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MNOPIBHSIJIBHUIM OI'JIS1J] CUCTEM OIIIHIOBAHHSA PO3YMHUX
EHEPITOMEPEX: EKOHOMIYHHMI ACITEKT?

Irop BakyJienko

Cymcoruii 0eparcasnuti ynisepcumem, Cymu, Yxpaina

Pesztome. Ooni€lo 3 0CHOGHUX MeEHOEHYill pO3GUMKY CEIMO0GOI eHepeemuKu € pO32OPMAHHA PO3YMHUX
enepeemuunux mepedic. I[lepesazu, ki cmeopior0mscs BHACTIOOK MACUMAOHO2O0 iIX BUKOPUCIAHHA? € 04e8UOHUMU
ma 8ionosioaoms NPUHYUNY MAKCUMATLHO NOBHO20 3A0080LEHHSL NOCIUHO 3POCMAlOYUX NOMped Cnodcusayis,
Wo pobums Kypc po36uUmKy eHepeemuiHo20 cekmopa Ha OCHOBI 3ACMOCY8AHHS POZYMHUX eHePeeMUYHUX MepediC
bezanvmepHamusHuM. 3 02130y HA PIZHOMAHIMHICING NOMEHYIUHO NPUOAMHUX MEXHOA02IT 00 BUKOPUCTNAHHS Y
PO3VMHUX €HeP2OMEPedHCaxX AKMYAlbHUM € NUMAHHA GUMIPIOBANHSA MA OYIHIOBAHHA e@eKMUSHOCMI HASAGHUX
npoeKmi6 015 GU3HAYUEHHS NPIOPUMEMHUX HANPAMKIE NOOANbUO020 PO3EGUMKY OAHO20 HANPAMKY U OYIHIOG6AHHS
epexmusHocmi, a 6i0mak OoyiibHOCMI peanizayii nomeHyiiHux npoekmie y Oauitl cgepi. Hapasi
BUKOPUCIMOBYIOMbCS PI3HI NIOXO0U 00 KOMNAEKCHO20 OYIHIOBAHHA PO3YMHUX enepeomepedic. IIpoananizosano
8iCiM nowupeHux nioxodig (cucmem OYIHIOBAHHA) 3 NO3UYIU NOBHOMU OXONJEHHS NPAMUX MA NOXIOHUX
EKOHOMIYHUX egheKmig 01 OYiHIOBAHHA eKOHOMIUNOT egheKmusHoCcmi po30y006U pOIYMHUX eHEPLEMUYHUX MEPEHC.
s nposedentsi NOPIBHAIbHO20 AHANIZY CUCTEM OYIHIOBAHHS PO3YMHUX eHEP2OMePedic 3 NOSUYIU BUSHAYEHHS iX
EeKOHOMIYHOT epeKMUBHOCMI HA OCHOGI KpUMEpIi6 Yacmomu 3aCmocy8aHHs NOKA3HUKIG ma iXHbOI 3Hayywocmi
O/151 OXONNEHHA KNOUOBUX ACNEKMI8 (QYHKYIOHYBAHHA POSYMHUX eHepeomepedxc OYa0 8udineHo mpu HANpsAMKU
OYIHIOBAHHS KANIMANbHI [HEGeCmUYii, onmumizayis YNpaeiiHHs akmueamu ma Gopmysanus bisnec-mooeni, Ha
OCHOBI AKUX OY10 30TUCHEHO PAHI’CYBAHHS OOCHIONCYBAHUX CUCEM OYIHIOBAHHA. Y pesynvmami 6y10 6Us6ieHO
cucmemu OYIiHIOBAHHA, WO XAPAKMEPU3YIOMbCsi KOMNIEKCHUM NiOX000M 00 8PAXYEANHA NPAMUX MA HOXIOHUX
EKOHOMIYHUX egheKmis, AKI GUHUKAIOMb YHACTIOOK QYHKYIOHYBAHHA POZYMHUX eHEPLEMUYHUX MePeXC, d MAKOHC
cucmemu OYIHIOBAHH:, NIOXIO AKUX 00 OYIHIOBAHHS EKOHOMIYHOI eheKmUBHOCMI PO3YMHUX eHepeoMepedic €
obmedxcenum. Bionosiono sk pesynomam ompumano po3noodin cucmem OYIHIOBAHHS 3ANEHCHO GI0 OXONIEHH:
BUHAYEHUX HANPAMKIE OYIHIOBAHHA eKOHOMIuHOI egexmusnocmi. IIpogedene Oocnioxcenus modce Oymu
BUKOPUCMAHO Ol NOOANLULO20 AHANIZY CUCHEM OYIHIOBAHHA PO3YMHUX EHEPLeMUYHUX MePedlc 3 Memoio
GopmyeanHs ONMUMATLHO20 HAOOPY NOKA3HUKIE OYIHIO8AHHS eKOHOMIYHOT edhexmusHocmi 3 Ougpepenyiayicio 3a
YiNbOBUM NPUSHAYEHHAM NPOYEC) OYIHIOBAHHA.

