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THE IMPORTANCE OF FINANCIAL LEVER IN THE MANAGEMENT
OF ALTERNATIVE ENERGY DEVELOPMENT

Abstract. The use of renewable energy in Ukraine is steadily increasing year by year. This
is facilitated by the annual doubling of financial investment in energy production using alternative
sources. There are many tools to manage the development of alternative energy. But the most
influential are financial and credit instruments. The improvement of technology reduces the cost of
capital and operating costs. But the issue of tariffs, benefits, availability of bank loans and their
rates is in the hands of state regulators. The paper also analyzed the prospects for market
development. The projection results for the period 2020—2035 presented in the article indicate
significant changes in the consumption of fuel and energy resources by their types. The analysis of
the forecast data proved that the predicted results can only be achieved by doubling the use of
renewable energy during this period. This result can be achieved if alternative energy development
management is applied. The need to manage the development of alternative energy in its different
forms requires the use of appropriate methods and tools of public administration. Therefore, the
classification of ways, tools and methods of development management has become extremely
important. This classification proposed in this paper allows us to apply a systematic approach to the
selection of effective tools, ways and methods of managing the development and modernization of
efficient production and use of energy using renewable energy sources. It is established that the
average profitability of alternative energy projects is ~ 20% and the payback period is 5-6 years. To
compensate for the technological and economic shortcomings of certain types of energy production,
it is proposed to optimize costs by investing in their integrated use. To encourage investment in
alternative energy projects, it is proposed to introduce competitive energy purchases in the market.
According to the calculations, it is possible to reduce the «green» tariff by 10% and then reduce it
by 2.5% annually for three years. The combined «green» tariff for solar and wind energy
installations of households should be 0.1228 EUR / kWh.

Keywords: alternative energy, renewable energy, utility criterion, financial lever,
governance.

Formulas: 1; fig.: 3; tabl.: O; bibl.: 21.
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3HAYEHHSA ®THAHCOBHUX BAKEJIIB B YITPABJIIHHI PO3BUTKOM
AJIbTEPHATUBHOI EHEPTETUKHU

AmHorauis. BukxoprucranHas BiIHOBIIOBAIEHUX JDKEpEN eHeprii B YKpaiHi pik Bill pOKy MOCTIHHO
3poctae. [lpomy crpusie mopiyHe NOJBOEHHS (IHAHCOBHX IHBECTHIIH y BUPOOHHIITBO eHepril 3
BUKOPHCTAHHSIM aJIbTEPHATHBHUX JuKepen. sl ynpaBIliHHS PO3BUTKOM aJlbTEpPHATHBHOT EHEPTETUKH €
YUMaNio IHCTPYMEHTIB. AJie HaiOTbll BIUIMBOBHUMHU € (DiHAHCOBI Ta KpEIUTHI IHCTPYMEHTH.
3MeneBIeHHIO KaliTATbHUX Ta EKCIUTyaTal[ifHUX BHUTPAT CIpPUSE BAOCKOHAICHHS TEXHOJOTil. Ale
MUTaHHS TapuQiB, MUIBT, JOCTYMHOCTI OaHKIBCBKHX KPEAMTIB Ta iXHI CTaBKkM IepebyBae B pykax
JIepKaBHUX peryisiTopiB. JloCmipKeHO TakoX IMEpCIeKTHBU PO3BUTKY pUHKY. HaBeneHi pesynmbratu
nporHo3yBanHs Ha repion 2020—2035 pokiB BKa3ylOTh Ha 3HAYHI 3MIiHM y CIOKUBAHHI MMaJHBHO-
CHEPreTHYHUX pecypciB 3a IXHIMH BuAaMH. AHaI3 TMPOTHO3HMX JaHUX JOBIiB, IO JIOCSATTH
nepenOaYeHUX pe3yNbTaTiB MOJKHA, JiMIe 30UTPIIMBIIM YABIYI 3a Ted mepioJ BUKOPHCTAHHS
BIIHOBJIOBAILHUX €HepropecypciB. L[boro pe3ynprary MOMKIMBO JAOCATHYTH 32 YMOBH 3aCTOCYBAaHHSI
VIPaBIiHHS ~ PO3BUTKOM  albTepHAaTHBHOI eHepreTHku. [loTpeba B  ympaBiiHHI  PO3BUTKOM
ATbTEPHATUBHOT €HEPTeTUKY 32 OKPEMHUMH il BUJAMH BUMAara€ BUKOPUCTAHHS BIATIOBIAHUX METOJIIB Ta
THCTPYMEHTIB AEP>KaBHOTO YIPaBIiHHA. ToMy BKpail akTyaldbHHUM CTaji0 MPOBEJCHHS Kiacudikamii
NUISAXiB, IHCTPYMEHTIB Ta METOIIB YIIPaBIIiHHS PO3BUTKOM. Taka kimacuikairis, 3arporoHOBaHA B il
Po0OTi, 103BOJISIE 3aCTOCYBATH CUCTEMHHI MiJXiA 10 BUOOPY Mi€BUX IHCTPYMEHTIB, IUISIXIB 1 METOIIB
VIPaBIiHHS PO3BUTKOM Ta MOJIEpPHI3alli€l0 e(EeKTUBHOTO BHPOOJIEHHS 1 BUKOPHUCTAHHSA €Hepril 3i
3aCTOCYBaHHSIM BiTHOBMIOBAIGHUX 1i JKepen. YCTaHOBJIEHO, IO CEPeAHs] PeHTAOeNbHICTh MPOEKTIB
aJIbTEPHATUBHOT CHEPIreTUKH CTaHOBHUTH MpuOmm3Ho 20 %, a CTPOK OKYMHOCTI — IT’SATh-IIICTh POKIB.
Jnst komreHcalii TeXHOJIOTIYHUX Ta €KOHOMIYHMX HEAOJIIKIB OKPEMHX BHIIB BUPOOHMITBA €HEPril
3alpOIIOHOBAHO ONTUMI3YBaTH BHUTPAaTH IHBECTYBaHHSAM Yy KOMIUIGKCHE IX BUKOpHCTaHHS. s
320XOYEHHSI IHBECTYBAHHS Yy NPOEKTH AIBTEPHATHBHOI EHEPreTHKH 3allPOIIOHOBAHO BIIPOBAIUTH
KOHKYPEHTHI 3aKyIliBJIi €Heprii Ha pUHKY. 3a NPOBEACHUMH PO3PAXyHKAMH MOYKIIMBI 3MEHIICHHS
«3eneHoro» tapudy Ha 10 % 1 HacTynHe 3MEHIIEHHS MPOTITOM TPHOX POKIB MIOPOKY Ha 2,5 %.
KomOiHoBanmii «3eneHuid» Tapud Uil COHSYHHMX 1 BITPOBHX €HEProyCTaHOBOK JOMOIOCHOIAPCTB
noBuHeH cranoButH 0,1228 eBpo/kBT - ros.

