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Objectives of the project ENABLING PV in Russia

The market for solar PV installations has become more and more international over the last
decade. While the first solar boom was mainly restricted to developed countries, who decided
to support renewable energies with often similar support schemes mainly based on feed in
tariffs, the landscape today for solar energy is different and much more diverse. Having already
reached or being on the verge of reaching cost competitiveness with conventional energy
sources in many countries, the number of markets and of business models that work in those
markets have multiplied in the last years. And just as every project is different so are the
framework conditions in every country.

It is in this context of a more and more international PV market that the German solar
association BSW-Solar together with the consulting firm eclareon have started in 2013 to
investigate business models and the business environment for PV in different countries under
the label “ENABLING PV”. The first study was published in 2014 and the series covers today
countries such as for example Tunisia, Jordan, Brazil, Argentina, Nigeria, Angola, Iran,
Pakistan and Afghanistan.

The label also stands for the intention of this report: enabling the growth of solar, PV based
energy around the globe. In order to achieve this, projects need to be realized and the first
step towards this may be the generation, distribution and also discussion of country specific
knowledge. ENABLING PV reports shall provide a starting point for those investors and
solar entrepreneurs who have a specific interest to expand their business in new
markets.

This report on the potential for PV in Russia is embedded in further activities implemented by
eclareon together with the association EUROSOLAR Russia in the second half of 2018 in
Russia. With Kaliningrad and Krasnodar, and, since 2019, also Bashkortostan and
Ulyanovsk, four pilot regions were selected, and meetings and workshops were organized to
discuss with the administration, companies, institutes, universities and potential investors
about possible applications of PV systems and to identify pilot projects. Therefore, these four
regions are presented in this report as example regions for the diffusion of photovoltaic
solutions in Russia.

In the search for pilot projects, the focus has quickly expanded to include heat pump solutions
for heat supply and small wind for energy supply. Several pilot projects in both regions are
currently being further developed with German and Russian companies and investors.

For 2020 it is planned to implement the successful approach in two further Russian regions. In
the course of this, this report will be expanded to include two additional regions and is to be
published as the fourth edition in December 2020.

14



3apauu npoekta ENABLING PV B Poccun

B TeyeHve nocnegHero gecatTuneTusi, pblIHOK COMHEYHbIX POTOINEKTPUYECKMX YCTaHOBOK
cTaHoBuUTCS Bce Bonee nHTepHaunoHanbHbIM. [MepBbIi CONHEYHbIV ByM CryyYnnca B OCHOBHOM
B pa3BUTbIX CTpaHax, KOTOpble pelunnu nogaepxaTb BO30OHOBSEMbIE NCTOYHUKM 3HEPTM
NCNONb3ysi 3a4acTyl0 aHanormyHble CXxembl NOAAEPXKKM, OCHOBAHHbIE rMaBHbIM 06pa3oM Ha
NbroTHblX Tapudax. CerogHs cutyauus B 06nactv CONMHEYHOW SHEPreTUKUN YXKe MHas N CXeMbl
ctann pasHoobpasHee. B nocnegHue rogbl, BB BO MHOrMx cTpaHax yxe cranm
KOHKYPEHTOCMNOCOOHbIMU UMW HaxodsaATCs Ha [pPaHW KOHKYPUPOBaHUS C TpaguuWOHHbLIMM
NUCTOYHMKAMWN SHEPIrUN C TOYKM 3PEHUS KanuTanbHbIX 3aTpaT, YMCNO PbIHKOB U GusHec-
mMozenen, paboTaloLlmx Ha 3TUX pblHKaX, YBENMYMIOCH B HECKOMNbKO pa3. U, kak pasnuyHbl
mMexay cobou pasHble MPOEKTbI, Tak U PaMOYHble YCIOBUS B KaXXA0W CTpaHe OTNMYatoTCs apyr
OT gpyra.

MMeHHO B 3TOM KOHTeKkcTe rnobanmsauum pbiHKa COrHeYHown 3HepreTuknm B 2013 rogy
Hemeukasa Accoumaumst ConHeuvHon OHepretnkn BSW-Solar coBMecTHO ¢ KOHCanNTUHIOBOWM
dupmon eclareon npuctynuna K udydeHuto 6usHec-mogenen n GusHec-cpeabl CONMHEYHOW
3HEpPreTMkn B pasHbiX CTpaHax. ATOT MacwTabHbii M MHOrorpaHHbIN NPOEKT MNony4Ynn
MeXayHapoaHoe HasBaHue, cBoeobpasHbi y3HaBaembl nendn "ENABLING PV". MNepeoe
nccnegoBaHue Obino onybnukoBaHo B 2014 rogy, W, Ha CErogHSAWHUA OEHb, cepus
nccrneoBaHMn oxBaTbiBaeT Takue CTpaHbl, Kak TyHuc, WMopaaHvna, bpasunus, ApreHTuHa,
Hurepus, AHdrona, Wpa, MNMaknctad n AdpraHmcTaH.

