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Perspectives of Ukrainian bioenergy development:
estimation by means of cluster analysis
and marketing approach

Abstract

Development of the world economy requires energy supply, which under stable growth must be based on
alternative energy resources. Bioenergy is an integral part of energy security supply in volatile countries. It
can satisfy a considerable part of energy demand of agribusinesses and other companies as well as facilitate
problem-shooting in energy, ecological and social sectors in some regions. Enhancing bioenergy in Ukraine
is one of the strategic ways in the development of the alternative energy sector, taking into account high
volatility of the country and significant potential of biomass available for energy production.
Thisresearchintends to determine conditions and mechanisms of development and functioning of bioenergy
clusters based on preliminary specification of the bioenergy potential of the territories, taking into account
modern marketing approaches.

This article contains evaluation of the bioenergy production growth in countries such as China, Germany,
France, the USA, Canada, Brazil and Ukraine. The feasibility of the cluster approach for Ukrainian bioenergy
development has been proved. In order to combine Ukrainian regions according to all types of energy
resources the authors applied the method of clustering analysis. The key point of the method implies that,
based on the given set of indicators which are defined as the main characteristics of the object, every object
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of the population belongs to a similar class. Therefore, in order to study the efficiency of usage of bioenergy
resources in a particular region, it is necessary to classify a set of indicators to identify standard forms.
To systemize Ukrainian regions, the Isodata algorithm Isodata, based on the types of the economic and
energy potential of biomass, is taken into account. To implement the analysis, the following indicators are
considered: the biomass energy potential of primary cell waste, the biomass energy potential of trimming,
the biomass energy potential of refining, the energy potential of wooden biomass, the mold biomass
potential, the energy potential of bioenergy crops, the corn energy potential (biogas).

Market players organize groups with regard to their industries, territories and other factors, namely clusters
which are likely to become effective tools in while carrying out scale projects under tough competition. In the
minor energy sector cooperation between research and manufacturing enterprises, which satisfies energy
needs both of cities and individual customers, is growing. This approach perfectly meets all requirements of
the regional development of Ukrainian bioenergy.

The main goal of bioenergy clusters is to develop competitive advantages of regions by increasing all
types of biomass and biofuel production. This implies the following priorities: creation of a database of
agribusiness enterprises, which potentially are members of the cluster and corresponding infrastructure,
establishment of marketing communications in order to inform members and potential investors about
bioenergy advantages, introduction of regional databases by means of webpages, newsletters, public
discussions etc., enhanced vocational training of bioenergy industry employees and investment attraction
to finance bioenergy projects.

As a result, the authors of the paper propose a classification of Ukrainian regions based on the indicators of
the economic energy potential of wastes and energy crops in agribusinesses, which is the basis for cluster
formation. Vinnytsia, Kyiv, Poltava, Sumy, Khmelnitsky and Chernihiv regions refer to the first type with the
biggest bioenergy potential, which makes it possible to create 2 energy clusters by combining central-west
and north-east regions. Such a methodology gives an opportunity to satisfy the needs of the regions and
districts which need additional energy resources taken from own biomass.

Priority tasks of the bioenergy cluster include: development of the database of agribusiness entities which
potentially are the cluster members and corresponding infrastructure, informing members and investors
about bioenergy benefits, creation of the regional information database identifying the resources, capacity
andthetransport system, vocational training, investment attraction in order to implement bioenergy projects.
Based on clusters, economic relations build up a competitive and sound investment climate to support
the economy, which, in turn, provides high living standards. The authors have defined the procedure for
exercising the cluster initiative and determined the structure of marketing support for cluster projects.
Keywords: Bioenergy; Biomass Capacity; Cluster Analysis; Classification of Regions; Bioenergy Cluster;
Cluster Initiative
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ManbuuHcbka 0. M.

JOKTOP EKOHOMIYHUX HayK, AOLEHT kadeapu MapkKeTUHry Ta MixkHapOaHOI TOPriBfi,

HaujoHanbHWUI yHiBEpCcUTET BiOpeCypCiB i NPUPOOOKOPUCTYBaHHS YkpaiHu, Knie, YkpaiHa

JNlapina 4. C.

DOKTOP EKOHOMIYHUX HayK, Npodecop kadenpn mapkeTuHry im. A. @. MNasneHka,

KniBCcbkuni HaLioOHaNLHUIN EKOHOMIYHWI YHIBEPCUTET iMeHi Baguma lNetemana, Kuis, YkpaiHa

BapuyeHko O. M.

[OKTOP EKOHOMIYHUX HayK, Npodecop kadenpu piHaHCiB, 6aHKIBCbKOI CNpaBu Ta CTPaxyBaHHS,
BinouepkiBCbkNIM HaLiOHaNbLHUI arpapHUii yHiBepcuTeT, bina LlepkBa, YkpaiHa

Ctpyk H. C.

DOKTOP EKOHOMIYHUX HayK, AOLEHT kadenpu obniky i ayouTy,

JIbBiBCbKWMIA HALiOHaNbLHWIA YHIBEPCUTET iMeHi IBaHa dPpaHka, J1bBiB, YkpaiHa

MpuweHko O. 0.

