PREFACE

This textbook describes the history of origin and development of electricity science and its use to meet the public needs. It is about the formation of an independent branch of science and technology – electrical engineering – and electrical power engineering (EPE) originated in its interior and finally, about pulsed power engineering and high-voltage pulsed technologies synthesized from high-voltage engineering, high-energy physics, and classical technologies. 

A great deal of attention is given to main problems of power engineering including the exhaustion of non-renewable power-generating resources( PGR), the problem of mastering renewable PGR, and the effect of EPE on the biosphere, social and political situation in different countries, and international affairs. Methods of solving these problems based on mastering new production and consumption technologies, increasing the efficiency of utilization of power resources, and improving the life organization are analyzed.

The fuel and power complex (FPC) with its main component – EPE – is the largest branch of economy in many countries. For example, in 2003 the FPC ensured about 33% of the gross domestic product, more than 40% of the revenue item of the budget, and about 65-68% of the currency income of Russia. 

In the present XXI century, the most important problem for humanity is the development of power engineering as a branch of science and economy.
The International Global Energy Prize (~1 mln US $) was established in Russia in 2003 on the initiative of Zhores Alferov, a Nobel Prize winner. It is awarded for outstanding basic and applied research in the field of power engineering. 

This textbook was stimulated by the special place occupied by power engineering in the life of our society and each human. I hope that it will help students, masters, young scientist, and teachers with the least losses of time and minimum efforts to solve the following problems:

–to acquire knowledge of global influence of power engineering on the Earth and human civilization,

–to gain an impression on the state of the art and trends in the development of power engineering in general and of its main component – EPE – in particular, and new scientific and technological branch-pulsed power;

–to accumulate knowledge of the main problems in EPE and pulsed power and methods of their solution.

Helpful historical information on the formation and development of the electricity doctrine and its practical implementation makes it possible for students and young scientists to acquaint with the skills of perception of special disciplines in their historical and genetic connections with fundamental and applied sciences. 

A considerable part of the material was borrowed from the following books: V. A. Venikov and E. V. Putyatin, Introduction to the Profession. Textbook for High Schools, Vysshaya Shkola, Moscow (1978); I. A. Glebov, ed., History of Electrical Engineering, Publishing House of Moscow Power Institute, Moscow (1999); M. V. Samoilov, V. V. Panevchik, and A. N. Kovalev, Principles of Energy Saving, Publishing House of Belorussian State Power University, Minsk (2002); V. V. Litvak, Principles of Regional Energy Saving (Scientific, Technological, and Industrial Aspects), Closed Joint-Stock Company Publishing House of Scientific and Technology Literature, Tomsk ( 2002). Other sources of information are included into References.

The author would like to acknowledge E. V. Bogdanova and A. Yu. Khudonogova for help with the design of the manuscript and L. G. Shamanaeva for the translation of this textbook into English.

CHAPTER 1. INTRODUCTION. POWER ENGINEERING as a BASIS for progress And a THREAT to the BIOSPHERE

1.1. Main concepts and definitions
Before we consider the history and current problems of EPE itself and problems of all human community associated with power engineering, we recall the main concepts and definitions relating to this problem.

Energy (action or activity in the Greek language) is a common quantitative measure of various forms of motion of matter.

The main properties of energy are:

– ability to manifest only when states or positions of various objects in the surrounding world change,

– each form of energy can be transformed into another form,

– capability of quantitative assessment,

– capacity to do work useful for a human.

Depending on the nature, there are eight forms of energy: mechanical, thermal, electrical, chemical, magnetic, electromagnetic, nuclear, and gravitational.

Energy extracted directly from the nature (including the energy of fuel, water, and wind and the Earth’s thermal and nuclear energies) is called primary energy. Energy produced by a human by primary energy conversion in special plants – stations – is called secondary energy (electrical, vapor, and hot-water energies).

Thermal, chemical, and nuclear energies in the literature are sometimes called internal energy, that is, energy stored inside a substance.

The modern science admits the existence of other types of energy that have not yet been discovered.

PGR are material objects containing energy suitable for its utilization by a human at present or in the nearest future.

Depending on sources, PGR are subdivided into primary (natural) and secondary (subsidiary) ones.

