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Against the background of diminishing traditional energy sources, increasing negative impact on the environment,
also due to some energy sectors, as well as the growing threat of extreme increase in the waste on a global scale,
SRES have a serious potential to play the role of one of the key methods to achieve a sustainable balance, without any
harm to the economic development. In practice, if assumed that the total population of the Earth is 7 billion people, at
least 5 million tons of waste is generated on a daily basis (not counting the industrial ones). Of them, circa 2 million
tons are non-recyclable, but these could be transformed into energy. Modern technologies offer up to 50% conversion
of the source materials into usable free energy—i.e. there is a potential for the generation of approximately 1 million
MW/h per day, or at least 300-350 TW/h per annum. This amounts to the whole electricity consumption of 5-10
small developed countries like Bulgaria, Slovenia, etc. The improvement and implementation of the SRES
technologies will require significant expenses for scientific research and development. A part of these expenses can
be covered by the general provision of incentives for alternative energy sources, another part should be provided by
external sources, including funding from the central budgets, grants, as part of public-private partnerships, etc. The
offered article examines the economics of the SRES, and all related factors, including their role and place in the
energy sector, significance for the protection of the environment and for the achievement of the sustainable
development goals (SDGs), adopted within the UN. An attempt is made to develop the existing and to offer new
criteria for a more accurate and universal definition of the SRES. The objective of the article is not to claim to be an
universal and exhaustive study of all aspects, related to the nature and use of the SRES, but it is rather an attempt to
systematize and carry out a comparative analysis of the main problems, related to the SRES, as well as to draw the
attention and stir a wider discussion on a topic, which—according to the authors—undeservedly fails to be
sufficiently incorporated into the studies and research, related to the alternative energy development. Special attention
is drawn to the opportunities provided by waste-to-hydrogen solutions alongside with other waste-to-energy
approaches. Authors are also introducing for the first time the notion of “double-green-solution” as a specific feature
of the waste-to-energy solutions. The article may be of interest to economists, investors and practitioners.

Keywords: SRES; economics of the SRES; hydrogen energy; alternative energy; green energy; RES; sustainable development goals;
inter-fuel competition.
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Zhiznin S.Z., Vassilev S. Economics of Secondary Renewable Energy Sources (SRES)

Ha ¢one coxpamaronmxcs TpaJuIUOHHBIX MCTOYHHUKOB 3HEPIUH, YBEINYMBAIONIEECS HETATHBHOE BIMSHHE HA
NPUPOTY, B TOM HYHCJIE H3-32 HEKOTOPBHIX CEKTOPOB SHEPTETHKH, a TaKKe HAPACTAIOMIas yrpo3a 3KCTPEMalbHOTO
YBEJIIMYCHUSI OTXOJIOB B TIIOOANbHOM Macmrade, BTOPHYHO BO30OHOBIsIEMBIe UCTOUHUKHN 3>Hepruu (BBUD) moryr
CBHITPATh POJIb OJHOTO M3 KIFOYEBBIX METOAOB NOCTHIKEHHUs yCTOHYMBOTO OanaHca, 0e3 ymepba 3KOHOMHYIECKOMY
pa3BuTHIO. Ha npakTuKe eciiu JOMyCTUTh, YTO HaceJIeHUe 3eMIIM COCTaBIIseT 7 MIIP YeJIOBEK, TO KaKk MUHUMYM 5 MITH
TOHH OTXOJIOB IPOMW3BOJSTCS EKEIHEBHO (HE CUMTAs NPOMBINUICHHBIE). M3 HHMX OKOJIIO 2 MIH HE MOJUIeKaT
PELUKIMPOBAHUIO, HO U3 HUX MOYKHO MOTy4aTh 3Heprui0. CoBpeMEHHbIE TEXHOIOTUH MO3BOJISIOT 10 50 % ucxomHoro
Marepuaja KOHBEPTUPOBaTh B OECIUIATHYIO DHEPIHIO, TO €CTh B pe3ysibTaTe MOXHO moiydars | miua MBt/u
exenneBHo, win 300-350 TB/4 B rog. 310 paBHO NOTPEOIICHUIO 3J1eKTPpoIHEprin 5—10 ManbIX pa3BUTHIX CTPaH, TAKUX
Kak, Hanpumep, bonrapus, Cnosenus u T.4. JlanpHelee yaydiieHre 1 IpUMEHEHUE TEXHOJIOTHH JJIs1 HCIIOIb30BaHUs
BBUD notpebyeT 3HAYUTENBHBIX CPEICTB ISl HAYYHBIX MCCIICTOBAHNI M OMBITHO-KOHCTPYKTOPCKUX pabdot. YacTs u3
HUX MOXXET OBITh MOJyYeHa 3a CYeT JIBIOT AJSI aJbTEPHATHBHBIX MCTOYHHKOB 3HEPTUM, ApYras 4acTb — 3a CUET
BHEIIHNX HCTOYHHMKOB (DMHAHCHPOBAaHMSA, B TOM 4UHCIE, TOCYJapCTBCHHBIX OIO/KETOB, TPAaHTOB, KaK dYacTh
rOCyJapCTBEHHO-9aCTHOTO TMapTHEPCTBa W T.A. B mpemmaraemoif cratbe paccMmarpuBanack >koHoMuka BBUD wu
CBSI3aHHBIC C HUMHU (DAaKTOpBI, UX POJb M MECTO B DHEPTETHIECKOM CEKTOpE, 3HAUCHHUE UL OXPaHBI OKPYXKAIOIICH
cpensl u goctmxeHus Llenert ycrtoitumBoro passutus (L[YP), mpumsateix OOH. IlpeampuHsATa MOMBITKA pPa3BUThH
CYIIECTBYIOIINE M TPEAJIOXKUTh HOBBIE KPUTEpUH Ui Oojiee YETKOro M yHHUBEpcalbHOro omnpeneneHus BBUD,
CHCTEMaTH3UPOBaTh U CIeJIaTh CPAaBHUTEIBHBIM aHAJIN3 OCHOBHBIX MpobieM BBUD, a Taxke nmpuBieds BHUMAaHUE U
CIPOBOLIPOBATH 00JIee IUPOKYIO AUCKYCCHIO 110 JaHHOH TeMe. OTAenbHOEe BHUMAHUE YEJICHO aClIEKTaM «OTXObI-B-
9HEPTHIOY», BKIIIOYasi BO3MOXKHOCTH, CBSI3aHHBIE C BOJOPOIOM. BriepBrie BBoauThes TepMuH «double-green-solutiony.

