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Selected problems of classification of energy sowes — What
are renewable energy sources?

Radim Rybat, Dusan Kudelasand Martin Beer*

The contribution is dedicated to study of issudatee to the classification of energy sources frtm point of significance
and interpretation accuracy. There are some aspaeseribed and documented by examples that shoantbeyuity of currently most used
methods of dividing an energy source or their dfacsgtion respectively to generally exerted categerand identifications, where relevance
and exactness are not clear, but it depends onifspeonditions. However, such conditions are gafigmot included in the classifications.
For analysis, mostly physical, technical, environtag regional and time aspects were taken intooaot. The increasing complexity
of energy mixes, technologies, and legislative renment naturally leads to the need of perceivimgaller aspects of reviewing
and evaluation of individual sources. The correteipretation is a prerequisite for communicatiogtween specialists, public and mainly
in the field of legislation, which enables influemr of the implementation of individual sources ardhnologies in practice, mainly
by regulation and support from decision-making aodtrol bodies, from regional up to the global levehe findings point out to the fact
that the road to orientation within the issue leattisough identification and evaluation of repressitn of typical characteristics
of individual sources, which, in a particular cortéead to the classification of a source into atfwallar category. However, such position
may be changed in time and place.

Key words: renewable energy sources, alternative energy seurteditional energy sources, sustainable energyergy sources
classification,

Introduction

The use of energy source is part and also the tonddf development of humans and human society.
Since, in the broader understanding, the energy Ineagonsidered as the equivalent of change, andéts®
the development of human society into social amthriially more complicated forms as well as thewgho
of human population means that human society msestnaore energy to cover its needs, from ever isarga
portfolio of energy sources.

Currently, the world population is over 7.2 billi@and energy demands per one person have increased,
for example, in the EU; the energy demand is 125 kMr person per day [1]. The increased energy déma
issues related to energy safety and environmemtphéts related mainly to the use of fossil fuelsuight up
the need to use also other sources of energy, ynhialso-called renewable sources. Therefore, dheiet mix
of energy sources required to meet the societalseecovered by a large scale of sources. Theseptation
of individual sources is related to a particulaidiof industry as well as the geographical locatd surveyed
area and time aspect.

The more complicated structure of sources and dpwatnt of energy technologies (for acquisition,
conversion and transport) into the large scaleooi$ lead to the fact that terminology and clasaifon
of sources fail to cover all parts of this issuéerefore, causing that there is no clear oriematio
and understanding. The clear understanding of termgy is a basic prerequisite for communicatiotween
specialists, public and for forming legislation wéging the use of individual sources and technielkog
in practice.

Methodology

Currently utilized energy sources in the contexthafir classification into existing and used clfsations
of energy sources with an emphasis to renewahigd by relevant institutions (from the global pafview)
were the subject of analysis. When examining thecas of information, the following aspects weralasted:
understanding explicitness, adequacy and corregtraggumentation and its presentation, time andtioc
adequacy, versatility, sensibility to secondaryea$p such as energy technology.

When evaluating the adequacy of the classificatafnindividual energy sources, several aspects
of understanding of renewability/non-renewabiliiysources in relation to the understanding of otieréstics
of individual sources or energy types respectivedye taken into the account.

They are mainly the following aspects:
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« Understanding of renewability/non-renewability othaustibility/non-exhaustibility respectively innte
and location scope.

e Primary source, form, and energy carrier.

e Energy technology (a technical aspect of the usesafurce) and its effect on the position of aseur

« Understanding homogeneity of a source (combinat@n various or contradictory characteristics
respectively).

« Understanding exactness - the existence of disputes

During consideration and effort to define or redefithe position of an energy source, the principles
analogical with principles used in pedagogy wersdusiccording to [7] the visualization principlestimodology
principle (justifiable hierarchy), uniformity prifgle (unity), scientism principle (scientific subatiation).

Analysis of understanding of the renewable energyosirces in their definition

The subject of the analysis is energy sources hait tlassification into categories that are gelhera
perceived (also by experts contributing to formiagislative framework regarding energy industryvasl as
education) as clear. It is related to the undedstanof the following terms: renewable and non-reakle
energy sources. Understanding the aspect of rerilityalf an energy source may be deduced from dkédims
presented and used by subject established in thiteyar field at various levels covering the breadirea
of activities (international organizations, natibriastitutions, commercial subjects) and definisomused
in dictionaries and literature.

