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B noxmane paccmaTrpuBaroTCs B3aWMOJICHCTBHS 3HEProcHaOKarolleld OpraHu3alud U
HECKOJIbKUX THUIIOB IOTpeOuTeNell Ha PO3HMYHOM pBHIHKE B CBETE 3aJaud CTUMYJIHPOBAHUS
noTpeOuTeNeil K ONTUMM3AIMN CBOEH Harpys3ku. Ha ceromHsmHuii 1eHb pa3padOTaHbl CXEMbI
pelICHHs, KaK Ha ONTOBOM PBIHKE, TaK M Ha po3HHMYHOM [1]. [Ipr 3TOM MeXaHU3MBI yIpaBICHUSI
CIPOCOM Ha OINTOBOM PBIHKE UMEIOT 00Jiee IPOCThIE CXEMBbI, YeM Ha POSHMYHOM. JTO CBSI3aHO C
O0nblIeH MpencKa3yeMOCTbIO TOBEACHUS KPYIHBIX IPOMBILUIEHHBIX MOTpedureneil u
AJIEKTPOCHAOKAIOIIMX KOMITAHUMN, BKJIIOYAsl TAPAHTUPYIOIIMX MOCTABIIMKOB, AEHCTBYIOLUIUX Ha
ONTOBOM phIHKE. B noknane oOcyxIaroTcss METObl YHPABICHHUS CHPOCOM JUIsl PO3ZHUYHOIO
PBIHKA.

B Hacrosmee Bpems C  MOsiBIEHUEM LUGPOBBIX HMHTEPBAIbHBIX  CUETUUKOB
AJIEKTPOIHEPIUM, COBPEMEHHBIX BBICOKOCKOPOCTHBIX TEXHOJOTHM W3MEpEHus, Ieperayy,
npeoOpa3oBaHusl M NpeACTaBiIeHHUs HUHPOpPMALMU O TEKYIIeM HOTPEOJIEHUU 3JIEKTPOIHEPIUU
npobiieMa yOpaBlIEHHs CIPOCOM PpELIAETCSl Ha OCHOBE COOTBETCTBYIOIIMX JIOTOBOPOB
SHEProCUCTEMBl C OTJEIbHBIMU IOTPEOUTENIIMU 3JIEKTPOIHEPIHH, MOCTPOCHHBIX Ha y4eTe
IKOHOMHUYECKUX WHTEPECOB Ka10# cToponsl [2, 3]. PacnpenenuTenbHble KOMIIAHUN Ha OCHOBE
aHajiM3a Pa3JIMYHBIX OOBEKTOB 3JIEKTPONOTPEOICHUS BBIABISAIOT TaKUE SJICKTPONPUEMHUKH,
KOTOpBbIE B COBOKYIHOCTH II03BOJISIIOT CYIIECTBEHHO 10 25% CHU3UTh NHMKOBYIO Harpysky
SHeprocucreMsl. B uucine  TakuMX — AJMEKTPONPUEMHHKOB  OOBIYHO  paccMaTpHUBAIOTCA
KOHJIMLIUOHEPBl ~ KPYNHBIX  JKWIbIX, KOMMEpPYECKMX W  aJMHUHUCTPATHBHBIX  3JIaHUU,
JJIEKTPUYECKUE BOJOHATPEBATENH, JJIEKTPOIPUBOJALI HACOCOB CUCTEM OPOILICHHUS B CEJIbCKOU
MecTHOCTH M ap. llocne aHanM3a MW ONTUMHU3ALMU  DJIEKTPONOTPEOJIEHNUsS KOMIIAHUU
pa3pabaThIBalOT NPOTpaMMbl YIPaBJIEHUS CIOPOCOM Ha AIIEKTPOIHEPTUIO, YCTAHABIMBAIOT
JITOTHBIE YCIIOBUS JIJIsl MOTPEOUTENEN, COTIaCUBIINXCS TOOPOBOJIBHO B HUX Y4aCTBOBATh.