CraTbst MOXKET NMPECTABIATH HHTEPEC IS IUPOKOTO KPyra SKOHOMUCTOB, HHBECTOPOB U MIPAKTUKOB.

KntoueBble crnoea: BBUO; akoHomuka BBWJ; BogopoaHasi aHeprusi; anbTepHaTMBHas 3Heprusi; 3erneHas aHeprus; BUO; Llenm
yctonumsoro pa3sutus; MABN3; OOH; Komuccna BpyHATNaHA, MeXTONNMBHAsS KOHKYpPEHLUMS.
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Stanislav Zhiznin

Cmedhan Bacunes
Stefan Vassilev

1. Introduction

The end of last century and the beginning of the 21%,
along with many other things, are characterized by
several interweaving trends in the area of energy and the

environment. These include:

» Progressive decline of the reserves of easily-
extractable traditional fossil energy sources

Caeenusi 00 aBTOpe: J-p SKOHOM. HayK,
npogeccop Kadenpsl MEXIYHAPOIHBIX
mpobnem TOK um. H.II. JlaBepoBa MI'MUMO
Y) MU PO.
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(1969 r.); Nunakamnemus MUJT PD (1977 r.).

Oonacthb HAY4YHBIX HHTEPecoB:
SHEpereTHveckass JIUIUIOMATHs; HKOHOMHMKA
9HEPTETHKH; sACPHAs YIHEPreTHKA.

My6auxanuu: 6onee 300, Bkroyast § KHHT,
5 y4eOHHKOB.

h-index 12

Caenenns: 00 aBTope: acnupantr MI'UMO
Y) MU PO.

Oo0pa3oBanue:
MU PD (1988 r.).

O0snacTh Hay4yHbBIX UWHTepecoB: BUD;
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* Increasing investment costs for meeting the ever-

growing energy consumption, which is also a direct

consequence of the preceding trend
» Increased negative impact on climate and the
environment in general, reaching threshold-critical values,

as a result of the increasing production and ever wider use

of most traditional energy sources. A number of limitations
and voluntary measures have been adopted on international
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and national levels, and various policies, focused on
sustainable development, have been introduced

* Increased demand, research and use of alternative
energy sources and new energy technologies. As a rule,
each and every such technology, at first proves
extremely expensive for general implementation, but
with time and with the development of the technologies,
the investment components of some of these
technologies reach acceptable, in terms of the reasonable
yield, and their effectiveness and efficiency increase.

As for the last mentioned trend, probably the longest
history and achievements are those of the research and
implementations of technologies, related to the
Renewable Energy Sources (RES), which has become
particularly evident in the past 15 years. In this period,
the RES managed to take a stable position of their own
in the energy sector and started having an increasing
influence on a number of political, environmental and
other processes on the international, regional, national,
local or even household level. There are some
suggestions that the group of the Secondary Renewable
Energy Sources (SRES) should incorporate all the
sources, formed as a result of human activity in different
sectors including industrial and household liquid and
solid waste, other waste, the waste of industrial,
agricultural, other enterprises.

