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Abstract

The increase in global environmental temperature is discussed in relation to
basic laws of nature. Terms that are essential for the following considerations
are compiled. The climate on earth is determined by the dynamic equilibrium.
The energy supplied to the Earth by solar radiation must be completely radi-
ated back into space. Energy inflow and energy output are in balance. The
temperature regulates the maintenance of this dynamic equilibrium. The re-
lation between supplied energy and temperature can be well described by a
quadratic approximation function. Carbon dioxide as part of the atmosphere
therefore is heated by the solar energy according to the principle of equiparti-
tion. Only one vibrational mode of carbon dioxide would be able to contribute
to back radiation of the earth but it is frozen at room temperature. The tem-
perature in carbon dioxide richer atmosphere is less increased by the same
amount of energy. According to the first law of thermodynamics, energy used
by humankind is not climate neutral if it causes a permanent change in our
environment.

Keywords
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1. Introduction

In our time, an increase in global environmental temperature is being observed.
It is referred to as climate change caused by human activity. The cause of climate
change is seen in an increase in the carbon dioxide content of the atmosphere.

Discussions and legislative proposals are therefore focusing on how the carbon
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dioxide content of the atmosphere can be regulated. An understanding of the sci-
entific principles involved is necessary in order to evaluate these activities. It is not
sufficient to rely on experts whose statements are generally accepted and therefore
do not require verification. This approach can sometimes lead to decisions that
contradict simple laws of nature and consequently fail to produce the desired re-
sults. The measures can involve large financial outlays that are ineffective and fu-
tile and, in times of tight budgets, waste public funds.

The natural processes that influence global environmental temperature are di-
verse and involve different branches of science, making it very difficult, if not im-
possible, to describe all influences correctly. It must therefore be pointed out that,
due to the complexity of the processes that influence the Earth’s climate, this essay
contains qualitative statements that indicate fundamental trends and are based on
basic laws of nature.

The sum of all energy in our environment cannot be influenced by humans. It
is essentially constant, apart from extraterrestrial influences, such as fluctuations
in solar energy. Human activity can only influence the distribution of total energy
among different types of energy and utilize stored energy sources. Some mistakes
in the use of energy and measures can be avoided if the scientific principles are
understood and taken into account.

As a general rule, it is necessary to express opinions and judgements on matters
only if one has the relevant expertise.

The aim of the following explanations is therefore to present the fundamentals
of the processes that are relevant to global temperature in a way that is under-
standable even to people who are not primarily involved in the natural sciences.

The laws necessary for understanding are named after their discoverers, distin-
guished scientists (their names are printed in bold). These laws can be found in
any relevant textbook on physics or physical chemistry. They cannot therefore be
the subject of discussion. However, we would like to point out once again that this
paper only provides a qualitative description of the facts. The basic law of dialec-
tics formulated by Georg Wilhelm Friedrich Hegel on the transformation of
quantity into quality, which should be remembered in many of today’s discus-

sions, plays an essential role in climate considerations.

Preliminary Remarks

The same facts are often interpreted differently in different contexts. One reason
for this may be the point in time at which the assessment begins. This observation
applies to any set of facts and therefore also plays an important role in the follow-
ing considerations. Take, for example, a bouncing ball. If you only film the bounce,
you can use the images to prove that objects move upwards on their own from the
Earth’s surface. One might say, “That’s nonsense!” Everyone knows that the ball
must first be thrown onto the ground. However, when assessing and classifying
historical events, it is clear that the starting point and the shift in the starting point

of the analysis can lead to different results. Therefore, when assessing scientific
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processes, it is also important to consider the point in time at which one begins
one’s observations and which factors one includes.

First, let’s compile the terms that are essential for the following considerations.

2. Definitions
2.1. Temperature

The global environmental temperature plays a decisive role in climate considera-
tions. However, it is obvious that a more precise definition is necessary for further
discussion, because the temperature of the atmosphere changes with altitude in
addition to the geographical longitude and latitude of the measuring point, and
with depth in the ocean. Global surface temperature is used for the discussion of
climate targets. It is an average value from measurements taken at various loca-
tions around the world at a height of 1 - 2 meters above the Earth’s surface. It is

therefore a temperature that is influenced by human activity.

