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Summary 

 

The topic of energy is of central interest today. Debates and analyses on the future 

availability of energy carriers, their prices, the role of energy consumption in eco-

nomic growth and its environmental impact are developing daily. In general the 

perspective on the past is limited, perhaps extending back to 1973 at the most. 

Scholarly literature provides little information on the consumption of energy 

sources by past societies before and sometimes after the beginning of the 20
th
 cen-

tury. However, in the case of energy, a long-term view can be useful in order to 

clarify contemporary trends and provide perspectives on the likely impact of pol-

icy decisions and developments.  

In the following analysis the topic of energy and environment will be discussed 

from the viewpoint of economics, with a long-term historical perspective. After a 

brief introduction, Section 2 will examine some definitions and concepts, useful 

when dealing with energy and the role of energy within the economy. Section 3 

will focus on the relationship between man and energy in early human societies. 

Section 4 will discuss perspectives on future options and changes in energy and 

the environment from the early modern age to the present day. In the Conclusion 

general estimates will be proposed of past energy consumption on the whole. 
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1. Introduction 

Scholars disagree about the role of energy within the economy. An optimistic 

view is shared by many economists. Their opinion is that raw materials played 

virtually no part in the development of the economy, as  growth depended and 

continues to depend on knowledge, technical progress and capital. The contribu-

tion of natural resources to past and present growth is almost non-existent; and 

energy is a natural resource. After all energy represents today something less than 

10 percent of aggregate demand in the advanced economies.  

Scholars with interest in environmental changes support the opposite view on the 

role of material goods and nature in the economy. Environment and natural mate-

rials have played an important function in the development of human societies 

and in history on the whole. Energy in particular is of central importance in eco-

nomic life. Material underpinnings to economic success are not to be underrated, 

in their view. Energy is also a central concern since it supported human exploita-

tion of the environment and its heavy transformation in the last two centuries.  

 

2. Definitions and concepts 

 

2.1. An economic definition 

 

In daily life we have direct contact with matter, but not with energy. Matter can 

be touched, its form described and it is to be found underfoot as well as around us. 

With energy it is different. Its indirect effects are only perceived deriving from 

changes either in the structure, that is the molecular or atomic composition of 

matter, or in its location in space, such as in the case of a stream of water or wind, 

whose potential energy can be exploited. In both cases effects such as movement, 

heat or light reveal the presence of what we call energy from about 200 years. The 

analysis of energy in history requires some preliminary definition in order to 

avoid misunderstanding. 

 

In physics energy is defined as the ability of bodies to perform work. Since work 

is the product of force by distance, then energy includes any movement of some 

material body in space together with the potential energy deriving from its posi-

tion. When referring to the interrelationship between humans and the environ-

ment, the definition is more limited. We could define energy in economic terms as 

the capacity of performing work, useful for human beings, thanks to changes in-

troduced with some cost or effort in the structure of the matter or its position in 

space. Solar heat is of decisive importance for the existence of life. It is a free 

source of energy and thus not included in our economic definition, whereas the 

capture of solar rays by means of some mechanism in order to heat water or pro-

duce electric power is included. In the first case solar heat is not an economic re-

source, while it is in the second. The formation of biomass in a forest is a trans-

formation of the sun’s energy by the plants through photosynthesis and is not in-

cluded in this definition either. On the other hand, firewood is included, which is 

a part of forest biomass used by human beings for warmth, cooking and melting 
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metals. Food is a source of energy in economic terms, since its consumption en-

ables the performance of useful work and its production implies some cost. Food 

for animals is only exploitable, and then it is an economic resource, when metabo-

lised by those animals utilized by humans for agricultural work. It is not a source 

of mechanical power for men when consumed by wild animals in a forest. Both 

fossil fuels used today and uranium are also energy carriers. They were not until a 

quite recent epoch, since they were not utilized in order to produce economic 

goods and services.  

 

Although the definition of energy in physics is much wider than in economics, the 

definition here proposed is much wider than the ordinary meaning of the term en-

ergy. Many people immediately think of modern sources when considering en-

ergy and do not include daily food consumption or fodder as main energy carriers. 

It is well known that working animals played a central role in pre-modern agricul-

tural economies, but their feed is not considered as a main source of energy for 

humans such as the fuel utilized to drive cars or machines today. When looking at 

energy within the economy in a historical perspective, we use the word energy 

with a wider meaning than in everyday life. The lack of a clear definition, com-

mon to most contributions devoted to the history of energy, prevents from the 

possibility of calculating energy consumption in past societies. 

 

 

2.2. Energy and production 

 

Technical progress mainly consisted in the introduction of changes in natural re-

sources so as to exploit some indirect effects of these changes, today defined as 

energy. In this long history, the main developments were supported by the in-

creasing  knowledge about the possibility of “extracting” energy from the input of 

natural resources. The production process and the role of energy can be repre-

sented by the following diagram (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Natural resources, converters of energy, product. 
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The diagram can be seen as an illustration of the ordinary production function: 

 

 ( , , )Y AF L R K=  

 

Labour (L) and capital (K), the inputs of any productive process of useful goods 

and services (Y), can be better defined, from the viewpoint of energy, as convert-

ers able to extract from matter the energy exploited in order to transform materi-

als into commodities. The progress of technical knowledge embodied in A, plays a 

central role in the production function. In one sense, energy is the main input; that 

is to say, the main input is that part of matter transformed into energy by the con-

verters, that is by workers (L), who metabolize food; natural resources (R), which 

convert a part of the matter used as food and firewood into biomass, through solar 

radiation; and capital (K), which transforms some materials such as coal, oil, gas 

and electricity into mechanical work, heat and light.  

 

The increase in productivity of energy, as a consequence both of discoveries of 

new sources and technologies (macro-inventions) or improvements of those al-

ready existing (micro-inventions) can be represented by the following ratio: 

 

Y

E
π =  

 

where Y is output (in value) and E is the total input of energy in physical terms (in 

Calories or joules or any other energy measure). The formula represents the pro-

ductivity of energy, that is the product generated by the unit of energy. In the pre-

vious diagram, it is the result of the ratio between the final product and the part of 

the matter transformed into energy by the converters. It is a measure of the effi-

ciency of the energy converters from a technical viewpoint. 