There was also a significant development of the
technologies and approaches, related, among others, to:

» Energy efficiency and the use of by-products of
energy production, such as heat, both at the source and in
the transmission grid and the end-user

* “Smart-distribution” of electricity and reducing the
losses in energy transportation through the distribution
grids

» Accumulation/storage of energy, etc.

» Other technologies, offering “green” or alternative
(different from RES, or in general—non-renewable, such
as nuclear power, combustion cells etc.) solutions.

The offered article examines for the first time in a
complex manner the economics of the SRES, and all
related factors, including their role and place in the
energy sector, significance for the protection of the
environment and for the achievement of the sustainable
development goals (SDGs), adopted within the UN. An
attempt is made to develop the existing and to offer new
criteria for a more accurate and universal definition of
the SRES. The objective of the article is not to claim to
be an universal and exhaustive study of all aspects,
related to the nature and use of the SRES, but it is rather
an attempt to systematize and carry out a comparative
analysis of the main problems, related to the SRES, as
well as to draw the attention and stir a wider discussion
on a topic, which—according to the authors—
undeservedly fails to be sufficiently incorporated into the
studies and research, related to the alternative energy
development. Special attention is drawn to the
opportunities provided by waste-to-hydrogen solutions
alongside with other waste-to-energy approaches.
Authors are also introducing for the first time the notion
of “double-green-solution” as a specific feature of the
waste-to-energy solutions.

Nomenclature

Abbreviations

CAPEX/OPEX Capital expenses / operational expenses

EEA European Energy Agency

EUROSTAT European Union Office for Statistics

IAEA International Atomic Energy Agency

IRENA International Renewable Energy Agency

PVs Photovoltaics

LCOE Levelized Costs of Energy

RES Renewable Energy Sources

SDG Sustainable Development Goals

SRES Secondary Renewable Energy Sources

UN United Nations

UNDESA United Nations Department for Economic and Social Affairs
UNGA United Nations General Assembly

WCED World Commission on Environment and Development

2. Energy Sector and Sustainable Development

The most significant effort to balance the increasing
needs of energy and the severely negative and
irreversible impact of the prevailing forms of its
generation on the environment is beyond any doubt the
ratification of the Concept of Sustainable Development,
adopted by the UN General Assembly in 1987.

The concept is based on the work of the World
Commission on Environment and Development
(WCED), better known as the “Brundtland
Commission”, after the name of its chairperson, the
former Prime Minister of Norway Gro Harlem
Brundtland.

The commission was established within the UN in
1983 on the background of the quick decline in the
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environment, accompanied by impaired economic and
social development.

According to the Commission, “Sustainable
development is development that meets the needs of the
present without compromising the ability of future
generations to meet their own needs; manageable and
balanced development of the society, non-destroying its
natural foundations and ensuring a continuous progress
of civilizationUNGA A/42/427” [1], and WCED 1987
[2] Global Goals and numerous indicators were
developed to monitor the implementation of the Concept.
Thirty indicators, allocated in three domains of the
concept—social, economic and environmental, have
been developed and are currently employed in the areas,
related to the energy sector. These indicators are related
to all types of energy [3] worked out in IAEA,
UNDESA, EUROSTAT, EEA, IAEA.

The concept, goals and indicators form an integrated
system for evaluation and action. Some of the main
issues, as discussed below, involve finding a sustainable
and perspective balance of mutually exclusive processes
and phenomena. It is impossible to even imagine modern
world without energy, and progress and the satisfying of
the growing needs require more and more energy. The
current balance of the methods of its production and
their environmental friendliness is regrettably not yet
sustainable. Despite the positive trends of restructuring
of the current energy, focused on the replacement of the
production methods that are the most harmful to the
environment (conventionally: from coal and fuel oil to
gas) and the increasing share of the “green” energy, in
the foreseeable future the traditional sources will
continue to prevail. A natural limit is the need of
sufficient energy in the developing and underdeveloped
countries and regions, which utilize cheaper raw
materials and older technologies (attempting to solve
their current pressing problems), at the expense of the
environment (“postponed” problems).

On this background, further solutions need to be
found, on the one hand by optimizing the use of the
energy produced (e.g. reducing the consumption of
materials, especially of those with poorer environmental
characteristics), and on the other—new, global solutions
of environmentally-friendly sources and technologies.

The first group are generally solved by a number of
energy efficiency measures and solutions. In the second
group, worth mentioning are the so called “regenerative”
technologies—i.e. the capability of solving already
existing or constantly arising environmental issues, by
simultaneous generation also of “green” energy, e.g.
through proper utilization and processing of organic
waste. This, along with the wider implementation of
RES and the energy efficiency measures, would
significantly contribute to the achievement of a number
of Sustainable Development Goals.