In turn, primary PGR are subdivided into fuel and non-fuel according to methods of their utilization. According to methods of their conservation, they are renewable and non-renewable resources; according to their dynamics, they are resources participating in the permanent energy cycle (solar and space energy, and so on), deposited resources (coal, oil, gas, and so on), and artificially activated resources (nuclear and thermonuclear energy); according to the effect on the Earth and near-Earth space, they add or do not add energy to the natural planetary energy influx; finally, according to the economic efficiency, they are gross (theoretical) resources encompassing the whole energy of the given energy resource, technical resources encompassing the energy that can be extracted from the given resource at the existing technical level, and economic resources encompassing the energy whose production from the given resource type is economically profitable for the existing costs of equipment, materials, and labor. The relative contribution of the last two resources increases in the process of refinement of power equipment and mastering new technologies.

Secondary PGR are power by-products unused in the given production process or facility. The secondary PGR characterize the energy potential of products, waists, by-products, and intermediate products of technological aggregates (systems) that cannot be utilized in this aggregate but can be used partially or completely to supply power to other customers.

Chemically bound heat of products of fuel-refining (oil-refining, gas-generator, coking, coal-enrichment, and so on) systems does not belong to the SPR. Thermal energy of wastes used for heating flows entering the aggregate – the secondary PGR source (for regeneration or recuperation) – belongs to them.

The amount of heat, cold, or electrical energy produced from the secondary PGR  in a utilization system is called a yield. The yield can be possible, economically expedient, planned, and actual. The difference is understandable from the definitions.

By nature, the secondary PGR are subdivided into thermal and combustible SRS and an excessive pressure.

The thermal secondary PGR incorporate physical heat of outgoing gases, main products and by-products, ash and slag, and hot water and vapor used in technological systems and working bodies of cooling systems of these technological systems.

When secondary thermal power resources in the form of heat of outgoing gases of technological aggregates and heat of main products and by-products are properly utilized, much fuel is saved. Calculations demonstrated that the cost of heat energy produced in utilization systems is lower than expenses on generation of the same amount of heat energy in main power stations.

The combustible secondary PGR incorporate combustible gases and by-products that can be used as fuel in other systems and cannot be used in the given technological process, for example, by-products of timber industry (chips, sawdust, shavings, and cuttings), combustible parts of buildings and structures destroyed because of unfitness for further exploitation, leach used in pulp and paper production, and other solid or liquid fuel by-products.

The secondary PGR of excessive pressure incorporate potential energy of gases, water, and vapor outgoing from a system and having an excessive pressure that still can be utilized before emission into the atmosphere or discharge into water reservoirs, tanks, or other containers.

The excessive kinetic energy also refers to secondary power resources of excessive pressure.

Power engineering or a power system is a set of large natural or artificial systems intended for generation, transformation, distribution, and utilization of PGR of all types by a human. It is a subsystem of the global system of functioning of the human society incorporating various branches of economy and the environment.

The power system incorporates:


– EPE and an electrical power system,


– oil and gas supply,


– coal industry,


– nuclear power engineering,


– unconventional power engineering.

The electrical power system is a set of power stations, step-up and step-down transformer substations, and transmission lines that deliver electrical energy to customers.

Figure 1.1 illustrates this set of systems together with their direct and reverse links (shown by dashed straight lines). This figure and the above definition emphasize the system approach to power engineering in the context of which it is considered as a large system incorporating parts of large systems as subsystems. The notion of power engineering science, its subject, and methods of studying follow from the notion of power engineering.
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Fig. 1.1. Power engineering and related subsystems.

Power engineering science is a system of knowledge of properties and interactions of energy fluxes and their influence on the environment. Such a definition of the power engineering science corresponds to the general concept of science as a form of public consciousness representing a system of ordered knowledge. 

The subject of the power engineering science encompasses mechanisms governing processes and phenomena connected directly or indirectly with obtaining power resources and constructing systems that generate, transform, and consume energy of different types.

Power engineering science develops in the three main directions [1]: 

1) Investigation of trends in the development and optimal proportions between power engineering and electrification as well as of the nature and properties of large developing systems in power engineering. This direction is aimed at refining methods of prediction, planning, and maintaining power systems and is intimately related with social processes and economy of countries. 

