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ABSTRACT 

A statistical review of energy consumption and generation both 
globally and per capita in some selected countries is given. 

Future forecast of the energy situation as regards sources and 
consumption is discussed. 

The ecology imposed limit on energy generation and consumption 
is estimated and discussed. 

Various energy sources as regards reserves, economically 
recoverable portions and locations are reviewed. Fossil fuels: 
coal; oil and natural gas are reviewed, with forecast life time 

and comments. 

Nuclear fuels both for fission and fusion reactors are 
discussed and commented upon. 

New and renewable energy sources are carefully discussed: 
hydro; solar; geothermal; tide; wave; wind and ocean thermal 
energy, with due comment on each. 

INTRODUCTION 

Every body on the earth needs and consumes energy; his average 
consumption is equivalent to 2.2 KW per head. 	Energy is not 

used uniformly throughout the globe. 	
In North America the 

consumption is about 10 KW per head, in other industrialized 
countries this varies between 2 and 7 KW per head. The rest of 
the world, comprising 3/4 of mankind, consumes less than 2 KW 
per capita, on average about 0.45 KW per head. 	

Nearly 600 

million people live on less than 100 watts. 	In other words, 

energy consumption follows the global economic order rather 

closely. 
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The world consumption of energy is thus about 11x10'=-  MW. 	This 
figure will increase with the increase of number of people (by 
the 21st century there will be 6.7x105' people) and with the 
increase in per capita consumption (expected to be then 3.06 
KW/head). 	The total energy consumption by the turn of the 
century is expected to reach 20.5 TW, nearly double the current 
value. Fifty years later (20r0), it is expected that 10500 
million people will consume 55.6 TW, nearly five and a half 
times as much as today. 

Two questions arise, is there a limit for energy consumption 
without affecting the ecology? 	The second is how could we 
generate the needed energy? As regards the first question, 
certain scientists believe that the maximum amount of energy 
that can be produced on the earth without catastrophic 
consequences for its climate amounts to some 70000 TW 
(equivalent to 70 000 000 000 000 TCE) per year 

Why this limit? Some may think that the limit is decided by 
pollution of environment by solid matter and poisonous 
effluents emitted by burning fossil fuels (coal, oil and 
natural gas). This pollution can be handled successfully. The 
real problem concerns the overheating of the earth's surface 
and its atmosphere resulting from production of energy and its 
consumption. 	We know that all forms of energy, whether 
mechanical or electrical in origin, end up as heat. 	The heat 
can affect the temperature of earth's surface and atmosphere in 
a way that can upset things, as far as the climate is concerned 
on a local or even global scale depending on its influence on 
the natural process of give-and-take which constitutes the 
world's thermal balance. 	The above mentioned limit of energy 
production of 7x1013  TCE per year, is obviously much more than 
we are producing at the moment, but it is not an inconceivable 
large amount. 	However, although there appears to be an 
immediate danger of change of climate on a worldwide scale, 
local disturbances, particularly in the vicinity of industrial 
centers where large quantities of energy are produced and 
consumed are already possible or require some very careful 
thought. Of course the question whether local disruption of 
the thermal balance can affect atmosphere phenomena on a global 
scale remains open. 	We all know that a rise in world 
temperature, due to unbalance, may cause melting of polar ice, 
overflooding and killing of some fish and other animals and 
plants. 

Where can we get our energy? 	Sources of energy are non- 
renewable, like fossil fuels (coal, oil, natural gas) and 
nuclear fuels (uranium and thorium for fission, and deuterium 
for fusion). There is also the renewable energy like solar 
energy, wind, tide, waves, geothermal energy ocean temperature 
gradient and salinity gradients in solar ponds and, of course, 
hydropower. 	It must be mentioned here that all sources of 
energy with the exception of nuclear fuels, are some form of 

usolar energy. 
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FOSSIL FUELS 