KaHOuOaT EKOHOMIYHUX HAaYyK, NPOBIAHUI HAYKOBUI CNiBPODITHUK,

HHL, «IHCTUTYT arpapHOoi ekoHOMiku», KniB, YkpaiHa

Bu3Ha4yeHHs nepcneKkTUB PoO3BUTKY GioeHepreTukn B YKpaiHi

3 BUKOPUCTaHHSIM KJ1aCTEPHOro aHanisy Ta MapKkeTUHroBux niaxonis

AHoOTauiqa. Y cTarTi BU3HAYEeHO CBITOBI TEHAEHLUIi po3BUTKY GioeHepreTukn. 3AINCHEHO OLHIOBAHHS
OuHamikn obcaris BUpobHmuTBa bioeHeprii B Kutai, HimewunHi, ®panuii, CLLUA, Kanaai, Bpasunii Ta YkpaiHi.
HaronoweHo Ha HeoOXiAHOCTi akTUBHOIO PO3BUTKY BioeHEepPreTukM Ik OAHOro 3 CTpaTeriYyHMX Hanpsmis
PO3BUTKY CEKTOPY anbTEPHATUBHUX OXEPEN eHeprii B YKpaiHi, BpaxoBYO4YM BUCOKY 3aNIEXHICTb KpaiHu Bif,
iMNOPTHMX EHEeProHOCIIB, i BENMKUI NOoTeHuian 6iomacu, 4OCTYrNHOI Ans BMpobHuuTBa eHeprii. [loBeaeHo,
WO AieBMM iHCTPYMEHTOM peanisauii MacwTabHux GioeHepreTMYHUX NPOEKTIB NiANPUEMCTB B YMOBax
iHTEHCMBHOI KOHKYPEHLiTi MOXYTb CTaTU Y4aCHUKM PUHKY, 00’ €4HaHI B rpynu 3a rany3esum, TepuTopianbHUM

Galchynska, J., Larina, Ya., Varchenko, O., Struk, N., & Gryshchenko, O. / Economic Annals-XXI (2021), 187(1-2), 63-74

64


https://doi.org/10.21003/ea.V187-06

ECONOMIC ANNALS-XXI

ECONOMICS AND MANAGEMENT OF NATIONAL ECONOMY

YU IHWWM NPUHLMNOM — KNacTepu, OOCBIA CTBOPEHHA AKUX NEePEKOHYE B NepPCrneKTUBHOCTI TaKoro niaxoay
PO3BUTKY €KOHOMIKW. Y Maniin eHepretTmui po3BUTOK OTPUMYIOTb MepexeBi GopMM B3aEMOAji HayKOBO-
BUPOOHNYNX pipM, sKi 3a0e3nedyioTb NOTPebM MYHILMNaNbHOI EHEPreTUKN, OKPEMMX CHOoXMBaYiB. Takui
niaxiag, HanbinbLOo Mipoto BiANOBIAaE NnoTpebam perioHanbHOro PO3BUTKY BioeHepreTrkn B YKpaiHi. Y cTarTi
BM3HA4YeHO MeTy Ta NpiopuUTeTHI 3aaadi AisnbHOCTI GioeHepreTUYHMX KnacTepis, A0 SKVUX 30KpeMa BigHECEHO
CTBOpeHHs 6a3n cyb’ekTiB arpobi3Hecy, WO € MOTEHUIHMMK ydacHMKamMu Kknactepa Ta BignoBigHOI
iHOpacTpykTypu; iHPOPMYBaAHHS y4acHWUKIB Ta iHBECTOPIB MPO nepeBarn OioeHepreTukn; CTBOPEHHS
iHbopMaUiiHOi 6a3n perioHy 3 BM3HAYEHHSM Jiokanisauji O)kepen CUPOBUHHOI 0asn, nepepobHUx
NOTYXXHOCTEWN, TPAHCMOPTHOT CUCTEMMU; NiIABULLIEHHS PiBHA KBanidikauii npauiBHUKIB y cdepi 6ioeHepreTnku;
3a/ly4eHHs iHBeCTOpIB A5 GiHAHCYBaHHS PO3BUTKY BiIOEHEPreTUYHUX MPOEKTIB.

Ona o6’enHaHHA obnacTteli YkpaiHn 3a yciMa BUAaMu eHepreTUYHUX PecypciB aBTOpWU CKOpUCTanucs
METOLOM KJlaCcTepHOro aHanidy. [nga npoBegeHHs Takoro aHasnidy 3a LOrnoMorot anropmutmy «lsodata»
BMOPAHO MOKa3HUKW: EHEPreTUYHUIA NOTEHLian 6ioMacu NeEPBUHHNX BiOXOAIB POCIIMHHULTBA, EHEPrETUYHNIA
noTteHuian 6iomacu obpi3kn NNOJOBUX OepPeB, eHepreTUYHUN NoTeHuian Giomacu BiaxoaiB nepepobHoi
NPOMWCIIOBOCTI, EHEepPreTUYHUN NoTeHLUjan AepeBHOoi 6iomacu, Bioras 3 rHoK, eHepreTUYHU NoTeHuian
E€HEPreTUYHUX KYJIbTYP, EHEPreTUYHNI NOTeHuian Kykypyasu (Ha 6ioraa).