Kniouosi cnosa: enepeemuka, po3ymHi eHep2omepedici, Memoouxd, CUCmemMa OYiHIO6aAHHSL.
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COMPARATIVE REVIEW OF THE SMART GRID SYSTEMS
EVALUATION: THE ECONOMIC ASPECT

lhor VVakulenko

Sumy State University, Sumy, Ukraine

Summary. One of the major trends in the development of world power engineering is the extension of
smart grids. The advantages of their large-scale use are obvious and correspond to the principle of meeting the
ever-growing needs of consumers, making the energy sector development course based on smart grids as non-
competitive. In terms of the variety of potentially applicable technologies for use in smart grids, the problem of
measuring and evaluating the effectiveness of existing projects is important for identifying the priority areas for
further development and evaluating efficiency, and therefore the usefulness of potential projects implementation
in this area. At present, different approaches are being used for comprehensive evaluation of smart grids. Eight
common approaches (evaluation systems) from the point of view of complete coverage of direct and derivative
economic effects for evaluation the economic efficiency of smart grids development are analyzed in this paper.
For comparative analysis of smart grid systems in terms of determining their economic efficiency based on the
criteria of indicators application frequency and their importance for the aspects of smart grid operation, three
areas of evaluation are identified: capital investment, optimization of asset management and business model
creation. On their basis the ranking of the investigated evaluation systems is carried out. As a result the evaluation
systems characterized by comprehensive approach for consideration the direct and derived economic effects
occurring from the smart grids operation, as well as evaluation system which approach to the assessment of the
smart grids economic efficiency is limited. Thus, as the result the distribution of evaluation system depending on
the coverage of certain areas of cost-effectiveness assessment is obtained. The carried out investigation can be
used to further analysis of the smart grid systems in order to generate the optimal set of cost-effectiveness
indicators with differentiation according to the purpose of the evaluation process.

Key words: energy, smart grids, methodology, evaluation system.
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IlocTanoBka npob6aemu. Po3ropTaHHs poO3yMHUX €HEPreTUYHHUX MEpEeX SK OIHOIO 3
KJIIOYOBUX HANpPsAMKIB TpaHc(opMmallii €HepreTHYHOro CceKkropa MHoTpedye KOMILIEKCHOT
CUCTEMM OLIIHIOBaHHS €(QEKTUBHOCTI JAHOTIO MPOLECY 3 METOI BU3HAYEHHS AOCATHYTHX
pe3ysbTaTiB BiJl peali30BaHUX MPOEKTIB, 11eHTH(IKaIIl MPOOIEMHUX NUTAHb Ta pO3pOOIEHHS
3aX0J[iB IIOJ0 YHMKHEHHS a00 MiHIMiZalli HeOaXaHWX pe3yabTaTiB. Y MOAAIBIIOMY II€
CHPUATUME IT1JIBUIIEHHIO SKOCTI IUIAHYBaHHS PO3YMHHMX €HEPreTUYHHUX MEpEX, X CUCTeMHIN
IHTEerparlii 10 eHePreTUYHOT CUCTEMH, a TAKOXK OyJIe BAUKOPUCTAHO JIJIsl KOHKYPEHTHOTO aHATI3y
HNOTEHIIMHUX MPOEKTIB po30yA0BU pO3yMHUX eHepromepex. HasBHI cuCTEMM OLIIHIOBaHHS
PO3YMHHUX €HEProMepexk MPOMOHYIOTh PI3HI MiIXOAU SK 3a CYKYITHICTIO TOKa3HHMKIB Ta
METOAOJIOTTYHUMHU MIJX0/aMH, TaK 1 3 KOHUENTyaJbHOI TOYKM 30py. OAHAaK CHIIBHUMHU €
(GyHKIIOHANbHI cdepH, 10 MIJUISTaloTh OI[IHIOBAHHIO, CEpeJl SIKUX EKOHOMIYHHUI AacIeKT.
BusHadyeHHs1 eKOHOMIYHOT €()eKTUBHOCTI PO30YyI0BH PO3YMHHX EHEPreTHYHUX MEPEX HE MOXKE
OyTH 3BEJEHO A0 THIIOBOIO MPOIECY OLIHIOBAaHHS €(PEKTUBHOCTI 1HBECTULIHHOTO IMPOEKTY.
BukopucraHHs pi3HMX CUCTEM OLIHIOBAaHHS PO3YMHHMX €HEPreTMUYHHX MEpeX MOXKe
COPUYMHUTH OTPUMAHHS CYTTEBO BIJIMIHHUX pPE3YJIbTaTIB E€KOHOMIYHOI €()EeKTHUBHOCTI.
BinnoBifHO MUTaHHS OTPUMAHHS HAIIMHHUX Ta JIOCTOBIPHUX pE3YJIbTATIB E€KOHOMIYHOTO
OILIIHIOBAaHHSI PO3YMHHUX €HEPrOMEpeXk, 110 BPaXOBYBAaTUMYTh CUCTEMY MPSAMUX Ta MOX1JIHUX
E€KOHOMIYHUX e(eKTiB, € aKTyaJlbHUM, HE 3Ba)Kal0Ud Ha 3HAYHY KUIBKICTh HAyKOBO-
OOrpYHTOBaHUX KOMIUIEKCHUX CHUCTEM OI[IHIOBAHHS PO3YMHUX €HEPTOMEPEXK.

