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Abstract

In this work, by using an indirect method based on the correspondence be-
tween the amount of oxygen in the atmosphere and the quantity of fossil fuel
in the Earth, the resources of fossil fuels were evaluated to be about 1.9 x 10"
ton. Unluckily, only a small part of these fuels is easily accessible. Neverthe-
less, their quantity is so high that it is reasonable to assume that fossil fuels
will continue to dominate the global energy scene for several years. The ex-
tensive use of fossil fuels alters the ratio between oxygen and carbon dioxide
in the atmosphere. The effects of this change are however so slow that they
become important only on the geological time scale.
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1. Introduction

The estimation of fossil fuels resources is one of the most controversial and im-
portant of all forecasting activities (Sterman & Richardson 1985, Abas et al.
2015). Earth has a finite reserve of fossil fuels and oil, coal and natural gas are
the main ones. And although we know they are finite, we don’t really know how
long they will last. To evaluate how long each fossil resource can be extracted at
the present rate before the same is depleted, it is necessary to divide the total re-
serves of each fossil fuel with its rate of consumption (see Table 1). Although
this is the easiest way to estimate how long each fossil fuel will last, there are
some issues with this evaluation that must be taken into consideration in order
to get an accurate projection. The principal point is the difficulty to correctly
evaluate the total reserves of fossil fuels present into the deposit. The main esti-

mation methods are based on the evaluation of physical variables of the field to
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Table 1. Latest estimates of global fossil fuel resources and reserves in million ton
equivalent, as of January 2013.

X Production Reserve R1/P Resources R2/P
Fossil fuel

(P) (R1) (years) (R2) (years)

Crude oil 4348 224,017 52 457,890 105
Wet natural gas 3160 174,293 55 583,152 1845
Coal 4784 597,382 125 13,394,221 2799
Hard coal 4427 503,063 114 11,915,785 2691

Lignite 357 94,319 264 1,478,436 412

Source: http://energy-ecology.blogspot.it/2013/06/latest-estimation-of-global-fossil-fuel.html.

be exploited. For example the method of the balance of the material puts in rela-
tion the volume of oil or gas produced in the history of the reservoir and the
pressure changes observed in the same, the method of decline curves uses the
data related to the historical production curve to estimate future production,
while the volumetric methods seek to determine the quantity of fuel estimating
the real dimensions of the reservoir. All these methods are very important from
an economic point of view but do not give information on the total amount of
fuel present within the Earth. This paper will try to give estimation about the to-
tal amount of fossil fuel present in the Earth, regardless of the nature of the fuel.
To do that it is necessary to start from very far away, that is, since the Earth was
originated about 4.5 billion years ago. Starting from the consideration that the
primordial atmosphere did not contain oxygen, the work estimates how much
oxygen has been produced over time. The consideration that for each mole of
oxygen produced must match a mole of carbon on the earth, allowing us to es-
timate the amount of existing carbon. The work concludes by making some con-

siderations on the speed with which we are burning these energy resources.

2. Variation of the Atmosphere with Time

2.1. The Primitive Atmosphere

The early Earth had to be very different from today, hot and inhospitable. This
was due to the primordial heat of formation and for the continuous decay of ra-
dioactive elements that produce heat. The consequences were that the Earth had
a semi-solid surface, was suffering from a constant volcanic activity and on it the
water was absent in the liquid state (Yang et al. 2014). The first atmosphere was
to be similar to that found in the universe, formed of rarefied gases, mainly hy-
drogen and helium. Following cooling, after many millions of years, the primor-
dial heat was dissipated into the space. This allowed the water to condense and
then plunging to the Earth as rain. The rains allowed the Earth’s crust to harden
and water to stagnate on its surface. The presence of water was crucial to achieve

a favorable situation for the origin of life, which appears on the Earth about 4
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billion years ago. The primordial atmosphere had to be very different from to-
day. The current atmosphere is formed mainly of nitrogen (about 80% by vo-
lume). It has no clearly defined boundaries: it simply dissipates into space. The
dense portion of the atmosphere (which contains 97% of the total gas) falls
within 30 km from the Earth’s surface, occupying about the same thickness of
the continental crust. As previously mentioned, the primordial atmosphere had
to be very thin and probably formed by hydrogen and helium. Today these gases
in the atmosphere are rare, but probably at the time that the Earth was formed,
its atmosphere was not to be dissimilar to that of the universe. These gases were

later lost in space because Earth’s gravity was not enough to hold them.