Y pesynbrati 3anpornoHOBaHO knacudikauito obnacteir YkpaiHm 3a noka3HMKaMuy EKOHOMIYHOIo
€HepreTMYHOro NoTeHuiany BiOAXOAIB Ta eHEPreTUYHUX KyJSbTYp Y CiIbCbKOrocnogapcbkmnx NignpuemcTaax
Yy PWHKOBOMY 006iry, WO [O3BOAWAO BUOINUTU TpU Tunu obnacTen, WO € NiACTaBol OJ19 YTBOPEHHS
eHepreTMyHUX KnacTepis. [Jo neplioro Tmny 3 HanbinbWMMM BioeHepreTUYHMMM NOTEHUanaMmn yBinLLIN
BiHHuubka, Kuiscbka, lNontaBcbka, Cymcbka, XmenbHuubka, YepHiriBcbka o006nacTi, WO [03BOAUIO
CTBOPWUTU IBA EHEPreTUYHUX KNnacTepun, 00’ eaHaBLLN LLIeHTpasibHO-3axiaHi, a TakoX NiBHIYHO-CXiaHi o6nacTi.
Takuii MeTomoNoriYHNIA Nigxin, Aae 3Mory 3af0BOSIbHUTM NMoTpeby obnacTteit i palioHiB y [00AATKOBMX
eHepropecypcax eHeprieto Ha OCHOBI BnacHoi biomacu.

JoBeneHo, Lo eKOHOMIYHI BiZHOCUMHM Ha OCHOBI KnacTtepiB GOopMyl0Tb MOAEeSIb KOHKYPEHTO34aTHOI Ta
iHBECTULjIHO NpnBabNMBOI EKOHOMIKK, WO 3abe3rnedye BUCOKI piBEHb Ta AKICTb XUTTS HACENEHHS. Y cTaTTi
BWU3HAYEHO TakKOX MOPSA0K 3arycKy K/1aCTEPHOI iHiLiaTUBM Ta CTPYKTYPY MapKETUHIOBOro 3abe3rneyeHHs
K/TaCTEPHOro NPOEKTY.

KniouoBi cnoBa: GioeHepreTuka; noTeHuian Giomacu; knactepHuin aHania; knacudikauia obnacrei;
BioeHepreTUYHMIA KnacTep; knacTepHa iHiuiatnea.

FanbunHckas 0. H.

DOKTOP 9KOHOMMYECKNX HayK, AOUEHT Kadeapbl MapKeETUHIa 1 MEXAyHapoaHOM TOProsau,
HaumoHanbHbI yHMBEPCUTET OMOPECYPCOB M MPUPOAO0MNONIL30BaHMS YKpanHbl, Knes, YkpanHa

JlapuHa 4. C.

DOKTOP 3KOHOMUYECKMX HayK, npodeccop kadenpbl MapkeTuHra umenmn A. @. MNMasneHko,

Knesckunii HauMoHaNbHbI 3KOHOMUYECKUI YHUBEPCUTET MMeHn Bagnma letbmana, Kues, YkpanHa
BapuyeHko O. M.

[OKTOP 3KOHOMMYECKNX HayK, npodeccop kadenpbl PUHAHCOB, BAHKOBCKOIO AeNna 1 CTpaxoBaHus,
BenouepkoBCKnii HaUMOHaNbHbLIN arpapHbIn yHuBepcuteT, benas LlepkoBb, YkpanHa

Ctpyk H. C.

[OKTOP 9KOHOMUYECKNX HayK, OUEeHT Kadeapbl y4eTa v ayauTa,

JIbBOBCKMIN HAUMOHaNbHLIN yHUBEpPCUTET MMeHn NBaHa dpaHko, JIbBoB, YKkpanHa

MNpuwieHko E. 0.

KaHOugaT 3KOHOMMYECKUX HayK, BEAYLUUIA HAY4YHbIN COTPYOAHUK,

HHL, <MIHCTUTYT arpapHon akoHOMUKN», Knes, YkpanHa

OnpepeneHune nepcnekTMe pa3snutus 6MosHepreTUkmn B YKkpavHe

C UCNOJIb30BaHNEM KJ1IaCTEPHOro aHann3a u MapKeTUHIOBbIX NOAX0A0B

AHHOTauuma. B ctatbe onpeneneHb MMPOBbLIE TEHOAEHLMN Pa3BUTUS OMOaHepreTmku. NMpoBeaeHa oLeHka
OMHaMnkm o6beMoB Npon3BoacTea buoaHeprum e Kntae, repmanum, @paHuum, CLLA, Kanaae, Bpasnnumm
YkpanHe. OTMeyeHa He0BXOaMMOCTb aKTUBHOMO Pa3BUTUA BUO3HEPTETUKN KaK OAHOI0 N3 CTPaTermieckmnx
HanpaBJ/IEHM Pa3BUTNS CEKTOpPa afibTePHATUBHbIX UCTOYHUKOB 3HEPIMKN B YKPaMHE, Y4UTbIBas BbICOKYIO
3aBMCUMOCTb CTpaHbl OT WMMMOPTHbLIX 3HEProHOCUTENel W 3Ha4YUTeNbHbI NoTeHuman 6uomacchl,
OOCTYrNnHOM ONng Npou3sBoAcTBa 3Hepruun. [lokasaHo, 4TO OENCTBEHHbIM WHCTPYMEHTOM peanu3aumun
MacLlwTabHbIX 6MO3HEPreTMYECKUX MPOEKTOB MNPEeanpusTUiA B YCIOBUSX WMHTEHCUBHOW KOHKYPEHLMN
MOFyT CTaTb Y4aCTHUKWN PbiHKA, OObeAVHEHHbIE B IPyMMbl MO OTPAcNiEBOMY, TEPPUTOPUANIBHOMY WK
OPYyromMy nNpuHUMNY — KacTepbl, ONbIT CO30aHNSA KOTOPbIX yoexaaeT B MePCNeKTUBHOCTM Takoro noaxoaa
pa3BnUTUSA 3KOHOMUKK. B Manon aHepretuke pasBuTME MOJyyHaloT ceTeBble POpPMbl B3aMMOOENCTBUSA
Hay4YHO-NMPON3BOACTBEHHbLIX GUPM, KOTOpble 06ecrneymBaloT NOTPEBHOCTM MyHULIMNAIBHOM SHEPreTUKK,
OTAEnNbHbIX NoTpebutenen. Takol noaxon B HauvbonblUel CTeneHM oOTBedYaeT MnoTpebHOCTAM
pPErnoHanbHOro pasBuTusa OGMoaHepreTnkn B YkpamHe. B ctatbe onpeaeneHbl Lenn U NpuopUTETHLIE
3a4a4M 0esiTeNlbHOCTU ONO3HEPreTUYECKNX KINACTEPOB, K KOTOPbIM B YAaCTHOCTM OTHOCUTCS CO34aHue
0a3bl CyObekTOB arpobusHeca, KOTOpble SABAAIOTCA MOTEeHUMaNbHbIMU Y4aCTHUKAMKW Kractepa W
COOTBETCTBYIOLLEN UHPPACTPYKTYPbI; MHOOPMUPOBAHME YHACTHUKOB N MHBECTOPOB O NPEUMyLLECTBax
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Ono3HepreTUKN; Co3aaHne MHGOPMaLIMOHHONM 6a3bl pernoHa ¢ onpeaeneHmem 10kanm3aumm MCTOHYHNKOB
cbipbeBoli 6a3sbl, nepepabarbiBalOWMX MOLLHOCTEN, TPAHCMOPTHOM CUCTEMbI; MOBbILIEHNE YPOBHS
kBanndmkaunm paboTHUKOB B chepe BUOIHEPreTUKN; NPUBEYEHNE NHBECTOPOB AN PUHAHCUPOBAHUSA
pas3BUTUS BMOSHEPTETUYECKMX MPOEKTOB.