 

 

2.3. Energy and history  

 

At the end of the 20
th
 century, per capita energy consumption, on a world scale, 

was about 50,000 kilocalories per day; that is 76 Gigajoules per year, including 

traditional sources. About 80 percent of this consumption was represented by or-

ganic fossil sources; coal, oil and natural gas. Nuclear energy represented 6 per-

cent and hydroelectricity 2 percent. This 8 percent was the non organic contribu-

tion to the energy balance. The remaining 12 percent consisted of biomass, i.e. 

organic vegetable sources (Table 1). If the part of waste utilized in order to pro-

duce energy is excluded, the rest of this 12 percent was composed of food for men 

and working animals, today a marginal source of power, and firewood, an impor-

tant item of consumption only in relatively backward countries.  
 

Table 1. Daily and yearly consumption of energy per capita worldwide around 2000 (kilocalories, 

Toe and %). 

 Sources Kcal per c. 

per day 

Toe per c. 

per year 

% 
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3. �on organic   4,000 0.15   8 

2. Organic Fossil 40,000 1.47 80 

1. Organic Vegetable   6,000 0.22 12 

  50,000 1.84   100 

 

This composition of the energy balance reveals the strata of a long history of 

technical conquests. The history of energy technology is nothing else than the 

chronological analysis of our present energy balance, in order to single out the 

various ways of extracting energy from matter to produce heat, movement, light, 

work etc. Following Table 1, we will track the history of energy consumption 

from the most remote stratum (1) that is Organic vegetable sources, to the devel-

opment of Organic fossil sources, the intermediate stratum (2), and subsequently 

to the progressing �on organic sources (3), which will be the basis of our future 

energy systems. 

 

From the viewpoint of energy, the long history of mankind could be divided into 

two main epochs:  

- the 5-10 million years from the birth of the human species until the early 

modern age, that is about 5 centuries ago, and  

- the recent history of the last 500 years, which has witnessed a fast acceleration 

in the pace of energy consumption.  

In the first long epoch, energy sources were represented by food for humans, fod-

der for animals and firewood, with a small addition of water and wind power. The 

second epoch witnesses the rapid partial replacement of the old sources by fossil 

carriers, which became and still are the main energy source. While in the first ep-

och energy was scarce, expensive and environmental changes heavily influenced 

its availability, during recent history energy has been plentiful, its price relatively 

low and the influence of the energy consumption on the environment consider-

able. 

 

Although the energy system prevailing today is apparently different from the from 

the simple digestion of food, the first energy source, or from the burning of fire-

wood by our primitive ancestors, it is based on the same principle, which is the 

oxidation of carbon compounds by breaking their chemical ties. Since carbon 

compounds are defined in chemistry as organic compounds and organic chemistry 

is the chemistry of organic compounds, we could define all the energy systems 

which have existed until today as organic and the economies based on those or-

ganic sources as organic economies. Coal, oil and natural gas, the basic sources 

oxidized today in order to bring about organized, that is mechanical, work, heat-

ing or light are carbon compounds such as bread or firewood. The difference be-

tween pre-modern and modern energy systems depends on the fact that, until the 

recent energy transition, organic vegetable sources were exploited, whilst from 

then on organic fossil energy sources became the basis of our economy. Since or-

ganic vegetable sources of energy were transformed into work by biological con-

verters (animals) and fossil sources are transformed by mechanical converters 

(machines), we are able to distinguish past economies according to the system of 

energy they employed and the prevailing kind of converters in:  

1. organic vegetable economies or biological economies;  

2. organic fossil economies or mechanical economies.  
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Given the importance of energy in human history, changes in the use of this main 

input mark the evolution of man in relation to his environment much more than 

changes in the use of those materials, such as stone and metals, ordinarily utilized 

by historians to distinguish the main epochs of human history.  

 

 

3. Pre-modern organic vegetable economies 

 

At the end of the 18
th
 century there were three main economic sources of energy. 

According to the age of the discovery and exploitation of these three sources, 

three ages can be distinguished in the distant past. The original source was food, 

the second was firewood and the third was fodder for working animals. A rela-

tively small contribution came from two other carriers: falling water, the potential 

energy of which was exploited by watermills; and wind, utilized both by sailboats, 

and mills.  

 

3.1. The first epoch: food 

 

Since the birth of the human species some 7 to 10 million years ago, and then for 

some 85-90 percent of human history, food was the only source of energy. In this 

long period, the only transformation of matter in order to engender movement and 

heat was the metabolism of organic material either produced spontaneously by 

plants and vegetation or converted into meat by some other animal consumed by 

humans as food. Although nothing certain can be said about energy consumption 

per head at that time, given the stature and physical structure of these early hu-

mans, consumption per day of 1,500-2,000 Calories could be plausible. Their own 

body was the early machine used by humans. An animal body is not very efficient 

in the conversion of energy. Only 20 percent of the input of energy, that is 300-

400 Calories, is transformed into work, while the rest is utilized in order to sup-

port the metabolism and dispersed in the environment as heat and waste. The out-

put of these far ancestors consisted in collecting and transporting this original in-

put of energy. 

  

3.2. The second epoch: fire 

 

The transition to the use of fire started the second phase of human technology and 

represented the main conquest in the history of energy. The first evidence of fire 

being used by humans refers to several different regions of the world and can be 

dated between one million and 500,000 years ago. Fire was a conquest of inde-

pendent groups of humans in several parts of the world. Its use spread slowly.  

Firewood became the main source of energy for several millennia. In this case, as 

in the case of food, an estimate of the level of energy consumption by our distant 

ancestors can be only speculative. As far as is known for much more recent ages, 

the level of firewood consumption in different regions in pre-modern times may 

have varied from 1 kg per head per day  to 10 in cold climates, and between 3-

4,000 and 30-40,000 Calories. A daily consumption of less than 1 kg per capita 

could be assumed for the humans living in relatively warm climates of the African 



 7 

continent, where man was born. When humans spread from Africa towards the 

other continents, their firewood consumption rose considerably. Fire could be 

used for heating, cooking, producing light, and for protection against other ani-

mals. Although, with fire, Calories per head drastically increased from 2,000 to 3-

4,000 per day or more, that is 5-6 Gigajoules per year, the efficiency in its use 

was very low. An open-air fire can supply man no more than 5 percent of its 

Calories, that is no more than 2-300. Useful energy exploited by the population 

from food and fire did not exceed 500-700 Calories.  