Another important aspect, which should be taken into
consideration, is the availability of energy resources and
their rational use in their distribution. For example, the
energy, no matter how cheap or environmentally friendly

it may be, depends on the means of its supply and their
efficiency. The availability of cheap nuclear energy
requires a complex and well developed system of high-
voltage transmission grids and is best used to supply
major consumers. At the same time, in case of remote
or temporary energy use locations — islands, temporary
settlements, small users, situated remotely from the
main power lines, etc., the use of RES and SRES can
prove to be the demanded environmental and beneficial
business solution, as opposed to the construction of
new electricity grids, nets of small-scare transformer
stations, etc.

The use of SRES will further solve to a significant
degree the issue of waste utilization, ensuring a
multiplication effect of local solutions.

This also applies to liquid fuels. There are a number
of examples of locally produced biofuels (based on
agricultural waste as the source raw material), mixed
with traditional fuels, resulting in serious reduction of
the costs, along with the decreased negative impact on
the environment.

Placing sustainability as the main vector in the short-
term perspective, however, cannot be absolutized, for
two main reasons.

The first is related to the enormous costs, impossible
to cover in the short-term, required for the global
substitution of the traditional energy sources for “green”
sources. The second one is that accessible energy is one
of the main drivers of development. That is why, as it
has already been indicated above, extremely polluting
plants in the developing countries cannot be closed at
present, without finding energy equivalent green
alternatives first.

3. Definitions

So far there is no comprehensive, overall and
generally accepted system of classification of the
primary and secondary currently used and of the
potential new energy sources. There are even certain
contradictions between the classifications of primary and
secondary sources, within the UN, OECD, IEA and the
EU/Eurostat [4].

The definitions in the area of alternative energy,
including SRES and RES have not merely scientific,
but also a wide practical significance. They form the
basis of the general and sectorial statistics, which has
important economic and financial implications, and
they are key to the formation of tariffs, precise
definition of subsidies, etc.

The definition of the SRES is to be developed
chiefly, but not entirely, with respect to the RES.

The most complete and reliable, in terms of general
acceptance, definition of RES is contained in the Statute
of the International Renewable Energy Agency
(IRENA), established in 2009 as an international
intergovernmental specialized organization in the area of
the RES. Art. 3 (Definition) has the following wording:
“the term ‘renewable energy’ means all forms of energy
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produced from renewable sources in a sustainable
manner, which include, inter alia: bioenergy; geothermal
energy; hydropower; ocean energy, including inter alia
tidal, wave and ocean thermal energy; solar energy; and
wind energy [5].

Unofficially this list is often supplemented with the
hydrogen technologies.

The RES are usually considered to be divided,
based on the type of origin and the primary energy
resource etc., as most often, the division line is based
on IRENA’s definition. The sources, listed therein, are
considered traditional RES, and all other sources —
non-traditional RES.

There are also other approaches. For example, V.
Bushuevet. al., developing IRENA’s definition, go even
further, dividing the RES into organic (land and water-
source biomass) and non-organic, including all the other
renewable resources [6].

There are further approaches, dividing the RES into
traditional and non-traditional, based on whether or not,
these have been researched and proven or have an
“exotic” nature, such as the use of the energy of
lightning bolts, road traffic of vehicles [7].

Of particular interest is the definition, according to
which the term “RES” refers to “sources, constantly
existing or regularly occurring, under the effect of the
solar, geothermal energy, the energy of the orbital
movement of the planets in the Solar system,
independent from human activity, as well as the energy
sources accumulated as a result of human activity and
natural reactions” [8].

Such an approach provides a good framework for a
wider perception of the definition of RES and their
more logical division into types and classes. It offers
also a better basis for the understanding of the term
Secondary RES.

The SRES category often includes a number of
sources, which do not fall under the IRENA’s definition,
while at the same time it excludes sources, based on
other natural phenomena (lightning bolts, non-
geothermal heat from volcanic activity etc.), intermittent
such as methane from coal chambers or turf, which is
considered to be rather a slowly renewable source of
energy.

There are some suggestions that the group of the
SRES should also incorporate all the sources, formed “as
a result of human activity (heat from industrial and
household liquid waste, ventilation emissions, solid
household and other waste, the waste of industrial,
agricultural or other enterprises” [ 9].

This approach clearly has its benefits, but it includes
in one and the same group both the results of the use of
any energy sources (incl. heat from industrial and
household waste, ventilation emissions etc.), and some
specific sources (solid and other household and other
waste), waste from industrial and other enterprises.