Onsa obbeaouHeHus obnacteir YkpauHbl MO BCEM BUAAM 3HEPreTUYeckmMx pPecypcoB aBTOpPbI
BOCMONb30BaMCb METOAOM KNaCTEPHOro aHanm3a. s nNpoBeAeHMsa Takoro aHanmaa C NOMOLLbIO
anroputMma «lsodata» Oblin  BblOpaHbl NOKa3aTenu: 3HEepPreTU4yeckuin noTeHuman O6Momaccesl
NepBUYHbLIX OTXO[0B PacTEHMEBOOCTBA; 3HEpPreTuyecknin noteHuman énomaccol o6peskn NIoaoBbIX
DEepPEBLEB IHEPreTUYECKNI NoTeHuman uomaccel 0TX040B nepepabdartbiBalolel NPOMbILLNEHHOCTH;
3HEpPreTUYeckuii NoTeHLMan opeBECHO Bomacchl; 6Moras u3 HaBo3a; HePreTUYEeCKMin NOTEHLUMATN
9HEPreTUYEeCKUX KynbTyp; SHEPTETUYECKNI MOTEHLMAN KYKYPY3bl (Ha brnoras).

B pesynbTate npepnioxeHa knaccudukauma obnactein YKpauHbl  COrnacHO MnokasaTensam
3KOHOMMYECKOrO0 3QHEepreTMyeckoro noTeHuuana OTXOAOB U SHEPreTUyeckux KyabTyp B
CeJIbCKOXO3ANCTBEHHbIX NMPeanpuaTusax B pblHOYHOM 060pOTE, HYTO MO3BOJINIO BbIAENUTL TPU TUNa
obnacTeli, YTO SABASETCA OCHOBaHWEM Ajisi 06pa3oBaHUSA 3HEPreTundeckmx knactepoB. K nepeomy
TMny ¢ HambonbWwnMm OUO3HEPreTUYECKUMU MOTeHumManaMn oTHeceHbl BuHHmukasa, Knesckas,
Montaeckasi, Cymckasi, XmenbHuukasi, YepHurosckas obnactm. 3To no3BoAMNO c€o3paTbh [ABa
3HepreTUYeCcKux Knacrtepa, 06beAnHMB LeHTPabHO-3anagHble, a TakXke CeBepPO-BOCTOUYHbIE 061acTy.
Takor MeTo[0N0rM4eckmini Noaxon NO3BONAET YAOBNETBOPUTL NOTPEOHOCTL 06NacTen N panoHOB B
OOMOJIHUTESIbHBIX 3HEPropecypcax aHepruein Ha ocHoBe Co6CTBEHHO GUOMAaCCHI.

JokazaHo, 4TO 9SKOHOMMYECKME OTHOLIEHUS Ha OCHOBe KjnactepoB GOPMUPYIOT MOAENb
KOHKYPEHTOCNOCOBHON M WHBECTULMOHHO MPUBEKATENbLHON 3KOHOMWUKMK, 0BecrneynBasi BbICOKMIA
YPOBEHb 1 KA4eCTBO XWU3HU HaceneHus. B cTtatbe onpeaeneHbl Takxe Nopsiaok 3anycka KnacTepHOm
WHULNATMBBI U CTPYKTYpPa MapKeTUHIoBOro ob6ecnedyeHmst KnacTepHOro NnpoekTa.

KnioueBble cnoBa: OMOSHepreTuka; noTeHuman OMOMACChl; KNacTepHbI aHanmua; Krnaccudukaums
obnacrelii; 6BMO3HEPreTUYECKNA KNacTep; KnacTepHas UHMLMaTUBA.

