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The life cycle of renewable energy sources has been analyzed in the research paper. The differences and
specific features of life cycles of traditional and renewable energy sources have been identified. A proprietary
scheme of the life cycle of renewable energy sources has been proposed, which takes into account the
identified features compare to traditional energy sources. The renewable energy life cycle consists of three
stages and ten phases. The eco-destructive impact of renewable energy sources at each stage of the life cycle
has been investigated and presented, which makes it possible to assess objectively and take into account the
complex eco-destructive impact of the use of a specific object that uses renewable energy sources. The studies
of Al-Mulali, Apergis, and Payne, Dogan and Turkekul, Menegaki, confirming the relationship between
growth indicators (Gross Domestic Product) and the growth of energy produced by renewable energy sources
were examined. The total electricity consumption in the world for the period 1973-2016 was considered.
Comparisons of traditional and renewable energy sources by service life and life cycle are given, and the main
stages and phases of the life cycle of renewable energy sources are examined in detail. The stages of
development and creation of renewable energy technology, namely the stages of development and creation of
renewable energy technology, the operation of renewable energy facilities and the utilization and recycling of
renewable energy components were considered. The impact of renewable energy on the environment from
reservoirs and the specific effects of the use of renewable energy facilities has been studied. To identify
adverse factors of influence, from eco-destructive impact, the stages of the structural composition of the
renewable energy life cycle were examined to find possible ways to eliminate them at each stage.
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Introduction. The problem of meeting the needs for electric and other types of energy is not
relevant. The energy sector of the economy has a strong connection with the destructive impact
on the environment. There are 49 % of pollutant emissions in the world due to the activity of the
energy sector [1]. Most of the electricity on Earth is generated through exhaustive resources.
According to the Global Status Report REN21, in 2017, 79.7 % of the total final energy
consumption was accounted for by exhaustive resources [2]. The modern world sees the solution
to this problem in the mass use of renewable energy sources (hereinafter RES).

Comparing RES with traditional sources of energy, namely thermal (thermal and combined
heat and power plants), nuclear (NPP) and hydro (HPP) power plants, on can note that the
greatest load on the environment (hereinafter referred to as E) is at the stage of energy
production. RES have less emissions of pollutants into the atmosphere, water pools and soils.
However, during the analysis of the RES life cycle, certain destructive impact on the E were
identified at all its stages [3, 4].

Problem statement. There are many publications that show the positive effects of increased
energy production owing to RES. Most of these publications belong to foreign authors. This is
due to the smaller number of RES facilities in Ukraine compared to the developed countries.
According to the World Bank, RES generates about 4.14 % of the total energy production [1]. At
the same time, the figure in Germany is 14.2 %, in the USA — 8.71 %, and in China — 12.41 %.
The impact of RES on the economic development of countries attracts a great attention of the
foreign researchers. The results of studies by Al-mulali [5], Apergis and Payne [6], Dogan, and
Turkekul [7], Menegaki [8] confirm the hypothesis that there is a link between the growth in
economic indicators (GDP) and increase in energy produced by RES.

The identification of the structural features of RES facilities life cycle is given attention by
domestic scientists.

Thus, Kolohryvov researched the life cycle of enterprises from the point of view of the
private sector [9]. Dereiko Kh. O. assessed the eco-destructive impact of solar power plants at all
stages of the life cycle [10]. Havrysh O. A. drew attention to the need to evaluate different RES-
based electricity generation technologies. [11]. Pryimenko S. A. explored the life cycle of the
energy product derived from traditional energy sources [12].

The purpose is to analyze the life cycle of RES in order to identify differences and specific
features in comparison to the life cycle of traditional energy sources.

Results of the research. The size of global electricity consumption has a growing trend.
This can be confirmed by the dynamics of electricity consumption for the period of 1973-2016
(Figure 1). In this case, the phase of the life cycle “Development and creation of RES
technologies™ is characterized by the emergence of new technologies for electricity generation,
including on the basis of RES [12, 13].

Energy generation technology is constantly changing due to the energy of the sun, the earth
and wind, which leads to a decrease in their cost. According to the theory of the product life
cycle, electricity, as a product, goes through the first stages — introduction of the commodity into
the market and recognition of the commaodity by buyers, which are characterized by the increase
in sales volumes. These stages last over 45 years for electricity as a product.