According to the English dictionary [4], the rendlea source is defined as “any naturally occurring,
theoretically inexhaustible source of energy, asraiss, solar, wind, tidal, wave, and hydroelegawer, that is
not derived from fossil or nuclear fuel“. Thereris condition of validity in the definition. The deition is
facilitated by enumerative designation of sourdes, definition of properties or characteristics tgfining
members or examples. As the main characterigties;theoretically inexhaustible” is used; therefothere is
no clear understanding (“theoretically”).

According to the dictionary, [5] the RES are defines "another name for alternative energy”, while
alternative energy is defined as “energy, suchoéar,swind, or nuclear energy, that can replacsupplement
traditional fossil-fuel sources, as coal, oil, andtural gas“. According to [6], the RES are therfindel
as “alternate energy”, further explained as “aline energy; energy derived from sources that atouse up
natural resources or harm the environment; alstecgkenewable energy)”. The definition above pnese
an equivalent relation between categories of “reaxid@’ and “alternative”; however, the words are not
synonyms. Alternative sources are then definedawying and characteristics - ability to substitwssil fuels.
The above mentioned alternative sources also iechugtlear fuel; it means that the nuclear fueloetiog
to the understanding of the definitions above/assified to renewable sources by the dictionary.

Wikipedia (in English language) adapted the de@initof RES from publication in a well-respected
scientific publication [9]: “energy that comes frapsources which are naturally replenished on admum
timescale such as sunlight, wind, rain, tides, wawnd geothermal heat* and the definition is stimeinted
according to [10] ,Renewable energy replaces cotiweal fuels in four distinct areas: electricityrgeation, air
and water heating/cooling, motor fuels, and rucdf-grid) energy services.” The definition mentichabove
includes a mix of relevancies; the first part imtds a definition of the main characteristic - naltur
replenishment on a human timescale. The second gparés that such renewable energy should replace
conventional fuels in four distinct areas (enemgyustry sectors, in a broader meaning), i.e. moreesponding
with the aspect of alternative position in indivadsectors.

Companies established in the power industry, esotivces and use of renewable energy sources present
definitions mainly adopted from the agenda valithia region’s legislative environment. Accordinghe Texas
Renewable Energy Industry Alliance (TREIA) adoptadthe Texas legislature, the definition stated8his
"Renewable energy: Any energy resource that israiyuregenerated over a short time scale and dériv
directly from the sun (such as thermal, photochamand photoelectric), indirectly from the sundiswas wind,
hydropower, and photosynthetic energy stored imhiss), or from other natural movements and mecimenis
of the environment (such as geothermal and tidatgr. Renewable energy does not include energyuress
derived from fossil fuels, waste products from fos®urces, or waste products from inorganic sasifce
The ability of regeneration, i.e. renewability detresource in a short time scale is an importhatacteristic
of the definition. In the definition, the resouscare specified in relation to their origin.

The Australian Renewable Energy Agency (ARENA) usesfollowing definition: ,Renewable energy is
energy which can be obtained from natural resoutttaiscan be constantly replenished” [11]. Therd&din is
based on the characteristic of constant replenishmegarding natural origin, i.e. it should referthe primary
form of resources - the primary resource.
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On its website [12], IEA defines RES in the follogi way: ,Energy derived from natural processes
(e.g. sunlight and wind) that are replenished &ister rate than they are consumed. Solar, windthgemal,
hydro, and some forms of biomass are common sowtesnewable energy. “According to [13] the IEA,
the definition of renewable energy includes théofeing sources: “electricity and heat derived frealar, wind,
ocean, hydropower, biomass, geothermal resources, bdofuels and hydrogen derived from renewable
resources”. The definition includes the conditioh ao faster rate of replenishment than the conswmpti
of a resource, at the same time, there is a réstrinegarding biomass as well as hydrogen.

The International Renewable Energy Agency (IRENA3,haccording to [13], a statutory definition riatif
by 108 members (107 states and the European Uagaol February 2013: “renewable energy includefaths
of energy produced from renewable sources in asaile manner, including bio energy, geothermakrgn
hydropower, ocean energy, solar energy and windggrieThe definition above is based on the chardstie
of "sustainable manner of use of the source” amdesathe individual sources.