 

3.3. The third epoch: agriculture 

 

During the Mesolithic, the end of glaciations and the rise in temperature enabled 

humans to increase the cultivation of vegetables and particularly cereals. The 

overall availability of energy in the form of food increased dramatically and sup-

ported the growth of population. However, observing this evolution in per capita 

terms, the perspective is different. While the population increased rapidly, avail-

ability of food per head did not increase. A diet based on cereals represented a de-

terioration, as is witnessed by the decrease in stature following the spread of agri-

culture. Agriculture, as the main human activity, progressed quite slowly, if we 

compare the diffusion of this technological conquest to the following ones. From 

the Near East, where primarily developed, agriculture progressed towards Europe 

at the speed of 1 km per year. Within 3,000 years, agriculture reached Northern 

Europe, while, at the same time, the new economic system was spreading from 

Northern China and Central America, the regions of the world where agriculture 

independently developed at the same time or a little later than in the Near East. 

 

New development in the agricultural transition took place during a second phase: 

from about 5000 years until 3000 BC. The period can be considered as a true 

revolution. The fundamental change was represented by the taming of animals, 

(oxen, donkeys, horses and camels), and their utilization in agriculture and trans-

portation. Mans’ energy endowment was rising. If we consider a working animal 

as a machine and divide his daily input of energy as food – about 20,000 Calories 

-- among the men who employed him, human consumption may have increased 

by 20-50 percent or more, according to the ratio between working animals and 

men; which is not easy to define for these distant epochs. Only about 15 percent 

of this input represented, however, useful energy, that is energy converted into 

work. 

 

During this age, several innovations allowed  a more efficient utilization of man’s 

power, fuels and animals; e.g. the wheel, the working of metals, pottery, the 

plough, and the sail . The sail was previously used, but it only spread widely dur-

ing this revolutionary epoch. The use of wind was the first example of the utiliza-

tion of a non-organic source of energy, not provided through the photosynthesis 

of vegetables. Labour productivity rose markedly. Even though some changes in 

the agricultural energy system also took place in the following centuries, gener-

ally technical progress was modest. Water and windmills, invented respectively 3 

centuries BC (as recent research suggests) and in the 7
th
 century AD, were the 

main innovations in the energy basis of the agrarian civilisations. Although im-
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portant from a technological viewpoint, these changes added very little in terms of 

energy availability: ordinarily no more than 1-2 percent. 

 

3.4. Main features of the organic vegetable economies 

 

Although several important differences exist among the three ages of our organic 

vegetable past, there are also some analogies; especially when dealing with the re-

lationship between man and the environment. The dependence of this energy sys-

tem on soil implies several constraints to the possibilities of economic develop-

ment.  

 

1. Reproducible sources. Vegetable energy carriers are reproducible. They are 

based on solar radiation and since the Sun has existed for 4.5 billion years and 

will continue to exist for 5 billion years, vegetables can be considered as an end-

less source of energy. Organic vegetable economies have been sustainable since 

solar energy allowed a continuous flow of exploitable biomass. However,  only a 

negligible part of solar radiation reaching the earth, less than 1 percent, is trans-

formed into phytomass by the vegetable species. Of this 1 percent, only an insig-

nificant part, could be utilized by men and working animals. On the other hand, 

increase in the exploitation of phytomass was far from easy. The availability of 

more vegetable sources implied extension of the arables and pastures and the 

gathering of firewood, which was difficult to transport over long distances. The 

ways of utilizing the phytomass were also in conflict, since more arables implied 

less pastures and woods. Thus, while the availability of these carriers was endless, 

their exploitation was hard and time consuming. The production of phytomass 

was, furthermore, subject to climatic changes both in the short and long run and 

heavily influenced by temperature changes and weather variations. Long-term 

climatic changes could also raise or diminish the extent of cultivation and wood 

productivity. Past organic vegetable economies, based on reproducible sources of 

energy, were the economies of poverty and famine. 

 

2. Climate and energy. Given that, in pre-modern organic vegetable energy sys-

tems, transformation of the sun’s radiation into biomass by means of photosynthe-

sis was fundamental and since the heat of the Sun is not constant on Earth, the en-

ergy basis – phytomass -- of any human activity was subject to changes. Climatic 

phases have thus marked the history of mankind. The availability of phytomass 

deeply varied and strongly influenced human economies. Glaciations caused a de-

cline in available energy and therefore in the number of humans and the evolution 

of their settlements. The end of the glaciations provoked changes in the main hu-

man activities; from hunting and gathering to agriculture. Agricultural civiliza-

tions were also deeply influenced by climatic variations. While warm periods 

were favourable to the spread of cultivations and the multiplication of mankind, 

cold epochs corresponded to demographic declines. Roman civilisation flourished 

in a warm period and was accompanied by population rise, while the early Middle 

Ages, which suffered a cold climate, was characterized by demographic decline. 

The so-called warm Medieval Climatic Optimum coincided with worldwide 

population increase, between 900 and about 1270, while the following Little Ice 

Age, from 1270 until 1840, was again a period of economic hardship and popula-
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tion stability or slow increase. It is common knowledge that present day energy 

systems heavily influence the environment and climate. Until a few centuries ago 

the opposite was true.  

 

3. Low Power. Power is defined as the maximum of energy liberated in a second 

by a biological or technical engine. In the economies of the past another conse-

quence of the usage of biomass converted into work was the low level of power 

attainable. The power of a man using a tool is about 0.05 horsepower (HP). That 

of a horse or donkey can be 10 times higher. A watermill can provide 3-5 HP, 

while a windmill can reach 8-10 HP. As a comparison, a steam engine could at-

tain 8-12,000 HP around 1900, while a nuclear plant can reach 2 million HP. The 

conquest of power meant an incredible advance in the possibility of harnessing 

the forces and materials of the environment. 

 

4. Modern organic fossil economies 

 

At the start of modern growth around 1800, world scale energy availability was 

about 5-6,000 kilocalories per capita per day, that is 6-7 Gigajoules per year. The 

main sources were those already seen, that is food, firewood and fodder for work-

ing animals. Water and wind were the only non organic sources. In 1800, 

throughout Western Europe, the energy balance per head was 20 Gigajoules per 

year, that is 13,000 Calories per day, excluding coal, which was then widely used 

only in England. On the continent, many differences existed in the levels of en-

ergy consumption. While in Mediterranean countries it was about 15 Gigajoules  

per year (10,000 Calories per day), in Scandinavia it was 45 (30,000 Calories per 

day). In pre-modern Europe, the main energy carrier was firewood. It represented 

50 percent in the South and more than 70 percent in the northern regions, fol-

lowed by fodder for working animals and food for the population. 