1. Introduction

Development of the world economy both in general and in some countries and regions in par-
ticular requires significant energy resource provision which should be based on the usage of al-
ternative energy resources under the sustainable growth concept. Bioenergy plays an important
role in achieving an appropriate level of energy-based country security and can satisfy most of the
demand in agricultural and other businesses as well as facilitate much of energy, ecological and
social issues in some regions. In particular, at this stage, bioenergy is a leading energy source in
the EU member states. «The conception of bioenergy input to the future energy mix of EU is a vi-
tally important for mid-term and long term climate aims» (Mandley et al., 2020). Bioenergy value
is gathering pace in Asia and Lain America. Non-renewal exploitation reduced by bioenergy tech-
nology implementation will result in energetic and economic self-sufficiency of the Ukrainian state
and its regions.

2. Brief Literature Review

Ukrainian scientists Heletukha & Zhelezna (2013), Denysenko (2020), Kaletnik & Pyndyk
(2013; 2016), Romanyshyn & Sadovnyk (2017), Roik & Kurylo (2013), Syvolapov, Huz, Novyt-
skyi and Marchenko (2016) and others are studying modern ways of bioenergy implementa-
tion and its perspective evaluation. The potential of renewable sources of energy in Ukraine has
been assessed by Syvolapov, Huz, Novytskyi and Marchenko (2016). The share of bioenergy
with regard to the Ukrainian power saving policy has been analyzed by Royiik, Kurylo, Ganzhen-
ko, Gumentyk, Kaletnyk, Pyndyk, Kogut, Romanyshyn and Sadovnyk. The abovementioned re-
searchers claim numerous obstacles in the development process of the Ukrainian bioenergy.
At the same time, regional growth of bioenergy often remains beyond studies. Among foreign
scientists bioenergy issues are viewed by Durus, Tahir, Foster, Dinin, Klensi, Kalitzkiy, Goldwin,
Eastwood, Reid, Ali, Field, Eastwood, Durusut, Zheng Zhao, Yu Long Chen, Pui-Donhg Changh,
Mandli, and Yunginger who highlight bioenergy growth peculiarities in the USA, Ireland, Ger-
many, Austria and China. In the latter works, the authors view regional aspects of bioenergy
in terms of efficient land use. For instance, they point to the fact that «intensive bioenergy fre-
quently results in intensive carbon emissions due to the changes in land use as well as manu-
facturing, harvesting and transporting» (Reid, Ali, & Field, 2019). Focus on the development and
maintenance of bioenergy clusters is made in studies by Plieninger, Thiel, Bens & Huttl (2008),
and Rasmussen et al. (2020), who describe both conditions and the process of creation of bio-
energy clusters in some European countries.
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3. Purpose

The purpose of this paper is to define the conditions and mechanisms of creation of bioenergy
clusters and their functioning based on a pre-analysis of the territory bioenergy potential by taking
into account different cultures and local marketing approaches.

4. Research Data and Methodology

In order to integrate Ukrainian regions in terms of all kinds of energy resources, the authors
used the method of a rating theory and a cluster analysis. The principle of the method lies in the
fact that based on predefined features which are identified as the main object characteristics,
each object refers to the class from which it varies the least. Under the algorithm of classification
according to the given principal, there is a removal feature.

In Euclidean space, the distance between vectors Xand Y with coordinate X (x,, x,, ..., x ) and
coordinate Y(y,, y,, ..., y,) is defined as:

D= S -y = X1 (1)

The proximity of the object which is classified according to the prototypes of the class is used
as a classification criterion, and such an approach is called the object classification for the mini-
mum proximity criteria.

There are several methods of cluster identification: the basic method of cluster analysis, the
maximum distance algorithm (the furthest clusters are identified first); the algorithm of intra-group
average and the Isodata algorithm (lterative Self-Organizing Data Analysis Techniques).

The result of the layered grouping in the cluster analysis is the total allocation of measurements
into homogeneous groups. The cluster analysis is based on the similarity of objects. The identifi-
cation of the most similar entities assists in the total allocation of measurements into groups (clus-
ters). Apart from combinatorial groups, the cluster analysis requires a group division taking into
account corresponding features. Sharply defined notions of each group and their quantity are de-
fined by the program.

The uniformity of the total is defined by the rule of a certain metric calculation which identi-
fies the unit of the similarity of units in the aggregate. Its choice is a key to cluster analysis which
influences on the final total allocation into groups. The most well-known is Euclidean metric, ac-
cording to which the distance between objects is calculated as:

Cu :[Z':] (Z[j_zik)z];, (2)

where:
z;and z, - the standardized average i-th in j-th and k-th unit of the population.
If elements x are equal, the weighted Euclidean distance is calculated with value @, :

Co=IY o,(z, 2,071 (3)

As the proximity of the classifying object to certain analogues will be used as the criterion for
its implementation, such an approach is called the classification of the objects based on the mi-
nimum bias criterion. Therefore, in order to explore the efficiency of regional bioenergy resources
utilization, it is necessary to classify based on the abovementioned criteria to identify standard en-
terprises. To classify Ukrainian regions in terms of their biomass economic power potential, the
Isodata algorithm has been selected (Lukashin, 2003; Mandel, 1988). It has a wide range of extra
heuristic procedures included into integration solution.

5. Results

In the past two decades, bioenergy has become one of the most effective and perspec-
tive trends of alternative energy. The production process and further use of bioenergy re-
sources comply with the Paris Agreement (COP21). The boost of bioenergy development is
determined by the following factors: implementation of «green» state programs, shortage of
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non-renewable resources storage, rising energy prices and enhancement of bioenergy com-
petitiveness.