Knrwouosi cnoea. anbrepHaTHBHA €HEPTeTHKA, BITHOBIIOBAIBHI JDKEpeNna eHeprii, kpurepiit
KOPHUCHOCTI, ()IHAHCOBI BaXKelll, Iep KaBHE YIIPABIIHHS.

®dopmyit: 1; puc.: 3; Tadun.: 0; 6i6i.: 21.

224



Memenuuya B. M.

O0OKMOP IKOHOMUUECKUX HAVK, CIMAPWULL HAYYHbII COMPYOHUK, npogeccop,
Ynusepcumem I'ocyoapcmeennoii ¢huckanvuoul cuysicovt Yrpaunwl, Upneus, Yrpauna;
e-mail: vmetelytsya@gmail.com; ORCID ID: 0000-0002-0795-0215

I'ybaps E. B.

KaHOuoam 3KOHOMUYECKUX HAYK, OOYeHM,

Hayuonanonwiil ynugepcumem «3anoposicckas noaumexHuka», Ykpauna;

e-mail: elenagubar.zntu@gmail.com; ORCID ID: 0000-0003-4923-5997

Yaoan B. I.

KaHouoam 3KOHOMUYECKUX HAYK, OOYeHM,

Kueeckuil HayuoHanvbHblll S9KOHOMUYECKUL YHUBepcumem umenu Baouma I'emvmana, Yrpauna,
e-mail: pokeragro3@gmail.com; ORCID ID: 0000-0002-4353-4374

Ilepeoepuii A. C.

Kanouoam mopuoudeckux Hayk, 0oyeHm,

Xapovkosckuii HayuoHaneHbulll yHugepcumem umenu B. H. Kapaszuna, Yxkpauna;
e-mail: rexi2400@ukr.net; ORCID ID: 0000-0003-4898-876X

I'puzopenxo E. U.