2.2. The Second Atmosphere

At that time the Earth was not to have a center differentiated from the crust. The
lack of an outer crust with a center fluid determined the absence of an electro-
magnetic field, with consequent absence of the Van Allen belts. The Van Allen
belts are important to life on Earth as deflect the solar wind and cancel that part
of the high-energy radiation that is not compatible with the development of life
forms. The Van Allen belts are regions rich in high-energy particles, mainly
protons and electrons, kept imprisoned by the Earth’s magnetic field at a fixed
distance from the planet. The bands of fast particles trapped around the Earth
can be divided into two zones. An inner band, properly called Van Allen belt, in
honor of its discoverer James Alfred Van Allen (Van Allen et al. 1958), located
about 6300 km from the Earth and consisting predominantly of high-energy
protons (Van Allen & Frank 1959). The outer belt (at about 40,000 km from the
Earth) is much larger and is surrounded by a region of low intensity mainly
composed of electrons and ions, the origin of which is due to the competition of
physical phenomena. Subsequent studies demonstrated that electrons with
energy less than one mega electron volt occupy both zones (Johnson & Kierein
1992), with a deep region substantially free of particles between them (Blake et
al. 1997). The trapped particles are forced, by the lines of force of the geomag-
netic field, to make trajectories spiraling around the Earth. Once the Earth began
to cool, it was possible to form a crust of the Earth and the heavier gases began
to be stationed around the Earth because the gravitational force was enough to
hold them. The second atmosphere had to be very similar to the atmosphere
currently present on the planets in which life did not develop such as Mars
(Table 2) and composed primarily of carbon dioxide, hydrogen sulfide, ammo-
nia, chlorine, carbon monoxide, sulfur trioxide, sulfur dioxide, and water vapor,
all chemical compounds that are found today in the gases resulting from volcan-
ic eruptions (Nuccio et al. 2014; Voigt et al. 2014). What it was definitely missed
in the second atmosphere was oxygen. Today the atmosphere contains approx-
imately 21% of free oxygen (Table 2), which corresponds to about 1.19 x 10"
ton of oxygen (Schlesinger 1997). How was it possible to form all this oxygen?
And who produced it?
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Table 2. Atmospheric composition (percent by volume) of Mars and Earth.

Chemical compound Mars Earth

Carbon Dioxide (CO,) 95.32 0.04

Nitrogen (N,) 2.70 78.08

Argon (Ar) 1.60 0.93

Oxygen (O,) 0.13 20.95
Others 0.25 <20 ppm

Source: https://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html.

3. The Production of Oxygen on the Earth

The production of oxygen on the Earth is mainly due to two reactions involving
water and carbon dioxide (Holland 2006): photochemistry dissociation in the
upper atmosphere and photosynthesis. Photochemical dissociation involves the
dissociation of water molecules by the action of UV rays. This reaction, although
particularly active in the stratosphere, is responsible for less than 2% of the total
oxygen present on the Earth. However, with the lack of the ozone layer in the
ancient Earth, a greater penetration of UV into the atmosphere could have
caused a large photolysis of water. Photosynthesis is instead the process through
which the carbon dioxide and water are converted into organic compounds and

oxygen, which is released into the atmosphere:

CO, +H,0 + photons — [-CH,0]+0, (1)

Photosynthesis was carried out in the past by cyanobacteria and algae, and
more recently by higher plants and is the main source of oxygen in the atmos-
phere. There is ample evidence that it was mainly photosynthesis to produce the

oxygen present in the atmosphere today (Lyons et al. 2014).

The Photosynthesis as the Main Mechanism for Oxygen
Formation

There is a close correlation between the development of life and the presence of
oxygen in the Earth’s crust. If we analyze the composition of the Earth, and in
particular its iron content, we note that iron is present in different forms. Iron is
one of the elements of which the Earth is richer. In the core of the Earth iron is
present in the form of molten metal while in the Earth’s crust iron is rarely
present in the metallic state. If we analyze the combinations of iron ores within
the Earth’s crust we can find the following situations: in the deeper layer called
Archean (which also corresponds to the oldest period dating back about 4 billion
years ago) it is possible to find layers in which iron is present in the metallic state
or bound with the sulfur to form sulfides but not in the form of oxides. Contin-
uing towards the outside of the Earth’s crust it is possible to find the so called
banded iron formations (BIF). These deposits, mainly marine, are characterized
by structures in which it is possible to find layers of rocks alternatively rich or
poor in iron. These layers contain black dark magnetite (Fe,O,) that, among all
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the ores, has the highest content of iron (Fe = 72.5% — O = 27.5%). These forma-
tions are dated around 2.0 - 2.8 billion years ago. Continuing outwards there are
the so-called red rocks. These are continental silico-clastic deposits, not older
than 2.3 billion years and are attributable to the mineral hematite (Fe,0,), which
can be formed for further oxidation of the ferrous material. In fact, the percen-
tage of oxygen in hematite is superior to that of the magnetite (Fe = 70.0%; O =
30.0%). The conclusion is that the amount of oxygen in the atmosphere has been
increasing over almost the last 4 billion years parallel to the development of life,
and this increase is seen in the composition of the Earth’s crust. The oxygen
produced failed to emerge in the atmosphere up to about 1 billion years ago, as
the same has been absorbed by metals and other oxidizable compounds present
on the Earth’s crust. The amount of oxygen in the atmosphere must have accu-
mulated over the past 500 million years and amounts to only 2.3% oxygen pro-
duced in all these years. The major part of oxygen coming from photosynthesis
is chemically bound as iron oxides (~83%) (Schaub & Turek 2011). The global
average amount of atmospheric oxygen is about 1.19 x 10" ton: it follows that
the total amount of produced oxygen since the origin of the life is about 5.1 x
10 ton.