 

In Europe, energy consumption was higher than in other agricultural civilisations, 

both in Asia and America, for two reasons:  

1. the European civilisation was the most northern agrarian civilisation and, 
since temperature was a main determinant of energy consumption, wood con-

sumption was higher than in coeval agrarian economies;  

2. in the dry European agriculture, the utilisation of animals in agriculture and 
transportation was much widespread than elsewhere. In both China and Amer-

ica, the presence of animals in agriculture was far more modest. In pre-

modern centuries, probably only in India was animal power exploited to the 

same extent as in Europe. 

 

4.1. The start of energy transition 

 

Modern growth, from about 1820 until today, has marked a sharp rise both in the 

sources utilized and in the efficiency of their utilization. We could define this 

change as an energy transition. It was an important support to the growth in the 

capacity to produce. Although not sufficient condition of modern growth, energy 

transition was a necessary condition. Without this transition, modern growth 



 10 

could not occur. As has been seen, although some other deep changes occurred in 

the use of energy before the modern era, this last transition is often represented, 

for its rapidity and intensity, as the “transition” par excellence or the period that 

marked a break between past and present.  

 

Fossil sources, coal, oil, natural gas, were also products of photosynthetic proc-

esses, such as food and firewood. Their formation had taken place in the Carbon-

iferous era, some 300-350 million years ago. This underground forest had been 

mineralized or transformed into liquid fuel and gas in the course of several mil-

lennia. In various parts of the world and in England and other Northern European 

regions, coal was easily extracted. If by the start of the epoch of fossil fuels we re-

fer to the period when they began to develop, the second half of the 16
th
 century 

could be defined as the starting point, as it was then that they began to be em-

ployed on a large scale by English manufacturers and for domestic use. If, instead, 

we want to single out the epoch when they began to have a wide impact on the 

European and non European economy, this age is the first half of the 19
th
 century. 

 

The existence of fossil fuels had been known in Europe since the times of ancient 

Rome. During the late Middle Ages, in those northern European regions where 

coal was easily available, its consumption spread, as its price was far lower than 

that of firewood. In China coal was also widely used in metallurgy during the late 

Middle Ages. From the second half of the 16
th 
century, the use of coal increased 

in England, above all. The rising population and particularly that of London rep-

resented a strong stimulus towards the consumption of a much less expensive fuel 

than firewood. In the whole of England the production of coal increased 7-8 times 

between 1530 and 1630, thanks to the greater depth of the shafts and better drain-

age of the mines and by the 1620s it had become more important than wood as a 

provider of thermal energy. For a long period, England was by far the main pro-

ducer of coal. Only at the end of the 19
th
 century, was the rest of Europe able to 

compete with England (Table 2). 
 

Table 2. Share of coal production in England and the rest of Europe from 1800 until 1870 (%). 

 

 England Rest of Europe 

1800 96   4 

1830 79 21 

1840 73 27 

1850 73 27 

1860 65 35 

1870 58 42 

 

   

The proportion of coal consumed in England was 12 percent of the total energy 

consumption in 1560, 20 percent in 1600, and 50 percent in 1700. Its consumption 

from 1560 until 1900 reveals an almost stable rate of growth, as a graph in log 

scale shows (Figure 2). In The Netherlands another fossil fuel, peat, began to be 

used on a wide scale from the 17
th
 century onwards. It was an important support 

of the Dutch Golden Age, but did not cause such fundamental changes in the 

economy as coal in England. 
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Figure 2. Coal consumption in England & Wales 1560-1900 (in Petajoules; log scale). 

 

One of the  reasons for the transition to a new source of energy was the growth in 

population throughout the continent from the last decades of the 17
th
 century on-

wards. While in 1650 the European population numbered 112 million, in 1800 it 

was already 189 million and in 1850 288 million. The main converter of the or-

ganic vegetable energy system, land, was becoming scarcer. Energy consumption 

of traditional sources was diminishing in per capita terms, whereas food, fodder 

and above all firewood were becoming more expensive. The price of these 

sources increased across the whole continent from the second half of the 18
th
 cen-

tury onwards. Land per capita outside Europe was also diminishing. The Euro-

pean population growth was part of a much greater demographic transition taking 

place worldwide. World population rose from 600 million in 1650 to 1 billion in 

1820.  

 

The shift to new fuels represented one aspect of the energy transition then in act. 

It was not, however, the most important. The main technological change was the 

new utilisation of fuels, that is, the techniques designed to employ in a different 

way the heat of these organic sources. For about one million year, fuels were util-

ized for heating, lighting and melting metals, while work, in economic terms, that 

is organized movement in order to produce commodities and services, was only 

provided by men and animals; apart from wind and water (whose mechanical 

work, in any case, was not a conversion of a fuel). The only engines able to pro-

vide work were biological machines. The introduction of machines in order to 

convert heat into mechanical power was the main change in the energy system, 

comparable in importance to the discovery of fire. It was only during the 18
th
 cen-

tury, with the invention of the steam engine by Thomas Newcomen and James 

Watt, that the Age of the Machines really began. The fundamental technological 

obstacle that had for millennia limited the capacity of the economic systems to 

perform work, was only then overcome. In 1824, the French physicist Sadi Carnot 

clearly pointed out the great novelty represented by what he called the “machines 

à feu”, the thermal machines. In his opinion they would replace both the force of 

animals and that of water and wind. This is precisely what has happened over the 

last two centuries. The age of machinery began with the steam engine and such 

energy transition resulted in great changes in:  
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- the volume of energy consumption; 

- the process of substitution of energy carriers; 

- the geography of energy production; 

- the price of energy; 

- the relationship energy-economy.  

 

4.2. The trend of energy consumption 

 

Energy consumption per head diminished in Europe during the 18
th
 century, 

whilst from 1800 until 2005 it rose considerably more than population: 9-fold 

from 1800 until 2000, that is from 20 Gigajoules to 180 (Figure 3). Since contem-

poraneously population increased 3.8 times, total energy consumption registered a 

36-37-fold increase (Table 3). 
 

Table 3. Energy consumption in Europe from 1800 until 2000 in kcal per capita per day, in Toe 

per year, European population and total energy consumption in Mtoe. 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Per capita energy consumption of traditional and modern carriers in Europe 1500-2000 

(Gj)(decadal values).  
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nesses an almost constant rate with brief deviations due to wars or epochs of fast 

economic rise (Figure 4). 
 