KAHOUOam 10puou4ecKux Hayk, OOyerm,

Xapovkosckuii HayuoHaneHblll yHugepcumem umenu B. H. Kapaszuna, Ykpauna;
e-mail: grigorenkozakon@gmail.com, ORCID ID: 0000-0002-5305-1712

3HAYEHUE ®UHAHCOBBIX THCTPYMEHTOB B YIIPABJIEHUU PASBUTHEM
AJIbTEPHATUBHOM SHEPTETUKHA

AnHoranus. Vcnons3oBaHue BO300OHOBISIEMBIX HCTOYHHKOB SHEPTHH B YKpawHe TOJ OT
roJia TIOCTOSIHHO pacTeT. ITOMY CIIOCOOCTBYET €KETOJHOE YIBOSHHE (PUHAHCOBBIX MHBECTHIINN B
MMPOU3BOJACTBO OJSHEPruM C HUCIHOJB30BAHUEM AJIBTCPHATUBHBIX HWCTOYHHKOB. 21_]'[51 YIIpaBJICHUA
pa3BUTHEM albTEPHATUBHOW DHEPreTHKM €CTh HeMano WHCTpyMeHTOB. Ho Hamboiee
HeﬁCTBeHHBIMH SABJISAKOTCA Q)HHaHCOBbIC " KPpCAUTHBIC MHCTPYMCHTEI. YJICHICBHGHI/IIO KalltnTaJIbHbIX
W OKCIUTyaTallMOHHBIX 3aTpar CHocoOCTBYET COBEpIIEHCTBOBaHME TexHosornu. Ho Bompoc
TapudoB, JBrOT, JAOCTYHOCTH M CTaBKH OaHKOBCKHX KpEIUTOB HAaXOJUTCI B pyKax
TOCYJApCTBEHHBIX PErylsaTopoB. MccienoBamuch TakKe TMEPCIEKTUBBI  Pa3BUTHS  PHIHKA.
[ToTpebHOCTD B ympaBieHWH Pa3BUTHEM ANbTCPHATUBHOW SHEPIETUKU MO OTACIBHBIM €€ BHUIAM
TpeOyeT UCHOJBb30BAHUA COOTBETCTBYIOIIUX METOJIOB W HWHCTPYMEHTOB TOCYAapCTBEHHOTO
ynpaBienus. [loaTomy KkpailHe akTyadbHBIM CTajO TpoBeleHHE KiacCH(UKAUN IyTeH,
WHCTPYMEHTOB U METOJIOB YIpaBJICHUs pa3BuTHeM. Takas kimaccudukanus, mpeajgoKeHHast B 3TOH
paboTe, MO3BOJISIET MPUMEHUTH CHUCTEMHBIM TOAXOA K BBIOOPY 3(QQEKTHBHBIX HHCTPYMEHTOB
YIpaBJiCHUS Pa3BUTHEM U MOJEpPHHU3AIel BHIPaOOTKH SHEPrUU C MPUMEHEHNEM BO30OHOBIISIEMBIX
€€ HCTOYHUKOB. YCTaHOBJIICHO, YTO CpEIHSS PpEHTA0eNbHOCTh MPOEKTOB aJbTePHATHBHOM
SHepreTuku cocravisier ~ 20%, a CPOK OKymaemMocTH — MsITh-1IecTh JeT. g kommeHcanuu
TEXHOJIOTUYECKMX M 3KOHOMHYECKHUX HEJOCTATKOB OTHENIBHBIX BHAOB MPOU3BOJACTBA IHEPTUU
MPEJIOKEHO ONTHMU3UPOBATH PAcXObl MHBECTUPOBAHHUEM B KOMILJIEKCHOE WX HCIIOJIb30BAaHHUE.
JIJ1st mooIpeHnst ”HBECTUPOBAHUS B MPOEKTHI aTbTEPHATUBHON SHEPTETUKH MPEIOKEHO BHEPUTH
KOHKYPEHTHBIC 3aKyITKH SHEPTHH Ha pbIHKe. [0 mpoBeneHHBIM pacyeTaM BO3MOXHBIC YMCHBIIICHHUS
«3enenoro» Tapuda Ha 10% u mocneayroliee yMEHBIIICHUE B TEUSHUE TPEX JIET eXEToaHO Ha 2,5%.
KoMOWHUpOBaHHBIN  «3eNeHBI» Tapud T CONHEYHBIX U BETPOBHIX OJHEPrOYCTaHOBOK
JOMOXO3SUCTB 0JKeH cocTaBisiTh 0,1228 eBpo /kBT - 4.

Kniouegvle cnosa. anbTepHAaTHBHAs SHEPreTHKA, BO30OHOBISIEMbIE MCTOYHMKU HSHEPIHH,
KPUTEPHI MOJIe3HOCTH, (PMHAHCOBBIC MHCTPYMEHTHI, TOCYJTAPCTBEHHOE yIIPaBJICHHUE.