These consist of decayed plant matter, their energy is 
contained in chemical bonds derived originally from sun's 
energy which was fixed by plants millions of years ago through 
photosynthesis. 	They consist mainly of carbon in combination 
of other elements (hydrogen in oil). 	It is estimated that 
there are unde leath the earth's rocks, some 1016  (10000 
million millions) tons of fossil carbon. However, not all of 
this is easily or economically recoverable (at least now). 
There are 4 main sources of fossil fuels: 

COAL 

Coal mostly in the northern part of the world (°30 N latitude) 
and also south in Australia, South Africa and Madagaskar 
(table 1) 	of coal is in USSR, USA and China. 	The coal 
reserves amount to 10x101:11  ton, of which it is hoped to recover 
2.5x10111  ton. The world so far has used about 13x101° but what 
is sure to be recovered is about 600x103  ton. The current rate 
of coal consumption is 2.6x1O9  ton, this coal is providing 
about 20% of our global energy needs. 	This ratio may slightly 
rise due to the present "come-back" of coal_ 	(55 years ago, 
coal provided all our energy needs.) coal is burned as it is 
in boiler furnaces, used in iron industry but research is now 
being done into turning coal into gaseous and liquid fuels and 
into how to use it more efficiently and cleanly. Coal is 
thought to supply us for 350 years_ 

OIL 

It is undoubtedly the most useful fossil fuel, mainly because 
it is easily transportable. 	More than half proven reserves of 
oil are in the Middle East (see table 2). 	The world has 
consumed nearly more than 1/3 of what is known to exist and be 
recoverable. 	In the USA, the oil used is nearly equal to the 
oil left. 

Proven reserves amount to some 86x105' ton, but it is hoped to 
recover 300x105' ton. 	We are currently using some 3x105' ton a 
year, but we are discovering about 5x104  ton a year. 	However, 
it is thought than maximum oil production will occur in 1990 
after which production and consumption will decline. 

NATURAL GAS 

It is likely to have longer future than oil. 	40% of its 
reserves are in OPEC states (see table 3), 30% in the USSR. It 
is interesting to know that both USA and USSR together consume 
some 70% of world natural gas supply. 	Total prover resources 
amount to 100x104  ton. 	So far, the world consumed more than 
609. of knowl reserves. In energy terms gas proven reserves are 
about 2/3 those oil, but estimated recoverable resources are 
probably a:, large as those of oil. Now, we are usirg 2.5 times 
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more oil than gas (in energy terms). Gas will thus last a good 
deal longer than oil. 	World production is expected to peak in 
the year 2010 by which time we will be using 3 times gas as we 
do now. 

OIL SHALES AND TAR SANDS 

70% of which are in North America and 257. in Latin America; tar 
sands are found mostly in Canada with other deposits in South 
America, Siberia and Nigeria. Reserves are quite extensive -
roughly comparable to those of natural gas, but the problem is 
how to recover the fuel in them. Both deposits must be heat-
treated to release the fuels which in turn must be upgraded to 
rid it form impurities_ The result is an expensive fuel. For 
example, in order to extract one oil barrel, 1.7 tons of rock 
must be separated and disposed of. 	Summarizing the above 
information about fossil fuels, it is expected that fossil fuel 
ore will peak in the year 2010 by which time we will be using 
about twice as much fuel as we do now. 

NUCLEAR FUELS 

Nuclear fuels are uranium and thorium for fission reactors. 
For fusion reactors the fuels are deuterium and tritium which 
when fused together produce an isotope of helium and a great 
deal of energy. The world resources of uranium and thorium are 
about 65x102  ton, estimated to last for 5000 years by the 
present rate of consumption in light water reactors_ However, 
in fast breeder reactors which will double the amount of 
fissile material in 6 to 10 years, the fuel usage is increased 
by 60-70 times. Hence with breeder reactors the uranium and 
thorium available could be made to last very much longer (about 
70x500 = 350000 years to come). Fast breeder reactors are 
difficult to operate and need liquid sodium or potassium as 
coolants (liquid sodium is highly dangerous, it catches fire on 
exposure to air and explodes in contact with water). 	Breeders 
require plutonium obtained from other light water reactors, 
plutonium is used to make nuclear weapons, one must be careful 
in producing and storing it. 