Another interesting approach is that, used by the
Bulgarian Regulator — the Energy and Water Regulatory
Commission (EWRC), which—for the purpose of

providing incentives for the implementation of RES
through feed-in purchase tariffs of the generated energy,
created and periodically updates a table of rates,
covering both traditional RES, and some sources, based
on the utilization of waste, and takes into consideration
the use of by-products, such as heat (co-generation). This
list, unfortunately, is of entirely applied nature, but
should nevertheless be taken into consideration, as one
of the possible models for developing a proper
definition.

3.1. Bases for authors’ own definition

We believe that a universal definition of the SRES
can be developed, based on a package of key criteria,
including the secondary nature of the energy source in
combination with its renewable nature and the absolute
or relative inexhaustibility. This would automatically
incorporate or cover the most widely used definitions of
SRES, i.e.—defined based on whether or not these are
the result of the use of solid household and other waste,
waste from industrial, agricultural and other enterprises
or activities. As for the energy from heat or ventilation
emissions, there probably should be a distinction
between the nature of the primary source, in terms of its
being renewable or not, etc. Regarding the hydrogen,
leading should be the source of origin and the need to
utilization of technology to convert it.

4. Comparative analysis of the RES and SRES

Along with the clear benefits of the RES, their use is
not always neutral, especially in terms of their impact on
the environment. In some cases, there may even be harm,
the remedying of which requires significant investments.

For example, solar energy is used either directly for
heating of special panels, in order to accumulate heat or
transform it into electricity through photovoltaic systems
(PVs). Sometimes both technologies are combined, the
heating being an extra product of the process.

The efficiency of photovoltaics is constantly
increasing, due to the implementation of new crystalline
structures and technologies. There have already been
successful examples of the utilization of heliothermal
technologies, where the solar energy is focused and used
to drive steam generators.

At the same time the technologies for utilization of
the solar energy have certain shortcomings.

First of all, this is the limitation in the time of use
during the day and the location. Even the most state-of-
the-art panels cannot operate during night-time, and the
energy accumulation equipment has not reached the
necessary technological level, making it possible to
avoid the issues, related to the dispatching and
maintenance of the energy balance and the loading of the
electricity transmission grid.

Apart from that, vast spaces are required to host the
solar parks (a panel generating 1 KW/h has an area of
approximately 10 m2), as the land underneath will be
fully shaded, causing all the relevant consequences for
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the microorganisms in the soil and the flora, and these
effects have not been fully studied yet.
There are numerous extensive comparisons of the

sources of energy with their pros and cons, and therefore
we will not discuss them in detail [10].

On the other hand, there is the example of the SRES
and in particular—the waste utilization. Waste, in its
own right, also has an inexhaustible potential—for
example, statistically, the average person generates
approximately 0,5-1,5 kg household waste daily. This
means that as a category, this can be considered a
renewable source.  Furthermore, the increasing
accumulation of various wastes poses a direct threat to
the environment and human health. For example, merely
the plastic waste pollution of the oceans has already
started having a perceptible negative impact on its flora
and fauna, apart from the other forms of pollution.

The proper waste utilization may not only
significantly reduce, but in some cases, even completely
eliminate the harm, while obtaining significant amounts
of useful energy and products at the same time. And the
investments per KW/h of output are already comparable
to similar indicators of the RES.

In this way, the wider implementation of the
technologies for the use of SRES would not only
contribute to generating green energy, but would also
play a significant role in the prevention of the pollution
of the environment and climate change.

The waste-to-energy sector has already occupied a
separate niche in the respective sectors of economy and
municipal government. It constantly competes with the
recycling sector. In a number of cases recycling is
preferred to the destruction of waste, which—as a rule—
is still carried out through incineration, where the energy
balance is often negative. At the same time, even
ordinary solid household waste is not 100% recyclable.

Another important difference between the RES and
SRES, is that the utilization of certain technologies for
organic waste processing can produce not only
electricity, heat and mechanical energy, but also a
number of liquid and gaseous energy resources. These
can be stored for subsequent use, directly or as a raw
material/precursors in the chemical industry.

5. Technologies for turning waste into energy

Currently, various thermal facilities,
burning/incinerating waste and basically operating as
thermal power plants, are the most common. They are
relatively cheaper, but fail to fully solve the issue of
pollution (due to the complexity and cost of the
additionally required purification systems), and also
they produce a number of new waste materials,

requiring disposal. Most of them cannot be used for the
treatment of hazardous organic waste, dangerous
chemicals, PVC, etc.

Table 1
Emissions comparison g/KWh
Tabnunma 1
CpaBHEHHE BHIOPOCOB pPa3lUYHBIX
BpEAHLBIX BCUICCTB r/kBT - u

incineration coal*
CO, 1335.33 1020.13
S0, 0.36 59
NOy 2.45 2.12

*The emissions during production and transportation should also be
added here
Source: Wilson, Williams, Liss, & Wilson (2013) [11]

The application of plasma technologies for
incineration is an endothermic process and in fact the
processing costs exceed the energy obtained. This issue
can be partially solved by the so-called quasi-plasma
technology, e.g. by adding additional oxygen supply in
the reactors, which, however, impairs somewhat the
process safety, hence rarely preferred.