2) Improvement of methods of generation, transformation, transmission, distribution, and utilization of PGR and of energy of different types; reduction of their adverse ecological consequences on the nature and living organisms, that is, on the biosphere. 

3) Creation of new methods and means of power generation and transformation of energy of different types into the electrical energy; development of new methods of electrical energy transmission and utilization. Here power engineering is joint with physics. 

The development and functioning of power engineering depends on social and demographic factors (political and economic states of the given country, labor resources in it, population accommodation, location of power sources, and so on). The energy yield is connected with its consumption in industry, agriculture, everyday life, and transport. 

Since powers of artificial power systems and natural geophysical processes that influence our planet become comparable, power engineering will play more and more important role in the future of humanity. This is not only demographic but also social and political factor that influences international affairs. Worldwide flows of various power resources, whose general qualitative character is shown in Fig. 1.2, are essential factors of international cooperation, conflicts, and agreements between governments. A statement that modern international conflicts smell not only of blood but also of oil has to be regarded as true.
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Fig. 1.2. Approximate scheme of worldwide flows of main power resources according to Ref. [1].

Specific features of power engineering, especially important at the present stage of technical progress, cause one to develop a new approach to a solution of engineering problems that considers various aspects of human activity and to work out new engineering psychology.

1.2. Power engineering and the development of civilization
A necessary condition for scientific and technical and social progress of human civilization is an increase in the electrical energy consumption, mastering of new methods of energy production, and increased efficiency of energy consumption.

Historically, the process of energy consumption on our planet was very nonuniform. Figure 1.3 illustrates this process. The solid curve in Fig. 1.3 shows that the energy consumption has been increasing since the 20th century. Humanity has spent approximately 900–950 thousand TWh of energy of all types during its lifetime. Moreover, about 2/3 of this amount has been spent in the last 30 years. The nonuniformity of energy consumption is also typical over this period. 
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Fig. 1.3. Increase in the energy consumption and the development of culture [1]. The solid curve shows the total consumption of energy of all types for the preceding period (in thousand TWh); 1:1 and 1:40 ratios indicate the nonuniformity of energy consumption per capita in different historical epochs; and the dashed curve shows the amount of information, in bytes, accumulated by humanity (1014 is its estimate for 1974/75).

Thus, each human in the prehistoric epoch used his/her muscular force and the energy of fire and spent nearly the same amount of energy. Hence, the energy distribution can be considered approximately uniform (1:1). At present, the nonuniformity of energy consumption per capita is huge. In different countries, it is expressed by the 1:40 ratio. The nonuniformity of electrical energy consumption is even higher. Thus, about 14,000 kWh of electrical energy is spent per capita in Norway, whereas in India only 100 kWh is spent per capita. 

This increase in the energy consumption is closely related with the development of civilization and extension and deepening of our knowledge of the surrounding world. 

The volume of knowledge increases as people develop art and science and open new properties of matter. Accumulated knowledge reflects the level of the development of civilization and can be evaluated approximately by the amount of information accumulated. It is of interest to note that temporal variations of energy consumption and of the accumulated volume of information (dashed curve in Fig. 1.3) are correlated. It is well to bear in mind that the total volume of information, certainly, does not reflect a degree of its importance if we consider its huge qualitative diversity. This parameter can be used only for rough estimation and elucidation of general trends in the development of our society. 

The influence of power engineering on culture and spiritual evolution of humans was figuratively characterized by K. G. Paustovskii, a Russian writer, who wrote that an extra ton of coal was an additional book of good verses, heat, and light; this was a vital force pressed in a black glittering rock, force and wealth of thoughts and sensations of our epoch. Indeed, energy provides the basis for people to develop a new technique and to be engaged in science, art, and literature – all this is called culture. 

Power engineering and progress in electrical equipment systems are of great importance, because they increase the labor efficiency and hence the gross output. 
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Fig. 1.4. Correlation between the energy consumption and the gross income [1].

Figure 1.4 shows the dependence of the gross national population income NI on the energy consumption EC. The income expressed in dollars USA and energy in Btu  were recalculated per capita(Btu is the British unit of heat equal to 0.293 Wh or 1.055 kJ).

The period of scientific and technical revolution and formation of postindustrial society in the most developed countries differs qualitatively from the preceding stages of development. This difference is primarily a huge revolutionary advance of productive forces and creation of technically perfect and highly efficient automated means of production on a large scale. 

