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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 economic
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" century. 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 policy decisions and developments.
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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.

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 contribution 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 materials 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 economic life. Material
underpinnings to economic success are not to be underrated, in their view. Energy is
also a central concern since it supported human exploitation of the environment and its
heavy transformation in the 19th and 20th 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 and distance, then energy includes any movement of some material
body in space together with the potential energy deriving from its position. When
referring to the interrelationship between humans and the environment, 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 introduced 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
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in our economic definition, whereas the capture of solar rays by means of some
mechanism in order to heat water or produce electric power is included. In the first
case solar heat is not an economic resource, while it is in the second. The formation of
biomass in a forest is a transformation of the sun’s energy by the plants through
photosynthesis and is not included 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 metals. Food is a source of energy in economic terms, since its
consumption enables 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
metabolized 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 energy.
Many people immediately think of modern sources when considering energy 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 agricultural 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, common 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 ability to introduce changes in matter 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 increasing knowledge about the
possibility of “extracting” energy from the input of matter. The production process and
the role of energy can be represented by the following diagram (Figure 1).

Converters
[nput Y
1 ™ Resources (R) [
h
MATTER » Labor (L) »| PRODUCT (Y)
»| Capital (K) [

Figure 1. Matter, converters of energy, product.

©Encyclopedia of Life Support Systems (EOLSS)



WORLD ENVIRONMENTAL HISTORY- Energy In History - Paolo Malanima

The diagram can be seen as an illustration of the ordinary production function:

Y = AF(L,R,K)

Natural resources (R), labor (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 converters able to extract from matter the energy exploited in order to
transform materials 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
converters, 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 already existing
(micro-inventions) can be represented by the following ratio:

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
productivity of energy, that is, the product generated by the unit of energy. In the
previous 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 efficiency
of the energy converters from a technical viewpoint.

2.3. Energy and History

Sources kcal per c. toe per c. %
per day per year
3 Non oraanic 4.000 0.15 8
2 Oraanic Fossil 40.000 1.47 80
1 Oraanic Veaetable 6.000 0.22 12
50.000

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

At the end of the 20™ 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 organic fossil
sources; coal, oil and natural gas. Nuclear energy represented 6 percent and
hydroelectricity 2 percent. This 8 percent was the non organic contribution to the
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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 produce 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 important item of consumption only in
relatively backward countries.

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 development of Organic fossil sources, the
intermediate stratum (2), and subsequently to the progressing Non 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, fodder 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 epoch 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 considerable.

Although the energy system prevailing today is apparently different from the simple
digestion of food, the first energy source, or from the burning of firewood 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 organic 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 or light, are carbon compounds such as bread or
firewood.

The difference between 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
organic vegetable sources of energy were transformed into work by biological
converters (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:
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1. Organic vegetable economies or biological economies;
2. Organic fossil economies or mechanical economies.

Given the importance of energy in human history, changes in the use of this main input
mark the evolution of humans in relation to their 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" 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 relatively 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 humans, consumption per day of
1500-2000 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 support the metabolism and dispersed in the environment
as heat and waste. The output of these far ancestors consisted in collecting and
transporting this original input 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 independent 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 3000-4000 and 30000-40000
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 continent, where man was
born. When humans spread from Africa towards the other continents, their firewood
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consumption rose considerably. Fire could be used for heating, cooking, producing
light, and for protection against other animals. Although, with fire, Calories per head
drastically increased from 2000 to 3000-4000 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 200-300. 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 supported the
growth of population. However, observing this evolution in per capita terms, the
perspective is different. While the population increased rapidly, availability of food per
head did not increase. A diet based on cereals represented a deterioration, as is
witnessed by the decrease in stature following the spread of agriculture. 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 3000 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 transportation. 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 during this revolutionary epoch. The use of wind was the first
example of the utilization of a non-organic source of energy, not provided through the
photosynthesis of vegetables. Labor productivity rose markedly. Even though some
changes in the agricultural energy system also took place in the following centuries,
generally technical progress was modest. Water and windmills, invented respectively 3
centuries BC and in the 7™ century AD, were the main innovations in the energy basis
of the agrarian civilizations. Although important 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
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Although several important differences exist among the three ages of our organic
vegetable past, there are also some analogies; especially when dealing with the
relationship between man and the environment. The dependence of this energy system
on soil implies several constraints to the possibilities of economic development.

3.4.1. 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 endless 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 transformed into phytomass by the vegetable species. Of
this 1 percent, only an insignificant 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 arable lands
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 arable
lands 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.

3.4.2. Climate and Energy

Given that, in pre-modern organic vegetable energy systems, transformation of the
sun’s radiation into biomass by means of photosynthesis was fundamental and since
the heat of the Sun is not constant on Earth, the energy 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 decline 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 human activities; from hunting and gathering to
agriculture.  Agricultural civilizations were also deeply influenced by climatic
variations. While warm periods were favorable to the spread of cultivations and the
multiplication of mankind, cold epochs corresponded to demographic declines. Roman
civilization flourished in a warm period and was accompanied by population rise,
while the early Middle Ages, which suffered a cold climate, were 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
population 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.
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