The various gasification technologies provide
different advantages. These technologies include biogas,
high-temperature gasification, pyrolysis and pyrolysis
gasification, etc. Each has its own pros and cons. For
example, the most promising is the pyrolysis
gasification, but the successfully developed and used
facilities are currently limited to the processing of
merely several tons per hour per unit. They, however, are
relative small, could be designed as mobile and most
fully and environmentally-friendly process all sorts of
organic waste, including hazardous one into energy and
energy resources. They are perfect for local application,
where the power requirements are within several MW/h
(as the main or auxiliary source to other sources, incl.
RES—solar, wind during their down-time—night-time,
windless weather), and waste utilization is expensive,
due to remoteness etc. Another advantage is that some of
the pyrolysis gasification products can be stored for
subsequent use. Same applies to the production of
hydrogen from bio-waste like food or agricultural waste
though steam gasification, or for example through de-
composing waste plastic.

Not all technologies are equally efficient, in terms
of their emission indicators. As evidenced by the table
below, waste gasification ensures the lowest
emissions. Though not included in this table hydrogen
production is without doubt on par with the general
gasification.
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Table 2
Comparison of different technologies by unit
of CO, per kW/h
Tabnuma 2
CpaBHEHHUE pa3JIMYHBIX TEXHOJOTHH MO BeIOpocam
CO, na kB1/ u

2,5

1,5

0,5

gasification  incineration landfills

Source: Wilson, Williams, Liss, & Wilson (2013) [11]

6. RES and SRES in the conditions of inter-fuel
competition and the competition
of the energy sources in general

The market availability of a wide variety of fuels and
energy sources, results in a natural competition among
them, where the costs for production, processing
transportation to the end user and utilization, are
decisive. At the same time, in general, the production
and utilization cost is currently inversely proportional to
the degree of their negative impact on the ecosystem. In
the group of the cheaper, if not the cheapest, primary
energy sources the coal is among the most serious
pollutant of the environment, through harmful emissions
and ash deposits (exceeding 20% of the volume of the
original product). Meanwhile coal is not the most
efficient fuel, from the perspective of energy output and
efficiency of the systems, using it.

Often the evaluation of the cost of energy, generated
by a certain source is (wrongly!) based on the so-called
Levelized cost of energy (LCOE) (see for example [12].
Although this is a very important and valuable indicator
on its own, it fails to show the complete picture. It refers
mainly to production and the cost of electricity,
produced from various sources and fails to take into
consideration a number of other factors. One of these
factors is the use of the energy sources for other
purposes, such as coal in metallurgy, for heating, etc.
The multiplying effect of the power output is also
neglected—a thermal power plant, operating on coal or
heating oil, with an output of 100 MW e.g. may be
compared to a RES facility with the same output, only
after a number of adjustments and assumptions are
applied. Comparisons are often made, assuming costs for
the construction of new facilities, failing to take into
consideration the fact that globally there are a large

number of facilities, built through the years, which are
still being actively used, although they are based on
obsolete technologies. Another important point in
interfuel competition is that a number of fuels are
optimal for certain operations or use, based on their
costs, convenience or traditions. Transport is one of
these sectors of operation. Although the focus is
increasingly placed on gas motors, hydrogen and electric
engines, their share is still insignificant, growing at
rather slow rates. Furthermore, in the case of the electric
cars, it should also be considered that not always the
electricity, used for charging their batteries, is generated
from a “green” primary source. Also, the currently
existing electric vehicles can achieve a mileage of not
more than 400-500 km with a single charge, and after
that they need recharging, which is a significant
limitation. With the development of the storage and fast
charging technologies, this indicator will improve, which
may make electric vehicles more universal means of
transport over time.

Another practical example is the use of biofuels in
the aviation sector. The parameters of the existing
biofuels do not allow the complete and thorough
replacement of the aviation fuel. Nevertheless, Boing,
KLM, etc. are actively working on programs for partial
substitution, as well as for the improvement of the
indicators of the suitable biofuels.

In general, it should be noted that there is a global
trend of decreasing investment costs in RES, as for
example, the LCEO indicator of some of them-—
especially wind energy—are close or even lower in some
scenarios than that of coal or other fossil fuels, even in
some non-subsidized cases.