AHaJ3 ocTaHHIX aocaimKeHb i myOJikanii. [TutanHs ouiHOBaHHS €PEKTUBHOCTI
PO3YMHHUX €HEPreTUUHUX MEPEeX y YACTHHI METOJOJOTIYHUX IMIIXOIIB MaIM Miclie Y poOoTax
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3apyOiKHUX BueHuX Yu Xiaobao, Tan Zhongfu, Chen Kangting, Ju Liwei ta He Puyu [1],
Jinchao Li, TianzhiLi Ta LiuHan [2]. OmiHioBaHHSIM OKPEMHX CKJIaIOBUX PO3YMHHX
eHepromepexx 3arimanuca b. binrin ta B. ['yamop [3]. V npamsx BITYM3HSHUX HAyKOBIIIB
JlaHe MMMTaHHA HE € A0CHiPKeHUM. DOKyC BITYM3HIHUX AOCHIIHKEHb CIPSIMOBAHUHN, IEPEBAXKHO,
Ha ineHTU(dIKaIil0 Ta OOIPYHTYBaHHS MIAXOAIB 10 OI[IHIOBAaHHS TEXHIYHUX TapaMeTpiB
BY3BbKOCIICIIAII30BAaHUX TEXHIKO-TEXHOJIOTIYHUX pilleHs y naHid cdepi. BignoimHo
MepeBaaloTh  TEXHIYHI  aHAJTITHYHI  MaTepiali, HANpPUKIAI MO0  OIIIHIOBAHHS
ta wMomemoBaHHsS po3ymHux eHepromepexk (C. FO. Koporynosa, I'. B. Tabynmmka Ta
K. Bonsdda) [4]. [IuTaHHSIMH BIPOBaHKEHHS pO3YMHUX €HEProMepek B YKpaiHi 3aiManucs
taki BueHi, sk: Yepemcin M. M., Uepkammna M. M., TTonaguenko C. A. [5]. TlepcriekTuBu
BUKOPHUCTAHHS 1HTEJICKTYyaJIbHUX CEHEPreTHYHHX MeEpex OylIo JOCHIKEHO y poOoTi
Mautoryasko 0. B. Ta Isayk [1. A. [6].

Merto10 cTaTTi € MOPIBHSUIBHUI aHAI3 CUCTEM OLIIHIOBAaHHS PO3YMHUX €HEPTOMEPEXK 3
MO3MILIH BU3HAYEHHS X EKOHOMIYHOI €()eKTUBHOCTI.

IlocTanoBka 3aBAaHHA. BiAMoOBiHO 10 MOCTaBICHOI METH y CTaTTI BUPIIIYETHCS
MUTaHHS JTOCII/DKCHHS MiAXOMIB JI0 BH3HAYCHHS CEKOHOMIYHOI €()EeKTHBHOCTI pPO30yI0BH
PO3YMHHUX EHEPreTUYHHUX MEPEX, IO MICTATHCS B MOMIMPEHHX CHUCTEMaX OILIHIOBaHHS
PO3YMHHX €Hepromepex y pizHux perionax cpiry: CIIIA, €Bpomi ta A3ii. [ gocAsTHEHHS
MeTH Oy/ie BU3HAYEHO KIIIOYOB1 (PYHKIIIOHATBHI cepH, SKUM NPUALIAETHCS HAOUIbIIe yBaru
y KOKHIH CHCTEMI OIIIHIOBAHHS, Ta JOCIIIKEHO CHCTEMY MOKAa3HHKIB, 32 JIOTIOMOTOI0 SIKUX
BU3HAUAIOTHCA MPSIMI Ta MOXITHI eKOHOMIYHI €eKTH Y KOXKHIiH 3 BU3HAUEHUX cep.

Bukiag ocHoBHoro marepiany. KijgbKiCTh 3aCTOCOBYBAaHMX METOIWK BU3HAYCHHS
e(deKTUBHOCTI ab0 OIIIHIOBAaHHS PO3YMHHX €HEProMepex € JOCUTh 3HAuHOI. Y
NOPIBHSUIBHOMY aHalli3i, 3A1iICHEHOMY B JaHiii poOOTi, BUKOPUCTAHO METOAUKH ab0 CUCTEMHU
OLIIHIOBaHHS, SIKi HA0YJM 3HAYHOTO MOMIMPEHHS B OKpeMuX perionax. [IoHATTS «meTtoankay Ta
«CHCTEeMa OIIHIOBAHHS» Y JaHIM CTATTI BXKUBAIOTHCS SIK CHHOHIMH. «CHUCTeMa OI[IHIOBAHHS €
OyKBaJIbHUM NEPEKIIaZOM OPUTIHATBHUX HA3B METOJUYHHX IM1IXO/IIB, SIKI aHAI3YIOThCs. Tomy
SIK OCHOBHUI TE€PMiH Oy/ie BUKOPUCTOBYBATHUCS CAME «CHUCTEMa OLIIHIOBAHHS.

