2, and for forests it varies between 0.36 W/m2, and 1.1 W/m2 for tropical rainforests.  Assuming that 33% of biomass from cultivation is edible, the food productivity is 0.12 W/m2.  If we need 200 W to feed a person, then the land required for food production is 1700 m2 per person.  Assuming an average forest productivity of 0.7 Watt per m2, we would require 5700 m2 per person for a decent energy supply of 4 kW per person from bio fuel.  Clearly, energy farming is not a solution for global primary energy needs. 

5.1.4 Hydropower

Hydropower is renewable, but it is not an environmentally benign, power source.  Large hydro dams displace human settlements.  They severely interrupt watershed ecosystems, and rotting biomass falling into the water produces methane, a greenhouse gas.  According to new studies, the amount of greenhouse gases generated by hydropower can be greater than the amount of greenhouse gases produced by a fossil fuel power of the same strength.

5.2 Fossil Fuels

Fossil fuels are the main movers of the industrial society.  In the long term, however, the fossil fuel based world energy system is not sustainable for a variety of reasons. 

Resource problems.  The fossil fuel resources are limited, and unevenly distributed on the globe.  There is no free access to the resources, and that causes conflicts between nations, and questions the political feasibility of that resource.  Access to fossil fuels has been a determining factor in world politics for many decades, and has been at the root of many wars as illustrated by Bacher [10].  

Sink problems, global warming.   “The stone age did not end because the world ran out of stones, and the oil age will end long before the world runs out of oil.”  Qoted in The Economist [30].  The climate change issue is getting much attention at present due to the increase in damage from floods, storms, drought, and bush fires according to the Worldwatch Institute [7].  The political wrestling about the Kyoto Protocol shows that the carbon dioxide emissions have become a major issue of economic and social justice.  The contraction and conversion principles are formidable challenges of geopolitics. 

Carbon sequestration and emissions control may offer technical solutions to avoid ecological disaster of global warming caused by fossil fuel use.  The technical and economic feasibility of carbon sequestration is the topic of the C & E 2002 conference.  

The emission of carbon dioxide is not a problem by itself.  On the contrary, increased carbon dioxide content makes plants grow faster, and that could be a welcome change for food producers.  However, the resulting global warming is destructive to the biosphere.  Global warming could be counteracted by other means than CO2 fixation.  Surface reflection is an alternative solution to global warming.

Increasing the albedo of the Earth through white surfaces or mirrors can prevent global warming.  The size of the mirrors required to balance the Earth’s  energy account by reflection rather than by increased thermal radiation can be determined from radiation laws.  

Considering the Earth as a grey body radiating at a temperature T of close to 300 K, it is easy to develop an approximate formula from the Stefan-Boltzmann law of radiation for the change in power (DP) of infrared surface radiation for small temperature changes (DT).  It is: 

DP/P ≈ 4 DT/T. 
(3)

Each degree of global warming will increase the infrared surface radiation by 1.3 %.  If this amount of power is removed from the Earth by surface reflection of sunlight, then global warming would not occur, in spite of the increased CO2 concentration in the atmosphere.  1.3 % of the global total solar power throughput of P = 25,000 kW per person is 325 kW per person; that amount of solar light per person must be reflected to prevent the globe from warming by one degree.  At a global average insolation of 0.24 kW per m2, this requires a mirror surface of approximately 1350 m2 per person.  While not impossible, this is not likely to be a practical solution to global warming. 

Another remedy to global warming that does not limit the CO2 emissions is the formation of a cloud of dust in the space around the Earth that would disperse some of the sunlight before it hits the Earth.  The height of the cloud above the Earth will determine the lifetime of the solar shield.  Non-toxic materials could be used for creating the dust cloud in space.  However, it is not advisable to experiment with the global climate in such manners.  The complexity of the atmospheric dynamics will make it hard to predict the unintended consequences of such an action.  For example: what would the sinking space dust do to the ozone layer? 

5.3 Nuclear Energy

Nuclear Fission Power. While scientifically and technically feasible, nuclear fission power has not shown economic feasibility.  The large magnitude of damages in case of accidents, and the need for controlling radioactive waste disposal sites for hundreds of thousands of years is an unprecedented technical challenge. 

Major objections against nuclear fission can be raised in the social and political domain.  Nuclear fission reactors are vulnerable spots inside a nation.  Using suitcase nuclear weapons, terrorists or other rogue entities can paralyze nations and entire continents by using nuclear fission reactors, or temporary spent fuel depots as radiation weapons, and as weapons amplifiers.  Nations with decentralized, resilient energy systems are safer than those that rely on nuclear fission power.  Some developed countries have realized this danger, and are acting accordingly.  Sweden, Austria, and Germany have decided to discontinue the use of nuclear fission power, because it is a socially dangerous energy option.  

