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Abstract

It is shown that using a novel recycling process of the environmental thermal energy,
innovative permanent auto-working direct energy converter systems (PA-DEC systems) from the
environmental thermal to electrical and/or chemical potential (TE/CP) energies, abbreviated as PA-
TE/CP-DEC systems, can be used for new auto-working electrical power plants and the plants of the
compressible and conveyable hydrogen gas resources at various regions in the whole world, with
contributions to the world peace and the economical development in the south part of the world. It is
shown that the same physical mechanism by free electrons and electrical potential determined by
temperature in conductors, which include semiconductors, leads to the Peltier effect and the Seebeck
one. It is experimentally clarified that the long distance separation between two it type elements of
the heat absorption (HAS) and the production one (HPS) of the Peltier effect circuit system or
between the higher temperature side (HTS) and the lower one (LTS) of the Seebeck effect circuit
one does not change in the whole for the both effects. By using present systems, we do not need to
use petrified fuels such as coals, oils, and natural gases in order to decrease the greenhouse effect by
the CO2 surrounding the earth. Furthermore, we do not need plats of nuclear fissions that left
radiating wastes, i.e., with no environmental pollutions. The PA-TE/CP-DEC systems can be
applicable for several km scale systems to the micro ones, such as the plants of the electrical power,
the compact transportable hydrogen gas resources, a large heat energy container, which can be
settled at far place from thermal energy absorbing area, the refrigerators, the air conditioners, home
electrical apparatuses, and further the computer elements. It is shown that the simplest PA-TE/CP-
DEC system can be established by using only the Seebeck effect components and the resolving
water ones. It is clarified that the externally applied electrical energy is used only for the Joule
heating in the total resistance of the circuit, and the transportation of heat energy takes place
independently from the external electrical source. It is clarified that since we make the innovative
PA-TE/CP-DEC systems in thermally open surroundings, the entropy theory established in the
closed system is not applicable for the proposed systems.

Keywords: electronic adiabatic process, electronic heat pumping, free electron fluids in conductors,
direct heat-electrical energy conversion system, direct heat-chemical potential energy conversion
system, permanent auto-working (PA) electrical power plant, PA plants of hydrogen gas resources,
heat recycling systems in open systems
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I. INTRODUCTION

It has been attracted the scientific research that the petrified fuel, such as the oil and the coal, would

be consumed out within several tens years from the earth for these several years. The electric power

plants using the nuclear fission have inevitable feature of radioactive dust and running without

control by careless accidents. On the other hand, the power plants using the nuclear fusion have

many advantages compared with the fission plant, such as the low neutron yields to suppress the

radioactive dust and naturally shutdown because of cooling of confined plasmas. Various types of

confinement system for the fusion plants have been proposed hitherto, such as the Tokamak,

Stellarator, Tandem Mirror, Reversed Field Pinches (RFP), Field Reversed Configurations (FRC),

Compact Torus (CT), Spherical Tokamak (ST), and so on. In the case of the RFP, the self-

organization process has been known to lead to the stable state of the confined plasma. Many

theories to interpret the self-organization phenomena in plasmas have been proposed, and one of the

authors have been contributed for the development of this research area [1-9]. Since the

experimental development of the fusion plant needs a lot of years, we have to develop some other

energy resources. On the other hand, research works on the scientific analysis, the application, the

industrialization concerning to the Peltier effect and Seebeck one have been published a lot in

various journals [10-15].

In this paper, we present innovative direct energy conversion systems using electronic adiabatic

processes of electron fluid in solid conductors : new plants of electrical power and hydrogen gas

resources, without environmental pollutions. In Section II, we present the theoretical background for

the innovative direct energy conversion systems, where Section II-1 is for the Peltier effect and the

Seebeck one, Section II-3 is for the electronic heat pumping (EHP), a auto-working EHP system, and

new plants of electrical power and the conveyable hydrogen gas resources, without environmental

pollutions. We have obtained some experimental evidence such as the conveyable hydrogen gas by a

preliminary experiment on the resolving water system. Concluding remarks are in Section IV.

II. THEORETICAL BACKGROUND

We present here a theoretical background for electronic adiabatic processes of free electron fluids

in solid conductors which include semiconductors.

