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Abstract. The ability to produce motion based on man-made energy is essential to the
civilization. Equally important is the most efficient use of energy to limit the consumption
of natural resources as well as the resulting pollution. Consequently, it is necessary to
know: - the factors that limit the energy accessibility; - the physical bases of irreversibility,
as a premise of ensuring the maximum efficiency. The paper presents two new
transdisciplinary principles: - the principle of energy accessibility, which introduces the
concepts of degree of energy accessibility, degree of energy inaccessibility caused by
natural conditions and degree of energy inaccessibility induced by technical conditions; -
the principle of irreversibility which introduces the concept of degree of energy
irreversibility in correlation with the physical bases of irreversibility.
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1. Introduction

The principles and laws underpinning the work of Nature are the fruit of Divine
creation. We humans witness the wonders of creation and from time to time we
manage to discover and formulate some of these principles and laws, which we call
of Nature. Two of these transdisciplinary principles that underpin the work of Nature,
which | have formulated in the wake of research into many processes and
phenomena, are to be presented further down.

In all the chapters of science, interactions were analyzed based on the concepts of
loading (forces, stresses, flows, potential difference etc.). The nature of the load
imparted specific features to each field. Each of these fields features its own laws of
matter behavior and its own principles.
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This triggers the challenge of developing a generally valid theory, independent of the
load nature (mechanical, electrical, magnetic, thermal, chemical, biochemical, social
etc.). This is possible by resorting to a concept that runs through all the fields of
science, namely the concept of energy, E. One should add to all these the postulate
that: “any physical body under load has at least two effects, of which one is - always
- the thermal effect”.

That is the reason why any process, by reversal, cannot bring the matter involved to
its initial state. It follows that any process of deformation, flow etc. is irreversible.
There are no reversible processes in nature. From the analysis of the physical bases
of irreversibility in a certain volume of matter, one has found that irreversibility can
be internal and / or external [1].

The internal irreversibility is determined by molecular cohesion (internal friction),
molecular adhesion (external friction), matter compressibility and binding energy at
the molecular, atomic or nuclear level (it corresponds to the heat of reaction at each
level of matter).

The external irreversibility corresponds to heat transfer and mass transfer through the
interface between the matter volume under consideration and the environment. The
heat transfer occurs in the direction of temperature decrease and the mass transfer
(diffusion) occurs in the direction of decreasing the concentration of the diffusing
substance. Starting from the physical bases of irreversibility and energy accessibility,
I stated the following transdisciplinary principles of Nature: - the principle of energy
accessibility; - the principle of irreversibility.

The principle of energy accessibility shows the degree of energy accessibility of an
energy source, taking into account the limitations produced by the environment in
which it is located and the technical level attained, and there influence about the
efficiency.

The principle of irreversibility shows the degree of energy irreversibility involved in
a process and allows the maximization of the process efficiency.

Int the literature ware examined for example: the critical factors of energy efficiency
on the global scale [2], an energy supply reability index [3], factors affecting exergy
destruction and engine efficiency of various classes of fuel [4]; analysis of the
underground cool gazification [5]; the effect of urbanization on energy and use and
efficiency in China [6], efficiency gains and economic growth [7] etc.

The obtained results may be better if takes account on the factors limiting the energy
accessibility, as well as the physical bases of irreversibility, like this is presented in
the paper.

2. The principle of irreversibility

The principle of irreversibility has been stated as follows:

“In its development, any process or phenomenon is irreversible and is characterized
by the degree of irreversibility of the energy involved, which is positive and
subunitary.”

The degree of irreversibility is defined by the equation,
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E.
{!'r = EL:’ (1)

where E;, is the energy amount irreversibly transformed by the internal
irreversibility (Qir,) and by the external irreversibility corresponding to the transfer
of matter to the outside (Qire),

Ei'r = Qi’r.i’ + Q!’r.s ’ 6:'1" (2)
Factor 6,,. = 1if¢; > ¢, and 6;, = 0 if ¢; < c,, where ¢; is the concentration of the
diffused substance inside the volume and c. is the concentration of the substance
outside the matter volume, such as, @, .~(c; — c,).
E. is the amount of action energy received from the outside by the matter volum,

E,=W+E,, 3)
where W is the work produced in the matter volume. In general,
0<é, <1 (4)

In the ideal (reversible) processes &, = 0, while in the totally irreversible
processes &;, = 1. In the deformation process of a perfectly elastic body ¢, = 0,
while in the flow of a perfectly viscous fluid, &, = 1. For viscoelastic bodies
(viscous behavior prevails) &;, € (0.5;1.0), while for elastoviscous bodies (elastic
behavior prevails) £;,. € (0; 0.5).