A scientific and technical revolution is a complicated process with diversified social consequences. Progress in science and technology is determined by the unity of evolutionary and revolutionary changes. Moreover, with the corresponding premises, the effect of internal mechanisms in the development of science and technology and of public needs can transform the evolutionary changes into revolutionary ones. Any technical revolution is characterized by radical changes in production means or production process itself. It involves even branches of industry, and as a result, a qualitatively new material and technical base are created. 

Considering the current scientific and technical revolution and processes in the postindustrial society, we must take into account the history of technical development, basic technical achievements, and scientific discoveries over the past few years. This allows proper directions of scientific and technical progress to be chosen that will not only ensure fast progress but also will completely meet the requirements of the present and future generations. 

Advances in automation and electrification of the production process and means of transport are also important for present and future revolutionary changes in power engineering and power engineering science which in turn affect strongly the course of scientific and technical revolution. 

Human consciousness and mind evolve in the process of modernization of production means and forces as people learn to change the nature. Attempting to penetrate the mysteries of nature, a human was making efforts to use capabilities of nature to meet its own needs. Such natural phenomena as a lightning, solar heat, rise and fall of tides, and many others that were perceived as mysterious forces by ancient people became more understandable in the course of time. The worship of these and elemental forces makes people to idolize them. It was no mere chance that the Sun was a supreme god for many ancient people. This naïve idea of the Sun evaluates correctly its significance as a source of almost all energy used by humans and as a source of life. Solar heat was the first energy source used by a human. A legend about Prometheus reported the greatest event in the human life, namely, that people had been learned to make and to support fire and hence to utilize chemical energy accumulated in an inorganic fuel. This form of energy is widely used at present. 

Mastering of natural PGR has stimulated the creation of machines capable of execution of complex operations, and a considerable portion of physical and a certain portion of intellectual work was thrown on to these machines. Their modernization gave people free time for the most creative work and better understanding of laws of nature to use them for the benefit of humanity. In turn, this promoted the creation of even better instruments of production. 

The demands for energy permanently increased sending people in a search for new energy resources and new methods of energy transformation from one type into another. At present the use of solar energy, chemical energy of organic fuel, mechanical energy of water in rivers, seas, and oceans, wind energy, and intranuclear energy liberated in the process of fission of heavy nuclei becomes already conventional. The use of thermonuclear energy of synthesis of light elements is very promising; this will solve the problem of energy supply arising in connection with exhaustion of organic fuel reserves, in foreseeable future. 

Returning to the development of power engineering, it should be noted that explosive progress in technique and its modern level would be impossible without qualitatively new energy types, first of all, electrical energy. Electrical energy provides the basis for modern civilization. Without electrical energy, the normal life of modern society is impossible. Exactly electrical energy was a driving force that led to large-scale machine manufacture and ensured unprecedented progress in the development of productive forces. The electrical energy can easily be transmitted at long distances and transformed into other energy types. 

The importance of the electrical and power energy is illustrated on the example, although sad, from the life of the modern society, namely, if we consider the well-known emergency in the USA in 1965, when vast regions of the country, including New York, were without electricity. The lack of electricity paralyzed life in cities; electrical means of transport and elevators suddenly stopped, air-conditioning devices and ventilators were unable to work, light was turned off, etc. This emergency caused steep intellectual shocks and had serious material consequences. 

Inhabitants of the Russian Far East suffered heavy material and intellectual losses caused by irregular heat and energy supply in severe winter of 2000–2001. Unfortunately, many other examples can be given. 

Recently, the relationship of power engineering with the biosphere, that is, the space in which all living beings exist, becomes more clearly pronounced. This happens on our planet because the power and energy that a human has learned to produce artificially become comparable to natural ones.

1.3. Technical progress and the biosphere
1.3.1. Relationship between powers of natural and technogenic processes
The world in its evolution has reached the stage that calls for the development of new global approaches to a solution of the most complicated current problems. Among these problems are “hunger for energy” and “ecological infarct.”

Under these conditions, of primary importance is prediction of the future of global power engineering to understand contradictions it will face and measures that will have to be undertaken to make them less acute as well as limits in which this will be achieved and at which cost.