II-l. Energy transfers between thermal energies and electrical potential ones of free electrons

by electronic adiabatic process

At first, we consider an energy band diagram around contact surfaces among three conductors A, a

metal M, and B with external electric field from A side to B one, as schematically shown in Fig. 1.



Here, A and B are conductors with large absolute thermoelectric power, called the (absolute)

Seebeck coefficient written as a A(r,) and /3 B(^i), respectively. The value of the Seebeck

coefficient of the metal M such as the copper Cu is usually very small compared with A and B. The

Seebeck coefficient depends on the temperature Tx around contact surfaces. The Fermi energy level

is denoted by E{, the lowest level of the conduction band by £ 0 the highest level of the valence band

by Ey, and the earth level by EE. Since the heat conduction is high enough around the two contact

surfaces in Fig. 1, the temperature of A, M, and B become respectively the same temperature T, as a

result. Since the external electric field is applied from A to B, the Fermi level E{ is the highest in A,

the middle in M, and the lowest in B. The free electron distribution in conductors can be usually

expressed by the Boltzmann distribution. The electrical potential 0A(7\) and (^(T^) are measured

from the Ec level to the EE one. The potential difference V^ (71,) between A side and B one is given

by

VA»(Tl) = <PA(T])-<PB(Ti). (1)

We use the two conductors of A and B such that a larger conduction band for A than for B, and

therefore the electrical potential has the features of 0A(7'1) > </>B(TI)- On the other hand, </>A(r,) has

the following experimental relation with the use of the relative thermoelectric power ( i.e., relative

Seebeck coefficient) (ZABC^I),
 a s follows

V^Tx) = ah&{Tx)T^aKB1Tx> 0, (2)

where aA(r,) is hereafter abbreviated as a^-n, and is written by the Seebeck coefficient a A(7,)

and 0B(Tt) as

From Eqs.(l) and (2), we obtain

Every electrons in the free electron fluid in every conductors have their own total energy H

written by

H = e<KTl) + ̂ vl (5)

where {mjl) vft
2 denotes the thermal energy of the every free electrons.

We now consider the electronic adiabatic process of the free electrons in the conduction band

around the contact surfaces between A and M, and between M and B, shown in Fig. 1. At first, we

pay our attention to every electrons in the free electron fluid. When every free electrons are driven

from B to A (the direction of current is inversely from A to B) by external electric fields, they move

adiabatic from B to M and M to A through the two contact surfaces, keeping their total energy H, as



follows

A , ^ ^ (6)

where v ^ denotes the thermal velocity of every free electrons of interest, which were in B, and vM is

that of the same free electrons which have moved into A. Here, the drift velocity of free electrons by

the external electric field can usually be negligible compared with the thermal velocity in the

conductors, and therefore the kinetic energy of the free electron by the drift velocity is neglected in

Eq.(6). From the electronic adiabatic equation (6), we obtain the followings:

y ^ (7)

< ̂ 4 , (8)

where 0A(7'1)
 >

 0B(TI)- From Eq. (7), we can find a physical fact that through the electronic adiabatic

process of the free electrons from B to M and from M to A, the thermal energy of the free electrons

of interest have been transferred to the electrical potential energy by passing through the two contact

surfaces with M. At the same time, we can see from Eq.(8) that the thermal energy of the free

electrons of interest has become lower by passing through the contact surfaces. Therefore, the heat

absorption takes place in the M side neighbor of the contact surface with B and also in the A side one

with M due to the long range Coulomb force interaction among the free electrons, which have

flowed in, and those that have existed in A before hand by quite short equi-partition time of thermal

energies. When a long cable conductor is attached to the A side, the Coulomb interaction travels

along the cable conductor with the speed of electromagnetic waves (EMW). The traveling time of

the EMW is greatly shorter due to the light velocity and this time is quite smaller than the equi-

partition one due to a lot of interactions among electrons. Equi-partiton time between the injected

free electrons and positive atoms is the largest one in the A side. If the external electric field to

drive free electrons is reversed, the level of E{ in the side of A, M, and B becomes highest in B,

middle in M, and lowest in B, and also since free electrons are filled in the conduction band, the

level of Ec shifts accordingly, similarly to the level of Ef, i.e., , the level of Ec becomes lowest in B,

middle in M, and highest in A. Because of these inversed levels, the electrical potential becomes as