The value of the irreversibility degree may be limited for technical, economic or
environmental pollution reasons (thermal or diffused substances) according to the

equation,

fi'l’ = [:{!'r)a.!'! (5)
where (&) =1 is the maximum allowable value of the degree of
irreversibility.
The classical treatment of the irreversibility problem envisages thermodynamic
systems, by resorting to Clausius’s concept of entropy. It cannot be used in systems
that are far from a state of equilibrium, a fact emphasized by Prigogine [8; 9].

The introduction of the concept of degree of irreversibility and its
correlation with the internal and external frictional heat, as well as with the energy
irreversibly dissipated due to the non-uniformity of intensive quantities, allows the
guantitative assessment of irreversibility for any process or phenomenon, whether
in a state of equilibrium or far from a state of equilibrium.

By irreversibly converting energy into heat, the action energy E. gets “degraded”. It
may be said that the irreversibility of energy is at the origin of the non-existence of
immortality and the impossibility of going back in time. Irreversibility is associated
with time, because the energetic deterioration of matter occurs over time.
Consequently, it is fair to say that irreversibility makes the future different from the
past; the arrow of time directed from the past, through the present to the future is due
to the irreversible transformation of energy into any phenomenon or process.

e In an organ of a living body as well as in certain technical processes, the energy
corresponding to the internal irreversibility, Qiri, is used to maintain the internal
energy, U, at a certain value and to transfer a certain amount of heat, Qex (Fig. 1), to
the outside, through the interface,

Qi’r.i’ =AU + Qex’ (6)
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where Q,,. = k; - (T, — T.), with k, - the total heat transfer coefficient, and AU -
the momentary variation of the internal energy.

Ce
E. Qir‘e"( Ci- Ce)

Te
Qex= kt( Ti- Te)
Fig. 1. The effects of action energy, Ea, on a body: W —work; AU + @,,. = @;,; —the energy due

to internal irreversibility, where AlJ is the internal energyvariationand Qex — heat transfer to the outside;
Qire — energy corresponding to the transfer of matter to the outside.

We may conclude, for example, that the internal energy of a living organ varies
between a minimum value Unin, before receiving energy E. and a current value
U(t) at a given time, t, after receiving energy E,, so that
AU = U[:f) — Unin- (7)
In the organ of a living body (Fig. 1),
E, =W+ (AU + Q,,) + Qo)
where the last two terms (Q,., + Q;.) correspond to the external irreversibility,
and AU comes from the internal irreversibility.
e The efficiency of a certain process is defined by the equation (Fig. 1)
W

Mo = £ (8)
From equations (1), (3) and (8) one obtains
np + {!'r = 1’ (9)

which means that

“the efficiency and the degree of irreversibility of the energy involved in any process

coexist and are complementary”.

The higher degree of irreversibility is, the lower the ability of an energy source to

produce work will be.

e The analysis of natural phenomena and processes shows that Nature operates with

minimal energy losses. For example: - a body falls in the gravitational field vertically

and not on a certain curve, i.e. on the shortest path, the one with minimum energy

consumption; - the movement of an object on an inclined plane follows the line of

the steepest slope, i.e. on the shortest way and with the lowest energy consumption; -

in front of several channels, the fluid “chooses” the channel with the lowest flow

resistance, hence, the lowest energy consumption etc.

Consequently, in order to produce a certain work, W, with minimum action energy

consumption, E,, it is necessary that the irreversibly converted energy be minimal,
Ea.m!’n =W+ E!'r.m!’n'

In other words, in Natural phenomena and processes, the degree of irreversibility is

minimal,
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$irmin = Ez'r,m:'n’ (10)

Eﬂ

and the efficiency, according to equation (9), is maximum,

Mp.max = 1- ga'r.ma'n' (11)
This explains the tendency towards maximum performance of everything that moves
in Nature, as shown in the constructal theory [10; 11].
The degree of irreversibility allows the quantitative evaluation of the irreversibility
and the comparison of any two processes with one another.
Taking into account the results obtained in paper [12], one may accept the
application of this principle not only to macroscopic irreversibility, but to
microscopic irreversibility, too.
e The general equation (9) corresponds to those processes where the energy
dissipated irreversibly in heat is a loss; it is not useful. There are processes (eg.
extrusion of plastics) where the energy dissipated in the form of heat is useful. In this
case only the heat transferred through the interface between the material volume and
the environment, Qex, Will not participate in the process. Consequently, E;, = Q...,
and instead of ¢, one introduces the concept of reported heat lost to the
environment,

& == (12)

Eq
According to the general equation (9),
p+& =1 (13)
The lower the amount of heat transferred through the interface, the higher the process
efficiency.