The situation regarding bioenergy production significantly differs around the globe (Table 1).
Accordingly, China, Germany and Brazil are the countries with the quickest growth. At more con-
trolled pace bioenergy is explored by Canada and France. Despite her substantial potential,
Ukraine is insufficiently developing this economic sector.

It can be observed that the growth rate of bioenergy production in Canada and the USA is slo-
wing down. In Ukraine, this trend has been gaining pace since 2015. Bioenergy industry develop-
ment depends on bioenergy materials, croplands, the volume of imports, government incentives
and other factors.

In terms of the current severe competition bioenergy clusters, grouped by industry, area and
other factors, are expected to both facilitate the implementation of large-scale bioenergy pro-
jects and boost economy development. In particular, bioenergy clusters have been created in Po-
land (Rasmussen, Gietczewski, Wojtowicz, & Rosemarin, 2020), as well as in Austria and Germa-
ny (Plieninger, Thiel, Bens, & Hittl, 2008). Clusters, which are defined as spatial proximity bet-
ween companies and branches, take into account the following advantages of agglomeration: low
transport costs and a possibility of intangible relations, for example information and experience
exchange (Dannenberg & Kulke, 2005).

Power economy includes different types of clusters. In high capacity energy, «traditional» types
of clusters are formed around core business presented by the largest and the most competitive
companies which export energy and services beyond the region. Low capacity energy is domina-
ted by research and manufacturing companies which satisfy the needs of local public power sys-
tems (municipal electric utility) and consumers. The latter approach meets the needs of the re-
gional development of bioenergy in Ukraine.

The main target of bioenergy clusters is to develop competitive advantages of regions by
means of output ramp-up of all types of biomass and biofuel which intends to solve the follo-
wing tasks:

- developing a base of agribusiness entities which are potential participants of the clusters and
the corresponding infrastructure;

+ arranging the marketing communication system to inform the participants and potential inves-
tors about the advantages of bioenergy;

- setting the regional database by means of creating webpages, publications, public discussions,
identifying the raw materials basis and introducing a transport system;

+ vocational training of the staff engaged in bioenergy;

« attraction of domestic and international investors to financing bioenergy projects.

The triple helix - business, government and science - is necessary to develop clusters (Ge-
rashchenko, Nezhuga, & Okseniuk, 2018). Given this condition, constant development of clusters
is sustained with the establishment of relationships between end product companies or service
companies, suppliers of specialized products (biomass in particular), financial institutions and re-
lated companies.

Additionally, to sustain cluster development, it is necessary to join firms which work with dis-
tribution channels or consumers, infrastructure providers, trade associations and other entities
that support cluster members, organizations which set standards, public and other organizations
which provide vocational training, education, data provision and marketing research, as well as
with public authorities who impact clusters.

Table 1:
Bioenergy production track record in both the world and particular countries (GWh)
2000 2005 2015 2018 2018 to 2000, % | 2018 to 2015, %

World 142,261 206,379 466,697 522,552 3.7 times +12%
China 2,421 5,200 40,738 67,301 27.8 times 1.7 times
France 2,479 3,391 6,522 8,335 3.4 times 1.3 times
Germany 4,331 14,708 50,326 50,880 11.7 times +1%
Ukraine 0 0 199 301 - 1.5 times
Canada 8,172 8,965 12,683 10,661 1.3 times -16%
USA 56,180 57,981 70,067 67,885 1.2 times - 3%
Brazil 7,855 13,643 49,892 54,498 6.9 times +9%

Source: IRENA (2020), Renewable Capacity Statistics 2020; IRENA (2020), Renewable Energy Statistics 2020,

The International Renewable Energy Agency, Abu Dhabi
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The methodology of cluster generation by Fox Williams suggests the following stages:
1. To identify the core: companies which produce the core product of the cluster;
2. To disclose support: equipment and service suppliers for core companies;
3. To identify soft infrastructure: education, marketing, legislation and finances;
4. To set apart physical infrastructure (Gerashchenko, Nezhuga, & Okseniuk, 2018).

In order to classify Ukrainian regions by the types of biomass energy potential, the Isoda-
ta algorithm was applied. The base value of the latter is set by the way of the matrix which has
n columns and m lines:

Xz Xz X,
Y X11 X12 Xin
Y, X21 X22 Xon
Ym Xmi1 Xm2 Xmn

where:

X, - the vector-column (i=1, 2, ..., n);

Y].- the vector-line (j=1, 2, ..., m).

In this case, the columns are the indicator names, and lines are the range value.

Research index numbers:

X, - biomass power potential of primary waste of crops;

X, - biomass power potential of trimming waste;

X, - biomass power potential of refinery waste;

X, - energy potential of wood biomass;

X, - biogas from mold;

X, - potential of energy crops;

- corn energy biogas potential.

The Isodata algorithm is similar to the one which evaluates ave (average) in intergroups.
Similar to that algorithm, the cluster cores are random ave which are evaluated interactively.
Unlike the previous algorithm, Isodata contains a range of additional heuristic procedures in-
tegrated into the scheme.