B nannblif MoMeHT B PD npeanpuHUMaroTCes aru o CTUMYJIMPOBAHUIO TOTpeduTeneit K
YY4acTUIO B TMOBBIIIEHUH D3HEProd(EeKTUBHOCTH M BBIPABHUBAHUIO TpauKOB HArpy3KH,
HarpuMmep, 3a cueT BHeApeHHs AudQepeHIpOBaHHBIX O BpeMeHH cyTok Tapudos. B noknane
paccMaTpuBarOTCA 3aKOHOAATENbHO c(hopMHpOBaHHBIE Tapu(dbl, KOTOPHIE SBISIOTCS Haubosee
NpUBJIEKATEIbHBIMU Il MOTpeOuTeNell ¢ TOYKU 3pEHHs] BO3MOXHOCTH YIPABICHHUS CBOUM
ANIEKTPONOTpeOIeHUEM, T.€. Tapu@bl, NpeAycCMaTpUBAIOIIME IIJIaTy 3a IMHMKOBOE 3HAYEHUE
MOILIHOCTH WJM € TIHKOBYIO 30HY MOTpeOneHus »syekTposHepruu. K HuUM oTHocATCS
JIBYXCTaBOUHBIN Tapu@ ¢ MmiaaTod 3a 3JEKTPOIHEPTHI0 U MOIIHOCTb, P NMUKOBOM 3HAUECHUU
MaKCUMyMa Harpy3ku y sHeprocucreMsl U auddepeHunpyemsiii o 30HaM CyTok Tapud. Mel
IPOBEPWIIM HACKOJBKO TMPEAJIOKEHHbIE Tapudbl TNPUTOAHBI 7S MOTHBALMM aKTUBHOI'O
MOBEJICHUS MTOTpeOuTeNel 10 YIpaBiIeHUIO CIIPOCOM, OLIEHUB Ul IPUMEpa MECIYHYIO OILIaTy 3a
ANIEKTPOIHEPTHIO JABYMsI TMOTPEOUTENSIMH Pa3IUYHBIX THIOB BO Bcex peruoHax Pd. [lnsa
CpPaBHEHHUS TaKkXKe MbI paccMOTpenu Tapudsl, npumeHsemble 3a pybexxom [3]. Ilocne
CTUMYJIMPYIOIIMX CBOMCTB Tapu(OB K YIPABICHHUIO CIIPOCOM Ha OJJHUX U TeX K€ MOTpeOUuTesx.,
MBI NIPUIUIA B CIEAYIOIMUM BbIBoJaM. Iloka3aHo, uro Tapudsl B pernonax P®, B orauuue ot
TapudoB 3apyOeKHBIX CTpaH, HE Bcerga dJ(PGEKTUBHBI H 00JIAAl0OT  HEOOXOAUMBIMH
CTUMYJIMPYIOLIUMU CBOMCTBAMU K CHUKEHUIO IIMKOBOM HATPY3KH.

! PaGora noanepxxaHa PO®U, rpant Ne 019-010-00183 u BrimonHsieTcst B paMkax ['ocynapcTBeHHOTO 3ananust (Ne
FWEU- 2021- 0001) ITporpammsl ¢pyHIaMeHTaIbHBIX nccnenoBanuii Poceniickoit ®eneparmn va 2021-2030 rr.



Ananusz cxem mapughoé Ha POZHUYHOM INeKMpOIHepeemuyeckom puinke Pocccuu.
Paccmotpum cuctemy anekTpocHaOx)eHus AByX norpeduteneii. K mepBomy oTHOCSATCS Harpy3ku
o0MmIeXKUTHS (KaMITyC CTYJIE€HYECKOTO ropojka, r. MpKyTck), CyTOo4YHbIH rpaduk cTaHIapTHBIA
st pusmdeckux yun. [Ipeamnonaraercs, 4To ATOT NOTPEOUTENb HE SIBISIETCS aKTUBHBIM, T.€. HE
YIIPABJISIET CBOEW HArpy3KOM, €CJIM peyb HE UJET O CYLIECTBEHHON YKOHOMHUU CpelcTB. Bropoit
noTpeduTens — 3TO HEOOJBLIOE MPENNpHITHE, €ro Harpy3ka CBsi3aHa C OIpeAeJICHHBIMU
NPOM3BOJICTBEHHBIMH IpolieccaMu. B Hamem ciydae 310 OyneT CyTOYHBIA TpaduK Harpy3ku
teneBbllKy (T. UpkyTck). Bynem cuntarh, 4To 3TOT NOTpEeOUTENh 3aMHTEPECOBAH B YIIPABJICHUU
Harpy3koil. Bropoit morpeburens kpymnHee neporo. [Ipu 3Tom oba moTpeduTens monamawT B
rpymiy ¢ Harpy3kod Hmwke 670kBT u ypoBHeM Hamnpspbkenus HH (Huzkoe nanpspkenue). [J[ms
TaKuX TOTpeOuTeNnel 3aKOHONATENFHO IMpeasaraeTcs HECKOJIbKO TUMOB TapudoB. B moxmazne
paccMaTpUBalOTCsI OCHOBHBIE M3 HUX. OT0 Tapudbl 1 K (nuHEelHBIN — IleHa oauHaKoBa 3a
mo0yro eaununy nponaykiun), 2 LK (nuddepenunpoBanssiii o Tpem 30Ham cytok) u 3 LIK
(IByXCTaBOYHBIH, BKIIOYAIOIINN TJIaTy 32 MOUTHOCTB).