3. The principle of energy accessibility

In general, we have access only to a part of the energy available at a given time (also
called absolute value energy). How much, is determined from the transdisciplinary
principle of energy accessibility:

“We have no access to absolute value energy, we only have access to the difference
in energy between two points in space at a given time, or at a point in space between
two successive moments.”

When we analyse the problem of free energy, or zero-point energy we must take into
account the principle of energy accessibility.

a. By way of a first example, one may consider the fall in the gravitational field of a
body of mass m. We do not have access to the potential energy in relation to the
Earth center (absolute energy, Ean) but only in relation to the Earth surface. The
potential energy of the body at height H above the Earth is E, = m- g - H, where g

is the gravity acceleration (Fig. 2), is the maximum accessible energy £, = E,

ac.,max’

In the fall, some of the potential energy, as a result of friction with the air, is
irreversibly converted into heat, Qir.

At ground impact, the Kinetic energy is E. = 0.5m- v2. From the energy balance
relation, E, = E, + Q;,, we get the speed at ground impact,
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0.5
V= (2 . (gH — %)) . (14)
When falling in vacuum @Q,. =0, so that the speed at ground impact is
v, =2 -gH
v A"l g :

When falling on a hill of height h above ground level (Fig. 2), the accessible
potential energy iSE,,. =m-g-H,, where H; =H—h — which shows the
limitation of the accessible potential energy caused by environmental conditions (h).
The energy corresponding to the difference {Ep — EMC) =m- g - h represents the
inaccessible or not accessible energy caused by the natural (environmental)

conditions, and is written as

E,ET:: 2= m- g-h (15)
m

- o =,
: + i I / Ep,ac=E0+Qir
[ | !
| ! H |

H i 1 !
| | KR o
| I
| | e mg(H-1)
| l - = ¢ ’ggec)t)_mgh

0 A l wh h

Fig. 2. The potential energies, or accessible energies, corresponding: to the height H above the Earth,
Ep; to the height h above ground level, Epac, and at the end of a cable of length [ < H, — h.
E(na t

The inaccessible energies are caused by natural (environmental) conditions, £

technical conditions Eﬁi“;"] .

, and by

If the body of mass m is connected to a cable of length [ < (H — k) and falls onto
the hill of height h, then the actually accessible gravitational energy

ISE, .. = m-g -1, and the energy that is inaccessible because of natural conditions
E,E’f,‘:t] m- g - h. The potential energy difference corresponding to distance
(Hl — 1) represents the energy made inaccessible by technical conditions,
En” =m-g-(H,— D). (16)
One may write that,
(teh) (nat)
Ep = Ep.ac + En:c + Enr;ac ! (17)

where E, = Ej, max = Eqcmax 1S the maximum accessible potential energy. It
has the role of action energy, E.. After dividing it by E,. 4. 1N €quation (17) one
gets,

Sac +Eot +Emns? = (18)
where
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o= _Zac_ i the maximum possible degree of energy accessibility of;

ac.max

(teh)

{,Efz'f‘] = E‘:’:ﬁ - the degree of energy inaccessibility from a technical viewpoint;
(nat)

5,?;?] = fnac  _the degree of energy inaccessibility caused by natural conditions.

ac.amax

The particular case in Figure 2 is generalized in an energy diagram (Fig. 3).

0
>E
Eiryle W,
(nat) (teh)
<—ﬂa§E M=l plg Ea@—»
e Eacmax "
’ Eat ;

Fig. 3. The correlation between the absolute value of energy, Ean, maximum accessible energy, Eacmax,

effective accessible energy, Eac, inaccessible energy from technical conditions, Ergif:h] ,and

inaccessible energy from natural conditions, EIET;‘E t) . The effectively accessible energy, Eac, is
converted, inside any process, in work W and into irreversible transformed energy, Eir,
which determines the internal energy variation, A/, and the heat transfer outside
the body volume, Qex (Fig. 1).

From relation (18) one results the degree of energy accessibility that
characterizes a certain energy source,
fae = 1= (8020 +227). (19)
One has found that both the natural (environmental) conditions and the technical
level attained, at a certain moment, set a limit to the access of the whole amount of
energy of an energy source.
As a consequence of the principle of irreversibility, the energy accessible Ex, during
a certain process, is converted into irreversibly transformed energy, Ei, and into
energy of ordered motion, corresponding to the maximum possible work, W. On the
energy diagram (Fig. 3) the principle of energy accessibility of a source refers to the
whole axis of energies, while the principle of irreversibility refers only to the Eac
segment, in connection with a certain process (in which only the actually accessible
amount of energy, Eac, of the energy source, can be used).
b. In a thermal process, from the absolute thermal energy of the hot source
(calculated in relation to the temperature 0K) Q.. (T.), the amount of heat Q,.(T,.) is
given off to the cold source, of temperature T.. The effectively accessible thermal
energy is
Qac = Q¢ [:Tc) - Q. (Tr) (20)
This is converted into work W and the irreversibly dissipated energy Qi (Fig. 4).
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e | O | Qu=QoT)-Q(T)