To a significant degree, this is due to enormous
investments, already made in the last decades and that
are still being invested in the research and development
in the area of the traditional RES. At the same time,
some RES, such as mini-solar plants are still several
times more expensive to build and operate, than wind-
operated facilities. Such investments would not be
feasible, without the introduction of a number of
incentives and regulatory measures, related to the
development of “green” energy, which will be further
discussed below. Under the effect of such incentives and
measures, the structure of the global energy sector is
gradually changing, as the share of the environmentally
friendly energy sources and technologies increases.

The current situation with the SRES may be
compared to the more expensive RES, as the investment
costs of co-generation systems start from EUR 3,000—
4,000 per 1 MW/h of power output. As with the other
RES, with the exception of the hydro-power sources, the
existing SRES technologies (with certain exceptions for
some incinerator and open downdraft systems, which
however face other problems) currently offer an output
that is closer to just several MW/h, rather than dozens or
hundreds of MW.
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Based on the above it can be concluded that the
alternative energy sources (excluding nuclear, subject to
certain  assumptions) require  significant initial
investments, which on the free market, could never be
attracted and repaid within a reasonable period of time,
from the perspective of a successful business model. The
eventual projects, relying on alternative technologies,
which may compete in terms of investment costs, cannot
yet provide the necessary volume scope for a significant
change in the structure of the energy sector. This is the
basis for the claim that the development of the
alternative energy sector would be impossible without
certain governmental adjustments to the purely market
mechanisms, based solely on the demand-supply
balance.

7. SRES as an economic category

As with the other energy sources, SRES and their use
are subject to the basic economic laws and in certain
cases may be reviewed as different economic categories.

SRES may be considered chiefly as a product. The
specificity here, however, is that they often provide no
evident advantage or are not a generally accepted good,
and sometimes these are even the opposite — especially
in terms of hazardous, non-recyclable or not easily
usable waste. Nevertheless, by the application of suitable
technologies, these can be transformed into useful
products, becoming a complete good, i.e. satisfying the
needs of energy and other useful products, and
simultaneously meeting the interests of the respective
person, related to the preservation of the ecosystem.

From this perspective, the use of SRES is both a
technological process, and service, which together form
the economic process. Furthermore, the development and
implementation of the technologies, using SRES for
obtaining useful products, is closely related to the
economic category innovations.

Thus, the SRES and their use may be considered as
either a specific economic category, or a combination of
the above categories.

7.1. RES and SRES, and the modern economic theories

The current need of providing some sort of incentives
for the implementation of RES, by definition precludes
the application of economic theories based on purely
market driven relations. Therefore the researchers focus
mainly on the theories, allowing outside intervention.
These include the neo-classical school, and particularly
its liberal section, which—for the purposes of a better
distribution of the existing resources, in a number of
cases more inclined to accept outside limitations,
imposed on the liberal market, compared to the
conservative section.

The Neo-Keynesian school offers even more
opportunities for the implementation of market-adjusting
factors for the purpose of economic development. For
example, it allows the consideration of some specific
incentives for the implementation of RES, such as feed-

in tariffs, state guarantees; grants and governmental
investments in research and development activities,
related to RES; tax and tariff reliefs, etc.

A number of researchers justifiably focus also on the
opportunities, reviewed in the modern take on the
innovation approach to the theory of economic
development, originating from J Schumpeter; Pigou’s
theory of external effects, etc. [13].

In the case of the SRES, however, there are not
always firm and specific external factors or effects (such
as limitations, feed-in tariffs, etc.) that play a key role
and in certain instances, SRES’ economics can fall
within the classical theories, based on market self-
regulation of demand and supply models (including the
use of business models with a positive balance).

For example, the cost of destruction of one kilogram
of biologically hazardous waste is as a rule around 1
(one) Euro. A plant, processing up to 100 kg per hour of
such waste and operating 7,500 hours per annum would
achieve an annual income of approximately EUR
750,000. Using average CAPEX and OPEX for similar
technologies in this sector in Bulgaria, the investments
may be returned within not more than 2-3 years (while
this period in the case of RES exceeds 6—7 years with
feed-in electricity preferential tariffs), without taking
into consideration the possible add-on income from the
syngas, electricity and heat co-generation
(CAPEX/OPEX would also increase in these case at the
expense of the costs for peripheral and generating
devices).

The philosophy of using SRES unlike that for RES,
is anchored around the specific need of elimination of
existing results of human activity (harmful and
hazardous waste), followed by the issues, related to the
production of green energy as added value. This ensures
a wider choice of approaches in the area of economic
theories, applicable to the SRES.

Studying of the applicability of the main modern
economic theories to the RES and SRES shows that their
scope is limited or insufficient to understand and
regulate the respective processes. The close interweaving
and interrelations of economics, energy and ecology
within the Sustainable Development concept, require
new, more extensive approaches.

One of them is related to the occurrence in the late
1980s of the Environmental economics.