The world energy market consists of so-called traditional (oil products, natural gas, coal, fuel
oil) and renewable energy sources. In order to provide the balance between the needs of today's
and future generations (taking into account environmental, economic and social components),
the question is of comparing traditional and RES based on their LCs, taking into account the
impact of each energy source on the E.
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Figure 1. Total electricity consumption in the world for the period of 1973-2016,
MMTOE [1, 14]

The first problem of comparing these energy sources is that each of them has its own lifetime
and a particular eco-destructive impact. For example, the NPP has a service life of 55 years
(RGM 1000) while wind power plants have a 20-year lifetime. If hydroelectric power plants are
used, their service life reaches 100 years or more. Besides, the construction period and the
minimum production capacity, which adds constraints to energy balance planning (Table 1),
should be taken into account. That is, the period of time from the start of operation of the
equipment to the moment of its utilization goes from 20 years for RES and 28 for TPP, and
reaches 60 years in the case of nuclear power plants. Historical data show that over a 20-year
period, energy structure, technologies and cost change significantly, leading to new optimal
relationships between energy sources, taking into account environmental, resource and energy

potentials.

Table 1

The construction and operation period of electricity production facilities [15-19]

Electric power source Construction period, Service life, years Minimum size of new capacity,
years Mw
NPP 4-6 55 1000
TPS 3-6 25 80
TPP 7-10 30-35 1.7
HPP 3-8 100 (30-40)* <1 MW
RES
WPS (Wind power <0.5 20 <1 MW
plant)
SPP (Solar power <0.5 30 <1 MW
plant)
Mini Hydroelectric <0.5 35 <1l MW
Power Plant (MHPP)

* According to DSTU — 30-40 years, dam — 100 years
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The life cycle period of a certain energy source from the moment of construction to
utilization leads to a decrease in the level of energy independence and energy security of the
country. This is due to the fact that long LC of one source complicates the transition to another
or increases its cost. According to Pryimenko S. A., structurally, the LC of the energy product
includes the following stages [12]: the invention of technology; obtaining the energy product;
resource provision to which the exploration of the fields relates, their preparation for operation;
transportation and processing of energy resources for their further use; energy production and
transportation.

At all stages, the author identifies the process of waste utilization that occurs at each stage of
the LC. This approach to the LC energy product only applies to traditional energy sources [12].
This view is shared by Martinez and Schlesner [20]. Martinez and Schlesner claim that RES is
different from the LC of traditional energy sources and should be investigated separately. Both
foreign scientists are researching the LC of RES starting from the stages of creation,
transportation, processing and production of components of a future power plant based on
primary resources. After the components of the power plant are manufactured, they are
transported to the site of installation and further operation. After the operation phase, which is
different for each type of RES, the elements of the power plants are dismantled and utilized.

The structural composition of the LC of RES proposed by us is fundamentally different from
the LC of traditional energy products. The LC of RES is divided into three main stages and ten
phases (Figure 2), which include the following components.

Stage |: Development and creation of RES technology

1.1. Scientific and technical development >

1.2. Design and construction work

\ 4

A

1.3. Manufacture of RES equipment

.

Stage I1: Operation of RES facilities

2.1. Transportation to the operation site of RES facilities 4

A

2.2. On-site installation of RES facilities

A

2.3. Operation of RES facilities

\ 4
Stage I11: Utilization and recycling of RES facilities

A

3.1. Dismantling of RES facilities

\ 4

3.2. Transportation to utilization/recycling site

A

3.3. Utilization

A

3.4. Recycling

Figure 2. Main stages and phases of the life cycle of renewable energy sources
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Stage 1. Development and creation of RES technology. The first stage consists of three
phases: scientific and technological development (1.1); design and construction works (1.2);
production of RES equipment (1.3). Scientific researches are carried out on the phases 1.1 and
1.2. in the field of new technologies of transformation of energy of the sun, air, water into
electric (thermal or other); extraction and processing of primary resources for the production of
components of RES equipment; new opportunities to reuse expired equipment components. The
process of research on the phases 1.1 and 1.2 takes place independently of other components of
the LC, but it should be taken into account that the results of the research affect the other stages
and phases of the RES LC. An example of the implications of scientific research is the reduction
of the cost of solar panels by 51 %, and their add-on components and installations by 37 % (for
the period of 1998-2010) [21].

When analyzing research papers in this field, the difference in time between new
technologies (the result of research) and their implementation in the processes of energy
resources extraction and their processing for energy production should be taken into account.
The stage of development and creation of RES technologies should aim to reduce the use of
resources for the production of equipment, their cost and load on the E, to increase the efficiency
of equipment and to enable the re-operation of components of RES equipment.