2.2. Energy

The concept and application of energy are omnipresent in our society. It is gener-
ally taken for granted that nothing happens in our world without the expenditure
or conversion of energy. However, in order to assess climate processes, it is nec-
essary to take a closer look at the concept of energy. It has proven useful to divide
energy into two basic types, namely heat and work. The effect of thermal energy
is noticeable as a change in temperature; it is transferred by thermal radiation or
thermal conduction. Work is used by humankind in particular in a wide variety
of forms. Examples include mechanical, electrical and chemical work. The funda-
mental difference between the two types of energy is that when one form is con-
verted into another, work can be completely converted into heat, whereas the
complete conversion of heat into work is not possible. As we will see in more de-
tail, climate and environmental temperature are determined by energy conver-
sions. A special form of energy is potential energy. In this case, it is stored energy.
It is not used at the moment of its creation and is stored in a form that allows it to
be used at a later point in time. The storage of energy and its use at a later point
in time plays a central role in considerations of global environmental temperature,
as can be seen immediately when thinking about the use of fossil energy sources.
It is also possible to use energy to bring about changes in our environment, as is
the case in construction or transport, for example. Furthermore, the time at which
energy is transferred is important for our considerations. Power (abbreviated here
by the capital letter E) plays an essential role in climate considerations and is

therefore used.

2.3. The Heat of Reaction

Chemical and physical changes in material systems are associated with the release
or absorption of energy. We demonstrate this using a combustion reaction, as this

type of reaction is particularly important for heating systems and thus for the tem-
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perature of our environment. A simple combustion reaction is the combustion of
methane, a chemical compound whose molecules consist of one carbon atom and
four hydrogen atoms, and which is the simplest representative of a very large
group of chemical compounds, the hydrocarbons.

Methane + oxygen => carbon dioxide + water and combustion energy (heat)

It is clear that the combustion reaction of hydrocarbons produces carbon diox-
ide, water and heat energy (combustion heat). The amount of energy produced in
such a reaction depends on the reacting substances. For the sake of completeness,
it should be mentioned that different energy effects are generally possible during
material transformations. For example, the conversion of water vapour into liquid
water is of outstanding importance for the climate.

Water vapour <=> liquid water and condensation or evaporation energy

Energy is supplied during the condensation of water vapour. Energy is required
for the evaporation of water. Both directions of this conversion are crucial for
weather phenomena such as rain and drought, but are not discussed here. Separate
considerations are necessary.

The relationship between heat energy, q, in general, Ze. including the heat of
reaction, and temperature, 7, is governed by the law formulated by Gustav Robert
Kirchhoff.

dg= cdT (D

¢vis the heat capacity (heat absorption capacity) of the system under consid-
eration. When considering the ambient temperature and climate, it should be
noted that both heat and carbon dioxide are produced simultaneously during a
combustion reaction. The decisive factors for a rise in temperature are how
much initial product, in this case methane, is fed into the reaction and how

quickly this is done.

2.4. Carbon Dioxide

Under conditions that normally prevail in our environment, carbon dioxide is a
gas. It consists of molecules resulting from a linear arrangement of two oxygen
atoms and one carbon atom, Figure 1.

Each molecule consists of an atomic nucleus surrounded by electrons electron
shell. Each molecule has the ability to absorb and release energy in various forms.
These forms of energy are different modes of motion: translational energy, whereby
the molecule can move in all spatial directions; rotational energy, whereby the
molecule can rotate around axes of rotation, symbolised by the green arrows in
Figure 1; and vibrational energy, whereby the distances and angles between the
three atoms change, symbolized by the red arrows in Figure 1. Furthermore, in
the case of electron excitation energy, changes occur in the arrangement of the
atomic nucleus and electron shell in the atoms, and changes are also possible in
the atomic nucleus. These are used in nuclear power plants. However, both types
of excitation are irrelevant to our further considerations and will therefore not be

discussed. These considerations also apply, of course, to all molecules of different
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Carbon dioxide molecule