 
 

 

 

 

 

 

 

 

 

 

 

 
 
 

Figure 4. Per c. energy consumption in Europe 1800-2005 (Gj) (with log vertical axis on the 

right). 

 

On the World scale, the rise of per capita consumption was even higher than in 

Europe: 10 times within the two centuries from 1800 to 2000. Since population 

growth was 6.3-fold, the aggregate rise was 63 times (Table 4). We see that mod-

ern or commercial sources overcame traditional sources, or the phytomass, in the 

last decades of the 19
th
 century, or the epoch of the second industrial revolution. 

 

Table 4. World energy consumption from 1800 until 2000 in kcal per capita per day, in Toe per 

year, World population and total in Mtoe. 

 

 

 

 

 

 

 

 

 

 

 
 

 

4.3. Transitions and substitutions 

 

In organic vegetable economies any discovery of a new source was an addition to 

the balance of energy and not a substitution. With fossil sources it was different. 

Fossil sources replaced a large part of the traditional carriers, which lost their im-

portance in relative and sometimes in absolute terms. While food consumption 

rose in aggregate and per capita terms, the power of working animals diminished 

and, in developed economies, totally disappeared. Firewood continued to repre-

sent an important share of energy consumption only in relatively backward areas. 

 kcal. per c. 

per day 

Toe per c. 

per year 

Traditio-

nal 

sources % 

Rate of 

growth 

(%) 

World 

population 

Total 

Mtoe 

1800   5,000 0.2 95     954      180 

1850   6,000 0.2 80 0.19 1,241      261 

1880   8,640 0.3 50 1.35 1,480      466 

1900 13,510 0.5 45 2.26 1,634      806 

1950 27,410        1 30 1.42 2,530   2,531 

1970 45,520        1.6 20 2.57 3,637   6,043 

1985 46,320        1.7 20 0.12 4,815   8,141 

2000 52,250        1.9 15 0.81 6,000 11,440 

y = 19,151e0,0107x

R2 = 0,9588
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On the world scale, traditional sources of energy diminished from 95 percent in 

1800 to 45 in 1900 and only 15 in 2000. In Europe the decline was still higher. 

England was the only important consumer of coal at the beginning of the 19
th
 cen-

tury. Traditional sources then represented the greater majority throughout the con-

tinent, that is almost 90 percent of the overall consumption. Their share decreased 

to 25 percent in 1900 and was only 5 percent in 2000. 

 

For several millennia changes in the energy system had been very slow. From 

1800 transitions and substitutions began to dominate the picture. If we look at the 

fuels utilized in Europe from 1800 until 2000, we see that, in terms of Calories, 

firewood still dominated in 1800, while coal represented about 30 percent. Wood 

consumption was, in relative terms, already insignificant in 1900, while coal 

equalled about 80 percent. Oil began to be used during the last decades of the 19
th
 

century and only in the 1960s exceeded coal. Natural gas spread from the 1970s 

on a large scale and only in the 1990s did it overtake coal; although its share was 

less than half that of oil. While coal dominated for a long period in the last half 

century, and although oil holds a central position, the picture is more varied and 

variety is ever increasing with the rising exploitation of solar power, wind, bio-

mass and nuclear power as sources of primary electricity (Figure 5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Shares of any fuel on the total fuel consumption in Europe 1800-2000 (ln). 

�ote: x, on the vertical axis, refers to the share (%) of an energy carrier on the total of the 5 en-

ergy carriers. 

 

Electricity is a secondary energy source, a transformation, that is, of other 

sources. Even when electricity is generated by a water turbine, the primary source 

of power is represented by falling water, that is, by the change in its potential en-

ergy. The same holds true for nuclear electricity, which began to develop from the 

late 1950s and whose primary source is the change in the atomic structure of ura-

nium. Often, however, the expression “primary electricity” is used to single out 

that part of electricity not produced through fossil fuels. Today it includes solar, 

wind and geothermal electricity. Its share, in the form of hydroelectricity, has de-

veloped since the last decades of the 19
th
 century. Nuclear power has been a re-

markable addition since the 1970s. In 1971 it represented only 1 percent of energy 
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in Europe. In 2005 it was 13.6 percent, thanks especially to the nuclearisation of 

the French energy system. Since the share of primary electricity in the continent 

was 17.2 percent, the other sources of primary electricity were then negligible. 

 

On the world scale, we find the same transition from coal to oil, to natural gas and 

to nuclear electricity, while photovoltaic, hydro and wind power progressed re-

markably in the 1990s and the first decade of the third millennium (Table 5). 

 

Table 5. World consumption of primary commercial energy (in Mtoe per year). 

 

 

 

 

 

 

 

 

 
 
 
 
 

 

4.4. The geography of energy 

 

At the beginning of the 19
th
 century, commercial, that is fossil, energy production 

was still entirely localised in Europe and especially in the North and Centre. Eco-

nomic growth and presence of fossil sources of energy more or less coincided. At 

the middle of the century, 90 percent of fossil energy was still produced in Europe 

and 10 percent in the United States (Table 6). Things changed during the 20
th
 cen-

tury, when oil began to play a central role in the energy systems of the developed 

countries, and especially in the second half. After the World War II, Europe pro-

duced 35-40 percent of world commercial energy. In particular the European pro-

duction of oil has always been negligible, despite an increase of North Sea oil ex-

ploitation in the 1980s and 1990s by Great Britain and Norway. If, as a whole, the 

energy deficit of developed countries registered only 4 percent in 1950, in 1973 it 

had grown to about 50 percent. At the end of the century, a little less than 50 per-

cent of oil production was localised, in order of importance, in Saudi Arabia, the 

USA, the Russian Federation, Iran and Mexico. The concentration of oil produc-

tion, which is the basic source of the energy system, in specific places resulted in 

a higher vulnerability of energy provisioning of developed countries. This vulner-

ability clearly appeared in 1973 and 1979, when the oligopoly of the main energy 

producers, OPEC, limited oil production and resulted in fast price increases. 

 

Table 6. Total production of commercial energy per continent (%). 

 

 1800 1850 1900 1950 1985 

Europe   99.09   90.00  61.63  35.66  38.38 

America     0.91   10.00  35.71  52.38  30.73 

Asia         0         0    1.72    9.99  23.11 

Africa 0         0    0.12    1.24    5.83 

 Coal % Oil % �at. 

Gas 

% Electr. 