Jlist pacdéra oriathl 3a AJIEKTpodIHepruto 3a staBapb 2019 1. ObUIM HCTIONB30BAHBI JaHHBIC
TtapudoB g Poccuiickux pernoHoB, pacroyi0KEHHBIX B IIEHOBBIX 30HaX ONTOBOrO phiHKa. Kak
U3MEHSETCS CyMMa IulaTeXa JUii OJHOTO M TOTO K€ MOTPEOHTENs, HaXOISIIErocsl B Pa3HBIX
peruoHax P®d, moxxHo BuaeTh Ha puc. 1 ans oOWEXUTHS U HA pUC. 2 ISl TelneBbILKH. Ha
JIAHHBIX PUCYHKaX MPOBEJCHA COPTHPOBKA IO BO3PACTAHMIO OIUIATHI 1O JMHEHHOMY Tapudy (1

1K).

Onnata 3a mecAL, 3a 9N1EKTPOIHEpPrui ana notpebutens TenesbilwKa
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Puc. 1. Mecsunas oruiara 3a 3J€KTPOIHEPTUIO B COOTBETCTBUM C MPUMEHEHUEM Pa3HbIX
Tapu(HBIX CTaBOK /7151 TeneBbIKu
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Puc. 2. MecsuHas oruiata 3a JJICKTPOIHEPTHIO B COOTBETCTBHHM C MPUMCHCHHEM pPa3HBIX
Tapu(HBIX CTaBOK i1 OOIICKUTHS

13 pucynkoB 1 u 2 BUJHO, YTO COOTHOILIEHHE OIUIATHI IO Tapudam Mexy co0oil B pa3HbIX
pernonax P® moxer cyniecTBeHHO oTandaThcst. OTMETUM HECKOJIBKO BaYKHBIX 0COOCHHOCTEH:

1. Mer npennonaraem, uto Tapudsl 21K u 31K SBASIOTCS CTUMYNIUPYIOIIUMHU Ui
COKpAIlleHUs] Harpy3kd MoTpedutesneM B NMUKOBoe Bpems. [loaTomy sormyHo ObLIO OBI, eciu
CyMMa OIUIaTHI MO 3TUM Tapudam Oblna MeHblie, ueM mo Tapudy 6e3 ctumynor 11K, mubo
cornanaia ¢ omnatoi mo 1LK. B mocnegnem cimyuae ntoOble MEPONPUSATUS O COKPALEHUIO
NUKOBOM HAarpy3ku HpPUBOAMIM ObI K TOMY, YTO OIUIaTa IO CTUMYJIMPYIOLUM Tapudam
CTaHOBMJIaCh OBl MEHbIIE W MOTPeOUTENt0 ObUIO OBl BBIFOJHO BBIOpaTh 3TH Tapudsl. K
COXKaJICHHIO, JJIs1 BHIOPAHHBIX MOTpeOUTENIel OMMCAHHOE JIOTMYHOE COOTHOILEHHE Tapu(oB He
paboraer.

2. lndpdepenuuponannbiii Tapud 2 LK Ha Ham B3risg copMUpOBaH BO BCEX PErHOHax
wioxo. OmaTta mo HeMy OyZIeT MOYTH Be3/e BHIIIE, YeM I10 JMHEHHOMY Uil BHIOPAHHBIX THIIOB
norpeduteneil. [Ipuuem npesbiienre cocrasiser oT 13 1o 150% B omnate. B aToM ciydae s
notrpedburenss TeneBbllllKa COKpallleHWe MUKOBOM Harpy3ku JOJDKHO COCTaBIATH OKoyio 83%
oOmiell Harpy3ku 3a CYTKH, YTOOBI IOJIyYUTb BBITONYy OT BblOOpa au¢(depeHIupoBaHHOTO
tapuda. Takue M3MEHEHUs Harpy3Kd BBINIAIAT HEpEalbHBIMM, 4, CJIEJOBATEIbHO, HU OAUH
NOTEHLHAIbHBIA MOTPEOUTENb MOJOOHOIO THUIA HE BBIOEPET 3TOT «CTUMYJIHUPYIOMIUI» Tapud.
AHaJIOTMYHBIN BBIBOJ MOJIYYUM U 10 ToTpeduTemnto Thna OOLexKuTHe.