Bending mode, active

Rotation around the carbon atom, inactive

Figure 1. Schematic representation of a carbon dioxide molecule.

substances. Improvements of excitation possibilities for example centrifugal dis-
tortion or pressure broadening must be considered in quantitative calculations,
but special knowledge is need for understanding of their influence. They are not
discussed in the frame of this qualitative considerations, therefore. The specified
forms of energy that a molecule absorbs or emits differ in the amount of energy
required for these processes. In the above sequence, the amount of energy increases
from kinetic energy to vibrational energy. The principle of equipartition of energy
applies to translation, rotation and vibration. This means that at a certain temper-
ature, each mode of motion (excitation possibility) absorbs the same amount of
energy if the temperature is sufficient for this (equipartition theorem). Except
for kinetic energy, the energies are quantized, Z.e. they can only be absorbed or
emitted in energy portions, quanta. Whether and how intensively the forms of
energy can be excited can be determined by quantum mechanical investigations.
For example, the vibration shown in Figure 1 can be excited, but the rotation
cannot. The energy of the radiation portions, quanta, that cause excitation or
are emitted is determined by the wavelength (here abbreviated by the Greek let-
ter 1) of the corresponding radiation. The shorter the wavelength, the greater

the energy.

3. The Natural Cycle for Aerobic Life

Life on Earth is determined by a cycle driven by solar energy, Figure 2.

Plants use sunlight to convert carbon dioxide and water into chemical com-
pounds such as carbohydrates (sugar, starch) and proteins, a large group of chem-
ical compounds. These substances serve as food for humans and animals. They
are burned in the body to produce carbon dioxide and water, releasing energy for
life processes. The cycle is closed.

Without carbon dioxide, aerobic life is not possible.
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Carbon dioxide cycle as base of aerobic life

Mankind and animals
maintain their life processes
by combustion of
carbohydrates and proteins.

Plants form carbohydrates
and proteins
from carbon dioxide and water
by the help of sun energy.

Figure 2. Schematic representation of carbon dioxide cycle.

4. The Influence of Heat and Carbon Dioxide on the Ambient
Temperature

4.1. The Influence of Heat on Surface Temperature

The surface temperature on Earth is indicated daily on weather maps and illus-
trated by color coding. As we have seen, the global environmental temperature is
an average value from various measuring stations, measured at a height of 1 to 2
meters above the Earth’s surface. The influence of heat on temperature is obvious
to everyone. Carbon dioxide is a reaction product of the combustion of organic
matter and the metabolism of humans and animals, and is therefore linked to the
energy turnover of these reactions. The reaction heat, which accounts for the
largest share of the energy consumed by humankind, therefore has an influence
on the ambient temperature. This can be estimated by a simple rough calculation,
see Figure 3. The surface of the Earth is assumed to be the surface area of a sphere
with the Earth’s radius. On the surface is the layer of the atmosphere in which the
temperature is measured, for example for television thermal imaging. Using hu-

manity’s annual energy consumption and the heat capacity of the ambient air,

Simplified model for estimation of the
influence of annual consumption of
energy by mankind on the global
temperature.

[Quamity oo

Radius of the earth | | Thickness of atmospheric layer I

Figure 3. Schematic representation of the earth surrounded by an atmosphere.
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it is possible to estimate the maximum annual temperature increase caused by
humanity, which amounts to several degrees depending on the thickness of the
atmospheric layer used. For example, the increase of temperature in a 100 m thick
layer would be 10 K. Of course, this value could not be attained because of the
existence of many nonequilibrium processes in the atmosphere. But it shows that
this effect should be considered. It is therefore wrong to neglect this effect when
calculating a possible increase in the ambient temperature. However, there is a
second aspect to consider here, namely that, as we saw in the section on carbon
dioxide, carbon dioxide can absorb and release energy. This ability is the basis for
the possible involvement of CO, molecules in the Earth’s energy balance. This is-

sue is examined in more detail in the section on radiant energy.