From the point of view today, there is an interggiilefinition of RES according to the Departmenioh-
conventional Energy Sources (India) [32] from 19B2newable sources of energy are those natural neesou
which are inexhaustible and can be used to produeegy again and again. Examples are solar enefigy,
energy, geothermal energy, tidal energy, waterggnand bio energy. Atomic minerals are inexhaustdwurces
of energy when used in fast breeder reactor teolygolApart from the usual characteristics and ngmin
examples, there is an added technological conditédid for nuclear fuels, i.e. it considers anothspect that is
not related to the origin of the primary sourcag,ibrelates to a particular way of its using.

Similar to the definition in document [13], the peated overview shows that these definitions vary i
the type of sources included and in whether sustdlity considerations are explicitly incorporatéthese
differences illustrate the fact that there is nmown or global definition of renewable energy rdRRS.

Discussion

When considering the base for the division of epeaurces to renewable and non-renewable, theiorite
of “renewability” or “exhaustibility” of energy s@oe seems to be the decisive criterion. Such @iteseems
to be unanimous and represent a common charaiterist

For a closer examination of the energy source rabéity or exhaustibility criterion, it is necesyar
to make provisions for physical, time and locataspects (e.g. the first and second law of thermanhjos,
geologic time scale, the dimension of a region, Eaeth, space). Due to the above mentioned, theepton
of exhaustiveness/non-exhaustiveness of a soume@dsibe in relation to time and place dimensionatee
to behavior and activities of human and human s$pdieked with the use of energy sources and itsrisity.
The distribution should be therefore based on titerion taking the extent of the source exhaulitybfrom
the point of view of place and time dimensions asds of human society into the account.

Upon the above mentioned, it is possible to defireedefinition of renewable and non-renewable sesirc
in the following way:

Renewable energy sources are in place and timerdiilons of human society within the context of abci
process non-exhaustible.

Non-renewable energy sources are in place and dimensions of human society within the context
of social process exhaustible.

The definitions include the main characteristics tie practically usable meaning of understanding
the renewability criterion.

To enable further considerations, it will be neeegto supplement the basic distribution by furtlesmels
(mainly upon the origin of sources/energies) ard gukcific examples. The further distribution isimharelated
to the fact that individual energy sources fromhbotain categories may be very diversified by theiture
and without a closer characteristics, mainly ineca$ fuels, it would not be possible to come tcevaht
conclusions.

According to their origin, the renewable source rhaydistributed to:

e Exogenous sources, including solar energy andeitvatives (e.g. wind, water energy, biomass addl ti
power, which is a result of gravity interaction\weén Earth, Moon, and Sun.

« Endogenous sources, including mainly geothermatggnas well as osmotic power or salinity gradient
power, i.e. the energy available from the diffemc the salt concentration between seawater apd ri

water [27].

Non-renewable sources may be divided accordinbdiv origin:
«  Organic, including fossil fuels (such as coal, ndfural gas).
e Mineral, including nuclear fuels.
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Fossil fuels are sources of solar energy origind#posited into the shape of chemical bonding géiic
compounds. Such organic matter had been gathesintprig periods of time and in a geological envinamt
in favorable conditions it underwent changes thsulted in increasing the energetic density of résulting
material and at the same time, a gathering of suakerial in the earth’s crust - the creation of ais.
Chemical fuels comprise of combustible material apmallast [28]. During the process of oxidation,
the combustible material releases heat and conspofactive elements (providing heat) and passiements.
Active elements of fossil fuel combustible mater@le mainly carbon (© = 33.8MJ.kg), hydrogen
(Qy = 140 MJ.kg) as well as sulphur. The passive elements areesxggd nitrogen. The ballasting elements,
for solid and liquid fossil fuels, are ash materi@thineral components, mainly SIQAI,O; a CaCQ) and water
[28]. The representation of individual componensttie fuel determines its characteristics, whictealy
influence the possibility to release energy andsegmently the way of its use (according to [15], ¢oal
10-31.5 MJ.kg; oil 28-42 MJ.kg"; natural gas 33.2-42 MJ:inwhich at the density of 0.76kgirepresents
25.23-31.92 MJ.KJ).