Mooenv popmuposarus cmumyaupyowux po3HUUHbIX mapugoe na snekmposnepzuio. Bo
BTOpPOW 4YacTH JoKJafa OyJeT omMcaHa MOJeIb, Ha OCHOBE KOTOPOH MOXXHO (OpPMHPOBATH
s dexTuBHY0 cucTeMy TapudoB, OJOKUPYIONIYIO BBHINICONUCAHHBIC CUTyaluu. Mojenb,
KOTOPYIO MBI IIpejajiaraeM, TEOPETHKO-UTPOBast, IIe COBMEILAIOTCS MHTEpEChl MOJb3oBaTeNen
anekrpocHabxarommeii kommanuu (DCK) [4, 5]. KiroueBble MOMEHTBI MOJCIH: - PUTEHIIOP WM
OCK geiicTByeT, MCXO/Asd M3 MAKCUMH3AlMKM NPUOBUTM W H3JEPKEK 32 CyMMapHbIH 00beM
MIOCTaBOK; HECKOJIBKO THIIOB MOTPeOUTENei ¢ pa3HBIMU MPEAIOYTCHUSIMH, MAaKCUMHU3UPYIOIINE
CBOI0O BBITOAY OT NOTpPeOJeHUs WIM MUHUMU3UPYIOIIME CBOM 3aTpaThl Ha IOKYIKY
JEKTPOIHEPTHH.




B noxnane mpuBOAMTCS MOJENb, MCKIIOYAONIas HEOJIarONpUSTHBIA OTOOpP, KOTAa BCe
MOTpeOUTENN BRIOMPAIOT OJWH THN Tapu(a, UTHOPUPYS OCTAJIbHBIC (HampuMep, JTuHelHbIH). Ha
ocHOBe MeronoB Mmechanism design cdopmynupoBaHo JBa OJioKa OTrpaHUYEHHNA IS
ONTUMHU3AIMOHHOM MOJIENN PHUTEHIIOpa: OTPAaHMYCHUS WHAWBUIYAIbHOW PAalMOHAIBHOCTH H
OTPaHUYEHHUSI COTJIACOBAHHOCTU MO TuUmaM. Ha ocHOBe NpemyioKeHHOH MOJeNu MpHUBEICH
npuMep pacuéra BO3MOXKHOM KOPPEKTHPOBKH An(p(depeHnnpoBaHHOTO Tapuda Uid IBYX
noTpeOuTeNei, KOTOphle OMKMCAaHBI BBIIIE. 3ajaya cOPMYIMPOBAHA U pelleHa I KaKIOoro
perunona Poccum otnensHo. B nmaHHOM ciydae cTaBUTCS 3a/1ada cOanaHCHPOBATh Tapu(bl Tak,
4yro0bl B U (EepeHIUPOBAHHOM TapHu]e MOSIBHINCh CTUMYJIBl K COKpAIICHUIO MHUKOBOMN
Harpy3ku. T.e. 4TOOBI y MOTpPeOHUTENsI, KOTOPOrO MOXKHO OTHECTH K MajOMy M CpETHEMY
NpeANPUHIMATEINO, TIOSBUIICS HHTEpEC K BEIOOpY 3Toro Tapuda. M 310 B nanbHeiIIeM mpuBeso
K BHEAPECHUIO UM DHEProcOEperaronmx Mep, 4To JOMOJHUTEIBHO OBl CHH3MJIO €ro OIUIaTy IO

tapudy.
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At present, with the emergence of smart power meters, advanced high-speed technologies for
measurement, transfer, conversion and displaying the information on the current electricity
consumption, the problem of demand response is solved based on the corresponding contracts of
a load serving entity with individual power consumers; those contracts shall take into account
economic benefits of both parties [1-3]. Load serving entities, based on the analysis of different
power consumption facilities, identify such utilities that collectively allow almost 25% reduction
of peak loads of the entity. Such utilities usually include air conditioners of large dwelling,
commercial and administrative buildings, electric boilers, electric drives of pumps of water

2 This work is carried out as part under State Assignment Project (no. FWEU- 2021-0001) of the Fundamental Research Program
of Russian Federation 2021-2030, and with the support of the Russian Foundation for Basic Research, grant 019-010-00183.



sprinkling systems in the rural areas, and others. After analysis and optimization of electricity
consumption, the companies develop the demand-response electricity program, and set
privileged rates for power consumers who agreed to participate in those programs.