4.2. The Influence of Radiant Energy on the Ambient
Temperature

Most of the energy converted on Earth comes from the sun. Geothermal energy,
the influence of the moon and radioactivity remain relatively constant over long
periods of time. Their contribution to the Earth’s energy balance is there-fore not
considered separately. Solar energy is constantly radiated to the Earth. The angle
of incidence of solar radiation relative to the Earth’s surface must also be taken
into account. If the amount of energy transferred in this way is to be specified, it
must be related to a time interval (specification of power). Furthermore, the
amount of energy that reaches the Earth also depends on the size of the area irra-
diated by the Sun. Therefore, the amount of energy, E, must also be related to a
specific area size. The solar energy that reaches the edge of the atmosphere is
therefore specified as the solar constant, £, power per unit area (W/m?) (£ = 1367
W/m?). However, this amount of solar energy is distributed across different types
of radiation (e.g. ultraviolet, visible, heat and microwave radiation). The type of
radiation can be characterized by its wavelength, A. The proportion of solar energy
accounted for by a specific wavelength, E), is given by Max Planck’s radiation
law. It specifies the radiation intensity for all wavelengths of solar radiation. The
frequency or wavelength distribution, £,dv = E;dJ, of solar radiation on Earth is
very well described by Planck’s law of radiation and can be found in any physics
or physical chemistry textbook, e.g. [1]. In the following discussion, the wave-

length representation is used.

2rhc? 1
&= A° hc @
Exp [} -1
kAT

h = Planck’s constant, ¢ = speed of light, X = Boltzmann constant, 1 = wave-
length of radiation, 7'= absolute temperature. The wavelength of the maximum
radiation depends on the temperature in the radiation source, according to Max

Wien’s displacement law.
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hc

ﬂ’max YT (3)
4.965kT

Due to the protection provided by the atmosphere, significantly less radiant en-
ergy reaches the Earth’s surface than is emitted by the Sun. The gas mixture in the
air is heated by this process. Figure 4 shows various radiation curves: the radiation
from the sun that reaches the beginning of the atmosphere (red curve), the solar
radiation that reaches the Earth’s surface at an angle of incidence of approx. 42°
(green curve), and the radiation emitted from the Earth into space (magenta curve).
The curves show qualitative curves. The measured values are taken from various
representations [2]-[4]. Precise measured values are available, for example, from
ASTM reference spectra [5]. The black curve in Figure 4, calculated according to
Planck’s law, Equation (2), accurately reflects the course of the measured curves.
It is modified by multiplying it by another constant so that the integral over all wave-
lengths gives the solar constant. A temperature of approx. 5800 K is used for the
sun. For the radiation from the earth, the energy /4 and a temperature of 288 K

were used, Equation (2) (blue curve).

2000 :

T 1500 1 1=
| & | §
G | & 1000 =i

2 “ls

500 ‘
O 1
01 1 10 100

A
um

Figure 4. Logarithmic plot of different radiation curves.

The measurements show that decrease is particularly strong at certain wave-
lengths, Figure 4, green curve. The difference between the areas under the red and
green curves indicates the portion of solar energy that is shielded by the atmos-
phere and therefore does not reach the Earth’s surface. This is partly due to the
described ability of molecules in the air to absorb energy from the sun and then
radiate it in all directions, including back towards the sun. Carbon dioxide mole-
cules in the atmosphere also have this ability, and water molecules have it to an
even greater extent in the area of thermal radiation. In addition to kinetic energy,
the molecules can absorb and emit vibrational energy and rotational energy in this
area. They heat up to the ambient temperature. The deep spikes in the green curve
are proof that, due to the effect of water and carbon dioxide molecules, less solar
energy reaches the Earth than is available at the boundary of the atmosphere. The
relevant effect of other components of the atmosphere is of course also present,
but is not discussed here.

Both molecules therefore protect the Earth’s surface from excessive heating.