During the production phase of RES equipment, available technologies are used, which can
vary greatly depending on the enterprises or countries. The difference in production technologies
leads to different indicators of efficiency and resource intensity of energy production; the
economic component and environmental damage are changed due to the production of a
particular equipment. The environmental damage on this phase is due to the processing and
preparation of the primary resources that are a part of the RES facilities.

For each type of RES, primary resources are significantly different, for example, the
traditional design of the wind generator is a metal mast, on top of which are the blades. The mast
and generator components require metal, the support requires concrete, plastic and metal — for
the blades. At the same time, solar power plants require the structure on which it is located (the
roof of buildings or metal structures to provide the necessary angle of inclination relative to the
sun), the materials used to make the panels and the accumulating station (lead, cobalt, lithium
and others).

Stage 2. Operation of RES facilities. The second stage consists of three phases:
transportation to the place of operation of RES facilities (2.1); on-site installation of RES
facilities (2.2); operation of RES facilities (2.3). Phase 2.1 results in a load on the E in emissions
of harmful substances to the atmosphere from vehicles. Phase 2.2 has an impact on soil and
landscape; the use of heavy equipment leads to additional emissions of harmful substances into
the atmosphere.

The phase of operation of RES facilities is fundamentally different from the operation of
traditional energy sources. RES do not use exhaustive energy resources for electricity generation,
while traditional energy sources use energy and primary resources during the construction,
operation and production stages of electricity.

Stage 3. Utilization and recycling of RES facilities. This stage consists of four phases:
dismantling of RES facilities (3.1); transportation of RES facilities to the place of utilization or
recycling (3.2); utilization of equipment (3.3); recycling of equipment components (3.4). The
disassembly phase (3.1) may be affected by phase 2.2 (equipment installation), the size of which
depends on the type of RES. Recycling of RES facilities (3.3) depends on the types of RES and
the operating period of the resource (from 20 to 30 years). After the end of the operating period,
only utilization is traditionally offered, however, to reduce the load on the E, it is possible to
reuse or recycle (in Eng. recycling — the process of converting waste into new materials and
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objects). We propose to use utilization only for RES components that cannot be reused or their
use is economically and environmentally impractical and associated with increased risk at RES
facilities. The annexes that can be reused (recycling 3.4) are “transferred” to the scheme of the
LC of the energy product at the stage of production of the RES equipment (1.3). This approach
can reduce the production of primary energy resources and reduce the load on the E.

As an example, a study by Begon Guezurag [22], according to which 84.4 % of energy costs
from all the LC of the wind turbines are at the production stage, of which 55 % is in the central
tower. It can be concluded that the tower can be reused or recycled for future use. Similar results
apply to MHPP. Research on recycling solar panels has shown that, under present conditions,
most parts of a solar panel are cheaper to recycle than reuse. WPP is another example of
recycling. Using the data of the 2011 research report [23], the resources used were determined
per 1 MW of capacity based on WPP (Table 2).

Table 2
Material content used per 1 MW of WPP capacity [23]
Construct
ional
steel, Concrete | Fiberglass Other* | Copper | Magnets (_:ast thal
iron weight
alloy
steel
Modern 115.0 590 9.8 8.05 25 0 239 750.0
WPPs
WPPs of the 103.0 402 6.8 9.3 30 43.2 20.0 540.0
following
generations
% change -10 -32 -31 +16 +20 - -16 -28

* “other” column includes aluminum, plastic, epoxide resins, polymer foam and wood.

The materials listed below are steel, copper, magnets and cast iron that can be reused. In the
material mass, 141.4 of 750 kg/MW (or 18.85 %) for modern WPPs and 169.2 of 540 kg/MW
(or 31.3%) for WPPs of future generations can be reused. Such components as concrete,
fiberglass, and most other materials cannot be reused.

The similar structure of the materials is peculiar to MHPP, but it depends on the type of
hydroelectric power plants. In one case, the bulk of the materials is made of structural steel and
alloy steel (80-95% of the total mass), when it comes to floating structures without the
construction of dams. At the same time, the category of MHPP includes equipment that needs a
concrete foundation, which changes the ratio of materials. In this case, the relative proportion of
steel in the structure of the materials varies up to 40-60 % of the total mass. In both cases, the
part made of steel can be reused. However, studies by foreign scientists point to the low cost-
effectiveness of the materials reusing [23], while at the same time, taking into account the
environmental component, the recycling process becomes more efficient.

Solar panels are almost non-recyclable with modern technology. This is due to the
peculiarities of the materials and the high cost of their processing.

