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Summary

A review of the current energy situation -- supply and demand -- has shown that
resources are adequate to meet the rising demand for energy from the increasing
population and their change of lifestyles. But the present methods of meeting energy
needs are not sustainable.

Pollution and sustainability are the key factors in choosing the mode of energy supply in

the new century. These factors have made the non-polluting renewable energy forms
very important elements in the energy equation. Reliance on nuclear power is
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decreasing in the advanced industrial countries but increasing in the developing
countries. Coal and oil remain as leaders of energy fuels but chemical processes are
emerging which make coal-burning less polluting than before. At the same time
buildings and their heating and cooling utilities are being made more energy efficient.

Next to the electric power supply, the second largest polluter is the automobile on the
road. The old internal combustion engine burning oil or gas is being modified or
replaced to lower pollution.

Both the form of transportation fuel and the prime mover are being changed. Cars and
buses powered by fuel cells and electric motors are on trial in different countries. Soon
they will be in public usage. Technologies for using hydrogen as an industrial fuel are
developing fast to make the twenty-first century the era of hydrogen.

Renewable energies -- i.e. photovoltaics, wind, biomass and hydrogen -- are ready to
meet the new energy needs in the twenty-first century with much less pollution. But
mankind needs a new philosophy i.e. Waste not, Want not. Cogeneration, conservation
and efficiency are essential creeds for sustainable development and use of energy in the
twenty-first century.

1. Introduction

Energy is a fundamental component of all life support systems. It is crucial to the
modern way of life. It fuels the technology that governs the nature of our society, our
lifestyle, even our health and happiness.

Energy is not a thing or substance, but a concept developed to describe in specific terms
the state of a body: hot or cold, lively or morbid, dynamic or static etc. In simple terms
it means capacity to do work.

Energy may also be considered as the ultimate resource because it drives everything.
Energy is essential to the metabolism of any living system. Zero energy is death. We
need energy even to breathe and the energy has to come from somewhere.

Energy comes in many forms i.e. chemical energy, electrical energy, kinetic energy,
potential energy, thermal energy, light energy, sound energy, etc. Some of these
energies are available in abundance in nature.

Some forms are not readily available but have to be obtained by engineering methods.
An important physical law of conservation states that energy can neither be created nor
destroyed, only transformed. The total energy remains constant.

Energy is bountiful in nature surrounding us. There is energy in the wind shaking the
tree, in the sunlight heating the exterior of our building; energy in the greening leaf, in
the ripening fruit; energy in the flowing river, in the rolling ocean. There is energy in
everything we eat and secrete.
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Source Energy Energy Cost

(calkg!) (KW-hrlb.") (per 1000Kw hr)

Coal (stove coal) 7200 3.86 5.20
Fuel oil 10 800 5.72 4.30
Natural gas 11 000 5.86 5.46
(Gasoline 11 530 6.10 10.00
Alcohol (denatured) 6400 3.42 10.25
Aleohol (Scotch, 80 proof) 2580 137 2920.00
Bread 2660 1.42 220.00
Butter 7950 4.20 200.00
Sugar 4100 2.16 68.00
Beef steak (sirloin) 1840 0.97 1640.00
Electricity N/A N/A 20.00

Table 1 Values for Some Fuels and Foods (Retail Prices)

The problem is that this natural energy is mostly distributed in space and time. What the
industrial society wants is a large dollop of energy, wherever and whenever necessary,
at the press of a button. Nature does not provide that. Hence we have to manipulate
nature by converting, concentrating, storing and other methods to suit our needs.

Energy Source Calories

Energy in 1 photon of red light (L= 7,000 A)* 68X 10 270X 107
Energy in | photon of blue light(h = 4,000 A)" 11.8X 10" 468X 107
Energy converted (per reaction) in photo synthesis 190X 10 75.4 X 10~
Energy in | photon of ultraviolet light (.= 2 250 A} ® 212X 10" 842X10"
Energy (gravitational) of 1 1b. of mass at | mi above sealevel -2 ~8