The radiation arriving on Earth from the sun is completely reflected back into
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space by the Earth. A rough approximation calculates £/4 = 342 Wm™.

Using Equation (2), the T-E value pairs for terrestrial radiation marked with
red crosses in Figure 5 were calculated in the temperature range 230 K < 7°< 350
K. (The integration was performed in the wavelength range 0.001 um < A < 1000
um with a step size of 0.001 um [6]). In Figure 5, the value pairs are shown as a
function T(E). They can be well described by the quadratic approximation func-
tion, Equation (4) (R? = 0.99998).

T'=186.986 + 0.314-E — 0.000147- E (4)

360;
340
320

T 300"

K 280
260
240
220

200 400 600 800 1000
E
W m2

Figure 5. Temperature as function of radiated energy of the Earth.

To radiate the energy £/4 = 342 Wm™2, a temperature of 277 K is required ac-
cording to Equation (4). The average temperature of the Earth’s surface is given
as approximately 15°C, which corresponds to 288 K. However, this requires E =
395 Wm™. This difference is caused by the qualitative considerations used in this
paper.

The Earth therefore acts as a Planckian radiator with temperature 288 K, Fig-
ure 4, blue curve. The measured intensity of radiation from the Earth is shown by
the magenta curve in Figure 4 [3]. Integration in the range 7 um < A1 < 15 um
yields an estimate of E = 66 Wm™. This value is far too small and therefore repre-
sents only a fraction of the Earth’s radiation. Note that the intensity of Earth’s
radiation in the figure has been magnified a sixtyfold (60 x £)) to enable the
presentation of the facts in a graph. In addition, a logarithmic scale is used for the
wavelength in order to cover a larger wavelength range.

It can be seen that solar radiation is significantly weakened by interaction with
molecules in the air in areas where Earth’s radiation is negligible. Earth’s radiation
is only noticeable at longer wavelengths, but it should be noted that its intensity
has been magnified sixtyfold. The intensity shown here is the radiation of the
Earth. However, only the part of this radiation that is reflected back to Earth by
the molecules in the air is effective for the greenhouse effect. A more detailed ex-
amination of the conditions shows that only the deformation vibration of carbon
dioxide (Figure 1) could be excited. The molar heat capacity for an oscillation is
given by Equation (5). O, is the characteristic oscillation temperature. For the

bending mode, ®,, = 960 K (Rs = gas constant).
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This mode and all other modes of motion of atmospheric gases can be excited
by sun light (7= 5800 K). Besides radiation this energy is transformed into the other
modes of motion especially translational modes (thermalisation). The heat capacity
of the bending mode at 7'= 288 K is small, Cy (288 K) = 5.9 x 107 J-K™m™. Its
contribution to the heat capacity of the atmosphere is small, therefore.

At low temperatures, such as those found in the Earth’s atmosphere, this exci-
tation does not occur. The vibration is said to be frozen.

Earth radiation only affects the global temperature during the hours when there
is no solar radiation. Since the temperature of the Earth’s surface is higher than
the temperature of the surrounding air during the night, a transfer of energy from
the gas phase back to the Earth’s surface is not possible according to the second
law of thermodynamics. Back radiation of energy of excited bending mode of CO,
in the direction of earth surface is small because of small excitation and thermal
degradation. Its contribution to the global temperature is small, therefore.

Corresponding studies by Knut Angstrém and one of his colleagues confirmed
that there is no significant interaction between carbon dioxide molecules and ter-
restrial radiation in the sense of a greenhouse effect [7]. This statement does not
apply to other components of the air, such as water in all states of aggregation.

The effectiveness of carbon dioxide as a greenhouse gas can be verified experi-
mentally. It has been experimentally proven that CO, molecules are involved in

protecting the Earth from the sun’s heat radiation.