Ota mapka «Enabling PV» Takke oTpaxaeT nocbinl 4aHHOro oT4yeTa K Cnoco6CTBOBAHUIO POCTY
CONMHEYHOW, (POTOINEKTPUYECKON IJHEpreTukn, no Bcemy mupy. [Ona atoro Heobxogmma
peanusaumsi NPOEKTOB CONTHEYHOW 3HEPreTuKU, U MEPBbIM LLUAroM Ha NyTU K 3TOMY MOXET
CTaTb reHepupoBaHWe, pacnpocTpaHeHuMe, a TaKkke ObCy)XAeHWe 3HaHUN W AaHHbIX,
cneundunyHbIX 4ns kaxgowm koHkpeTHon cTpaHbl. OT4yeTbl ENABLING PV cTtaHyT oTnpaBHOM
TOYKOW ANA TeX MHBeCTOPOB U NpeanpuHumMmaTenen B 0611acTv CONMHEeYHOWN 3HEPreTUKM,
KOTOpble 3auHTepecoBaHbl B pacLUMPEHUN CBOEro 6M3Heca Ha HOBbIX PbIHKaX.

[aHHbIN OTYET O noTeHuuwane M nepcnektMBax ¢oToanekTpuyecTBa B Poccum asnsetca
YacTblo MaclTabHbIX MEPONPUSTUI, peanu3oBaHHbIX KOMMaHMEW eclareon COBMECTHO C
accoumaumen HINM «kEBPOCOIAP Poccusi» Bo BTopon nonosuHe 2018 roga B Poccuu. lNpu
yyactun KanuHuHrpagckon O6nactm mn KpacHopapckoro Kpas, 6binv BbiGpaHbl ABa
NUNOTHLIX pervoHa, a ¢ 2019 roaa, K NPOEKTy NMpPUCOeAUHUNUCL TaKkKe YNbsIHOBCKas
O6nacTtb 1 Pecnybnuka bawkopTocTtaH. Hapsay ¢ aTum, B Lensx obCcyXaeHus passimyHbIxX
BOMPOCOB W OnpefeneHns NUNOTHbIX NPOEKTOB, Dbl OpraHM3oBaHbl BCTPEYN U CEMUHAPbI C
npeacTaBUTENAMU aAMUHUCTPALMM PETMOHOB, KoMNaHusMmn, BY3amu 1 noteHumanbHbIMK
WMHBECTOpPaMM, 3aMHTEPECOBAHHbLIMU B Pa3BUTUN U MPUMEHEHUN (DOTOINEKTPUYECKUX CUCTEM.
Mo aTon npuymHe, 3TM YeTblpe pervoHa npeactaBneHbl B AAHHOM OTYeTe B KayecTBe
NPUMEPOB NPUMEHEHUS U pacnpoCTpaHeHNa (POTOINEKTPMUYECKNX peLlleHnn B Poccum.

B npouecce noucka NUNOTHBLIX MPOEKTOB, (POKYC MccreaoBaHus GbICTPO paclumMpuncs u
Tenepb Takke BKMYaeT B ceba pelleHns B 06nacTM TEMnoBbIX HACOCOB AN
TENMOCcHabXeHUsl, a Takke Marnoro BeTpa Ans anekTporeHepaumn. Heckonbko MUMOTHBIX
NPOEKTOB B OBOMX perMoHax B HacTosillee Bpemsi HaxoOsTCs Ha crtaguv oBCyXaeHMin un
pa3paboTKu NPy aKTUBHOM Y4acCTUM HEMELKMX U POCCUMCKNX KOMMaHWUIA 1 MHBECTOPOB.

B 2020 roay nnaHupyetca npoBedeHve nogobHon paboTbl B ABYX AanbHEWLINX pPernoHax
Poccun. B xoge aton paboTbl, AaHHbI OTYET OyOeT pacluMpeH 3a CYET BKITHOYEHUSA B HEro
ABYX criefyowmnx permoHoB 1 YyeTeepTas Bepcus byaet onybnukosaHa B [lekabpe 2020 roga.
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Executive Summary

Until recently, renewable energies (other than large hydro) did not play a big role in the energy
supply in the Russian Federation, despite the huge potential it has in the country. Simply put,
the primary reasons have been the large national oil and gas reserves, which have led to low
electricity prices and the lack of experience with using renewable technologies. However,
recent market figures show that the wind energy and photovoltaics (PV) sectors are expanding,
indicating that these technologies may play a more important and prevalent role in Russia in
the future.