For fussion reactors, deuterium can be obtained in unlimited 
quantities from sea water and tritium is obtained by 
irradiating lithium (which is abundant) by neutrons in the 
fussion reactor itself. 	So, fussion reactor fuels are 
unlimited. 	These reactors are researched upon (1000 million 
dollar are spent per year). 	It is expected that technical 
feasibility of such reactors may not be achieved before 1995 
and full scale demonstration of fussion power plants may have 
to wait until the decade 2005 - 2015. 

RENEWABLE ENERGY SOURCES 

These comprise the solar, hydro, geothermal, tide, wind, wave 
and ocean thermal energy. 	These energy sources, though 

r 
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apparently free of charge and lasting forever, however, they 
contribute by only a few percent of the total energy needs of 
mankind. And that for various reasons, as explained below. 

SOLAR ENERGY 

The average amount of solar energy hitting the earth's 
atmosphere is enormous - about 1,353 KW/m2  or 178,000 
terawatts. The amount reaching the earth's surface is much 
less; and the fraction of that which could be recovered less 
still. The global potential, then, is best counted as the 
solar energy falling on land which is neither occupied nor 
farmed. The yearly average value for that is some 10,000 TW -
roughly 1,000 times current global energy consumption. 

The maximum value which solar insolation reaches is about 1 
KW/m2  - and that only for an hour or two at mid-day during high 
summer. 	In most areas of the world the average insolation is 

about 200 W/m2. 	Africa and Asia appear to be the best 
continents for the collection of solar energy. 

Although very diffuse, solar energy is highly useful in that it 
can be used cheaply for a variety of jobs. 	Domestic hot water 
heating is the best known, and in Israel one family in five has 
a solar collector on its roof_ Solar energy can also be used 
for crop drying, air conditioning, space heating, water 
pumping, desalination and the generation of both very high 
temperatures and electricity. The highest temperature so far 
achieved is about 4,000 degrees on the Kelvin temperature scale 
in a solar furnace in the Pyrenees, where mirrors reflect solar 
energy over a large area onto a furnace. 

The generation of electricity from sunlight appears the most 
promising line of attack_ One method is to arrange for mirrors 
to reflect solar energy onto a boiler in which steam is raised 
to drive a turbine. Many small-scale attempts are now being 
made to produce solar farms which will provide electrical power 
in this way in the kilowatt range. In addition, there are now 
a dozen or so attempts to provide large-scale solar energy 
power station in the megawatt range, using a basically similar 
technique. 	A 10 MW solar power station would need some 2,000 

reflectors, each of 25 m2  surface area_ 

The alternative is to use photovolatic cells which convert 
solar energy directly into electricity, typically with an 
efficiency of some 10-15 per cent. Small power Jnits in the 
range 250-1,000 KW have already been set up, but are expensive 
due to the high cost of the cells, which can be as much as $10 
per watt installed. 	With mass production and more, research, 
however, it is hoped to reduce this cost to be.kow $0.5 per 
watt, at which point the electrification of isolated villages 
with photovolatic unit would become feasible. 
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SOLAR FUELS 

Solar energy is used by plants via the mechanism of 
photosynthesis-carbon dioxide in the air and sunlight are in 
this way made to produce carbohydrates. All fossil fuels-coal, 
oil, natural gas and lignite - as well as timber, farm crops 
and even animal dung are therefore best regarded as solar 
fuels. More than 959. of our current energy consumption comes 
from solar fuels. 