4.3. The Greenhouse Effect

The involvement of numerous processes in the warming of the Earth’s atmosphere
by solar radiation is referred to as the greenhouse effect. These processes include
the excitation of energy states of molecules. Other phenomena are also cited in
this regard. The effect of water droplets (clouds) is obvious and well known to
everyone. But other small particles, such as soot, also play a role. The carbon di-
oxide in the atmosphere is publicly attributed with playing a special role in in-
creasing the global environmental temperature. The magnitude of the CO, influ-
ence can be easily estimated. The gas mixture dry air, consisting of the main com-
ponents nitrogen, oxygen, argon and carbon dioxide (volume fractions: 0.78084,
0.20942, 0.00934, 0.0004), is heated during this process. The absorbed energy is
distributed to the modes of motion in accordance with the equipartition theorem
in order to achieve the global ambient temperature. The gases absorb heat in ac-
cordance with their heat capacity. At a temperature of 25°C, the heat capacity of
carbon dioxide is significantly greater than that of the other components of air
(CWN,) = 20.74 J/K mol, C{O,) = 20.95 J/K mol, C\{Ar)= 12.48 J/K mol, Cy
(CO,) =28.46 J/K mol). If the proportion of CO; is increased at the expense of the

other components of air, the same amount of heat causes a smaller temperature

DOI: 10.4236/acs.2026.162020

386 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2026.162020

W. Vogelsberger

increase in the case of increased CO, concentration, according to Equation (1). In
an atmosphere richer in CO,, the temperature rises less sharply as a result of solar
radiation. The effect is very small (uK range) due to the low CO, concentration.
However, it contradicts the view that an increase in the concentration of CO, in

the air raises the global environmental temperature.

5. The Influence of Energy Flows on Climatic Conditions
5.1. Dynamic Equilibrium

The energy supplied to the Earth by solar radiation must be completely radiated
back into space. Energy inflow and energy output are in balance. This state is re-
ferred to as dynamic equilibrium. It is shown schematically and in a very simpli-

fied form in Figure 6.

Energy balance at the surface of
the earth

Egx

E, E, E,
Ep=Energy irradiated
after interaction

@ ﬁ I I I Eg = Energy irradiated
without interaction

E=Stored energy
T=Temperatur
AT=Increase of
temperature

E = Greenhouse effect

T(+ AT)

Y A

Figure 6. Schematic representation of energy balance in a volume near to the surface of the
earth.

The temperature regulates the maintenance of this dynamic equilibrium. Tem-
perature is the driving force behind energy radiation. This statement is formulated
in Planck’s law of radiation. If more energy is supplied to the Earth system, the
ambient temperature rises until equilibrium is restored, see Equation (4) and Fig-
ure 5. This statement is of course also valid if energy is supplied to the Earth sys-
tem from another source. One such source is fossil fuels. Their energy is released
into the surface layer of the atmosphere where, as we have seen, the global envi-
ronmental temperature is measured. Fossil fuels store the solar energy of past pe-
riods, and this energy is released into the environment in our time. The result is a
corresponding rise in temperature. Saving fossil fuels therefore contributes to pre-
venting a further rise in the environmental temperature.

The use of renewable energies is seen as a solution to the problem of energy
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demand. When fossil fuels are depleted in the distant future, it would still be pos-
sible to provide the necessary energy in this way.

But what about the claim that the use of renewable energy is climate neutral?

Climate neutrality used within this considerations means that the use of an ex-
cess of energy has the same effect on global temperature as if it is transferred di-
rectly as heat in the dynamic equilibrium. Storage of energy likewise in electrical
batteries shifts the influence of this energy on global temperature to a later date.

The energy arriving on Earth from the sun can be divided into the two parts
shown in Figure 6: the energy that is immediately reflected back into space with-
out interacting with the Earth (grey arrow) and the energy that interacts with our
environment in some way and is therefore responsible for the rise in environmen-
tal temperature (red and green arrows). If the energy symbolized by the red arrow
is used for human needs, e.g. to perform work, on its way to being radiated, the
effects on the environmental temperature must be carefully examined in terms of
climate neutrality. However, if energy that is radiated back without interacting with
the environment is used to perform work (grey arrow), additional energy is supplied
to the environmental system and the temperature rises. The grey arrow becomes
smaller and the red arrow becomes larger by the same amount. The same applies to

the use of renewable energy, magenta arrow. Energy use is not climate neutral.