The events of September 11, 2001 in New York and Washington, USA clearly demonstrate that “high tech” societies are vulnerable and cannot be defended by military strength.  After the terrorist attacks on September 11, security at nuclear installations was increased around the globe.  France installed anti-aircraft missiles at its reactors.  In the USA, no fly zones have been introduced around nuclear installations.  Germany was considering an immediate shutdown of all her nuclear power stations.

In addition to the vulnerability that nuclear reactors create in a nation, the spread of nuclear technology for peaceful purposes is strongly correlated with the proliferation of nuclear weapons.  This does not make our planet safer.  The Canadian CANDU reactor sold to India was to be used strictly for peaceful nuclear power generation.  However, it has no doubt contributed to the nuclear weapons capability of India. 

Nuclear Fusion Power:  Controlled nuclear fusion has barely passed the stage of scientific feasibility, and it is still far away from technical feasibility.  Therefore, it is not ready to make a serious contribution to the plans for a sustainable world energy system.  However, there are efforts under way to form an International Fusion Research Facility [31]

6 Energy Policy Recommendations 

Free markets are self-regulated by the market forces.  Energy markets are no exception.  However, the global ecosystem is outside the market, and its destruction is not noticed on the energy bill.  Voluntary measures by business and industry have failed in past, and they will fail in the future.  The problem is systemic.  A corporation is not motivated to act, when the pain it causes is outside, in the common environment.  The external costs must be imposed on the industry by external pressure.  Government regulations, and taxes on environmentally damaging fuels are needed.  Completely free markets are unstable, and neither socially nor ecologically feasible.  It is the duty of governments to protect society and the ecosystem from foreseeable, negative effects.  All energy policy at the global level, and at the local level must aim at the development of a sustainable world energy system.  

Research into sustainable energy systems must be subsidized, and research in environmentally destructive, or unsafe energy systems should be discouraged by regulation or by taxes.  It has been shown in the United States, that investments in renewable energy research, yielded good returns, while investments into fossil fuel energy research were poor investments with little returns according to Physics Today [32 ]. 

An educated public is needed for understanding the complex issues of sustainable energy systems.  The public’s preparedness for change is vital to the implementation of a sound energy policy.  A good education policy must be based on the right choice of curriculum content.  A global energy education policy must cover the main sustainability factors: population, consumerism, and appropriate use of energy technology.  These must be present in the core curriculum at all levels of education.  

The media has a role to play in developing the social dimension of a sustainable world energy system.  The media must be engaged in moving public attitude away from the growth philosophy, and towards an attitude of personal responsibility in consumption and procreation.  This is not likely to happen by itself in a free supply and demand regulated media market.  The free media market will exploit raw human instincts for profit.  The long-term societal damage from misguided public attitudes does not appear in the media company balance sheet.  Responsible government regulation and taxation measures must prevent the public from being misguided by the media into self-destructive consumerism and a false belief in limitless growth.  All media content that encourages consumerism must be taxed, and content that promotes sustainable lifestyles should be tax exempt.

7 Conclusions

Fundamental changes to the world energy system are necessary, and also possible.  Technological as well as social changes are needed due to ecological imperatives such as climate change, sea level rise, and loss of biodiversity.  Fundamental changes of the world energy system are possible due to the abundance of the solar energy flow to the Earth, and due to the technical feasibility of a renewable energy based civilization. 

The present fossil fuel based system is unsustainable for several reasons: resources limitations, inefficiency of resource utilization, and negative impact on the biosphere.  Any further use of fossil fuels must be combined with CO2 fixation, and with removal of ecological toxins from the discharge.  

Energy efficiency of industry, of transportation, of electric power generation and of the residential sector must be at least doubled.  High efficiency, small scale, decentralized fossil fuel technology is preparing the infrastructure for the transition to a sustainable world energy system based on renewable resources. 

Solar, and wind energy technologies are ready to begin the commercial implementation of the long-term sustainable solution of humanity’s energy problems.  It is recommended that solar energy and wind technology be vigorously globalized. 

Nuclear energy is not recommended as a base for a sustainable world energy system.  Nuclear power has unsolved problems with economics, radioactive waste disposal, vulnerability to malevolent forces, and nuclear weapons proliferation. 

Biomass waste may play only a minor role in a sustainable world energy system.  Biomass is not a suited as the main fuel.  Energy farms must not be promoted, as they are in direct conflict with food production, which is the real bottleneck of sustainability of the human civilization. 
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