Active elements of fossil fuel combustible materiakinly carbon (so-called fossil carbon) and enmerg
compounds (mainly C£ are the cause of currently the most importantatieg environmental phenomenon,
such as anthropogenic climatic changes as multigia published in studies such as [29], [30] poirtto such
anthropogenic effect. This way, the whole principfecurrent global renewable/non-renewable issueased
on fossil fuels.

When it comes to mineral sources, they are maiffilpre character comprised of uranium or thorium
compounds. Actually, they are not real fuels. Tfore they are not sources of chemical energy (gner
of chemical bonding) as from such sources, ancetigegy is not gained by the process of oxidatibarning.
The natural uranium, obtained from the uranium dhne, portion of atoms of*U is 0.7 %, and a portion of
atoms of*®U is 99.3%. The core of*U is fissile due to the subversion of internal caabiity by binding and
kinetic energy of captured neutron. This is a chaivcess and regulated in an active zone of theeauenergy
reactor. The released energy is mainly in the fofineat (app. 85 %) created by conversion of kinetiergy of
fission products during their slow-down in a thiekvironment of nuclear fuel (solid fuel) [31]. Thest of
energy is released in the form ypfadiation. The result of those above would meat the content of fissile
isotope in mineral fuels is the equivalent of costile material in fossil fuels. On the other hatit analogy
above is not absolutely correct due to the fact thimeral fuels include the so-called breed makehat may
be considered as a secondary fuel. However, thendacy fuel is not produced from the primary,
but from the non-fissile components, beffidJ (app. 99.3 % content in the natural uranium) tfe uranium
fuel, from which, after neutron capture and tBi@lecompositions, there is fissff&Pu, which is an artificially
created element - transuranium (nuclear conversion)

The situation is similar for thorium, from it§°Th non-fissile isotope after neutron capture and tw
B decompositions, there is a fissf&U. That means that thorium as a mineral fuel isr@moming primary
source to make th&U “fuel”. Generation of**U takes place in a generation reactor; the usestplae in an
energy reactor. Such process may be comparee farticess of fossil fuel refining.

Contrary to the generation of secondary fuels émisil sources, such as the production of petrohfail,
during generation of nuclear fuels, there are sdme¢ components used that in their primary form, rob
constitute any fuel whatsoever.

If, for evaluation, we take time as well as thersewse intensity factor into account, we comenh®fact
that “renewability” and “non-exhaustiveness” of Ene source are basically not synonyms, they express
different characteristic. A renewable source, pitimg low or zero intensity of its drawing shouldosh
the ability of quantitative growth, i.e. its stoglay increase in time. That is the characteristituiee of the solar
energy derivative - biomass. If, on one hand, bsnia an exhaustible source (in the case of hitgngity
of use in a time frame under consideration) tha& @uthe systematic renewability (given the meetihigertain
conditions) it is also a renewable source. That neethat the criterion of “renewability” and “non-
exhaustiveness” may be perceived in an opposite veayenewability: non-exhaustiveness.

To be able to make a conclusion from the consigeratbove, it is necessary to examine the physiasis
of individual energy sources (forms of energieshgeurrently used in the global energy industrige Bubject
of examination is the natural form of an energyrseufrom the view of its origin, form and condit®n
of its existence, in binding to a carrier, time gtace framework.

The first group of sources are sources, which &m¥ra of energy alone - electromagnetic radiati®alar
radiation is such energy source. It is energy thahe global scale, continually arrives at thett®arsurface
from an external source — the Sun (in local sdhle,supply of solar energy to the earth’s surfdwens great
differences and variations upon latitude, a periofl year and day, atmospheric conditions, etc.).
Such source/form of energy is not bound to subisdgparticles (the photon’s invariant mass is zerdpon the
brief characteristic of particles and their projgsrtmentioned in [20], [21], it is possible to ghgt photons are
elementary (indivisible) field particles (belonging a group of bosons). Their lifetime is endleBkey are

175



Radim Rybéar, DuSan Kudelasand Martin Beer: Selected problems of classification of energyrsesi - What are renewable energy
sources?

created and cease to exist by many ways (for exaimplannihilation during the passing of electroiween
orbitals or during particle annihilation).

From those above, we may come to the conclusiat,thie solar energy is renewable and non-exhaustive
to the intent that its source (Sun) and its themmotear reactions are non-exhaustive. Its reneviglidliprovided
by continuous incoming radiation from the Sun (tiseale of source lifetime at the level of 10 GaisTit a time
scale greatly exceeding the possibilities to mbeetdonditions for the existence of life on the Bdtherefore
the existence of human beings). The solar enertheisenewable and non-exhaustive energy source.