In practice, this is an interdisciplinary area of
science, dealing with research of the interrelations of the
economic and ecosystems and aimed at finding solutions
for the transformation of the destructive contradictions
between ecology and economics in a harmonically
developing model.

Environmental economics is based on the modern
concepts of the neoclassical and resource economic
theories, combining them with environmental impact
assessment (EIA) and ecology in general.

Unlike the classical economic theories, consumption
is reviewed here not merely as the subject of financial
and budget limitations, but in combination with natural
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limitations (e.g. maximum capacity of the ecosystem)
and the limitations, resulting from the laws of physics.

People, as consumers, are considered as one of the
main categories, and not as the central and dominant
one. A great significance is attached to the research,
related to the environmental manifestations of entropy
and methods of their reduction.

The temporary research frameworks are also much
more extensive than those of the classical economic
theories.

8. Types and methods of providing incentives
for the implementation of SRES

In general, it can be stated that the main types of
incentives coincide with those, applicable to the RES.

Three major groups of incentives can
differentiated—administrative, price-related
capacity-related.

Each specific incentive is based on different types of
direct support or limiting approaches. Some of the main
of them are:

« Budget support by the government or
international organization

* Relieving the tax burden, low customs tariffs,
applicable to the equipment etc.

« Establishing feed-in tariffs (at the expense of the
consumer, through a higher price of the mix; imposing
specific taxes to the general population; transferring the
burden to the system and grid operators, including
providing them with incentives for economies of
traditional fuels, etc.)

« Limitations of emissions, cap-and-trade, other trade
of emissions, green certificates, etc.

« Introduction of quotas for a mandatory share of
“green” energy

* Voluntary measures

* Increased demand of “green” energy through
extensive promotion/propaganda.

Apart from these, the use of SRES may rely on
additional incentives, based on the requirements and
provisions for waste utilization (failing which results in
financial and other sanctions), the so-established
utilization market and the emergence of the institute of
the so-called gate-tax, paid by the polluter to the utilizer.

be
and

an

8.1. Economic model of the use of SRES

On a global level (together with the other alternative
sources) the model includes the balance of needs of
energy, the need of preservation of nature and socially
acceptable costs, required for that purpose.

As indicated above, the SRES however have unique
nature and double application: with direct environmental
protection (solving the issue of waste) function and at
the same time as a source of “green” energy. In this
respect they may be defined as “double-green”.

On a national and sometimes regional level (e.g.
within the EU), the model is based on the system of
providing incentives for the implementation of RES and

SRES, based on the resulting measures of the respective
policies and specific financial and economic factors. The
key role here is plaid by the incentives, listed above,
which establish a favourable environment for the
development of the SRES sector. As already noted, SRES
can often benefit at the same time from income from the
utilization on one hand, and from feeding “green” energy
to the grid and/or selling the other useful products,
obtained from using the SRES, on the other [14].

On more specific levels: regional, municipal, city,
district, etc., the model is again based on the specified
incentives and principles in general, with respective
specificities and mix in each individual case.

At the production unit level, it is more similar to a
classical business model, as the balance of
CAPEX/OPEX and income, i.e. it includes costs,
revenues, taxes, preferences and reliefs etc.

9. Conclusion

On the background of diminishing traditional energy
sources, increasing negative impact on the environment,
also due to some energy sectors, as well as the increasing
threat of extreme increase in the waste on a global scale,
SRES have a serious potential to play the role of one of
the key methods to achieve a sustainable balance,
without any harm to the economic development. In
practice, if we assume that the total population of the
Earth is 7 billion people, at least 5 million tons of waste
is generated on a daily basis. Of them, circa 2 million
tons are non-recyclable, but these could be transformed
into energy (not counting industrial waste which is
multiple times more). Modern technologies offer up to
50% conversion of the source materials into usable free
energy—i.e. there is a potential for the generation of
approximately 1 million MW/h per day, or at least 300—
350 TW/h per annum. As a comparison—in Bulgaria, in
2016 and 2017, the electricity consumption amounted to
approximately 38,000 billion KW/h per annum. That
means that the waste-to-energy conversion world-wide
could satisfy the electricity needs of 5-10 countries
Bulgaria size-wise. However, enormous investments will
be necessary, at an average cost of EUR 1,500-4,000 per
1 KW of installed capacity.

The improvement of the SRES technologies will
require significant expenses for scientific research and
development. A part of these expenses can be covered by
the general provision of incentives for alternative energy
sources, another part should be provided by external
sources, including funding from the central budgets,
grants, as part of public-private partnerships etc.

A specific and serious contribution would be that of
an extensive and thorough scientific research of the
problems, related to the development of SRES
technologies, their implementation in practice, the
development of new financial and economic incentives
and models, etc. The results of the scientific research
will significantly contribute also to the promotion of
SRES as a “double-green” solution.
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