About 90% of the energy stored in plants on the earth's surface 
is in the form of trees. 	The total energy stored is about 635 
terawatt years, which is roughly the same as the amount of 
energy stored in our coal reserves. Unlike coal, however, this 
energy is renewed annually at a high rate. The earth's biomass 
yield on land is calculated to be some 28.65 TW - three times 
current global energy consumption - of which half is produced 
by forests. 	Microscopic plants in the oceans also fix solar 
energy, producing about 14.35 TW. 	These are rather 
conservative figures, and assume an efficiency of 
photosynthesis of 0.2% on land and 0.02% in the oceans. In 
fact, photosynthesis tends to be more efficient than this. 

The best known use of solar fuels is burning wood for cooking 
and heating. Globally, about 1-2 TW are provided in this way, 
primarily in Africa and Asia where in some areas timber 
provides 80% of energy requirements. But a consequence of this 
is that forests are being used more quickly than they grow. 

The burning of dried dung fuel is also common, but removes 
important fertilizer from the land. A more efficient use of 
dung is to ferment it anaerobically in a digester to produce 
methane gas. 	Small digesters are now common in India and 
China, even though they are rather expensive to build. 	The 
dung from one cow should in theory provide enough methane gas 
to cook for one person. 

A similar technique is to ferment biomass to produce alcohol 
which is a good liquid fuel. 	Brazil leads in this technology 
and aims eventually to substitute all petroleum with alcohol 
fermented from sugar cane and other specially grown crops. 
Even under good conditions, however, 1 km of sugar cane is 
needed to provide sufficient fuel for 100 cars. Although many 
other countries are now investigating the possibilities of 
substituting petrol with alcohol - even industrialized 
countries - there will inevitably be competition for land with 
food producing activities. 

HYDROPOWER 

There are 101° tons of water on the earth, but only 1/2000 part 
of this takes place in the annual water cycle (solar energy in 
fact), being evaporated then precipitated again as rain or 
snow. This tiny part is equivalent to 500,000 cubic kilometers 
of water (yearly 430,000 km3  are evaporated from oceans, and 
70,000 km3  from continents). Of this, 390,000 km3  fall on the- 
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sea, and 110,000 lure of rain fall on land. 	So, every year 

40,000 km3  of water runs off from land to sea. As the average 
height of continents is 800 meters, we can calculate the 
potential hydropower to be about 10 TW (equals roughly the 
total global energy consumption). However, only 15% of this 
can be economically recovered, thus the potential hydropower 
amounts to 1.5 TW, of which 11% is actually produced. 	There 

are still some possibilities in using hydropower in Africa, 
Asia and Latin America. Hydropower is useful in that it is 
renewable, is very efficient as it produces electricity 
directly from a form of mecianical energy not heat and can be 
of any size (a few KW to 10,000 MW). 

GEOTHERMAL ENERGY 

This refers to heat energy stored within the earth's structure. 
However, not all this energy is accessible as we are only able 
to penetrate a fairly thin veneer of the earth's crust (less 
than 10 km of the earth's radius of 6370 km). 	Actually, what 

is accessible is called geothermal energy. 	Its origin is 
first, the heat conducted (evenly) from the hot core, second, 
from the decay of radioactive isotopes of uranium, thorium and 
potassium (Po 40) cooling of molten rock excuded into or onto 
the crust. Geothermal energy has been exploited for centuries 
by Romans. Now there are more than 20 power plants in 
operation ranging from a few megawatts to 500 MW each (together 
more than 1.5 GW). 	Volcanic localities are best places to 

exploit this energy. 	It is used now in the USA, USSR, New 
Zeeland, Japan, El Slvador, Mexico, the Phillipines, Iceland, 
Italy, France and Hungary use this energy in warming water for 
space heating. But the bulk of use is to exploit the energy of 
either dry steam or high temperature pressurized water to run 

turbines. 	Holes and wells are drilled to pump water down to 
hot rock then it comes as steam to run turbines. 	This 

technique is being continually perfected. On average one such 
well will produce 5 MW for about 20 years. 	Technically 

geothermal energy is non renewable, however, the nuclear part 
of this energy seems inexhaustible. 	There are some 

environmental disadvantages of such energy, such as the bad 
smell gases (HS). 	Also, the hot water may contain solids 

(10,000 to 30,000 ppm). 	But, future will show better use of 

this energy. 	A good reference here is an article in CEGB 
Research, January 1986, no. 18, in Great Britain. 