The second group of energy sources are sourceslilioum physical carrier; they utilize the mass hadt
transfer principle, mainly wind, water energy, hoee there are no transformations at the leveltafnaical
or nuclear reactions. The carrier (air, water) espnts a working substance, of which substantigpesty is
its weight or density. The amount of transmittecergy then depends on the speed of movement of such
substance or the used pressure gradient respgcfiie renewability of such sources depends orstipply of
energy from the primary source only. Such energg pubstances - carries into movement (solar epergy

The existence of such energy sources depends mptoanthe supply of primary energy (solar energy)
but also on the presence of effective substancéshwimust be in a suitable environment (e.g. forewnat
in a suitable temperature range for gaseous anddliphase). From the geologic point of view, thare
situations when it is not necessary to meet somthefecessary conditions for functioning of thiedfve
substance in a certain time interval and placecigli@n), even in the case of preserving the supply
from the primary energy source. Such sources main hdtimately, from the point of dimensions of ham
society needs, identified as renewable and nontestiva.

The next type of energy source is a source, fockvitie transfer of energy is bound to a physicaiea
or more precisely, environment. Such source is @hgemal energy. When it comes to geothermal energy
the origin of heat is various, however, ultimateghg final heat is bound to a physical carriern$m@ort medium)
such as water/steam or a mass of rock and chegl@ents of which such carriers are made of, dcenter
any of chemical reactions. The exhaustibility aflssources may be evaluated from two aspects, firgtydro
geothermal sources, static and used by an operfneaginjection used), the depletion of transpoetilma means
that the source is exhausted. For dynamic sourzgsr@lly or technically by using reinjection), theurce may
be exhausted within a certain period of time inec#isat the rate of use exceeds the rate of thetyabil
of renewability of the source. However, after ttesolidation of conditions the source is regeneératgain.
For such consideration, the period of tens of yeaag be considered as sufficient enough (exhaysgismvell
as regeneration, depends on intensity and cond)tion

From those above it is clear that such sourcesmare complicated, and even its characteristic regui
more specific interpretation within a certain cotteEssentially, the exhaustiveness of geothermatgy is,
similar to the Sun, determined by the lifetime loé ttosmic body of the Earth and is provided with time
frame of the source lifetime, being at the levelGd. The Earth disposes of partially active andigfr
accumulated forms of energy. As presented in [@@]tently, the total heat capacity generated witha Earth
is estimated to 44.2 +1 TW, when taking the caletiic data [23] into consideration and 31 +1 TW whe
utilizing the chemical analysis [24]. The heat aafyagenerated during the breakdown of radioacibetopes
of U and***Th, according to [25] represer2®*5STW and by the breakdown 6%, the output of &AW is
generated. Therefore, the main part of heat comms the breakdown of radioactive elements in geegsh
To the contrary from the Sun’s output, which isreasing (depending on the amount of material inctwvhi
the thermonuclear fusion takes place), the outplitthe Earth is decreasing with time by radiating
the accumulated heat into the outer space and tiedusf material being subject to radioactive bicakn.
The cooling process is still very slow. The tempae of the mantle has decreased no more thana@88a °C
in three billion years, remaining at about 4000 &Cits base [26]. Such sources may be, ultimately,
from the point of dimensions of human society ne@kmntified as renewable and non-exhaustive.