Energy to melt 1 Ib. Of ice (at O°C) 36 140

Energy to evaporate 1 Ib, of water 245 370

Energy (chemical) released by exploding 1 1b. of TNT 520 2065
Energy (chemical) released by buming 1 Ib. of wood 1250 4965
Energy {chemical) released by burning | Ib. of sugar 1860 7385
Energy (chemical) released by burning 1 Ib. of coal 3300 13100
Energy (chemical) released by burning 1 1b. of gasoline 5250 29840
Energy needed to manufacture an automobile 52X10° 20.6 X 10°
Energy needed to send Apollo 17 to Moon * 1.42 X 10 5.64 X 107
Energy (nuclear) released by fusing 1 Ib. of deuterium 37X 10 147 X 10°
Energy (nuclear) released by fission of 1 Ib. of U 137 X 10° 544 X 107
Energy equivalent of 1 1b. of mass (E = mc™) 98 X 10" 38.0 X 10*
United States daily energy consumption (1970) 47X 10" 189 X 10*°
World daily energy consumption (1970) 140 X 10™ 356 X 10°*
Energy needed to boil Lake Michigan ° ~400 X 10™ ~1600 X 10"
Solar, earth's daily total at top of atmosphere 36X 10" 14.3 X 10°
Total energy in fossil fuels * ~2.5X 10" ~10X 10"
Sun's daily ontput 7.1 X 10% 28.2 X 107

Table 2 Some Representative Energy Data
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Figure 1: World Energy Flow — Annual Amounts in Watts

Much of the manipulation is to obtain a convenient heating fuel and electricity.
Electricity is the "magic medium" which improves the quality of life. It is not a prime
energy but generated by conversion from mechanical energy, chemical energy or solar
energy. In general, the five prime energies used by mankind are chemical energy, tidal
energy, nuclear energy, geothermal energy and solar energy. Out of these only solar
energy is continuous and available everywhere.

The sun showers continuously 174 trillion kW of radiation on the earth and its
atmosphere. Thirty-five percent is reflected back into space. The remainder warms the
atmosphere, drives the wind, tides and the weather cycle. The energy reaching the earth
is partly the energy in the direct beam and partly in the diffuse energy from the sky.
Nearly half of the incoming solar radiation heats the clouds and greenhouse gases,
which then reradiate it to the earth's surface. An energy flow diagram is shown in:

The sun is the ultimate powerhouse. Most of the energy used on earth has a solar
connection. Fossil fuels (natural gas, petroleum and coal) are products of photosynthesis
followed by underground burial over millions of years. These resources as well as
radioactive minerals, e.g. uranium, are subject to depletion hence called nonrenewable
or capital sources of energy. Other solar-derived resources, e.g. wind, running water,
photovoltaic (PV) electricity etc., can not be depleted and are hence called renewable.

2. Current Energy Situation -- Supply and Demand

With the continuous rapid growth of global population, the demand for energy is rising
fast. Simultaneously, the developing countries are becoming more industrialized,
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thereby increasing their need for energy. Also the standards of living of millions of
people are rising. Everyone needs electricity for more lights and TV sets. This has
caused an energy crisis in the developing world. Frequent power cuts are necessary at
the peak power hours.

Figure 2.1 shows the global distribution of energy use in 1987, i.e. 5 years before the
Earth Summit in Rio. The size of each pie chart corresponds approximately to the
energy use in each part of the world. In most developing countries, by definition, there
are two parallel economies: a) the rural economy which is agrarian; b) the urban
economy which is industrial/commercial.

The patterns of energy use in the two sectors are different. The commercial energy
market comprising petroleum, coal, gas and electricity is based in the cities. The rural
sector in contrast, consumes mostly energy from biomass and employs animal and
human power. Household demand, especially for cooking and heating, dominates
energy consumption in the developing countries.

During the last century there has been a sequential replacement of domestic fuels: wood
by coal, then coal by oil and natural gas. However the pattern of global electricity
supply has not changed much. The bulk still comes from large, centrally located, coal-
fired, electric and hydroelectric power stations.

There are also about 565 nuclear power stations distributed in 30 countries including
Canada & USA. In 1990 there were 22 nuclear power units in Canada and 125 in USA.

Nuclear fission is the method used in all the nuclear reactors currently in operation.
Uranium (U 238) and Thorium (Th232) and their derivatives are usual fuels in different
types of reactors. Largest reserves of uranium, a nonrenewable resource, are in USA,
Canada and South Africa.