At the first stage, itis necessary to define arange of the initial clustercore N Z,, Z,, ..., Z,,. While
working with the range {x,, x,, x, }, the Isodata algorithm requires three main steps
1) classification parameters are identiﬁed;

2) modes are allocated according to clusters which correspond to primary cores;

3) animage set which includes fewer | elements is excluded;

4) each core cluster is adjusted to the sample mean;

5) an average distance between objects, which are part of subset S, is calculated and is supposed
to be the cluster core;

6) the general average distance between objects which belong to separate clusters and corre-
sponding core clusters is calculated;

7) depending on mathematical terms implementation the transition to step 8 or 11 is done or ite-
ration is repeated;

8) for each subset of random images, the standard deviation vector ; is calculated;

9) each standard deviation vector ., has the maximum of element = ;

. . J Jmax

10) the core cluster is determined;

11) the distance D] between all pairs of the core clusters is measured;

12) the distance D iscompared to . Distances which appeared to be less than , are ranked by
increase, the next step should inciude clustering;

13) each distance D, , is calculated to match a particular cluster pair with cores z, and z,

14) if the current |terat|on circle is final, the algorithm implementation comes to its end dtherwise,
it is required to return to Step 1, if the parameters of the cluster have to be changed, or to the
Step 2 where the parameters do not change.

The classification results, carried out according to the mentioned algorithm, are displayed in
Table 2, where X| - primary crop waste, X, - trimming waste, X, - refining waste, X, - wood bio-
mass, X, - mode biomass, X; - energy crops, X, - corn for biogas.

Based on the results of the given classification, Table 3, where Ukrainian regions are located
within the clusters, is formed.
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To consolidate all the regions by types of energy resources, we applied cluster analysis, Eucli-
dean metric in particular. It allowed us to use a range of indices which are taken as the basic ob-
ject characteristics. Each object from the general totality is referred to the class from which it dif-
fers the least. Consequently, three types of regions have been formed as a basis for energy clus-
ters. The first type was made up of regions with the highest bioenergy potential, in particular Vin-
nytsia, Kyiv, Poltava, Sumy, Khmelnytsky and Chernihiv. It allowed us to establish two energy clus-
ters with regard to the central west and the north-east of the country (Figure 1).

This method enables regions and districts to satisfy their extra energy resources produced by
means of own biomass (Figure 2).

Based on estimations and researches two clusters are formed - North-East and Central-West
which will supply and produce heating and electric energy from biomass. The latter shows signifi-
cant possibilities and perspectives of the bioenergy market in Ukraine (Table 4).

Arranging bioenergy clusters, based on evaluation of bioenergy potential in particular re-
gions, provides for the utilization of up-to-date methodology of cluster arrangement (Galchyn-
ska, 2019). Clusters are one of the most efficient means of implementation of both innovative

Table 2:
The results of the classification (Euclidean metric)
X1 X2 X3 X4 X5 X6 X7 Average |Object
distance |number
Average
Cluster 1 704.2 2 17 215 23 129.8 101.2 167.9 6
Cluster 2 124.6 0.8 0 311.9 10.8 118.4 97.1 191 7
Cluster 3 255.7 3.5 51 47.2 13.2 108 49.8 119.9 11
Dispersion
Cluster 1 124 2.8 24.6 107.5 29.3 65.5 53 40.8 0
Cluster 2 84 0.8 0 192.5 10.3 80.2 75.7 117.7 0
Cluster 3 91.6 5 37.6 46.6 10.2 74.3 31.5 53.1 0
Deviation
Cluster 1 17.6 142.9 144.2 50 127.6 50.4 52.4 24.3 0
Cluster 2 67.4 101.5 0 61.7 95.4 67.8 78 61.7 0
Cluster 3 35.8 142 73.7 98.8 76.7 68.8 63.1 44.3 0

Source: Compiled by the authors

Table 3:
Classification of Ukrainian regions based on the potential rates of waste and energy crops
in agribusinesses in 2019 market turnover, thousands of tons of oil equivalent

Primary |Trimming | Refining Wood Biogass | Energy | Corn for | distance | Cluster
Region crops waste waste biomass from crops biogas km number
waste mode
Vinnytsia region 569.73 7.64 57.84 157.77 31.51 48.70 37.41 183.79 1
Kyiv region 761.02 0.67 7.52 371.66 78.36 76.74 52.82 189.96 1
Poltava region 827.43 0.68 36.85 72.23 14.36 180.40 108.34 196.61 1
Sumy region 578.97 0.45 0.00 216.00 2.22 185.50 158.21 150.84 1
Khmelnytsky region 640.17 1.93 0.00 170.45 10.59 89.13 85.21 91.88 1
Chernihiv region 847.82 0.50 0.00 302.05 0.75 198.50 165.20 194.43 1
Volyn region 84.24 0.20 0.00 228.34 10.49 181.68 187.21 144.01 2
Zhytomyr region 221.83 0.13 0.00 728.65 2.60 231.56 168.31 448.44 2
Zakarpattia region 0.00 0.74 0.00 269.27 0.44 118.64 50.15 140.19 2
Ivano-Frankivsk region 149.29 0.54 0.00 215.27 16.73 39.44 36.38 141.05 2
Lviv region 199.92 1.02 0.00 271.84 29.29 36.27 30.32 137.18 2
Rivne region 175.38 0.37 0.00 327.42 13.71 176.61 176.97 112.25 2
Chernivtsi region 41.63 2.41 0.00 142.35 2.18 44.63 30.12 213.61 2
Dnipro region 222.02 2.42 31.84 22.83 24.80 109.89 50.71 47.25 3
Donetsk region 188.85 0.62 21.33 19.81 23.62 223.64 101.32 149.14 3
Zaporizhzhia region 200.35 2.47 78.99 6.97 11.52 100.55 44.71 74.48 3
Kirovohrad region 309.31 0.66 99.17 29.25 4.43 35.64 15.64 109.55 3
Luhansk region 113.43 0.35 12.91 56.78 1.36 47.22 14.55 163.92 3
Mykolaiv region 194.69 6.66 85.76 9.66 3.65 103.44 32.27 82.26 3
Odesa region 321.98 17.45 114.63 24.39 7.16 258.08 95.63 183.90 3
Ternopil region 353.02 1.15 0.00 75.94 16.45 37.89 36.98 134.14 3
Kharkiv region 230.44 1.08 41.51 112.02 18.63 54.53 20.57 93.18 3
Kherson region 239.36 5.21 33.43 12.98 3.40 144.01 86.88 67.19 3
Cherkasy region 439.22 0.96 41.51 148.11 30.65 72.74 49.06 213.34 3