A next group is a group of energy sources, in whitghprocess of storing and release of energy talkes
by wandering of elements within forming of molecul@hey are sources of chemical energy. The base al
elements - remain unchanged and are continuouslyclerl. The energy is supplied during formation
of chemical fuels and is released during their tgn (burning). On one hand, the renewabilitych&mical
energy sources depends on the supply of energyreeqtor the course of chemical reactions (mairdfas
energy), on the other hand, it depends on presainerergy saving agent, i.e. live organisms (fodriegarbon
fuels such as methane we will consider with biogemay of creation of organic matter decompositieven
though methane is also formed by other, abiogemeticessions that require specific and complex itions
of existence, affected by a number of factors. Tdssil fuel source renewability also depends onlagioal
factors. For assumption of some aspects of theiccygtiaracter of the alteration of geological eramifly
analogue climatic conditions) and providing we wbabnsider the time interval of 10 —%la (diametrically
exceeding the dimensions of human society), thsilfisels would be renewable energy sources, wididon
and hydrogen are in their natural cycle of storthg solar energy into the chemical compound bimgling
(by photosynthesis). Such idea was presented in [19.
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The exhaustiveness of chemical energy sourcesrigation to the intensity of utilization, originamount
and time frame. For example, in case of intensisimgiof dendromass sources in the volume that elscee
the ability of regeneration of vegetation in certavaluated area and time, when production of earbo
and hydrogen from using the wood material excebdsamount that the plants can include into the atem
compounds within this period of time (rate of reability) of which their bodies are made, the demdlsss is
characterized as an exhaustive energy source welyatientering the greenhouse gases balance.
Such consideration is also related to the sourcewaebility alone as factors entering the proceseex
the energy balance evaluation framework. They alled “non-energy” factors, such as water and verasion,
water balance changes, exhaustion of the soil,gd¢saim the composition of plant and animal spedbanges
of microclimate, changes of use of the soil furtd, &he factors mentioned above may cause, agista{d 3]
that there is no source (vegetation) renewal inammar and to the extent that could be anticipatgpdn
the static vegetation balance containing a quasstemt amount of mass being renewed.

Ultimately, from the point of view of dimensions eéeds of human society, the group of chemicalcgsur
- biomass - may be considered as the exhaustivecanditionally renewable source (due to the cormtirsu
creation of biomass in real time, upon meetingdbeditions of renewability). The second group oérmiical
sources - fossil fuels - are, due to the same aspen-renewable and exhaustive.

The last group represents nuclear fuels, whergtbeess of energy release is bound to a nuclssiofi
reaction, during which the original element is d@gtd, and other elements are developed (fissiodymts).

In this case, it is not possible to say that thmutrmaterial remains as its base is changed imadramatic way.
Because the “fuel” is destroyed in the processnafrgy utilization, it is not possible to considenewability

(energetically active fuel compound - fissile iqués of heavy elements cannot be created by ngitveksses
in the Earth’s conditions. Such heavy elements weeated by a neutron capture during nucleogemsisg

the evolution of space, and they got into the Esughosphere during its formation).

On the other hand, such sources have a “breedintgnpial of transforming the originally non-fissile
elements into fissile elements. That could mearréaim aspect of renewability, ability to producaanfuel.
Nuclear energy sources (by fission) may, thereftwe,identified as exhaustive and non-renewable cgsur
with the breeding potential.

From the point of energy production to one fiss@n®*U core, there is approximately 3.2 x{0J
on average (for further deductions, we can expsash value for the amount of 1 kg BU, i.e. 79 TJ). If we
compare it with the energy released during thel toxédation of a carbon atom to GQit is 6.5 10" J.
Therefore, it is clear that there are massive diffees in energies for both, very different waysenérgy
release, for evaluation of the elementary procédse difference of energy for the elementary predesven
more apparent for the expression of energy in €@0,20,000 eV vs. 4 eV) [28]. If the energy produtimade
from individual fuels/sources were expressed inagh®unt of energy produced during the specific elaary
process only, it would not make provision for plegdj technological and practical aspects of enéogyaining”
and that could lead to incorrect interpretationsl anisleading simplifications. That may be described
in the example of nuclear fuel use, where the irnpédechnology used to fuel energy yield, duefte high
energy density of the fuel, is the most significant

In case of closer analysis of the position of iidlial energy sources in the categories of reneviade
renewable, we will come to the conclusion that edespite a clear interpretation of primary enenggnfary
energy source) position in a particular group, & would consider technical way of use we could come
to unclear or mixed meanings or more precise result

In some classifications of energy sources, as pteddor example ifi32], nuclear fuel is also considered
as non-exhaustive and, therefore, renewable safremergy when used in fast breeder reactor teolgyol
This is a technological aspect directly relatethsfact how much energy may be yielded from nudieel, i.e.
with the fuel energy yield.

In a nuclear reactor using natural uranium as feehtaining 0.71 %°°U), according to [28], the energy
yield is less than 0.86 TJRJ10 MWd.kg"). The energy yield of reactors utilizing the ehgd uranium
to the level of 3 9%U is 2.9 TJ.kg (33 MWd.kg"), while, for a higher rate of enrichment, it isspible
to consider the values of 4-8.6 TJkg46.3-99.53 MWd.kg) [28].