Jnist TOpiBHSUIBHOTO aHalizy Oysio 0OpaHo BiCIM CHCTEM OLiHIOBaHHs, a came: Mojelnb
3pinocti cMapt-mepexi (IBM Smart Grid Maturity Model), Cuctema oiriHOBaHHSI pO3BUTKY
posymuoi enepromepexi (DOE Smart Grid Development Evaluation System), IMToka3uuku
OILIIHIOBAHHSI BUTpAT Ta MepeBar BiJ YIPOBAKEHHS MUIOTHUX (AEMOHCTpPALIWHUX) MPOEKTIB
posymuux enepreruunux mepex (EPRI Smart Grid Construction Assessment Indicators),
Cucrema oIiHIOBaHHS TiepeBar po3ymHuX enepromepexx €C (EU Smart Grid Assessment
Benefits Systems), Cucrema inaexcis «aBox tumiB» («Two Typey grid index system), IuaexcrHa
cucTeMa OlLIIHIOBaHHs po3BUTKY eHepromepexi (Grid development assessment index system),
[naukaTBHA cucTeMa OIIHIOBAHHSA MUIOTHUX MPOEKTIB PO3YMHUX eHepromepex (Smart grid
pilot project evaluation indicator system) Ta Mojienb OLiHIOBaHHS PiBHS PO3BUTKY PO3YMHHUX
eHepromepexk Ha ocHoBl audepenuianii nomuty (Evaluation Model of a Smart Grid
Development Level Based on Differentiation of Development Demand). Hamami Oyme
BUKOPHUCTAHO 3arajIbHONPUNHSATI OPUTIHAIIBHI Ha3BU JOCIII)KYBAaHUX CUCTEM OL[IHIOBAHHS.

3a MOLIMPEHHM IepesiueHi CUCTEMH OLIIHIOBAaHHS MOXHA PO3JIUIMTH TAKUM YHHOM:

- IBM Smart Grid Maturity Model, DOE Smart Grid Development Evaluation
System, EPRI Smart Grid Construction Assessment Indicators — Cnonyueni Llltatn Amepukwy;

- EU Smart Grid Assessment Benefits Systems — €spomneiicbkuii Coro3;

- «Two Type» grid index system, Smart grid pilot project evaluation indicator
system, Evaluation Model of a Smart Grid Development Level Based on Differentiation of
Development Demand, Grid development assessment index system — iHiiri perioHu, HepeBakxHO
Kkpainu A3ii, 30kpema Kuraiicbka Haponna PecniyGumika.
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Jlnst 1mineit gaHoi CTaTTi MOPIBHSHHS CHCTEM OIIHIOBaHHsS Oyje 3MIMCHEHO HE 3a
KOHKPETHUMH TOKa3HMKaMH, a TpylNaMu MOKa3HHKIB, SKI MOXXHAa BIJIHECTH 10 OKPEMHUX
HaIPsIMKIB OI[IHIOBaHHSI.

VY HecucTeMaTH30BaHOMY BUTIISAI HAMOLIBII 3rajlyBaHi HANPSMKU/TPYIU MMOKA3HUKIB,
NpeJCTaBICHI B JOCHIDKYBAaHMX CHUCTEMax OIIHIOBAaHHS, MOXHA IPEICTABUTH Yy TaKOMY
nepeniky: Tapudu Ta peryioBaHHsS, TPAaHUYHI LIHU, HOBI MiIXoAu a0 (HOpMYyBaHHS PHHKY,
ONTHUMI3aIlisl aKTUBIB, MOPTQETh aKTUBIB, HOBI MIAXOIM 10 YIPABIIHHSI aKTUBaMH, IPUOYTOK
BiJl JIOJIaTKOBUX IIOCIYT, HOBI TOCIYTH, €(QEeKTHBHICTh TPYIOBHX pPECYpCiB, BEHUYpHIi
IHBECTHIIi1, MJIOTHI 1HBECTHIIi1, BAPTICTH HOBUX CUCTEM, ITO0Y10Ba O13HEC-MOIE1, SMCHIIICHHS
BTpPAT, EKOHOMIisl Ha MaTepianax Juist OyJIiBHUIITBA Ta YTPUMAHHS aKTHBIB.

Ha ocHOBI 1aHOT CYKYITHOCTI MOYKHA BHIUIUTH TPU HAMPSIMKH, 32 SIKHMH IIPOBOJIUTHCS
OLIIHIOBAHHS 3aITPONOHOBAHUMHU ISl AOCIIJDKEHHSI CUCTeMaMHU olliHioBaHH:. Kpurepismu s
BUJIICHHSI HAINPSIMKIB OLIHIOBaHHS OyJIM CHUCTEMHICTh OXOIUICHHS NPSIMHUX Ta HEMPSIMUX
€KOHOMIYHUX e(eKTiB, 110 BUHUKAIOTH MPH Po30yI0BI PO3yMHUX €HEProMEpexk, Ta 4acToTa
3raJyBaHHs TPy MOKAa3HUKIB (3a3BUYAM, ITiJT PI3HUMH Ha3BaMH, MPOTE 31 30€pEKEHHSAM CYTI)
y pI3HUX CHCTEMax OIiHIOBAHHSI.