(pri-

m.) 

% Total 

1700        3 100.0              3 

1750        5 100.0              5 

1800      11 100.0            11 

1850      48 100.0            48 

1900    506 94.8      20   3.7        7 1.3     1   0.2    534 

1950    971 58.7    497 30.1    156 9.4   29   1.8 1,653 

1973 1,563 29.1 2,688 50.0    989 18.4 131   2.4 5,371 

1987 2,249 31.7 2,968 41.8 1,550 21.8 332   4.7 7,099 

2005 2.892 25.4 4,000 35.0 2,354 20.6 2,182 19.0  11,428 
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Oceania         0         0    0.82    0.73    1.95 

     100     100     100    100     100 
 

 

At the end of the past millennium, considerable differences existed in energy con-

sumption per country. The geography of energy consumption is similar to the ge-

ography of growth; while the geography of energy production is not. Countries 

with higher per capita GDP are higher consumers. Among rich and poor countries 

the range of commercial energy consumption per head is 40 to 1. While in Niger 

and Mali it is 0.2 toe per capita per year, in the USA it is 8 toe. In the 1980s, on 

the world scale, energy consumption of market developed economies was 50 per-

cent of the total; that of centrally planned economies 20 percent and that of the 

developing countries 30 percent. At the end of the second millennium, 25 percent 

of the world population – 1.5 billion --, the population, that is, of the developed 

economies, consumed 7,920 toe, i.e.75 percent of the world consumption in one 

year, while 75 percent of the population – 4.5 billion – consumed 2,340 toe, or 25 

percent of the whole. With about 4.9 toe per year, an inhabitant of the most ad-

vanced economies consumed on average 9 times more commercial energy than an 

inhabitant of the poorest countries – only 0.54 toes --. So strong differences did 

not exist before modern growth. Only differences in climate and not in wealth 

could then imply remarkable disparities in consumption. The existing differences 

among countries can be clarified through the consumption of electricity, a proxy 

of energy consumption on the whole (Table 7). 
 

Table 7. Per capita consumption of electricity in the World in 1992 (in Kwh). 

 

           World  2,188 

    Africa     476 

Centre      163  

East      136  

�orth      663  

South   3,605  

West      112  

    America  5,765 

�orthern America  12,734  

Latin America    1,462  

Southern America   1,593  

    Asia     924 

Eastern Asia   1,424  

Southern Asia      335  

South-East Asia      415  

South-West Asia   1,845  

    Europe  5,729 

Eastern Europe   5,025  

Western Europe   6,371  

    Oceania  7,098 

 

 

4.5. The energy price  

 

The spread of fossil fuels was fostered by their relatively low price in comparison 

with organic vegetable sources. During the second half of the 18
th
 century and the 

first decades of the 19
th
, the initial progress of coal coincided with a period of ris-
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ing prices of all organic vegetable sources of energy. For the same energetic con-

tent, fossil carriers were 2-3 times cheaper than the vegetable ones. If we take the 

curve of oil prices on the international markets since the age of spread of this new 

carrier, after 1861, we notice that, after a couple of decades of high prices, there 

was a downward curve until the 1973 crisis (Figure 6). 

 

In the 1950s and 1960s oil prices reached their lowest level. Although different 

sources have different prices, the trend in oil prices well represents the common 

movement of energy prices on the whole. Data on energy prices for the periods 

both before and after the introduction of the new fossil carriers, suggest that the 

fastest rate of the modern growth, occurring in the 1950s and 1960s, coincided 

with the lowest level of energy prices ever experienced, at least from when writ-

ten information exists. On the other hand, the slower rate of growth of the world 

economy after 1973 depended, at least in part, on the higher price of energy and 

particularly oil. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Oil prices US 1999 dollars per barrel 1861-2000. 

 

4.6. Energy and economy 

 

When dealing with energy, both energy input into the economic system and the 

share of total energy actually available as mechanical work and heat are of inter-

est. It is well known that energy cannot be created or destroyed, but only trans-

formed (according to the first law of thermodynamics). On the other hand, it is 

also known that in any transformation there is a loss of useful energy: a large part 

of the energy that is consumed remains unavailable (according to the second law 

of thermodynamics). How great this amount is depends on the technical efficiency 

of the converter, the result, that is, of the ratio of useful energy to total energy in-

put: 

 

u

t

E

E
η =  

 

where η is the efficiency of conversion, Eu is useful energy and Et is total energy 

input. When we compute the amount of useful energy in traditional societies, we 

have to calculate the total input of energy together with the efficiency of the con-

verters used (human and animal bodies, fireplaces, wind, water engines, and 
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ships). From 1800 on, not only were new fuels introduced on a wide scale, but 

equally important was the wider efficiency in their use. The conversion efficiency 

in different energy systems evolved through the following four main stages: 

      

                      

                        

                        

                           

 

As can be seen, modern growth implied not only a rise in the exploited energy, 

but also a rise in the efficiency of its exploitation. After all, machines are more ef-

ficient than animals as converters of energy. 

 

The advantages of machinery and technological change in terms of energy yield 

are easily visible if energy consumption (expressed in some energy measure) is 

divided by product (in money). The result of the ratio is the so called energy in-

tensity (E/Y), which is energy (E) employed in order to produce a unit of product 

(Y) (Figure 7). The curve of energy intensity shows that, during the 19
th
 century, 

some increase occurred in the energy/GDP ratio, due to the exploitation of coal by 

inefficient technologies especially in England, the main producer and consumer of 

coal. From 1900 on a remarkable decline took place. In the year 2000, the produc-

tion of the same output required half the energy used some 200 years earlier. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Energy intensity in Europe between 1820-2005 (Mj/GDP). 

 

A decline in energy intensity occurred in the second half of the 20
th
 century in al-

most all world economies; although the differences are still remarkable (Table 8). 
 

Table 8. Energy intensity in different economies 1950-1990 (in Toe per 1000 dollars of GDP con-

stant prices). 

 

  OCDE CPE DC OPEC 

1950 0.55 1.70 0.23 0.10 

1960 0.51 1.97 0.31 0.25 

1970 0.52 1.66 0.38 0.22 

1980 0.44 1.57 0.44 0.29 

1990 0.36 1.39 0.46 0.44 

   % 

1. Subsistence Agriculture   5 

2. Advanced Agriculture 15 

3. Emerging Industrial 25 

4. Advanced Industrial 35 
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�ote: OCDE (the organisation for cooperation and economic development); CPE (centrally 

planned economies); DC (developing countries); OPEC (the organisation of the oil producer coun-

tries). 