4. How Much Fossil Fuel Is in the Earth?

By considering Equation (1) it follows that: 1) one molecule of oxygen is pro-
duced from the cleavage of one molecule of carbon dioxide; 2) for each mole of
oxygen present on the Earth one mole of carbon must have been produced; 3)
the amount of carbon present in the Earth is proportional to the amount of
oxygen produced. To calculate the amount of carbon present in the earth, a
simple equation can be applied: the amount of carbon present in the earth will
be equal to the moles of oxygen produced multiplied by the atomic weight of
the carbon. In turn, the moles of oxygen will be equal to the weight of pro-
duced oxygen divided by the molecular weight of oxygen. The equation can

therefore be written:

C=0/MW(0,)* AW (C) )

where Cis the amount of carbon present in the Earth, Ois the amount of oxygen
produced since the Earth formation, MW(0,) is the molecular weight of oxygen
(and equal to 32 atomic mass units), and A W(C) is the atomic weight of carbon
(and equal to 12 atomic mass units). Considering that the amount of oxygen
produced during these years has been evaluated equal to be 5.1 x 10" ton, by re-
placing the abbreviations with the respective numbers we find that the quantity

of carbon that must be present into the earth is about 1.9 x 10 ton.

5. How Long the Fossil Fuel Era Last?

In our day we extract approximately 1.2 x 10" ton of fossil fuel per year. The es-
timated quantities of coal and other fossil fuels can continue to support us from

a point of view of energy for over a million of years! I finally came to the conclu-
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sion of my remarks: while it is true that sooner or later the fossil fuels will end
up (the amount of fossil fuels stored in the Earth’s crust is finite) it is also true
that, continuing to burn an amount equal to that which we use today, the fossil
fuels in the ground will be able to secure the energy future of mankind for sever-
al generations. We must however distinguish between reserves and resources.
For energy resources means the entire oil/natural gas/coal amounts for which
you know the exact location, but it is not currently possible to exploit economi-
cally or technically, as well as the sum of those amounts not yet discovered but
which is assumed may lie in a specific area. Energy reserves are those quantities
of oil/natural gas/coal for which we know the exact location and that are eco-
nomically exploitable with current technology. The transformation of the stocks
of energy resources in reserves depends both on technological progress and on
the other by the price of extraction. For the sake of completeness, it is necessary
to evaluate a second aspect linked to the use of fossil fuels; the decrease of oxy-
gen in the atmosphere. The man needs oxygen to perform their vital processes.
For this it is able to adapt to breathe even in situations where the amount of
oxygen is greater than or less than that normally present in the atmosphere
(Martin et al. 2017). If the oxygen concentration falls up 16% there are no de-
tectable symptoms. For oxygen concentration of about 16% an increased
breathing and heart rate, an increased breathing volume, some loss of coordina-
tion, and a compromised thinking and attention can be observed. The effects are
more pronounced when oxygen concentration is lower than 16%. For concen-
trations between 14 and 16% an anomalous fatigue, stress, emotional disorder,
bad coordination and altered judgment appear. Nausea, vomiting, and perma-
nent heart damage are reported for oxygen concentration lower than 12% and
finally unconsciousness followed by death for oxygen concentration lower than
10%. It is undeniable that burning our fossil reserves is dramatically increasing
the amount of carbon dioxide in the atmosphere, decreasing the amount of oxy-
gen. In practice we are operating the process took place for billions of years but
on the contrary. Continuing to burn coal, oil and gas we are increasing the
amount of carbon dioxide in the atmosphere. At the beginning of the century
the percentage of carbon dioxide was about 0.03%, today is about 0.037% and
it is assumed that in 2050 it will reach 0.06%. Whereas to burn 1.2 x 10" ton of
fossil fuels per year takes about 3.2 x 10" ton of oxygen and produces about
4.4 x 10" ton of carbon dioxide it follows that, in theory, a 0.5% concentration
of carbon dioxide in the atmosphere will be reached in a thousand of years.
Without taking into consideration the future production of oxygen by photo-
synthesis it is possible to calculate that we can continue to burn fossil fuels at
the current rate for not more than 25,000 years when the concentration of
oxygen in the atmosphere will fall down to 10%. This time may seem very long
for us, but geologically speaking it is a very short time (for example, modern
humans have existed for 60,000 years, while our primitive ancestor lived about 4

million years ago, etc.).
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6. Conclusion

According to Andruleit et al. (2013) it is possible to say that in the subsoil there
are still large amounts of fossil fuels. This huge potential is based on an assess-
ment of global reserves, resources, and already consumed energy resources. It’s
tough to make predictions, especially in the long term, but I fear that our energy
economy will be still based on fossil fuels for a large number of years. It is
beyond doubt that the use of fossil fuel increases the amount of carbon dioxide
and decreases that of oxygen but, also keeping constant the rate at which we are
consuming fossil fuels will occur about 25,000 years before that the concentra-
tion of oxygen will fall down to worrying levels; and this without considering the
continuous production of oxygen by algae, cyanobacteria and other higher
plants. It is also impressive to note that, in all this time, we would have burned
no more of the 2% - 4% of the total reserves of fossil fuel present in the Earth’s

crust.
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