0A(TI)
 <

 0B(^I)
 m Eq. (7). In this case of reversed external electric field, the heat absorption takes

place in the M side neighbor of the contact surface with A and also in the B side one with M,

consequently. Hereafter, we use a following abbreviate expression for the energy transfer from the



thermal energy to the electrical potential one by the electronic adiabatic process (EAP) of free

electron flow through the contact surfaces, as the TE transfer by the EAP. This TE transfer by the

EAP in conductors is the fundamental physical mechanism of the well-known Peltier effect elements

having the structure of [A^,) , M, B(r,)] or simply [A(7i), B(r,)]. On the other hand, the Seebeck

effect elements has the same structure of [ A ^ ) , M, B(T,)] or simply [A(f,), B(Tt)]. Since the

temperature of conductors becomes higher, the bounded electrons are released more to the free

electrons. Therefore, the electrical potential 0/JiT^ becomes larger when Tl is higher. If we keep the

temperatures around two contact surfaces for two mutually connected set of Peltier effect elements

[A(Ti), M, B(r,)] or simply [A(r,), B(T{)], like as 71, > T2, then we obtain the series electrical

potential difference Vcn(r,,r2) = [</>A(r,) - tpaiTJ] + [foC^) - $A.(T2)] = V c n ^ ) + Vcn(r2), which is

known as induced voltage by the Seebeck effect. We may find from these facts that the Peltier effect

and the Seebeck one come from the same physical mechanism embedded in conductors.

11-2. Applications of energy transfers between thermal energies and electrical potential ones by

electronic adiabatic process

Using the TE transfer by the EAP, i.e., the Peltier effect, there have been developed the so-called

heat pumping modules, which follow the usual gaseous heat pumping with the use of the adiabatic-

compression and expansion of circulating gases, are commonly used in various devices such as

computers, refrigerators, water coolers, and so on. In the case of the so-called heat pumping modules,

the separation between the heat absorption side (HAS) and the heat production one (HPS) are not so

large, for example, within a few cm. The separation between the HAS and the HPS should be,

however, more variable, so to say, from a few cm to handreds of km, for more various applications,

such as shown in Fig. 2-(a), as a circuit system with the use of the Peltier effect. In the same way, the

Seebeck effect circuit system can be established with a large separation between the higher

temperature (Tl) side (HTS) and the lower temperature (Y2) one (LTS), as shown in Fig. 2-(b). Here,

the labels A and B represent the same materials shown in Fig. 1, but now we use the p type

semiconductor for A and the n type one for B. The physical quantities of Vex and Ic are respectively

an externally applied DC voltage and the circuit current for the Peltier effect circuit system, Kout is

the out put voltage induced in the Seebeck effect circuit system, and Rc the total electrical resistance

of the cables connecting the both sides of the HAS and the HPS in the Peltier effect circuit or the

HTS and LTS in the Seebeck effect one. It is noted here that we use the cables connecting the both

sides of the two circuit systems, which are made by conductors being thermally and electrically

conductive very well. It should be emphasized here that the long distance separation between the

HAS and the HPS or the HTS and the LTS of the two circuit systems does not change any physical

mechanisms for the both effects. This is because that since the equi-partition of thermal energies



among the free electrons due to the long range Coulomb force arise within quite short time and the

current induced by the external electric field is not carried directly by the free electrons themselves

but is flowed by the coupling of electrostatic and electromagnetic forces with the speed of the

electromagnetic wave along the cable conductors. Because of these physical mechanisms, the

thermal energies at the HAS (so to say positive thermal energy ) and at the HPS (i.e., negative

thermal energy ) in the cables in Fig.2-(a) are cancelled out. In the same way, the induced voltage at

the HTS is transferred by the speed of the electromagnetic wave along the cable to the LTS in Fig.2-

(b). We also recognize that in the Seebeck effect circuit system, the heat energy is directly converted

to the electrical potential energy, as far as the condition of 71, < T2 is kept in the open systems. This

means that the system proposed in Fig. 2-(b) has very high direct energy transfer coefficient from the

thermal to the electrical potential energies and gives us freedom to establish easily the electrical

power plants with the various separation distances between the HTS area and the LTS one. We do

not need the petrified fuels such as coals oils, and also nuclear fission, that left environmental

pollutions.