5.2. Climate Neutrality

As we have seen, before claiming that energy use is climate neutral, a thorough
examination is necessary. A distinction must be made between thermal energy
and work. In principle, work is not climate neutral if it causes a permanent change
in our environment. The energy is stored in the environmental change and is no
longer available for maintaining the dynamic equilibrium in our environment
(potential energy). For example, electrical energy is used in transport to change
the location of objects; it is consumed, or the energy required to construct a build-
ing remains stored in that building. This statement also applies, of course, to the
use of renewable energies.

The following general consideration illustrated in Figure 7 shows that a precise
analysis is necessary. We discuss the simple case where, at the initial state of our
considerations, a system is in a state, S, with a higher energy than its environ-
ment. This is the case, for example, in the generation of energy from wind energy.
For simplicity, we consider air to be an ideal gas with a constant molar volume V
=1 m>mol™ and a pressure ps that is significantly higher than the atmospheric
pressure pe (ps> pc). According to the equation of state for ideal gases, the tem-
perature 7sis fixed (75 = psV/Rg). The increased energy content is characterized
by the temperature, 7§ which is higher than the average ambient temperature, 75
= pc VIR (Ts> Tg). The total energy, u, consists of two components: heat, q, and
work, w. If no action is taken, the system enters a state of dynamic equilibrium,
Sc, by releasing the total energy difference (Au = us — ug) as heat, g, (red arrow,
path A).
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Au=us— ug= q= Cy(Ts— Tp) (6)

(Cv = molar heat capacity of air).
On a second path B, part of the heat is used to perform work, w; g= ¢ + w
(green arrows). The system transitions to state Sy, which is characterised by the

variables Tysand pa (Ts> Tyr> T5).

Diagram for interpretation of
climate neutrality

Figure 7. Schematic representation of energy transfer according to the first law of Ther-
modynamics.

"

The work, w, for example electrical work, can be used for heating, wy = q
(ochre arrows). The system ends up in the state with the ambient temperature, 7%.
This is the same state as that reached on path A if energy losses are excluded dur-
ing conversions (ideal case) and the work wy has only been used for heating pur-
poses. If, on the other hand, the energy wyis used for changes in the environment,
for example in transport or the construction industry, the state Sg cannot be
reached (magenta arrow). Only the lower heat q' is released. The system remains
at the temperature 73, (7 > 7). A temperature increase occurs. The statement
that the use of increased energy for work to bring about changes in the environ-
ment, e.g. transport or construction, leads to an increase in the global temperature
in the system under consideration compared to the case where no work is done
from the initial energy difference, is generally valid. The use of renewable energy
is not climate-neutral.

In the case of a photovoltaic system, a second aspect must be taken into account.
When idle, the system is in thermal equilibrium with its environment. The inter-
action with the environment consists mainly of temperature equalisation. When
in operation, the thermal equilibrium continues to exist. In addition, however, solar
energy that was previously unused is used to generate electricity. In this case, cli-
mate neutrality does not apply.

However, there is another point to consider when assessing climate neutrality.

When renewable energy is stored, it is missing from the dynamic equilibrium
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at the time of generation. However, this loss can be instantly compensated for by
solar energy, which is available in large quantities. The dynamic equilibrium is not
affected by the stored energy. When used later, the stored energy increases the
energy supply and the temperature rises. The speed at which the energy is supplied
must also be taken into account. Dynamic equilibrium is established in such a way
that the amount of energy supplied and released per unit of time is equal. Climate
neutrality is only achieved in this case. When using renewable energies, it must be
carefully examined whether their use is actually climate neutral. This examination

can be time-consuming in individual cases.

6. Summary

Statements on any issue always require a sound knowledge of the facts. They must
also always allow for the possibility of correcting one’s personal position if one
realises that one has overlooked an aspect.