BugiieHnMu HanmpsMKaM#  OI[IHIOBaHHS €KOHOMIYHOI e(EeKTHBHOCTI Ha OCHOBI
CYKYITHOCTI TIOKa3HUKIB CHCTEM OIIHIOBAaHHS €: KaIiTaJlbHI I1HBECTHIIl, ONTHUMI3aIlis
yIpaBIiHHS aKTUBaMU Ta pOpMyBaHHS Oi3HEC-MOJIei.

PesynpTati MOPIBHSUIBHOTO aHANi3y 3a TMOKAa3HUKAMH EKOHOMIUHOI e(EeKTHBHOCTI
p0O30yI0BU PO3YMHOI €HEproMepexki HaBeAeHO B Tabmui 1.

Tadanus 1. [Toka3HUKY OLIHIOBaHHS PO3yMHOT €HEProOMEpexKi 3a CTyIeHeM OL[IHIOBAaHHS TOKa3HHKIB
eKOHOMI4HOI edekTUBHOCTI (po3podieHo Ha [7—10])

Table 1. Indicators of smart grid evaluation according to the degree of economic efficiency indicators evaluation
(developed on [7-10])

Evaluation
DOE EPRI Model of_a
Smart EU . Smart Grid
Smart . Grid Smart I
Grid Grid Smart «Two developme | grid pilot Develop-
IBM Smart Develo Constru Grid Tvpey arid nt roiect ment Level
Grid Maturity P ction Assessm ype» g projec Based on
ment index assessment evaluation . ..
Model . | Assessm ent . A Differentiati
Evaluati . system index indicator
ent Benefits on of
on . system system
Indica- | Systems Develop-
System
tors ment
Demand
1 2 3 4 5 6 7 8
Kanimanvhi ineecmuyii
ITinorHi
IH;GCTH;;:KZI[/IM Beravn- Burparu Exonomiu-
AP P (exoHOMIST) Ha edek- Burparn
BUKOPUCTAHHS Hi B B Ha THBHICTE Ha 6v1iB- B
., . V1iB
Auepennitio- 1HBCCTH OyIIBHUIIT- | OymIBHHIIT- HUIITBO
BaHOTO i A H A H H
BO Ba
pecypcHOro
mopTdens
ITigBumen-
HS eek-
Amnanis TUBHOCTI
BapTOCTI HOBUX - - - - - npari Ta —
CHCTEM ycepemHe-
HHUX
IHBECTHIIHA
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[ponosxenns Tadmumi 1

1 3 4 5 6 7 8
MopnentoBaHHs
IHBECTUIIMHUX
AKTHUBIB IS
KITFOYOBUX
KOMITOHCHTIB - - - - - -
Ha ocHOBI SG
JaHuX (TaHux
PO3YMHHX
€HEeProMepex)
Onmumizayis ynpagiintsa aKmueamu
3meHtIe-
HHS Hosi Edexrus-
L . . Burpatu .
Onrumizaris BTpaT BiJ | MiAXOAM . [MepeBaru HICTB
BUKOPUCTAHHS CKOpoue bi (o) Exonowiz (Buromn) Ha TIePCOHAT
PHCT: P Ha . o0ciyroBy- peonaiy
AKTHUBIB HHS IIaHyBa- . | dynkiiony- Ha CTafisx
. yTpUMAaHHI BaHHSI Ta
y4acHHUKaMHU BiJIMOB HHS ; BaHHs nepeiaBaH-
.| iadpactpy- eKCIuTya-
JIAHITI0KKA Mepexe- | po3noji- TV eJIeKTPO- Tamiio Hs Ta
MOCTaBOK BOTO JBYOT P Mepexi - TpaHcdopma
obnasHa- | Mepexi p il eHeprii
HHS
OnruMmizaniiine .
HOBI
MO/ICTFOBaHHSI . Moskiu-
MiIX0Au .
PpO3IUpPEHHS BiCTB
o . 3arajgbHa
noptdens . €KOHOMIT ExoHomis
. . - yIpasiti- - . . MPOIYKTUB-
(misTBHOCTI) pecypciBy | marepiaiiB . .
HHS HICTP TIpari
JUTSL HOBUX eHeprome-
. aKTHBA- .
pecypciB un . pexi
PHUHKIB
3MeHIIeH-
Po3po6nenns ExoHoMmiu- Hsl BTpaT
cTparerii Ha Ha JIiHIT
MOOLTBHOT KOOpIuHa- (Bapricue
pobouoi cuu st BUpaXe
HHS)
Pozpobnenns Koedimi-
CTpaTerii st €HT
JIBepCH]iKO- E€KOHOMIY-
BaHOTO HOI
mopTdenst e(eKTuB-
pecypcis HOCTI
Dopmysanns OizHec-mooeni
. HOBI
OntuMmizoBaHe .
X OTH
(dbopmyBaHHs 10
Tapudis/pery- - - - - -
hopmy-
JSITOpHA
. BaHHS
MOJIITHKA
PHUHKY
Posmopinenicts
pecypciB Ha
JIOKATTBbHUX
PHUHKax - - — — - —
(Hanpukiam,
MicreBi
TpaHWYHI I[IHN)
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3axinuenHs tadauui 1