In the case of breeder reactors and repeated Yo, dt is possible to expect the total energyldyief
52 TJ.kg" (600 MWd.kg"). In the case of making provision for the thermytle efficiency, being around 30-
40 % of the power plant (reactor) heat output, théren using the natural uranium without repeatee us
of regenerated fuel, it is possible to yield 0.2LKg' (2.4 MWd..kg?). From the enriched uranium, for the
repeated fuel cycle in the breeder reactor, ibissjble to yield 21.6 250TJ.kd250 MWd..kg™) [28].

The aforementioned suggests that the technologispéct may also influence the conditions of source
classification into a certain category. Such fa@af a qualitative nature, and it may involvdime, it may also
be influenced by regional aspects.

The next aspect of the evaluation of the sourcetiposin a particular category is interpretation
homogeneity. The example of energy source, whiatpbispossible to clearly classify into a renewatnenon-
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renewable category, and which was, and still igesulio required legislative modifications and ifleations, is
the environment energy utilized via a heat pumpatHi@imps are quoted in the European Directivesheruse
of Renewable Energy (RES), on the Energy Performafiduildings (EPBD) and the Energy related prisiu
(ErP). In addition, heat pumps are also refererigdtie Directive on the promotion of the use ofrgyefrom
renewable sources (2009/28/EC, RES Directive, kg [33].

In the Directive 2010/31/EU of the European ParBamand of the Council of 19 May 2010 [34]
on the energy performance of buildings (EPBD) recAsticle 2 point 18, ‘heat pump’ means a machine,
a device or installation that transfers heat fraaural surroundings such as air, water or grountduitdings
or industrial applications by reversing the natutalv of heat such that it flows from a lower tohégher
temperature. For reversible heat pumps, it may aiewe heat from the building to the natural surdings.
[34] The definition above is based on the physizlre of the heat pump functioning principle, &rdbes not
take the nature of individual types of energy agdigment’s energy balance into account.

In the European Directives on the use of Renewghkrgy (RES), point 31: Heat pumps enabling the use
of aerothermal, geothermal or hydrothermal heat aseful temperature level need electricity or otheiliary
energy to function. The energy used to drive hesgs should, therefore, be deducted from the tgable
heat. Only heat pumps with an output that signifisaexceeds the primary energy needed to drigdduld be
taken into account [33]. From those above, it Baclthat such wording fails to clearly define cdiodis,
for which it is possible to clearly consider heaimps as renewable energy sources, or more precisbbt
portion of energy supplied by the heat pumps cdintes renewable energy sources.

Actually, to be able to evaluate what is the paortid the renewable heat produced by the heat pun,
necessary to consider the number of factors (heatppstructure, COP, SPF, composition of energy cssur
in the region, their allotment, electricity prodioct efficiency, and so on). It is necessary to meefclearly
and describe the parameters above to achieve yclfoit expression of individual aspects being subjec
to examination. The Coefficient of Performance (GQ@Rpresses the ratio of thermal energy taken away
from heat pump condensers with the ratio of (elear heat) energy powering the heat pump operatymie.

It is a parameter, which is determined under lafooyeconditions, according to STN EN 14511.

The Seasonal Coefficient of performance (SCOP)emgms the average heat factor for the prolongeddoer
of time, typically being the heating season.

SCORP also includes energy necessary for delivedy dastribution of heat energy for set thermal loads
and climatic conditions (according to EN14825) atub reflects energy demand at times, when thepheap is
not in operation (e.g. stand-by) [36] (accordinghte EU Commission Decision No. 813/2013).

Seasonal Performance Factor (SPF) according to &M 6L4-2, also called the Heat Pump Average
Seasonal Efficiency Factor (according to the EU @dssion Decision No. 813/2013), [35] SPF is evaidat
for real conditions in relation to a building, chitic conditions [36].