®opmyit: 1; puc.: 3; Tadu.: 0; o6ub.: 21.

Introduction. Alternative energy (AE) began to play a significant role not only at the
national, but also at the domestic level in Ukraine. According to official data, 8800 Ukrainian
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households have invested more than 180 million euros in home solar power plants (SPP) [1; 2]. The
share of renewable energy sources (RES) as a whole, and not just the SPP, is much larger. For the
period April — June 2019 Ukraine has connected 656 megawatts of RES to the circuit. This is six
times more than it was in in 2018 [3]. Ane po3Butok AE 3anexuTh Bil CHpHSIHHS (iHAHCOBUM
iHBecTHLIAM. 3a ocTaHHi poku 06car ginancyBanHsi AE mopoky 3011b11yBaBcs BABIYI.

Analysis of research and problem statement. The role of the state in managing the
development of AE was studied in the scientific works of domestic scientists I. Shkrabak [1],
I. Klopov [1], O. Novomlynets [1], O Podolska [1], V. Nitsenko [1; 2; 4—9; 13; 14], V. Havrysh
[2; 4—9; 13; 14], A. Goncharuk [6], O. Klymchuk [9] and others. Famous foreign scientists
A. Mardani [1], J. Streimikis [1], Y. Bilan [5; 7], D. Streimikiene [7; 9], A. Kalinichenko [8],
Y. Jiang [9], T Balezentis [9], S. Quoilin [10], M. Broek [10], S. Declaye [10], P. Dewallef [10],
V. Lemort [10], L. Hong [11], N. Zhou [11], D. Fridley [11], C. Raczkowski [11], G. Perkins [12],
T. Bhaskar [12], M. Konarova [12], M. Muradin [13], K. Joachimiak-Lechman [13], Z. Foltynowicz
[13] and others also paid a lot of attention to this problem. The importance of the topic is
highlighted by the attention of such researchers as O. Voloshin [14] and V. Shevchenko [15]. It was
these scientists who raised the issue in the context of energy security. This issue is also covered in
detail in the works of V. Havrysh [16; 17], V. Nitsenko [16; 17], K. Pavlov [16; 17], . Yusupov
[16], V. Bohatyrova [17]. The government of Ukraine understands the importance of this problem
[18]. This is evidenced by the debate on the bill Ne 2236-2. Attempts by legislators to make changes
of the green tariff could have the negative effect of stopping investments and not only in renewable
energy production. Investors were guaranteed a return on their investments and changes in the
«green tariff» must take into account the interests of those who have invested financial resources.
Therefore, our task was also to propose legislation that is acceptable to investors.

Unsolved aspect of the problem. A broad body of research in the area of AE development
has left aside the question of the classification of paths, tools and management methods, in
particular financial instruments. Also, the question of determining the criterion (objective function)
of the feasibility of using renewable energy technology remained unanswered by researchers.

The purpose of the article. To propose a classification of ways, tools and methods for
managing the development of the AE in the context of reforming the Ukrainian economy. To
substantiate the feasibility of choosing an AE variant or the feasibility of using AE technology,
propose a selection criterion (objective function).

Research results. To apply the system approach in managing the development of AE, it is
necessary to rely on the forecast data for consumption of fuel and energy resources by their types.
These forecasts were made according to data [18] for 2020 (Fig. 1) and for 2035 (Fig. 2).

0.210.930.78

M Coal

B Natural gas

[ Petroleum products

M Nuclear energy

Biomass, biofuels and waste
'Solar energy

Wind energy

Hydraulic energy

[ Environmental energy

6.380.37

Fig. 1. Consumption of fuel and energy resources by type in 2020
Source. Compiled by the author according to [18].
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0.840.541.25 2.4

B Coal

B Natural gas

Petroleum products
Nuclear energy

iomass, biofuels and waste
olar energy

ind energy

Hydraulic energy
Environmental energy

Fig. 2. Consumption of fuel and energy resources by type in 2035
Source. Compiled by the author according to [18].

Double increase in demand for primary energy resources between 2020 and 2035 will
require in implementation of RES the transition from the free market methods that, in fact, exist
today to the management the AE development. Management by definition requires a systematic
approach. And, this systematic approach requires the classification of ways, tools and methods for
managing the development of RES use. The classification of paths, tools and methods of AE
development management (Fig. 3), conducted by the author, makes it possible to use a systematic
approach to the selection of individual effective tools, paths and methods of development
management and modernization of efficient generation and use of energy using renewable sources.
Particular attention was paid to financial instruments, in particular, the assessment of the
effectiveness of financial leverage in RES projects. Projects were studied for NPV — max and
payback period T — min. The financial effect of RES is in the grip of several different factors: the
cost of RES energy (S-1), electricity / heat tariffs (S-21, S-22), green tariff benefits and preferences
(S-3), capital (S-4) and operating (S-5) costs. This should also include the features of daily and
seasonal non-uniformity of RES energy production (S-6), strong dependence on weather conditions
in different regions of Ukraine (S-7), which in some way complicates the use and reduces the
interest of RES for consumers and investors.