The heat absorption by the Peltier effect in Fig. 2-(a) is written by

The circuit and the power balance equations for the circuit in Fig. 2-(a) are written, respectively as

follows,

c 2 ) A B T / 2 A B T ] 7 ; = F e x , (10)

C

where /?, and R2 represent the contact resistances at the HAS and the HPS, respectively. Using

Eq.(9), the power balance equation for the heat transportation is written as

A B T , ; ^ A B T 2 V c 02)

Substituting Eq.(12) into Eq.(ll), we obtain

IcVex=l2
c(Rl+Rc+R2)- 03)

We clearly notice from Eq.(13) that the externally applied electrical energy is used only for the

Joule heating in the total resistance of ( R} + Rc + R2), and the transportation of heat energy takes

place independently from the external electrical source. This feature of the Peltier effect circuit

systems shown in Fig. 2-(a) is remarkable one for development of electronic devices..

The physical mechanism of the heat pumping completely different between the electronic heat

pumping (EHP) and the gaseous one (GHP), where the GHP is based on the physical mechanism by



the energy transfer between the gaseous thermal- and the external mechanical energies by the

adiabatic compression and expansion of the circulating gases. This different physical mechanism

between the EHP and the GHP leads to the followings: 1) The speed of the heat transport is the

speed of the electromagnetic wave along the cable conductors in the EHP, while the speed of the

heat transport in the GHP is the circulating speed of the working gas in the gas pipe, i.e., heat

transfer time is almost negligible in the EHP compared with that in GHP. 2) In the case of the EHP,

there is no mechanically moving elements, and Eq.(8) tells us that the heat absorption (or the heat

production ) always takes place in the conductors as far as the condition of 0A(r,) > <^{T^) is kept. In

other words, the temperatures at A of the HAS and at B of the HPS could have extremely low and

high values, respectively, depending on their circumferences. 3) The absorbed thermal energy at the

HAS is equal to the transported thermal energy at the HPS, i.e., the conservation of the thermal

energy at the HAS and the HPS is automatically guaranteed in the EHP, as discussed at Eq.(13). 4)

Since the HAS and the HPS are flexibly separated, for example, the HAS is used for refrigerators or

air conditioners, and at the same time, the HPS can be used independently for heating devices such

as heating water pots, which can be placed at an arbitrary distance.

Using the system of Fig. 2, we had already done a preliminary experiment by decomposing a set

of Peltier elements on the market. At first, applying the external electrical source of Vex = 5.89 V, and

separating the HAS and the HPS about 1.0 m by a copper wire with RQ =F 1.0 Q and Ic =? 5.89

A and another nearly 50 m cable one with R^ =? 3.3 Qand Ic =? 1.79 A, as shown in Fig. 2(a), we

had confirmed in the steady state that for the case of 1.0 wire, the HAS was cooled down at Tx =?

17.2 V, the HPS was heated up at T2 ^ 57.7 V, and for the case of 50 m cable, the HAS was

cooled down at Tj =? 17.7 *C, the HPS was heated up at T2 =? 33.6 °C. Since Ic becomes down

about 30% in the case of 50 m cable compared with that of 1.0 m wire, T2 comes down about 58 %

for the former than the latter. Next, we took off the external source Fex and kept the condition of 71,

< T2, we have confirmed that the induced output voltage becomes about 2.2 mV for the two kinds of

wires for Fig. 2(b), and when we make 7", > T2, then the sign of the output voltage is reversed.

II-3. Permanent auto-working direct heat energy conversion systems from environmental

thermal energies to the electrical —and/or chemical potential energy resources

We present here innovative permanent auto-working direct energy converter systems (PA-DEC

systems) from the environmental thermal to electrical and/or chemical potential (TE/CP) energy

resources. Hereafter we abbreviate this kind of systems as the PA-TE/CP-DEC systems.

At first, we add the Seebeck thermoelectric elements on the heat transfer system of Fig. 2, as

shown in Fig. 3. Here, Fig. 3-(a) is the system, where the Seebeck elements are simply added on Fig.