Qac,max= Qc( Tc)'QO( TO)

A

QabsE Qabs(Tc)

& >
< P

Fig. 4. The correlation between energies in a thermal process, similar to the general case presented in
Figure 3: absolute thermal energy, Qabs; maximum accessible thermal energy, Qacmax, inaccessible

(teh) (nat)

thermal energy from technical conditions, @, . hac

and from natural conditions Q

The effectively accessible thermal energy, Qac, is converted in the work W and in

the irreversible transformed thermal energy, Qir, which we find as internal energy
variation AU and heat transferred outside to the interface, Qex (Fig. 1).

The maximum accessible thermal energy is

Qac.max = Qc (Tc) - QO (Tﬂ)' (21)
where To (in K) is the ambient temperature. The technically inaccessible thermal
energy is,

(teh)

Qnar‘. = Qr (Tr) - Ql (Tl)a (22)
where T; is the minimum accessible temperature for the thermal process.
The thermal energy made inaccessible by natural conditions (environmental
limitation) is

Qrgiit] =@ (T1) — Qo (To)a (23)
which is imposed by the ambient temperature To. This limits the complete energy

transformation of a thermal energy source. In the case of therml machines g,ﬁf;”
indicates the reserve, in the cold source area, likely to increase the total efficiency.
c. At a “point” in space, at time to, the amount of local energy is E(t,). At t; > t,,
the amount of local energy may become E(t, ).
The maximum local energy accessible until moment t; corresponds to the difference
(Fig. 5),

AE&C.]’HC&X(II) = E[:rﬂ) - E[:rl)- (24)
Locally, at a given moment, the whole amount of energy is not accessible to us, but
only the difference in energy between two successive moments. And in this case the
equation (17) is valid if written in the form
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E

Fig. 5. The possible local energy variation in time, E(t). During the time interval
(Il — to) in a “point” in space the energy variation,
or the maximum local energy accessible is AE, . qx (£1).

AE e max(t) = Do () + AESS (6) + AESSY (1), (25)
Relation (19) is also valid, such as,
C BBac® | (tek) _ BECEV(D) | (nat) _ ABELRV()
gﬁﬂ B ‘ﬂEﬂC.mﬂI(t]’ gnac B ‘ﬂEﬂC.mﬂI(t]’ gnac B ‘ﬂEﬂC.mﬂI(t].
Sometimes, erroneously, it is considered that the energy made inaccessible for
technical reasons is irreversible energy and is thus included in the calculation of a
process efficiency.

The principle of energy accessibility brings clarity to the issues of energy efficiency.
4. Who was right, Aristotle or Galileo Galilei?

If we take irreversibility into consideration, one might give an answer to the above
question.

Aristotle stated that, “heavier objects (with a larger mass) fall to the Earth at a higher
speed than light ones.” According to equation (14), when bodies fall through the air,
part of the potential energy is irreversibly converted into frictional heat, Qj.. If heavy,
identical bodies, in shape and volume (which have the same Qi), the ratio @;,./m is
lower than in light ones, so that the rate of fall of the heavier body is higher than that
of the lighter ones. Aristotle was right about the bodies falling into the air.

”Galileo Galilei stated that, “if we neglect air resistance, bodies fall in the same
way.”

He referred to the fall of bodies in a vacuum, in which case @Q;,. =0 and
consequently the rate of fall (szg . H) does not depend on the weight of the body.
Galileo Galilei was right as well.
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5. Conclusions

There have been highlighted the physical bases of the internal and external
irreversibility of any process or phenomenon (molecular adhesion and cohesion,
binding energy, heat transfer, substance transfer).

The principle of irreversibility, stated in the paper, introduces the dimensionless
concept of degree of irreversibility, which can take values between zero and 1.0,
depending on matter behavior. The problem of limiting the degree of irreversibility
and its influence on the efficiency has been analyzed.

The principle of energy accessibility introduces the dimensionless concepts of the
degree of possible energy accessibility, the degree of energy inaccessibility from a
technical point of view and the degree of energy inaccessibility caused by natural or
environmental conditions. The provisions of this principle have been illustrated for
the gravitational potential energy, for the energy of a heat source and for the local
energy at a point in space. It was found that the technical level attained, as well as the
natural or environmental conditions in which the energy source is located limits the
access to the source energy.

The two principles, transdisciplinary principles, put forth in the paper may represent
a new approach to correctly assessing the problems of irreversibility, the limitation of
thermal pollution and energy accessibility.
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