To substantiate the feasibility of choosing an AE variant or the feasibility of using AE
technology, we propose the following criterion: K =(T) = f(S,,) where n =1,2,..7 that is, the
problem of finding the extremum on the surface in space of dimension (n+1). The formula was used
to speed up the calculations:

_ 3 B,
Qr R+IT A}
where ! Bj s the vector sum of all benefits from a specific AE technology, .7 E is the
vector sum of all costs from a specific AE technology, X7 A_; is the vector sum of all disposal
costs, z=(0...h), i=(0...n), j=(0...m) are the intervals of change of all components of the indicated
sums. For K > 1, the addressed AE technology is appropriate for implementation. For K < 1, the
addressed AE technology is inappropriate for implementation.

In order to reduce the volume of calculations to find the economic effect (E = Dy, — D,p), @
comparison of annual discounted costs of implementation of innovative RES projects (D;,) and
traditional energy projects D, was used. With the value of E < 1, other things being equal, the
project is recommended for implementation.
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Fig. 3. Classification of tools and methods for managing AE development
Source. Compiled by the author according to [1—15; 19—21].

The development of investments in RES energy production is strongly affected by the
depreciation of competitive traditional energy production, explicit and non-explicit subsidies for
traditional power plants. The average loan interest rate (> 17%) also has a significant negative
impact on the payback period of investments in Ukraine. For comparison, Austria — 1.75%, Serbia
— 1.97%, Greece — 4.68%. Regarding the «excessive» «green» tariff for wind energy by Wind
power plant (WPP), in Ukraine it is 0.1018 (2019) — 0.0812 (2020), while in Serbia — 0.11,
Greece — 0.092 (unit of measurement — euro / kWh). The cost of energy production by Solar
power plant (SPP) is still higher than by WPP. It is calculated that even under the current
economically unstable conditions, the average profitability of RES projects is ~ 20% and,
accordingly, the payback period is 5—6 years. To overcome the instability in energy production and
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to compensate for the higher energy cost of SPP than WPP, it is proposed to optimize the costs and
disadvantages of production by investing in integrated energy production using both SPP and WPP.
A financial plan has been prepared for a complex with a 200 kW SPP and three 660 kW WPPs. The
estimated cost of technological equipment and its installation is $ 200 million. The working cost of
energy is 0.18 dollars / kWh.

In the coming years, a significant (up to 1.5 times) reduction in the cost of SPP energy
production is expected and the technology of energy storage will be significantly improved, which
eliminates the nonuniformity of its production from RES. This may lead to increased funding for RES
projects. Competitive energy purchases on the market will be able to strengthen this process. According
to the conducted analysis, changes in the «green» tariff are possible due to other stable factors. The
reduction of the tariff by 10% and its subsequent annual reduction during three years by 2.5% can
minimize the financial losses of investors. The acceptable «greens tariff of combined power plants (SPP
and WPP) for households according to the calculations should be 0.1228 EUR / kWh.

Conclusions. It is stated that alternative energy as a whole and by its individual types is
developing at a significant pace in Ukraine. The forecasts made for the current year and for 2035
indicate significant changes in the consumption of fuel and energy resources. Analysis of the
forecast data has shown that these results can only be achieved by doubling the use of renewable
energy resources, which requires managing the development of alternative energy. In order to
effectively manage the development of the AE, the classification of ways, tools and methods of
introducing alternative energy sources was carried out. This classification allows us to take a
systematic approach to selecting specific action tools, pathways, and methods (or combinations
thereof) to manage development and modernize efficient generation and use of energy using
renewable sources. To substantiate the feasibility of choosing to implement a particular kind of AE
use and a particular type of renewable energy source, it is proposed to use a criterion that is an
optimal indicator for the RES project investor in terms of financial feasibility. Variation interval of
this indicator is the sign of how necessary the use is for a specific RES technology. As the spectrum
of alternative energy technologies is wide and their applications have significant differences, it is
also proposed to use combining different RES technologies. This is shown by the example of the
combined use of SPP and WPP.
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