The considerations presented here confirm that questions concerning changes
in environmental temperature affect a very complex system and are therefore dif-
ficult, if not impossible, to answer quantitatively. However, a qualitative statement
is possible if sound scientific knowledge of the fundamentals of physics and chem-
istry is used. The aim of the present considerations is to enable such an approach.

They have shown
e that without carbon dioxide, aerobic life is not possible.

o that thermal energy associated with chemical reactions must be taken into ac-
count when considering changes in environmental temperature.

e carbon dioxide is produced during the combustion reactions of organic sub-
stances. It is therefore involved in heat generation.

e that carbon dioxide gas molecules in the atmosphere are involved in shielding
the Earth from heat radiation. Like the other components of the atmosphere,
carbon dioxide contributes proportionally to the warming of the atmosphere.

o that the contribution of carbon dioxide gas molecules in the atmosphere to the
greenhouse effect is negligible.

o that energy use that causes a permanent change in the environment is funda-
mentally not climate neutral.

¢ that climate neutrality in the sense that the use of renewable energies has no
influence on the ambient temperature does not generally exist. When renewa-
ble energies are used for heating purposes, only a minor influence on the am-
bient temperature is to be expected compared to the natural decomposition of
the energy surplus. If renewable energies cause permanent changes in the en-
vironment, the temperature in the area under consideration will rise.

o that the energy radiated by the sun onto the Earth and the energy radiated by the
Earth into space are in dynamic equilibrium, 7.e. their energy amounts are equal.

o that the driving force for the Earth’s energy radiation is the global temperature.

¢ Anadditional supply of energy to the Earth causes a rise in temperature, which
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increases the driving force for radiation.

¢ that in a dynamic equilibrium, the speed at which radiation and emission oc-
cur also plays a role. The decisive factor is that the amount of energy received
and emitted in a given period of time is the same.

o that stored energy is not lacking in dynamic equilibrium, as it can be instantly
replaced by the large surplus of incoming solar energy. Dynamic equilibrium
is not influenced by stored forms of energy.

o that stored energy increases the ambient temperature when it is used.

e thatareduction in green spaces on Earth can cause an excess of carbon dioxide
to build up in the aerobic life cycle.

o that the effects contributing to global environmental temperature change must
be experimentally verified before proceeding with large-scale implementation
to prevent a rise in temperature.

Reducing humanity’s energy consumption is the only means of effectively lim-
iting or preventing the rise in environmental temperature. Reducing the carbon
dioxide content in the atmosphere reduces the atmosphere’s shielding effect in
terms of solar heat radiation. The rise in environmental temperature is increased.

The contribution to the greenhouse effect is negligible.

7. Final Remark

Without carbon dioxide, aerobic life on Earth would not be possible. Carbon di-
oxide is present in the atmosphere in low concentrations. Experiments have
shown that it contributes to shielding the Earth from solar radiation in the form
of heat radiation. In doing so, it contributes to the warming of the atmosphere.
Carbon dioxide does not play a significant role in the greenhouse effect. Experi-
ments conducted at the beginning of the last century confirm this statement. The
amount of energy consumed by humanity each year is sufficient to cause a tem-
perature increase of several degrees in the layer of the atmosphere closest to the
Earth, as shown in weather reports. This is the main contributor to global warm-
ing. Any use of energy that causes a lasting change in the environment is funda-
mentally not climate neutral. Renewable energies are not necessarily climate neu-
tral. This must be verified experimentally and will only be true in rare cases. Ex-
periments suggest that a certain increase in environmental temperature is at-
tributable to human activities. This has also been proven to apply to environmen-
tal damage to plants and animals, which can even lead to the extinction of species.
It is to be hoped that this devastating development can still be reversed. To do so,
humanity must change its future development and its self-image. It is an equal
part of our living environment. It has the ability to foresee the consequences of its
actions. Therefore, it is not its task to constantly increase and satisfy its own needs,
but rather it has a duty to shape its needs in such a way that the needs of other
individuals on Earth are also taken into account and that a contribution is made

to the preservation of creation.
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