Although hailed initially as a clean energy solution, high costs and safety problems have
turned public opinion in many countries against further growth in the use of nuclear
energy. In fact some nuclear power stations have been shut down or cancelled in Canada
and USA.

Despite improvements in the safety systems in nuclear plants, the Nuclear Regulatory
commission estimates that the chances of a nuclear accident in USA in the next 20 years
are fifty-fifty. The explosion and subsequent fallout of radioactive material from the
Chernobyl disaster in Russia on 26 April 1986 remains fresh in people’s minds.

The cost of dismantling and shutting down a nuclear station is very high. For instance, a
newsflash on TV on August 6 1999 reported that it cost US $ 23 million to dismantle
the large nuclear reactor of the Trojan power station in Portland, OR, USA. It had to be
sealed with special concrete, wrapped in plastic and taken by barge on Columbia River
to Hanford station in Washington State for burying in deep water.

Nuclear fusion remains a sought-after technology with the potential to provide an
environmentally acceptable alternative to fossil fuel combustion. Fusion power occurs
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when light nuclei are fused together to form reaction products whose total mass is less
than that of the initial particles; the difference is converted into reaction energy.

The energy released from these reactions is very great, about ten times greater than
typical fission reactions, per gram of fuel. Since the electric charges in the nuclei
provide strong repulsive forces, the energy of the particles must be very high to achieve
a sustained reaction.

It can be achieved in a very hot gas (plasma) by allowing sufficient residence time for

the particles to collide. A concerted R & D program is going on in several IEA
(International Energy Agency) countries. Target year for a marketable nuclear fusion
reactor is held at 2050.

The work potential that can be obtained from fossil fuels and nuclear fission is called
exergy, alternatively defined as the work capability of heat. According to the laws of
physics, it is always less than the thermal energy that is spent.

Using state-of-the-art technologies, large power plants can achieve an exergy value
which is equal to 50-58 percent of the energy (lower heating value) spent through the
combustion of fossil fuels; when used directly for heating, 90 to 100 percent of the
energy can be used. High-efficiency heating plants can be realized by combining power
stations with heat pumps. In such cases, at least some of the electricity generated by the
power station will be needed to drive the heat pumps.

The share of electricity (excluding losses during generation) in the total energy use in
USA has risen from 6 percent in 1960 to 12 percent in 1991. This is a modest growth
achieved by the emphasis given to energy conservation and "demand-side management"
introduced by the power utilities in North America. They have been giving consumers
energy-saving tips to avoid troublesome shortage of power and to reduce pollution.

Global proportions of the various primary energy usages in 1987 are shown on the pie
chart in Figure 2.

Another chart, Figure 3 shows global energy consumption in 1993. Due to the
continually increasing demand for primary energy, it is felt that the limited resources of
nonrenewable energy and its environmental effects will become an impediment to
global development.

According to one assessment, with present technologies, the economically recoverable
global reserves of crude petroleum amount to 120 billion tonnes and those of natural gas
to 100 billion toe (tonnes of oil equivalent). Improved extraction technology and more
discoveries may push this to 450 billion toe.

If the current oil and gas production continues at a rate of 5 billion toes per year, these
resources will be exhausted by the middle of the next century. Coal reserves are
estimated to last longer but its associated pollution problems makes coal an undesirable
choice for replacing other fuels.
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Figure 2: Global distribution of energy use (1987)
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Figure 3: World energy consumption

There is an enormous gap between the developed and developing countries in per capita
energy consumption. As shown on OECD table 2.1 of energy consumption in 1981,
Canada had the highest i.e. 107 toe per capita followed by Luxembourg at 9.5 and
Australia at 8.6 LDC (Less Developed Countries) group as a whole recorded 06 toe.

The figures have no doubt changed over the years but Canada -- as a rich cold country --
is still the top per capita consumer and LDC is still at the bottom. But energy
consumption is also related to GDP (Gross Domestic Product). Hence as the GDPs of
LDCs are increasing fast in some cases; their energy demand is rising fast as well.

This is the case for India and China. These two most populous countries are hungry for
energy in all forms, renewable and nonrenewable. Luckily these countries are in the
sunny tropics and hence have an exuberance of solar energy round the year. But they
have been late in exploiting this great resource technologically.
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