Human activities noticeably affect the biosphere. Actually, the power of only stationary power stations all over the world is 1.9 TW, and the power of all systems producing energy is no less than 10 TW, which is approximately equal to powers of such natural phenomena as moisture vaporization from the Earth’s surface (0.5 TW), sea and ocean tides (2–3 TW), thermal gradients in oceans and dry land (2–2.5 TW), and even of such colossal forces of nature as earthquakes (1.5–100 TW). The energy of anthropogenic origin influences natural processes proceeding on our planet. The energy of all fuels extracted from the planet per year is (60 thousand TWh. It makes less than 0.015% of the solar energy dispatching on the Earth’s surface, but even for such value of energy produced, its thermal effect on the heat balance of our planet is noticeable. This energy influences the climate, especially in most “energetically stressed” territories.

Figure 1.5 shows the relationship between powers of anthropogenic systems of energy conversion and powers of natural origin expressed in watts.
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Fig. 1.5. Powers and energy of some geophysical processes and anthropogenic power systems.

Practical and economic human activities were historically developed so that, as a rule, their ecological consequences on the environment were disregarded. This was allowable until their scales and power resources brought into action were insignificant compared to powers of environmental phenomena. In some cases, unfavorable changes were observed in local regions. Thus, for example, when forests had been cut and soil had become infertile because of irrational agricultural management, the human activity could be organized in another place.

Nowadays people feel the consequences of sometimes extremely unfavorable effects on the environment already in their everyday life. Intense pollution of the atmosphere by harmful substances changes its gas composition, forest areas fast decrease, the ecological balance between the atmosphere and the global ocean is disturbed due to contamination of ocean water by oil and other technogenic products, and the so-called thermal pollution of water and air heated by various industrial wastes is observed. Discovery of processes in atmosphere, which was made by means of satellite in 2004 year, shown that water vapour which  is prodused in increasing quantity due to increase of temperature destroys ozone layers. As it is well known, ozone layers protect people and animals from ultraviolet radiation.

At present, these problems have grown up to scale that rises a question whether the scientific and technical progress threatens to destroy the civilization because of its harmful effect.

1.3.2. Development of power engineering in its connection with the environment

 
The so-called Kyöto (a Japanese city) Protocol signed by the majority of industrially developed countries in 1997 testifies that this problem has become of public concern. According to this Protocol, countries have committed themselves to control polluting emissions into the atmosphere.

Periodic meetings of state leaders in which problems of sustainable development of the human civilization primarily in connection with ecological problems are discussed become a tradition.

Obviously, planning and designing power systems as well as their subsequent development and maintenance must consider all their effects on the environment. In this connection, experts in power engineering must have extensive knowledge of the nature and natural phenomena. 

A power system in which electrical and thermal energies are produced is directly connected with a system providing primary power resources (Fig. 1.6). Building of a power system and conditions of its operation in many respects are determined by natural factors, for example, by the availability of water reservoirs and geographical location of power resources and customers. A state of the biosphere and a degree of its pollution connected with the operation of power systems impose definite limitations on their characteristics and working conditions. Direct relationships and feedbacks between the biosphere and a power system are traced here. 
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Fig. 1.6. Different factors influencing the operation of a power system.

Efficient management of a power system must consider its influence on the biosphere, social functions of a system of fuel supply, demands for energy of industry and transport, and other factors. Not only energy production in the power system but also its consumption by various branches of economy must be managed.

Modern power systems, as indicated above, are closely related with many-sided human activity. They influence directly a great diversity of branches of economy (industry, transport, and agriculture), economics, social conditions, state of the biosphere, etc. There are also feedbacks of various factors of human activity with the state and development of power engineering. Exactly for this reason, power systems should be considered as subsystems of an integral global system of functioning of the human society. 

Interactions of power systems with the related economic system and the biosphere must be considered in the process of managing the power system, predicting and designing its future development, and carrying out scientific research. The development of power engineering influences directly the general state of technology. In turn, achievements in different branches of technology are reflected in the state of power engineering. Power engineering, the biosphere, and social and economic human activities are interrelated.

One more important difference between the two above-discussed types of power sources – renewable and non-renewable – is their effects on the biosphere. Power engineering based on non-renewable sources results in additional heating of the habitat, that is, the energy of these sources is added to the energy of heating of our planet by the Sun.