RF is currently undertaking efforts to motivate customers to participate in raising the energy
efficiency and leveling the load curves e.g., by the introduction of time-of-use (TOU) rates. The
paper considers legally grounded rates that are most attractive for customers from the standpoint
of their load response, i.e., rates that provide for payment for peak load or peak electricity
consumption periods. They include a two-part rate with payment for electricity and capacity at
peak loads of the power grid and TOU rate. The paper exploits the applicability of proposed rates
for incentivizing the demand response. The efficiency of the approach is exemplified by the
assessment of daily electricity bills of two consumers of different types in different RF regions.
Rates applied abroad [4] are considered in parallel, their incentives for demand response are
assessed for customers that are similar to those in Russia. It is shown that RF rates, unlike
foreign rates, do not always have the required incentives for reducing the peak loads. Studies on
the foreign electricity markets that were undertaken recently propose an on-line demand
response when a customer is capable to respond to variable power supply almost instantly [6-9].
In our opinion, such approach cannot be implemented in the conditions of the Russian market.
We propose a pricing model that takes into account the interests of customers and the costs of a
load serving entity for a month’s time interval.

Comparison of the electricity pricing system for different types of customers in different RF
regions Consider the electricity supply system of two customers. The first one includes loads of
a student campus (Irkutsk) whose daily curve is typical to that of individuals . This customer is
assumed to be inactive, i.e., they do not change their electricity consumption pattern if saving is
not considerable. The second one is a small business customer and its demand is conditioned by
a certain production facility. In our case, it is a daily load curve of a TV Tower (Irkutsk), Let us
assume that this customer is interested in varying demand response. The second customer is
larger than the first one. Both customers belong to a group with a low voltage load below 670
KW. Such customers are legally offered several types of rates. The paper considers the main of
them. They are 1PC (price category) rate (flat rate, i.e., the price for any unit of product is the
same); 2PC rate (time-of-use (TOU) rate (differentiated by three day periods); and 3PC rate (a
two-part rate that includes payment for capacity).

Monthly electricity payments for a TV tower
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Fig. 1. Monthly electricity payments of TV tower under different rates.
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Fig. 2. Monthly electricity payment under different rates for a Campus.

For calculating the payment for electricity in January 2019, we used data on rates for
Russian regions located in the price zones of the wholesale market. Figs. 1 and 2 show how
changes the payment for the same type of customers in different regions of RF (Campus and TV
Tower, respectively). The Figures reflect payment as per the flat rate (1PC) sorted in ascending
order.

Figs. 1 and 2 demonstrate that the ratio between payments based on the rates in different RF
regions may differ considerably. There are some important peculiarities:

1. We assume that 2PC and 3PC rates stimulate load reduction by a consumer in the peak
hours. Therefore, that would be proper for those rates to be lower than rates without incentives
(1PC) or to coincide with bills as per 1PC. In the latter case, any measures taken to reduce the
peak load would reduce payments based on demand-response rates and a customer would prefer
those rates as they would be more profitable for him. But, unfortunately, the described logical
ratio of rates does not work for the selected customers.

2. TOU (2PC) rate, in our opinion, works poorly in the regions. Payments based on this rate
for the selected types of consumers are almost everywhere higher than those based on the flat
rate, and the extra charge makes from 13% to 150%. To get benefits from the demand-response
rate, the TV tower load shall be about 83% of the total daily load. Such changes in the load do
not look realistic and, hence, neither potential consumer of this type would select this
‘stimulating’ rate. The conclusion on the Campus as a consumer is similar.

Model for the formation of incentive retail electricity tariffs. In the second part of the
report, a model will be described, on the basis of which it is possible to form an effective tariff
system that blocks the above situations. The model that we propose is game-theoretic, where the
interests of users of the power supply company (PSC) are combined [4, 5]. Key points of the
model: - a retailer or PSC acts on the basis of maximizing profits and costs for the total volume
of supplies; several types of consumers with different preferences, maximizing their benefits
from consumption or minimizing their costs for purchasing electricity.

The our work presents a model that excludes adverse selection, when all consumers
choose one type of tariff, ignoring the rest of the tariffs (for example, flat). On the basis of
mechanism design methods, two blocks of constraints are formulated for the retailer's



optimization model: constraints on individual rationality and constraints on consistency by types
of consumers. On the basis of the proposed model, an example of calculating a possible
adjustment of the differentiated tariff for two consumers, which are described above, is given.
The problem is solved for each region of Russia separately. In this case, the problem is to
balance tariffs so that incentives to reduce the peak load appear in the differentiated in tme-zone
tariff. The consumer, who can be classified as a small and medium-sized entrepreneur, has an
interest in choosing this tariff. And this later led to the introduction of energy-saving measures
by him, which would further reduce his payment for the tariff.
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