For further analysis, the environmental impact of RES in terms of soils, reservoirs and the
specific effects of the use of RES facilities has been considered. We have studied WPPs, SPPs
and SHPPs (without dam construction) as the most widespread in Ukraine and those entitled to a
“green tariff”. The stages of the structural composition of the LC are considered in terms of eco-
destructive impact in order to identify adverse environmental factors and find possible ways to
eliminate them at each phase of the LC. The common environmental impact of all phases of LC
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for all types of RES is divided by the total (Table 3) and the specific, which differs depending on
RES facility (Table 4).
Table 3
Total eco-destructive impact by energy product life cycle stages for all types of RES

Phase | Eco-destructive impact
Overall impact for all RES

1.1.-1.2. Absent

13 Emi_ssions of pollutants into the atmosphere, soil and water in the process of manufacturing RES
- equipment
Emissions of pollutants into the atmosphere from transport used at the stage of manufacturing and
transporting the equipment to the place of operation
2.2.-3.1. It has features for each type of RES
Emissions of pollutants into the atmosphere from transport used during the operation phase of RES

2.1.

32 | facilities

33 Emissions of harmful substances into the atmosphere from RES facilities in the course of utilization;
- disposal of individual items of RES equipment

3.4. N/A

Table 4
Eco-destructive impact of RES on the phases of the life cycle of the energy product

Phase | Eco-destructive impact
Roof Solar Power Plants (SPP)

2.2 Relatively low eco-destructive impact from equipment installation

23 There is additional electromagnetic pollution affecting the dwellers of the house; causes heat
) pollution; has a negative impact on the biota
3.1 Relatively low eco-destructive impact of dismantling of RES equipment

Ground-based Solar Power Plants (SPP)

In the case of the installation of small and medium-sized SPP facilities, frame structures are used
which have a relatively small eco-destructive impact on the installation stage; in the case of large
2.2 SPP, structures are being constructed, resulting in significant environmental impact; remote location
of the SPP from the power grid requires additional costs for electrical supports or underground cable
laying in order to connect to the overall power grid
23 Reduces sunlight; causes heat pollution; used washing water penetrates into the soil and water pool;

' affects the biota
3.1 Dismantling of structures of large SPP sites can lead to additional environmental pollution

Wind Power Plants (WPP)

Small WPPs have relatively little environmental damage due to the use of small frames and roofs of
2.2 buildings; medium and large WPPs use a rigid platform for fixing the mast. There is an
environmental damage associated with its construction
2.3 Noise pollution, electromagnetic pollution; impact on wild animals
3.1 The platform for fixing the mast of the WPP remains after the end of the WPP operation
Mini-Hydro Power Plants (HPPP) and Pontoon Small Hydroelectric Power Plants (PSHPP)
The PMHPP uses a built-up shoreline, which does not cause additional environmental load; SHPPs
2.2 that require construction of dams or other structures having an impact on the flow, affecting natural
evaporation and biota
A large concentration of PMHPPs can lead to a decrease in the flow velocity and has negative
environmental effects; all SHPPs have an impact on the animal life
Skeleton PMHPPs have relatively little environmental impact; Small Hydroelectric Power Plant with
a dam or with other structures has a significant eco-destructive effect at the dismantling stage

2.3

31

The analysis of the LC of RES provides an opportunity to assess the environmental impact of
RES and to compare it with other energy sources. To do this, it is necessary to estimate the
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amount of environmental and economic damage caused to each of the sources per unit of energy
produced. This will allow you to calculate the amount of losses in terms of the cost of each
energy source per unit of energy produced.