Renewable power sources do not heat our planet; therefore, this type of energy is called non-adding. Indeed, in this case, using, for example, solar rays in power systems located on the Earth, we eliminate their energy from the heating cycle of the planet. After usage, we return this energy to the planet as the same amount of heat. The same is true for the wind or oceanic energy, namely, as much energy is returned to the habitat in the form of heat as there is taken from the power background. The non-adding energy can be called waste-free, whereas the adding energy should be considered as the energy polluting the habitat.

Calculations demonstrate that the production of only 1% of the adding energy (for example, chemical, nuclear, or thermonuclear energy) of the total solar energy will cause the average temperature of the biosphere to increase by (1(.

It is generally recognized that such an increase in the average temperature of the biosphere will cause disastrous global consequences not only on the Earth’s geography and climate but also on animal and vegetable kingdoms. Global warming will unpredictably change the rate and character of all processes proceeding on the Earth and will considerably change the atmospheric circulation and soil moistening. As a result, zones optimal for agriculture and other types of economic activities will be strongly displaced. These changes would affect vital interests of billions of people, would cause the massive migration of population (including crossing of national boundaries), the resettlement of people to zones without developed infrastructure and, as a result, disastrous social consequences. It is especially unpleasant that all these changes will occur very fast on the historical time scale, and it will be very difficult to adapt to them.

Over the past few years, the problem of global greenhouse effect has attracted a close attention of the scientists. Unfortunately, it turns out that it is very difficult to predict the future correctly because of a high degree of uncertainty of this problem due to our poor knowledge of many processes proceeding in the atmosphere, soil, and ocean. It is not surprising that predictions of different scientific groups differ radically from each other. An optimistic prediction implies that the temperature will grow by 1( as the amount of carbon dioxide is doubled, whereas a pessimistic prediction implies that the temperature will grow by 5(. An average value of 2.5–3( is taken as the most probable value of temperature rise.

How fast will carbon dioxide be accumulated actually? If the rate of carbon dioxide increase is retained, in 50 years the carbon dioxide concentration will increase by 15-20% compared to its value at present. However, since the consumption of fossil fuel grows, it seems more probable that the carbon dioxide concentration will have increased by 25% and more by the early 40s. In the context of the most probable prediction, this would correspond to a temperature rise of (1(, which would be very dangerous.

Most likely, a safe limit of adding energy will not exceed one tenth of a percent of the power of solar energy incident on the Earth’s surface, that is, will be about 100 billion kilowatt. Nowadays the Earth’s civilization produces an adding energy power of 10 billion kilowatt for consumptive use (in industry, everyday life, and transport), that is, only 10 times less than the allowable limit.

For many decades, the annual increment of energy production has been about 3%. If such rate of adding energy increase is retained, the allowable heat limit will be obtained in 60 years. Then by the middle of the 21st century, the production of these types of energy will have been stabilized. In this case, a difficult question arises on quotas of energy production for each state. This will  initiate a global crisis of our civilization that will be of geopolitical importance.

What to do? The scientists, experts, politicians, journalists, and active members of our society try to answer this question.

In 1968, a group of scientists and businessmen from different countries organized the Roman Club – the international non-governmental organization aimed at investigating global problems and methods for their solution. The first Club report written by Donella and Denis Meadows, Jorgen Randes, and B. B. Berens entitled “Limits of Growth” was published in 1972. This report attracted attention of politicians and scientists all over the world; it stated that the uncontrollable growth of population, ruthless exploitation of natural resources, and pollution of the environment brought the thread to the future of humanity. Some people have perceived “Limits of Growth” as a prediction of the close end of the world.

More than 30 years have passed since then. The authors of the first report have corrected their computer model and published in 1992 one more report entitled “Outside: Global Catastrophe or Sustainable Future?” A new Roman Club Report [12] entitled “Factor Four. Doubling of Wealth and Two-Fold Saving of Resources” has been published recently, in which new solutions of old problems trapping humanity on the way to sustainable development have been suggested. In the Foreword of this book, G. A. Mesyats, Academician, the editor of the Russian version, wrote that it was axiomatic that industry created ecological problems, and scientists (biologists, chemists, doctors, physicists, etc.) thought how to solve them. However, he continued, it was no less important to think how to change production technologies to reduce the number of ecological problems; we had to rid the scientists of sewage disposal only. To have the future, we had to improve more efficiently our production technologies, to consume less amount of energy, and to increase the efficiently of utilization of natural resources. In his opinion, the book entitled “Factor Four” is one of the best publications devoted to these problems.