 

From 1820 until 2000, GDP per capita rose 16 times in Western Europe, while 

energy input per head rose about 8-fold and efficiency in the use of energy dou-

bled. A decomposition of per capita GDP proves to be useful in order to specify 

the relative importance of the input of energy and the efficiency of its exploita-

tion. Per capita GDP (Y/P) can be represented as the result of energy consumption 

per capita (E/P) divided by the reciprocal of energy intensity, that is the produc-

tivity of energy (Y/E): 

 

Y E Y

P P E
= ⋅  

 

If we assume: 

yɺ  as the rate of growth of Y/P; 

eɺ  as the rate of growth of E/P; and 

πɺ  as the rate of growth of Y/E; 

we can specify the relative importance of e and π in the growth of y, during the 

period concerned; that is the years from 1820 until 2000. In fact: 

  

y e π= +ɺ ɺ ɺ  

 

In our case, we have: 

         1.54 1.10 0.44= +  

 

The conclusion is that, from 1820 until 2000, the annual rate of growth of per cap-

ita GDP was 1.54 percent, and that E/P and Y/E grew respectively at the rates of 

1.10 and 0.44 per year. The input of energy contributed more than the productiv-

ity of energy in the growth of per capita product. It was 2.5 times more important 

(1.10/0.44=2.5). Figure 8 shows that both per capita GDP and per capita energy 

consumption grew, in these last two centuries, with an almost constant and similar 

rate of increase. However, GDP per capita, (the higher curve) grew faster than en-

ergy (always per capita). The difference between the interpolating exponential 

curves was filled through the rise in the efficiency of energy use.  

 

The introduction of new machines and more efficient engines was responsible for 

the leap in the productivity of energy. After all, the efficiency of a biological con-

verter such as the human or animal body is no higher than 15-20 percent, while a 

thermal machine can reach the yield of 35 percent. From the last decades of the 

19
th
 century, electricity contributed significantly to efficiency, together with the 

development of new devices which entered production plants and homes. Be-

tween 1867 and 1914, the introduction of electricity, steam and water turbines, 

and the internal combustion engine (together with inexpensive steel, aluminium, 

explosives, synthetic fertilizers and electronic components), marked a technical 

watershed in recent economic history. 
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Figure 8. Per capita GDP and per capita energy consumption (the thick curve) in Western Europe 

1820-2003 (1820=1) (the interpolating curves are exponential curves -- resulting in a straight line 

on a log scale). 

 

 

4.7. Energy in the future 

 

Only the exploitation of wind, water and direct solar energy do not modify the 

environment since they do not cause a change in the molecular or atomic compo-

sition of matter. Whenever, by contrast, either the molecular or nuclear composi-

tion of matter is modified, even by the mere digestion of food, some change is in-

troduced in the environment and some waste is produced. It is known that some 

environmental effects were produced by humans in past civilisations and that de-

forestation was not unknown in ancient economies. Lead in the atmosphere was 

notable in Roman antiquity due to melting metals, as the ice of Antarctica has 

shown. In any case, the consequences of changes in the environment on humans 

and their societies, due to climatic changes in particular, were much greater than 

those produced on the environment by human activities. Both annual changes in 

temperature and rain, and long-term climatic cycles resulted in changes in the 

available energy, and subsequently in the level of the economic activity when 

biomass was the main energy carrier.  

 

In the last 200 years, changes have come about. The 60-70-fold growth of energy 

consumption and the higher emissions by fossil fuels have resulted in a dramatic 

rise in the level of gases in the atmosphere. Carbon dioxide (CO2), water vapour, 

methane, nitrous oxide, and a few other gases are defined greenhouse gases. Their 

presence in the air has risen fast since the introduction and ever increasing use of 

coal and the other fossil sources, although. Remarkable differences, however, ex-

ist among them: natural gas is much less polluting than coal. The likely effect of 

such gases on climate has been known for a long time. According to most paleo-

climatologists the rise in temperature during the last century, and especially in the 

last decades, can be explained only as a consequence of the modern energy sys-

tem and emissions of carbon dioxide into the atmosphere. Although the declining 

energy intensity of the last decades results in a relatively lower impact of energy 
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consumption on the environment, the fast rising energy consumption in absolute 

terms more than counterbalances the positive effect. CO2 emissions increased 

from 18,500 million of metric tons in 1980 to almost 30,000 million in 2006: a 60 

percent rise in less than 30 years. On the other hand, attempts at the reduction of 

CO2 emissions in order to stabilize or reduce concentration of gases in the atmos-

phere (as in the Kyoto protocol, enforced on February 16
th
 2005) imply heavy 

consequences for the economy in the short term (and people are always more 

interested in the immediate negative effects on the economy rather than in the 

long-run positive effects on the future of mankind). The rise of new non polluting 

sources of energy is slower than it was hoped at the end of the past century. 

 

After a few years forecasts in energy consumption always prove to be inaccurate. 

Some general remarks on future developments are, however, possible. Humans 

have lived in organic economies since the birth of the human species, some 7-5 

million years ago, until today. If humans continue to live and reproduce on the 

face of the Earth and enjoy the same levels of wealth we enjoy today or if they 

aim at increasing this wealth, our future will no longer be organic. We have seen 

that today per capita consumption on a global scale is around 50,000 Calories per 

day and that about 12 percent is made up of organic vegetable sources – the old 

heritage of past agricultural societies -- and 80 percent of organic fossil sources – 

the more recent heritage of modern growth --. Only a relatively narrow residual 

amount is represented by photovoltaic, wind, water and nuclear energy. These are 

the sources of our non-organic future. It is known, that fossil sources are dimin-

ishing and will disappear completely in one or two centuries. It is known that 

population rise is stabilizing, but that it will continue to grow for some decades, to 

reach at least 10 billion in the second half of this century. Per capita product is in-

creasing rapidly in some countries, once poor, but now fast becoming rich. With a 

denser and richer world population, it will not be possible to devote land to the 

production of organic fuels or bio-fuels such as ethanol. Neither can we wish for 

the exploitation of new organic sources, with the consequences of their use inflict-

ing such damage on the environment.  