2-(a), and Fig. 3-(b) is the novel system, where we need no initial external electric power source.



In Fig. 3, the thermal energy transportation part is denoted by the mark <1>, and the parts of the

DEC with the positive feedback of the Seebeck element output voltage is shown by the mark <2>.

The subscript S represents elements concerning with the Seebeck effect. The components of the

Seebeck effect are connected in series in order to get the higher out put of the electrical potential

difference.

PA-1) Operating sequence of the PA-TE-DEC systems shown in Fig. 3-(a) is as follows: 1) At first,

we close the switch 1 and open the switch 2. By this state of circuits, the thermal energy is

transported from the HAS to the HPS at the mark <1> to make the temperature T2 higher and higher.

The set of the Seebeck effect elements is contacted to the HPS with the use of the thermally

conductive insulator, such as the silicon oil, and the positive feedback driving voltage to the heat

transport circuit becomes higher and higher by the Seebck elements. 2) In order to realize the PA-

TE-DEC after the output voltage becomes high enough, we close the switch 2 and open the switch 1,

and resultantly the PA-TE-DEC system is established to work without the first external battery.

PA-2) Next, we show the operating sequence of the improved PA-TE-DEC systems shown in Fig. 3-

(a): 1) At first, we close the switch 1. 2) Heat the HTS at the mark <2> with the use of some external

heater such as fire of woods or a portable heater, so that the temperature r3 becomes higher and

higher. Then, the positive feedback driving voltage by the Seebeck effect elements goes up higher,

and the PA-TE-DEC system is established resultantly to work with lesser initial external input

energy. The current, 7C> continues to flow by the positive feedback circuit, as far as we keep the

condition of T3> T4.

The physical reason why we can realize this type of the PA-TE-DEC system is that the present

system works in the thermally open system, where the entropy law of thermodynamics in the closed

system is not available. We know that the earth itself is one of the open systems, and the thermal

energy circulation supports all lives on the earth and also the weather changes every day. Here, the

thermal energy changes always its type, such as the electrical energy, the chemical one, the

dynamical one, and so on.

Now, we add further a resolving water part as a load for the electrical out put on the system of Fig.

3, as shown in Fig. 4. Here, Fig. 4-(a) is the system, where the a resolving water part is added on

Fig. 3-(a), and Fig. 4-(b) is that, where the a resolving water part is added on Fig. 3-(b). Further, we

propose the most simple TE/CP-DEC system which has only the Seebeck effect components and the

the resolving water part, as shown in Fig. 5. We can see from Figs. 4 and 5 that the electrical

potential energy at the Seebeck effect parts is converted to the chemical potential energy as the

hydrogen gas and the oxygen one, which are easily compressible and conveyable depending on the

porpoise of their usages.

Using hot water flow to keep T2 - 76 °C and a cooling fan to keep T3 =29 °C, we had also done a

preliminary experiment on the resolving water system. This experiment corresponds to the case



where we picked up two parts of <3> and <4> in Fig. 4. Using this experimental system with T2 - r3

= 47 °C, we had obtained H2 gas of about 5.0 cc and O2 gas of about 2.5 cc at the pressure of the

atmosphere on the earth level after 3 hours.

we can drive motor by burning the hydrogen gas exsorsting just water, or by using the hydrogen

fuel battery,. Instead of the resolving water system, we can directly put the storage battery at the part

of <4>, which is also conveyable and the chemical potential energy storage system itself, being

considered usually the electrical energy storage system for the electrical power supply.

We may find that the present PA-TE/CP-DEC system with the use of the heat recycling system

can be used for new plants of electrical power and also hydrogen gas resources without

environmental pollutions. Instead of solar battery, we use suitable black materials, so that all energy

of the solar light can be absorbed into the black materials. Usual solar battery reflects some part of

the solar energy, being lowered its efficiency of the energy conversion.