Whether our  life-stile is right? And how to live further? These are the main questions the authors of the book  “Factor Four.Doubling W ealth- Halving Resources Use” try to answer. This book deals with economics, technology, natural resources, and free market. Since the time of industrial revolution, the term progress is taken to mean an increase in the labor productivity. A new approach to the progress is suggested in the book “Factor Four,” which makes an increase in the productivity of resources the corner stone of the progress. As the authors of this book stated, we could live twice better and at the same time, spent half as many resources as at present. This is necessary for the sustainable future development of humanity. A solution is to increase the efficiency of utilization of energy, water, fuel, materials, fertile soil, etc., often without extra costs and even with profit. As the book “Factor Four” demonstrates, the majority of engineering solutions of our problems have already been obtained; they must be used right now.

We reasoned in due time about energy-saving policy the quintessence of which can be expressed in the well-known notice on walls of institutions: “Before leaving, switch off the light!” Thus, the productive utilization of resources is not new. What is new is the huge number of unrealized capabilities we have. The authors give tens of examples, from hypercars to videoconferences, from new agricultural approaches to efficient refrigerator models. They not only provide recommendations (sometimes rather simple) but also realize many of them in practice. The book abounds with practical examples of technologies that permit more efficient utilization of global resources. It can become a reference book for those who want to understand how the technology serves purposes of sustainable development and environmental protection. Unfortunately, in our everyday life we face tens of counterexamples from leaking taps through which seas of precious pure water escape to heating mains in large cities that are rebuilt every three-four years and nevertheless, their thermal insulation is such that in winter snow melts above them.

The book explains how to organize the markets and to reorganize the system of taxation so that the welfare of people could grow without increase of the consumption of resources.

For many developing countries, the revolution in the efficiency can give the unique actual opportunity of prosperity for a sufficiently short time period. However, as was discussed in the World Ecological Forum held in Rio-de-Janeiro in 1992, described in detail in many pages of the book, the new way of thinking was acceptable not for all people.

One of the main barriers to more efficient utilization of resources is a contradiction between the developed and developing countries. For the letter, saving of resources and careful attitude to nature often retreat in the face of momentary problems of eradicating poverty they try to solve by choosing the western way of the development, alas, not free of many errors.

Scientific-technical and organizational approaches to a solution of this global problem are considered in four chapters of the present textbook entitled “Electric power engineering on the basis of renewable energy sources,” “Unconventional methods of producing electric energy,” “Energy saving,” and  “Formation and development of pulsed power.”

In conclusion of this chapter, we consider one more extremely efficient way of preservation of the Earth as a cradle and a unique suitable human habitat. This way of conscious self-restraint and change of the lifestyle is extremely difficult in use.

Life in developed countries differs by an extraordinary high rate of consumption of natural resources. In particular, these countries burn more than halve the fossil fuel whereas their population is only 20% of the Earth’s population. Such rate of consumption of resources is determined by the life standards that have already been reached by the majority of population of these countries and for which the remaining countries strive: a separate rather large house and one or better two cars per family, an opportunity to travel, etc. These standards finally determine the vital needs of the society for black and non-ferrous metals, cement, plastic, wood, etc. and through the necessity to extract, to treat, and to transport all this the demands for energy.

A question arises: can the population of developed countries anyhow change their life standards? Do the old life standards (large house, two cars, etc.) remain so much attractive if we take into account that following this lifestyle we will soon convert our Earth into a desert?

Is there any acceptable alternative to this lifestyle? Freedom of moving can be met with the developed system of public transport, which is certainly more economical than personal cars. And as to a large house, may be the life in small houses (or even in blocks of flats) surrounded by almost wild nature is more attractive? Such questions evoke a smile now, but it is feared that they will be unavoidably posed soon in the course of world evolution.

By the way, the transition to this style of life for residents of developed countries will not necessarily be accompanied by their feelings of loss. Most likely, reasonable self-restraint in combination with high tech will only increase the quality of life in these countries, though due to new components in comparison with already existing ones.