1 2 3 4 5 6 7 8

[TpubyTok Bix
JIOIIOMIDKHUX
MIOCITYT MEpexi

1woz10 - - - - - - -

posnoiny un
NPOJIAKY

eJIEeKTPOCHEePTii

OLiHIOBaHHS
BIUIMBY HOBHX
MOCITYT Ta - - - - - - -
TpOIIECiB
[TOCTaYaHHs

(dbopmyBaHHS
Oi3HEeC-MOIeNl
Ha - - - - - - -
(byHKIIOHATb-
HOMY piBHI

Ha ocnoBi manmx Tabmuui 1 3aificHEHO paH)XyBaHHS JOCIHIIKYBaHHUX CHCTEM
OILIIHIOBaHHSI PO3YMHHUX EHEPrOMEepeX 3a CTYIEHEM OIIHIOBaHHS Iapamerpa €KOHOMIYHOT
epexTuBHOCTI. KpuTepiem BH3HAueHHsI CTYIEHS OLIHIOBaHHS MapaMeTpiB JaHOI TpymH €
KUIBKICTh BIAMOBIJTHUX TMOKAa3HHUKIB: MOHAJ JBI TPYMU IMOKAa3HHUKIB y MEXax HAIpPSIMKY —
BUCOKHI CTyIiHb OIliHIOBaHHA (3 0anm); OaHa TIpymna IOKAa3HUKIB — CEpeAHId CTYIiHb
omiHoBaHHs (2 Oanu), pemra BumanakiB — 1 Oan. [[ns paHKyBaHHS CHUCTEM OLIIHIOBaHHS
PO3YMHHX CHEPrOMEPEK MPHUUHSATO MPUIYIICHHS IMPO PiBHICTH TPHOX BU3HAUCHUX HAIPSIMIB
Mk co00t0. Po3moain cTyneHs ouiHIOBaHHS HaBeIEHO B Tabuuili 2.

Tadanus 2. XapakTepucTruKa CUCTEM OILIHIOBaHHS PO3YMHUX €HEPIrOMEPEIK 3a CTYIICHEM OLIHIOBaHHS
MOKa3HUKIB €KOHOMIYHOT e()eKTUBHOCTI

Table 2. Characteristics of smart grid systems evaluation according to the degree of economic efficiency
indicators evaluation

Cx1a1oBi rpyny NoOKa3HMKIB «eKOHOMIiYHa

eeKTHBHICTH?
Cucrema oniHIOBAHHS . . OnTumizauist ®opMyBaHHA
Kaniraabhi . .
ynpaBJiiHHS Oi3Hec-

inBecTHIIil

AKTHBAMH Moaeai

IBM Smart Grid Maturity Model

DOE Smart Grid Development Evaluation System \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\_\

EPRI Smart Grid Construction Assessment Indicators -

EU Smart Grid Assessment Benefits Systems .
«Tyvo Type» grid index systen} \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Grid development assessment index system -

Smart grid pilot project evaluation indicator system

E{%‘i}{%’éﬁ”&’fﬁ!i?ffe?esn?i‘i&%fﬂ? Development \\\\\\\\\Q

BUCOKHH CTYIIiHb OLIHIOBaHHS

&\\W CepeHIN CTYIIHb OI[IHFOBAHHS

HE3HAYHUH CTYMiHb OI[IHIOBaHHS a00 OLIIHIOBAHHS 32 BiICYTHE
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Pesynbrati paHXyBaHHS CHCTEM OIIIHIOBAaHHS PO3YMHHX E€HEPrOMEpEeX 3a TPYIO0
MOKa3HMKIB, SKi BiJOOpaXalOTh OI[IHIOBAaHHA EKOHOMIYHOI e(EeKTHUBHOCTI, HaBEICHO B
Tadymmi 3.

3a OXOIUICHHSM MTOKA3HUKIB €KOHOMIYHOT €()eKTUBHOCTI HAHOIIBII IPEICTABHUIIbKUMU
€ Mopens 3pinocti cMapT-mepexi (IBM Smart Grid Maturity Model, SGMM) ta [aagukaruBHa
cucTeMa OLIHIOBaHHS MUIIOTHUX NMPOEKTIB po3yMHHX eHepromepex (Smart grid pilot project
evaluation indicator system). Pemra cuctem OIIHIOBaHHS XapakTEPU3YEThCS MEHIIUM
OXOIUJICHHSIM JIaHOTO HANPSAMKY OI[IHIOBAaHHS PO3YMHHX €HEPrOMEpEK.