Conclusions and prospects of further research. The structural composition of the LC of
RES facilities is significantly different from LC of traditional energy sources. For the objective
analysis of RES, it is necessary to take into account the eco-destructive impact on the stage and
phase of the LC of each RES. The study of each type of RES is based on the theory of the LC of
the energy product. The comparison of energy sources with each other involves taking into
account eco-destructive effects and assessment of the ecological and economic damage from the
use of RES facilities at each stage of the LC. The issue of loss assessment of different energy
sources needs further research in theoretical and methodical directions.
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B coBpeMeHHOM Mupe BOTIPOC yOBICTBOPEHUS MOTPEOHOCTH JIIOeH B SHEPIHH U IKOJIECTPYKTUBHOE
BIIMSIHHE HEPTeTHUECKOTO CEKTOpa Ha SKOJIOTHIO IUIAHETHI CTOUT OueHb OCTpo. CyIIecTBYIOT METOMBI
OLIEHKH yIIep6a, KOTOPbIi HAHOCUTCA OT TPAAULUOHHBIX HMCTOYHMKOB SHEPIUMM, B TO BpeMs Kak
HCIIONIB30BaHKE JaHHOW METOAMKM K BO30OHOBIISIEMBIM HCTOYHHMKAM SHEPIMU He 00BEeKTHBHO. IIpuumna
COCTOMT B TOM, YTO OCHOBHOM yIIepO OKpyxaromiel cpefie OT TpaAHLHOHHBIX HCTOYHUKOB SHEPTHU
HaHOCHUTCS BO BPeMs IIPOM3BOJICTBA SJIEKTPUIECTBA, 33 CUET HCIIOJIb30BAHMUS YHEPTETHUECKUX pecypcoB. B
TO JK€ BpeMs, BO30OHOBISIEMBIC HCTOUYHHKH SHEPIMH HE HCIOJB3YIOT 3HEPreTHYECKHX PecypcoB ULl
TIPOU3BOJICTBA DJIEKTPUUYECTBA, IIO3TOMY JUIL OIEHKH yIiepOa BO30OHOBISICMBIX HCTOYHUKOB SHEPTHH
HEOOXOAMMO aHATM3UPOBATh MX KHU3HEHHbINA IUKJ. BblM paccmoTpens! uccienoanus Al-mulali, Apergis
and Payne, Dogan u Turkekul, Menegaki moaTBepskmaroIIie HaIM4IHs B3aHMMOCBS3H MEKAY POCTOM
9KOHOMHYECKHX IOKa3aTeleil (BaJOBBI BHYTPEHHHH IMPOIYKT) W POCTOM B SHEPIHH, NPOU3BOAMMOI
BO30OHOBISIEMBIMH ~ HCTOYHHKAMHM DJHEPrHUM. B cTaTbe W3I0KEHO SKOJECTPYKTHBHOE BIUSHHUE
BO300OHOBIISIEMBIX HCTOYHHKOB JHEPTHM Ha 3Tamax M (azax >KM3HEHHOTO LHUKIA I BO30OHOBIISIEMBIX
HCTOYHHKOB 3HEPrUH. BBIIo paccMOTpeHO cymMMapHOE MOTpeOICHHE IEeKTPOIHEPTHH B MUPE 3a MEPHOT
1973-2016 rr. [IpuBeneHs! cpaBHEHHS TPAAULHOHHBIX X BO30OHOBIISIEMBIX HCTOUHUKOB SHEPTUH TI0 CPOKY
CIIY’KOBI ¥ )KU3HEHHOMY IIMKITY, @ TaKXKe MOAPOOHO pacCMOTPEHBI OCHOBHBIE STANbl M (ha3bl )KH3HEHHOTO
IIMKJI1a BO30OHOBISIEMBIX HMCTOYHHKOB SHeprud. IlokaszaHbl sTambl pa3pabOTKH, CO3IAaHMs TEXHOJOTHH,
9KCIUTyaTalysi OOBEKTOB, YTWJIM3AIMs M IepepaboTKka KOMIIOHEHTOB BO30OHOBISIEMBIX HCTOYHHKOB
SHEpruu. BBII0 paccMOTPeHO BIMSHUE BO30OHOBIIEMBIX HCTOYHUKOB SHEPTHU Ha OKPYXKAIOIIYIO CPery C
TOYKM 3pEHMSI PE3epPBYapOB, BOJOXPAHWIIMI U KOHKPETHBIE S((EKTHI IOCIEICTBHS HCIIONB30BAHUS
00BEKTOB BO30OHOBIIEMBIX MCTOYHHUKOB SHeprud. C ILENbI0 BBIABICHHS HEONArompusATHBIX (aKTOPOB
BIIUSIHUS, C TOYKH 3PEHHUs 3KOJECTPYKTHBHOIO BO3JEHCTBHS, OBLUIM PACCMOTPEHBI 3TAlbl CTPYKTYPHOTO
cocTaBa JKU3HEHHOT'O IMKJIAa BO3OOHOBIISIEMBIX MCTOYHMKOB SHEPIHH JUIS MOHMCKAa BOSMOXKHBIX ITyTeH MX
YCTpaHEHHMS Ha KaXXOM JTaIle.