According to the Directive [33], for the heat pumbpe heat from environment fed from the heat pump
evaporator may be considered as the renewableyesetgce. Such energy is generally designatedzas &d
it is determined according to the following relatideres=Qusaniad(1-1/SPF), where Qanebeing the total usable
heat delivered by the heat pump (conjunction ofallesd capacity and number of hours, accordindhéotype of
heat pump at full power in a particular climaticeay. It is valid that only heat pumps, for which
SPF > 1.15 * 1h,, wheren, is a ratio between electricity made and primargrgyn used for the production
of electricity calculated as the EU average, adogrtb Eurostat data, may be considered as renevetsrgy
sources. From those above, it is clear, that theeuwg with time and depends on a specific country oremor
specifically region. For example, according to EUR@T, in 2007 the value wa$=43.8 %. Electric heat
pumps need to achieve a minimum seasonal effici€BB¥) of 2.63 or better [37].

In 2013, the EU issued harmonized guidelines (Cassimin Decision No. 2013/114/EU), under which
conditions the heat production by heat pumps ilestakithin the EU countries may be included in tiational
statistics and commitments of renewable sourceldpweent if using the Earth’s heat, outside air, asadier.

The heat pumps powered by electricity must achibgeminimum yearly efficiency of SPF of at leadi.2.
For heat pumps in which heat is the power enerlyg, dfficiency of input energy equals to 1, meaning
the minimum value of SPF is 1.15 [35].

For the SCOP value of 2.5 it is considered thathba&t pump substitutes production of the same atnoun
of heat in gas or solid fuel boiler operating withe average yearly heat production efficiency of %85
The electricity consumption calculation of primaggergy is a 2.5 multiple (taken from the SPF caltoih)
[35].

The heat pump is a typical example that importasie rfor source evaluation and its classification
in practical cases is played by technical aspectrEfrgy source application, which is related to dlesign
of the energy equipment alone, conditions of iterafion, output energy parameters, place where such
equipment will operate and time (period) for whtblk equipment will be operative. The form of prisnanergy
alone (e.g. solar energy via environment energijchvis undoubtedly renewable may (by the coursgewéral
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energy conversions as well as accompanying enemepses) reach only a small portion of the totalrgy
balance, which is ultimately reflected in the taasessment/classification of the machine.

To emphasize the complexity of examined environiérg necessary to say that, as stated by, famgte
[38], also such energy source saving the primasgs{f) energy sources is considered as the reneveatdrgy
source, and it is classified as economic energyngadhey are such energy savings where investroests
spent for execution of such savings are coveregrbiits from saved energy consumption (due to tiggdr
efficiency of energy conversion) over the econothjcaccepted period of time.

Therefore, the designation of “renewable energyrc@umay also be used for a virtual source without
any physical form, however, being expressed byrtaiceenergetic, economic and social effects.

Conclusion

When executing a deeper analysis within the etfortlassify some source into a certain categoryerse
issues arise pointing out to the fact, that indiraildsources have no reciprocal antagonistic positimwever,
they more or less carry characteristics of onermtter side depending on conditions, contemplatribg
of time, position, etc.

The presented analysis also showed that currergbd wisource classification used for the creation
of an agenda as well as for education of futurecigfists fails to reflect some important propert@saspects
of the use of such sources, which might lead toorimct interpretations of the wording of regulason
and the necessity of their constant revisions. @uiose above, it is necessary to perceive maimdyfact that
what might have been understood clearly until ooglago may these days seem very differently,eroffposite
way, depending on the context. The presented sisafgcused more on the identification of the peoftd
and ambiguities and showed some direction wheruatiahy and classifying sources.

The analysis showed that energy sources shouldenolassified into certain categories upon enurnarat
they should be more likely classified upon somdifjable prevailing reasons and for which it is assary
to obtain further information regarding utilizatiarf the source from the technical, regional andetipoint
of view, etc.

Due to the fact that energy mixes are getting nooneplicated in various countries, more sophistidate
technologies, more complex legislative frame frohe tpoint of environmental demands and limited
and supporting tools, it is possible to expect thatently valid categories and meaning of clasatfon will be
substituted by a more flexible and more appropridassification describing the most important magsiand
characteristics that will enable better orientationthis issues of more effective application ofukation
mechanisms.

The facts presented herein point out to the faat thithout stipulation mainly time, place as well
as capacity data, the consideration about reneliydbdn-renewability of energy source would not &av
practical meaning and it is possible to expect thatuture, there will be a new method for evaloatiand
distribution of sources created, based on prinsigleluding criteria such as form of carrier, pbgy
of accumulation, thermodynamic quality, locationding, etc.
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