Ill. CONCLUDING REMARKS

We have clarified the physical mechanisms for both of the Peltier effect and the Zeebeck one in

Section II-l [cf. from Eq.(l) to Eq.(8) ]. We have also clarified that the externally applied electrical

energy is used only for the Joule heating in the total resistance of the circuit, and the transportation

of heat energy takes place independently from the external electrical source in Section II-2 [cf. from

Eq.(9) to Eq.(13) ]. We have noted clearly four favorable features from 1) to 4) of the EHP

system compared with the GHP at Fig. 2-(a), and have shown that the EHP system can be used for

various porpoises. We have clarified that since the HAS and the HPS are flexibly separated, the

HAS is used for devices such as refrigerators, air conditioners, and all cooling systems, and at the

same time, the HPS can be used independently for heating devices such as heating water pots and all

heating water pool systems, which can be placed at any arbitrary distances. We can also propose that

using the EHP system, some large heat energy containers can be settled with very long distance from

cooling area, where the heat energy can be absorbed from the environment of the area. This means

that both of the cooling part and the heating one by the EHP system can be used completely and

independently with each other with arbitrary distances. We have also clarified that the long

distance separation between the HAS and the HPS in the Peltier effect circuit system and between

the HTS and the LTS in the Seebeck effect circuit system does never change any physical

mechanisms for the both effects. We have discussed that the Seebeck effect circuit system may have

the very high direct energy transfer coefficient from the thermal to the electrical potential energies to

make the electrical power plants with the various separations between the HTS area and the LTS one

without using such as oils, nuclear fissions, i.e., without environmental pollutions.

In Section II-3, we have clarified that since we are in thermally open surroundings, we can make

the auto-working EHP systems in various kind of types. We have shown finally that the present



TE/CP-DEC system using the heat recycling can be used for new plants of electrical power and also

hydrogen gas resources without environmental pollutions. It should be emphasized here that the

long distance separation between the HAS and the HPS in the Peltier effect circuit system or

between the higher and the lower temperature sides in the Seebeck effect circuit system does never

change any physical mechanisms for the both effects. We have proposed the most simple PA-

TE/CP-DEC system which has only the Seebeck effect component and the the resolving water part

(cf. Fig. 5 ). We must notice here again that the present PA-TE/CP-DEC system does work

physically well by the feature of its open system, and the entropy theory established in the closed

system is not applicable for the proposed systems. We may expect easily that if the present

innovated systems would be used world widely, the green house effect by the CO2 gas will be

decreased and, consequently most of all lives on the earth will be saved through the environmental

recovery.
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Fig. 1. Schematic drawing of energy band diagram around a contact surface between two conductors

A and B. Here, the Fermi energy level V{ in the conduction band of the two conductors is in the same

level, the potential (j> (7\) is measured from the Fermi level to each conductor surface, 71, is the

temperature, and 0A(Xi) >
 0B(^I) is assumed.

Fig. 2. The Peltier effect element circuit system and the Seebeck effect element circuit system.

Here, Fig. 2-(a) is the electronic heat pumping system by the Peltier effect element with the flexible

separation between the heat absorption side (HAS) and the heat production one (HPS) from a few

cm to thousands of km, for more various applications. Here, the labels A and B represent the same

materials shown in Fig. 1, Fex is an externally applied DC voltage, 7C the circuit current, Rc the total

electrical resistance of the cables connecting the two side of the HAS and the HPS, and Tx and T2

denote the temperatures at the HAS and the HPS, respectively.

Fig. 2-(b). is the Seebeck effect circuit system with the large flexible separation between the higher

temperature (Tl) side and the lower temperature (T2) one.

Fig.3. Auto-working systems by adding the Seebeck thermoelectric element on the heat transfer

system of Fig. 2-(a). Here, Fig. 3-(a) is the system, where the Seebeck element is simply added on

Fig. 2-(a), and Fig. 3-(b) is the novel system, where we need no external electric power source. In

the figure, the HAS is denoted by the mark <1>, the HPS is by the mark <2>, and the Seebeck

element part is by the mark <3>. The subscript S represents elements concerning with the Seebeck

effect. Many components of the Seebeck effect are connected in series in order to get the higher out

put of the electrical potential difference.

Fig.4. A novel auto-working plant system by adding a resolving water part as a load for the electrical

out put on the system of Fig. 3. Here, Fig. 4-(a) is the system, where the a resolving water part is

added on Fig. 3-(a), and Fig. 4-(b) is that, where the a resolving water system added on Fig. 3-(b).

Fig. 5. The most simple TE/CP-DEC system which has only the Seebeck effect components and the

resolving water part.
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