Kniouesvle cnosa: BO30OHOBISICMbII UCTOYHUK SHEPTHH, )KU3HCHHBIA IUKJ, SHEPTHs, SHEPTETHKA,
MIPUPOIOTIOIB30BAHNE.
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VY cygacHOMY CBITI ITUTaHHS 33{0BOJICHHS ITOTPeOH JI0eil B eHeprii Ta eKOAeCTPYKTUBHOCTI BILIMB
€HEepreTHYHOr0 CEKTOpa Ha EKOJIOTII0 IUIAHETH CTOITh XyXKe TOCTpo. ICHYIOTh METOAM OIHKH 30HTKY,
SIKHA HAHOCHUTBCS B TPaIWLIAHHUX JDKEpeN eHeprii, B TOH Yac SK BUKOPUCTAHHSA JaHOI METOIHUKH JI0
TIOHOBJIIOBAaHUX JUKepesl eHeprii He o0'ekTuBHO. I[IpuumHa moisrae B TOMYy, IO OCHOBHHH 30UTOK
HaBKOJIMITHBOMY CEpEeIOBHILY BiJ TpaIWLiHUX JpKeped eHeprii HaHOCHTHCS I 4ac BHPOOHHMIITBA
€JIEKTPHKH, 32 PaXyHOK BUKOPHUCTaHHS €HEPreTHYHHX pecypciB. Y TOH Xke uac, MOHOBIIOBaHI JpKepena
eHeprii He BUKOPUCTOBYIOTh €HEPIeTUYHUX PECYPCiB Uil BUPOOHUITBA €IEKTPHUKU, TOMY UIS OLIHKA
30MTKy MOHOBIIOBaHUX JDKEpes eHeprii HeoOXiAHO aHami3yBaTH X JKUTTEBUI HUKI. Bynw po3risiHyTI
nociipkenss Al-mulali, Apergis and Payne, Dogan i Turkekul, Menegak siki miaTBepIKyroTh HasIBHOCTI
B33a€EMO3B'I3Ky MiXK 3pOCTaHHSIM EKOHOMIYHHMX ITOKa3HHKIB (BalOBHil BHYTPINIHIH NPOXYKT) i
3pOCTaHHSAM B €HEprii, BHPOOJICHOI IMOHOBIIOBAaHMMH JDKEpENaMd CHeprii. Y CTaTTi BUKIAAEHO
€KOJIECTPYKTUBHHI BIUTMB MOHOBIIIOBAHUX JDPKepel eHeprii Ha eramax i (azax >KHTTEBOTO LUKIY IS
TIOHOBJIIOBAHUX JOKepeN eHeprii. byio po3risHyTo cymapHe CIIOXXKMBaHHS €JIEKTpOEHepril B CBITI 3a
nepiox 1973-2016 pp. HaBemeHo mMOpiBHAHHSA TpaAWLiHHMX 1 ITOHOBIIOBAaHUX JDKEpen eHeprii 3a
TEepMiHAMH CITYXOH 1 )KUTTEBOTO LUKITY, & TAKOXK ACTAIBHO PO3TISIHYTI OCHOBHI €TamnH i ()a3u JKUTTEBOTO
LUKy TIOHOBITIOBAHKX Jkepen eHeprii. [lokasaHi eTamu po3poOKH, CTBOPEHHS TEXHOJIOTI1, eKCILTyaTalii
o0'exTiB, yTmimizauii Ta mepepoOKM KOMIIOHEHTIB MOHOBIIOBaHHMX Jokepen eHeprii. Bymo posrisayTo
BIUTMB TOHOBJIIOBAHUX JDKEped eHeprii Ha HaBKOJMINHE CEpelOBHINE 3 TOYKH 30pYy pe3epByapis,
BOJIOWMMUIIl Ta KOHKPETHI €(eKTH HACTIKIB BUKOPHCTaHHS 00'€KTiB MOHOBIIOBAHUX JDKEpeN eHeprii. 3
METOIO BHSIBIICHHS HECHIPUSTINBHUX (DAaKTOPIiB BILUIMBY, 3 TOUKH 30pYy €KOAECTPYKTUBHOTO BILIHBY, OYIIH
PO3TIISIHYTI €TaIy CTPYKTYPHOTO CKJIAIy KUTTEBOTO IUKITY TOHOBIIOBAHUX JDKEPEN HEpril sl MOIIyKY
MOXJIMBUX LIUIIXIB 1X yCYHEHHs Ha KOXXHOMY €Talli.

Kniouoei cnoea: BiTHOBIIOBaNbHE JDKEPENO €HEPrii, KUTTEBUHM IMKI, CHEPris, CHEPreTHKa,
MPUPOJOKOPHCTYBAHHS.
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