 

Some environmentalists say that a decarbonisation of the economy is necessary. It 

will not only be necessary, but also unavoidable, in the future. More and more 

humans will have to learn how to deal with the non organic sources of energy, 

since an organic future will not be possible (or desirable). An alternative devel-

opment is to return to the means of our ancestors of 3-4 centuries ago, when on a 

global scale, per capita consumption was one-tenth of that existing today. This 

means not only much less Carbon dioxide in the air, but also a smaller population 

and a much lower standard of living; which ultimately relies on the capacity to 

carry out useful work and then on energy. However, the level of technical and sci-

entific knowledge, which is the main foundation of modern growth, reserves a 

better prospect for future generations. In any case, with the relatively near exhaus-

tion of fossil sources, a replacement of these organic carriers by means of other 

organic carriers will no longer be possible. Our past has been organic. Our future 

will not be so. 
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5. Conclusion 

The long history of energy consumption until today as recounted above can be 

thus summarized (Table 9): 

• the age when food was the only energy input extended over 

6-9 million years and energy consumption per day could av-

erage about 2,000 Calories (that is 3 Gigajoules per year); 

• the age of fire lasted some 1,000,000 years. Consumption can 

be established around 4,000-5,000 Calories per day or 6-8 

Gigajoules per year; 

• the age of agriculture lasted some 10,000 years and World 

daily energy consumption per capita was about 5-6,000 Calo-

ries or 7-9 Gigajoules per year; 

• the age of fossil fuels will continue for about 500 years, until 

its conclusion in this century or the next. Daily world con-

sumption has been around 37,000 Calories or 56.5 Gigajoules 

per year (according to a weighed average, based on popula-

tion in the last two centuries). 

These data on energy consumption are, naturally, speculative, but not implausible.  

 

Table 9. Energy systems, their duration, daily consumption (in Cal.) and yearly consumption (in 

Gj). 

 

 

 

 

 

 

 

 

 

 

 

Calculations of the number of humans to have lived since the origins are naturally 

uncertain and tentative depending on several assumptions; among which the ep-

och of the beginning of our species is of particular importance. If we accept the 

hypothesis of 100 billion humans from 1 million years ago until today, we must 

add at least 20-30 billion people, assuming that is, that our species was born 7-10 

million years ago, such as the paleologists are nowadays inclined to believe. If the 

amount of people ever born from the origins numbers some 120-30 billion, today 

5 percent of our species is alive, and 18 percent of the total population has lived in 

the age of fossil fuels, which can be established as beginning around 1600. This 

negligible part of the population, during the 0.01 percent of time since the begin-

ning of the species, consumed about 80 percent of the energy ever consumed by 

humans. If the more recent period between 1700 and 2000 is observed, humans 

consumed 32 percent of the whole wealth in fossil fuels. Consumption of coal was 

negligible in the 18
th
 century and described an exponential curve in the following 

two. According to recent estimates on the future availability of fossil fuels, around 

the year 2000 about 70 percent was remaining (although these estimates are gen-

erally speculative) (Table 10). In any case, this considerable wealth will not last 

Energy 

Systems 

Dura-

tion 

(years) 

Per c. 

Energy  

per day (Cal) 

Per c. 

Energy  

per year (Gj) 

 1. Food 7•10
6
 2,000 3 

2. Fire 5•10
5
 4,000 7 

3. Agriculture 1•10
4
 5-6,000 8 

4. Fossil Fuels 5•10
2
 37,000 56.5 
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long time (100-200 years according to different estimates), seen the high and ris-

ing levels of fuel consumption. 

 

Table 10. Energy consumption of fossil fuels from 1700 until 2000 and estimate of the still exist-

ing commercial energy (millions toe). 

 

 Toe (millions) % 

Consumption 1700-2000    350.000   32 

Estimated reserves in 2000    750.000   68 

                Total 1.100.000 100 

 

 

In an important article published in 1922, Alfred Lotka established a correlation 

between natural selection and energy consumption. “In the struggle for exis-

tence”, he stated “the advantage must go to those organism whose energy-

capturing devices are most efficient in directing available energy into channels 

favourable to the preservation of the species”. Since the organisms and species 

with superior capacity to capture energy will increase, the energy crossing the 

biological system will also tend to increase. There is a tendency, in natural his-

tory, towards a flow of more and more energy through the biological sphere. In 

trying to survive and enjoy better living standards any living being contributes, at 

the same time, to the rise in the flow of energy which crosses the biological sys-

tem. The 6.5 billion human beings, alive at the start of the 21
st
 century, are still 

increasing and contribute, day by day, to intensify this passage of energy through 

the thin biological envelope of the Earth. 

 

 

Glossary 

 

 

Calorie                    : kilocalorie or Calorie (with capital C) is a measure of en-

ergy and corresponds to the quantity of heat necessary to 

increase the temperature of 1 kg of water from 14.5 °C to 

15.5. 

Commercial energy : modern, fossil, energy sources; distinguished from the tra-

ditional sources. 

Energy efficiency    : the ratio between useful energy (in the form of heat or 

movement) and the total energy input: Eu/Ei. 

Energy Intensity       : the ratio between the total energy consumption in a coun-

try (in an energy measure) and the product of the same 

country (in money): E/Y. 

Energy productivity : the ratio between the output of a country (in money) and 

total energy consumption in the same country (in an energy 

measure): Y/E (which is the reciprocal of energy intensity, 

that is 1/E/Y). 

Joule                       : the measure of work and energy. 1 Gigajoule= 238,846 kilo-

calories. 

Kilowatthour (kwh) : a measure corresponding to 860.42 Calories or 3,600 

Kjoules (1 kj=1,000 joules). 
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Organic                 : in chemistry a Carbon compound. The term was originally 

used by A. Wrigley to distinguish past agricultural econo-

mies (whose base was an organic energy system) from 

modern economies (based on mineral fossil sources). How-

ever, fossil fuels are also organic compounds. Past agricul-

tural organic vegetable economies can thus be distin-

guished from modern organic fossil economies. 

Photovoltaic         : refers to the application of solar cells for energy by 

converting sunlight directly into electricity. 

Power                      : defined as the maximum of energy liberated in the unit of 

time by a biological or technical engine. 

Primary energy       :  energy carriers as they are produced (not yet transformed 

by human intervention). 

Secondary energy     : sources transformed by means of primary sources (such as 

electricity). 

Toe                            : ton oil equivalent. It corresponds to 10 million kilocalories. 

1 Mtoe = 1 million Toe. 

Useful energy           : a share of total input of energy corresponding to the part 

transformed into work or light or useful heat.  
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