Tadanus 3. PamxyBaHHS CHCTEM OLIHIOBAHHS PO3YMHHX €HEPIrOMEPEIK 3a CTYIIEHEM OLIIHIOBAHHSI TOKa3HUKIB
€KOHOMIYHOI e()eKTHBHOCTI

Table 3. Ranking of systems for evaluating the smart grids according to the the degree of economic efficiency
indicators evaluation

CucreMa oniHIOBaHHS KinpkicTs 0ajiB Paur
IBM Smart Grid Maturity Model 9 1
Smart grid pilot project evaluation indicator system
Grid development assessment index system
EU Smart Grid Assessment Benefits Systems
«Two Type» grid index system
DOE Smart Grid Development Evaluation System
EPRI Smart Grid Construction Assessment Indicators
Evaluation Model of a Smart Grid Development Level Based on
Differentiation of Development Demand

A | OjO|O|N
o (Ooa|d|B_lWiIN

Y pe3ynpTaTi MOPIBHSHHS CHCTEM OI[IHIOBAHHS PO3YMHHMX EHEProMepex MOKHA
BiJI3HAYUTH CYTTEBI pO30DKHOCTI B OI[IHIOBAaHHI €KOHOMIYHOT €(peKTHBHOCTI. 30Kpema, JesiKi
CUCTEMH OIIIHIOBAaHHS MAlOTh KOMIUICKCHHM MiAXiJ, y TOW Yac KOJH IHIII OI[IHIOIOTH JIMIIE
KOHKPETHI €KOHOMIYHI €(EeKTH

Bapto 3a3HaunMTH HAaABHICTH CYTTEBUX B IHTErpaiii MOKAa3HUKIB BHUMIpPIOBAaHHS
€KOHOMIYHOT €()eKTUBHOCTI JI0 TOCTIPKYBAaHUX CUCTEM OIlIHIOBAHHS 3a IBOMA aCleKTaMH:

— CTyNiHb BKJIIOYEHHS TIIOKa3HUKIB E€KOHOMIYHOI €(EeKTHMBHOCTI /0 CHCTEMHU
OIIHIOBaHHSI PO3YMHOI €HEpProMepexi, IO XapaKTepHU3yeTbCs KUIBKICTIO TOKA3HHKIB, SKi
BXOJISITH IO CKJIa/ly CUCTEMU OLIIHIOBaHHS;

— CTyHiHb OXOIUIEHHS €KOHOMIYHHUX TIPOILIECIB BKIIOYEHHUMH JIO CHUCTEMHU
OI[IHIOBAaHHS TOKa3HUKAMHU.

[Tepmmit acmekT XapakTepus3ye AeTali3allil0 OIIHIOBAHHS 3a TMEBHUM HAMPSIMKOM
(kamiTaabHI 1HBECTHIII, ONTUMI3AIlS YIPaBIiHHA aKTUBaMHu, (opMyBaHHS Oi3HEC-MOJe),
OJIHAaK HE JI03BOJIsI€ MAaKCHMI3yBaTH OXOILUICHHS MOKA3HWKAMH TOBHOI CYKYITHOCTI MPOIIECIB
PO3TOpPTaHHS PO3YMHUX €HEPrOMEPEX 3a BCiMa HAIPSMKaMH.

KommiekcHe owiHIOBaHHS 3a 0o0OOMa Ha3BaHUMH AaclEeKTaMM IPOCTEKYETbCS Ha
MIPUKIIA]II JIUIIIE TBOX 13 JOCIIKYBaHUX CHCTEM OIliHIOBaHHS — Moieni 3piiocTi cMapT-Mepexi
(IBM Smart Grid Maturity Model, SGMM) Ta [HaukaTuBHOI CHCTEMU OILIHIOBAHHS MiJTOTHUX
NPOCKTIB po3yMHHX eHepromepex (Smart grid pilot project evaluation indicator system).
JloriuHo, 1110 1aHi CUCTEMH OpPI€HTOBAHI, y MEpPIIy Yepry, Ha OLIHIOBAHHS MPOEKTIB PO3YMHHX
E€HEproMepek Ha TepelliHBeCTULlIHHOMY eTami. HaromicTh y cucTemax, CIOpsIMOBaHUX Ha
BHU3HAUCHHS PiBHS PO3BHTKY HASBHHX PO3YMHHX CHEPTETHYHHX MEPEXK, CHCTeMa IMMOKa3HUKIB
BHUMIPIOBAHHS €KOHOMIYHOI €(EeKTHUBHOCTI € OOMEXEeHOI, M0 OOIPYHTOBAHO iXHIM
(bYHKLIOHATIBHUM PU3HAYEHHSIM.