Source: Compiled by the authors
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Figure 1:
Classification of Ukrainian regions based on energy and economic biomass indices
(Euclid method) in 2019
Source: Created by the authors based on own calculations

Figure 2:
Economic energy potential of biomass of agricultural enterprises, 2019
Source: Compiled by the authors
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processes and forms of regional development, where conglomerates with reduced costs due
to mutual technological cooperation have become more competitive than separate enterprises.
Cluster mergers give rise to different economic areas aiming to expand the free trade zone, free
flows of capital and human resources, Also they function as structural components of the glo-
bal system.

Economic relations based on clusters create competitive and sound economy which provides
high living standards. Clusters are necessary because the implementation of innovation requires
resources and expertise which are often beyond a separate company; clusters are a combination
of competition and cooperation.

Clusters and regional production systems are sources and factors of economic development
of territories. The main target of the cluster is to increase domestic and international competi-
tion of its members due to scientific research and innovations, education and training, and po-
litical support.

The launch of cluster incentive in terms of arrangement and development includes the follo-
wing business activities: information and communication, cluster member training, building
cooperation between the members, marketing and PR; internationalization, search for sources
of financing and launching investment projects. More details can be found in Table 5.

Table 4:
Analysis of the Central-West and North-East clusters by means of economic energy potential of
wastes and energy crops, 2019

>
o .
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> c 9 c > - C c
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Central-West cluster
Vinnytsia 3,706 2,594 865 33.3 4.7 0.40 X
Kyiv 3,298 2,309 1,284 55.6 80.4 6.02 X
Khmelnytsky 1,638 1,147 1,024 89.3 20.8 1.25 X
Total: 8,643 6,050 3,172 52.4 105.9 7.67 1.88
North-East cluster
Poltava 3,848 2,693 1,214 45.1 25.4 - X
Sumy 1,572 1,100 1,149 104.4 7.1 - x
Chernihiv 1,662 1,164 1,452 124.8 7.3 1.13 X
Total: 7,082 4,957 3,815 77.0 39.8 1.13 0.83
Source: Compiled by the authors
Table 5:
Business profile within cluster incentives
Profile Basic elements
Information o Database of enterprises and cluster stakeholders

and communication | e Enterprise and cluster stakeholder visits

o Website setting with search engine. Contact with mass media

* Business newsletters publication

e Arranging meetings, events, trainings

Studying e Learning needs analysis

¢ Vocational and management training

e Special events such as (trainings, seminars, study tours) on regular basis

e Development of internal study platforms in the company

e Making contacts between bioenergy manufacturers and universities, scientific establishments

Cooperation e Contacts establishments between cluster members, for instance, between export syndicates or joined ventures

e Cooperation between enterprises, R&D structures, knowledge centers and special services suppliers

e Support and monitoring of scientific and research projects

Marketing and PR e Enhancement of existing cluster participants, involvement of new companies and organizations, attraction

¢ of new clients and investments

e Cluster brand: development, management and enhancement;

« PR and promotional activities at the national and international levels; coordination and consultations with
governmental agencies

Internationalization | e Access to foreign events and conferences

e Promotion of clusters abroad

Financing e Financing of the primary phase of cluster initiatives

» Financing of events

Source: Compiled by the authors
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A cluster initiative has its own growth cycle. Although clusters are partly affected by the mar-
ket, clustering must be a planned process. The marketing support of the cluster project must be
provided with marketing research. Such research includes trends in the bioenergy market and a
marketing study of biofuel manufacturers. Marketing analysis finalizes market data about biomass
suppliers, bioenergy and biofuel manufacturers within clusters. Cluster feasibility and the output
concept are based on marketing analysis. The next stage includes elaborating a marketing com-
plex with an effective system of merchandising and demand boosting. Finally, it is recommended
to carry out auditing and control of quality and quantity indicators and make adjustments if ne-
cessary.

6. Conclusions

The dynamics of the volume of bioenergy production significantly differs around the world:
China, Germany and Brasil are the fastest growing. They are followed by Canada and France.
Although Ukraine possesses a great potential, the bioenergy industry is still underdeveloped.

Clusters, combined by industry type or area, might become an effective tool for the implemen-
tation of large bioenergy projects under the current conditions of intensive competition. In order
to combine Ukrainian regions by types of energy resources, cluster analysis was. With the help of
Euclidean metric, we have determined a set of indicators, where each object of the general totality
is applied to the class from which it differs the least. As the result, based on the given data, three
groups of regions have been singled out. The first group with the largest bioenergy potential in-
cludes Vinnytsia, Odesa, Khmelnytsk, Poltava, Sumy and Chernihiv regions. This made it possible
to create 2 energy clusters. These clusters enable to supply regions and districts, which need ex-
tra energy resources, with bioenergy.

Launching bioenergy clusters includes the following activities: information and communica-
tion, training of cluster members, cooperation between members, marketing and PR, internatio-
nalization. financing and investment projects. Cluster project marketing involves market research,
market analysis, marketing mix formation and regulation, as well as operation control.
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