TIDE, WAVE AND WIND 

TIDE 

About 3 terawatts of power are locked up in the world's tides. 
Only in a few places of the world, however, is it economic to 
recover the energy; those are places where the tidal range is 
very high as in some parts of the English Channel, the Irish 
Sea, and along the North American and Australian coasts and on 
some parts of the White Sea and the Barents Sea. There are in 
fact some 24 potential tidal power sites in the world, so this! 
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can hardly be described as a global resource. 

For technical reasons, tidal power plants only operate at 25% 
of their rated capacity - so maximum global potential is only 
20 GW out of the total possible of 80 GW. Only one large tidal 
power station has been built - at La Rance, in France, where 
capacity is 240 MW and about 60 MW is produced, fairly 
economically. Studies are in hand for another huge site in 
France of 12,000 MW and for a 3,800 MW site on the coast of 
North America at the Bay of Fundy_ 

WAVE 

Another 3 terawatts of power are stored in ocean waves. 	The 
average wave in the North Sea contains an energy of 40 KW for 
each meter of its length for 30% of the time and about 10 KW 
per meter for 70% of the time. Estimates vary widely as to how 
much wave power could be extracted. 	One estimate puts it at 
100 GW global. Another suggests 120 GW for the UK alone. 	For 
the moment, however, the matter is academic as there are no 
wave power plants operating. 	Several experimental prototypes 
have been built and are being tested. 	The UK and Japan are in 
the forefront of this type of research. 

WIND 

The wind blowing over the earth contain some 2,700 terawatts, 
and windmills have been used for thousands of years to capture 
a tiny fraction of this energy. 	There is now renewed interest 
in wind energy but there are two main problems. 	The first is 
that the wind blows irregularly and so the energy captured must 
be stored in some way, which greatly increases cost. Secondly, 
the energy in the wind is very dilute. 	It actually required a 
five times greater land area to capture wind energy than it 
does to capture the equivalent amount of solar energy with 
solar collectors - although admittedly most of the land on 
which windmills were erected could also be used for 
agriculture. 

OCEAN THERMAL ENERGY 

Between 5 and 8 TW of power are locked up in ocean currents. 
Attempts to exploit this is not yet feasible now, perhaps in 
the future. 	Another form of energy can however be exploited 
from oceans. 	The oceans of the world absorb nearly 70% of the 
solar energy reaching the earth. 	The result of this heat is 
that the water near the surface is relatively warm 
approximately 29 degrees C, while in the depths the temperature 
is 4 degrees C. 	This difference in temperature offers an 
enormous potential energy source estimated at 20,000 TW to 
40,000 TW, of which some 4 TW may be practically recovered. As 
the temperature difference is small approximately 25 degrees C, 
suitable working fluids were contemplated, ammonia is one 
example. 	The idea of exploiting this energy is to use a 
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prototype was planned and we are waiting for published results. 

Table 1 World Known Reserves of Oil (January 1981) 

Saudi Arabia 

Kuwait 

Iran 

Billions of 
Barrels 

113490 

68020 

39940 

Billions of 
Barrels 

Lybia 	25790 

Algeria 	11780 

Nigeria 	11290 

Abu Dhabi 35480 Egypt 3200 

Iraq 36080 Tunis 2180 

Divided Region 6480 Angola 1380 

Qatar 3590 Congo (Brasaville) 700 

Oman 2640 Gabon 470 

Syria 1610 Cameroon 270 

Dubai 1330 Zaire 110 

Turkey 370 Others 1090 

Bahrain 210 Total Africa (10%) 58260 

El-Sharlea 200 

Total Middle East (52%) 307340 

USSR 65220 Mexico 44160 

China 19000 Venezuela 19620 

Eastern Europe 1280 

USSR, China, and 
Eastern Europe 85500 

L. 
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