BucnoBku. IlopiBHSUIBHMIA OTJIAl CHUCTEM OIIHIOBAHHS PO3YMHHUX EHEPrOMEPEK
CBIIYUTH TIPO HASBHICTh 3HAYHUX BIAMIHHOCTEH Yy MiJX0JaX, IO 3aCTOCOBYIOTHCS IS
BU3HAYEHHS EKOHOMIYHOT e(EeKTUBHOCTI pO30yJOBH PO3YMHHX EHEpProMepexk. 30Kpema,
3MIMCHEHUH PO3MOILT €KOHOMIYHOTO OIIHIOBaHHS Ha TPH HANPSMKH TPOJIEMOHCTPYBAB
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KOMILJIEKCHICTh MIIX0/Iy Y TAKUX CHCTEMaxX OLIHIOBaHHS, sIK: Moenb 3plIocTi cMapT-Mepexi
(IBM Smart Grid Maturity Model) Ta InaukatuBHa cucTeMa OLIHIOBAHHS MJIOTHHX IPOEKTIB
po3yMHuX eHepromepex (Smart grid pilot project evaluation indicator system), Xxo4a ocTaHHsS
He BUMIpIOE edeKTH, MoB’s13aHl 3 GpopMyBaHHAM Oi3HEC-MOJENi IJIs MPOEKTIB 3 po30ynoBH
PO3YMHHUX €HEpromMepek. Pemra cUCTeM OIIHIOBaHHS HE Ma€ CYTTEBHX BIAMIHHOCTEH 3a
OXOIUICHHSIM TMPSIMUX Ta MOXITHUX €KOHOMIYHUX €(EeKTiB, OJIHAK CHCTEMHU OI[IHIOBAHHS, SIKi
noxoaTh 13 CIIA, — Cucrema OILiHIOBaHHS PO3BUTKY po3yMHOI eHepromepexi (DOE Smart
Grid Development Evaluation System), Iloka3HuWKHM OIIIHIOBaHHS BHUTpaT Ta IE€peBar Bij
YIPOBA/DKEHHS MIJIOTHUX (IEMOHCTPALIMHUX) IMPOEKTIB PO3YMHUX EHEPreTHUYHUX MEPEK
(EPRI Smart Grid Construction Assessment Indicators) — marote MeHmry Qopmaizaiiiro
MOKa3HUKIB E€KOHOMIYHOTO OIlIHIOBAHHS, IO CBUIYHATH NPO HEOOXIAHICTH 3aCTOCYBAHHS
JI0OIATKOBOTO IHCTPYMEHTAPi1F0 €KOHOMIYHOTO OILlIHFOBaHHS €()eKTUBHOCTI IMTPOEKTIB po30yI0BH
PO3YMHHUX €HEPrOMEPEK OJTHOYACHO 3 BUKOPUCTAHHSIM JIaHUX CHCTEM OIlIHIOBaHHS.

O1iHIOBaHHS €KOHOMIYHO1 €()eKTUBHOCTI PO3YMHHX €HEPrOMEpEX € JIUIIEC OJHIEI0 31
CKJIaIOBUX ,Z[OCJ'IiI[}KYBaHI/IX KOMIIJIEKCHUX CUCTEM OI_[iHIOBaHHﬂ. BI/I6lp KOHerTHOT METOANKHN
3aJICKUTh BiJl METH OI[IHIOBAaHHA Ta BH3HAUCHHX INPIOPUTETIB (OLIHIOBAaHHS EKOHOMIYHOI
e(EeKTUBHOCTI, TEXHIYHOI JOCKOHAJOCTI, I1H(POPMALIHHO-KOMYHIKALlIHHOI  CKJIaZOBOI,
KibepOe3neku Ta iH.).

IlepcnekTHBH MNOJANBIIMX [JOCHiIKeHb OyIyTh CIPSIMOBaHI Ha BHU3HAYCHHS
ONTUMAIILHOI CYKYIHOCTI TOKa3HUKIB OIIIHIOBAHHS PO3YMHHUX EHEProMepex 3aJeKHO BiJ
IIOCTAaBJICHUX 3aBJAaHb. OI_[iHIOBaHH}I JOCATHEHOI'O piBH}I PO3BUTKY abo GQ)CKTI/IBHOCTi
MOTCHIIIHHUX TIPOEKTIB.

Conclusions. The comparative review of smart grid evaluation systems shows that there
are significant differences in the approaches used to determine the cost-effectiveness of smart
grid development. Particularly, the distribution of economic evaluation into three directions
demonstrates the approach complexity in the evaluation systems such as: IBM Smart Grid
Maturity Model and Smart grid pilot project evaluation indicator system, although the latter
does not measure the effects connected with business model formation for projects concerning
smart grids development. The rest of the evaluation systems do not have significant differences
in coverage of direct and derivative economic effects, but the US-based evaluation systems
created in the USA — DOE Smart Grid Development Evaluation System and EPRI Smart Grid
Construction Assessment Indicators — have less formalization of economic evaluation
indicators, testifying the need to use additional tools for economic evaluation of the smart grid
development projects efficiency using these evaluation systems at the same time.

Evaluation of the smart grids economic effectiveness is only one of the investigated
complex evaluation systems components. The choice of specific methodology depends on the
purpose of evaluation and the identified priorities (evaluation of economic efficiency, technical
excellence, information and communication component, cybersecurity, etc.).

Prospects for further investigations will be aimed at the determination of the optimal
indicators set for the smart grids evaluation depending on the posed tasks: evaluation of the
achieved level of development or effectiveness of potential projects.
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