The question now is: where can projects be realized and which obstacles need to be removed
to grow the solar PV market, despite low electricity prices? To answer this, it is important to
highlight business models that can work. Standardizing PV business models that create win-
win situations for all parties involved in a solar PV project is always challenging. It is particularly
so in emerging PV markets like Russia, where “more” standardized models that can easily be
reproduced still need to be developed and information on prices is fuzzier than in established
PV markets with more experience. This ENABLING PV report presents different business
models that each give direction as to how PV can be exploited in different segments and
installation sizes.

It is in this context, that the international consulting company eclareon GmbH, specialized in
the sector of renewable energy and energy efficiency, supported by the Russian partner
EUROSOLAR Russia had analyzed the procedures and barriers of the Russian PV sector,
both on a national level and in two Russian regions, Kaliningrad Oblast and Krasnodar Krai,
for the first time in 2018. This report includes updated information on the regions and also the
analysis of 2 new regions, Bashkortostan and Ulyanovsk Oblast.

The objective of the report is to provide practical information about the current status of the
Russian PV, heat pump and small wind market in general and more specifically in the four
regions. The information in this report will support the German and Russian solar and
renewable energy industry as well as interested companies in the energy industry, regional
economic development institutions and scientific institutions to further develop the Russian PV
market. To achieve this the following activities were annexed to the Enabling PV project, going
beyond the report:

e Presentation of the legal, regulatory and electricity market framework conditions for
the development of grid-connected and off-grid solar PV systems in Russia

e Description and profitability analysis from the investor point of view for different
business models for PV, heat pump and small wind power projects in Russia

e Roundtables in Germany, in Moscow and in the two new regions Ulyanovsk and
Bashkortostan to present the project and to discuss interim results and to identify
some pilot PV projects

The conditions for the development of PV are in particular favorable in Krasnodar. This is
because the region is lacking in its own generation capacities, has high solar irradiation, PV is
already installed and the overall environment favors the development of solar energy. The
situation in Kaliningrad is different: not only does Kaliningrad have less natural solar irradiation
than Krasnodar but the region is also unique due to its geographic seclusion from the Russian
mainland meaning that energy security is the focus of the regional energy policy. This has led
to vast generation capacity being installed in the region. Application options have been
identified for some off-grid and weak-grid applications, for which diesel generators have
hitherto been used. And there is a vital interest in initiating exemplary flagship projects to
demonstrate technical solutions and for offering education like trainings for planners and
installers. In addition, one would like to consider solar energy in the hot water and space
heating supply for building.
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With regards to the natural conditions for solar PV Bashkortostan and Ulyanovsk Oblast are
located somewhere between Krasnodar and Kaliningrad.

In Krasnodar Krai all market segments of the business model have the potential to yield
positive results due to the payback potential during the lifetime of the PV projects and their
internal rate of return. And yet, the attractiveness of the three types of installations has varied
and depends on many factors that may also go beyond pure economic considerations.

Diesel PV hybrid installations have yielded the most promising calculated results. Use cases
for such applications were identified all regions. Large solar parks are much more likely to
appear soon in Krasnodar given the higher irradiation levels but also in Bashkortostan and
Ulyanovsk. Such parks are either built based on the federal wholesale market, using Decree
449, which has been a defining factor for the recent growth in RES in Russia, or on the retail
market, using Decree 47 that aims to compensate grid losses with RES. Provisions in both
decrees are challenging because of local content rules and transparency. In regards to
payment calculations, the rules are complicated and leave room for interpretation.

Finally, the law on microgeneration (“15 kW decree”) adopted in the Duma and signed by
President Putin in December 2019, will provide private households the possibility to connect
their PV, their heat pump or their small wind power generator to the local grid. As soon as the
technical regulations for grid connection and net metering have been drawn up by the Russian
Ministry of Energy, which is planned for July 2020, these decentralized renewable energy
applications can develop in Russia for the first time. But our analysis of respective business
cases shows that the economic benefits of doing so are rather limited. For residential grid-
connected PV, heat pump or small wind power installations to be successful in Russia these
solutions currently still require a local or federal proportionate grant for the investment,
otherwise they will largely be installed by wealthy enthusiasts only, for whom the installation of
such a system goes beyond economic considerations.
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CBopgHoe Pe3toMe (Executive Summary)

[o HepaBHero BpeMeHn BO30OHOBMSEMblE UCTOYHMKN 3HEPrMM (3a UCKIOYEHNEM KPYMHbIX
rMOpPOANEKTPOCTaHuMn) He wurpanu Oonblo ponuM B 3HeprocHabxeHum Poccuinckon
degepauun, HECMOTPA Ha UX TeopeTUYeckn xopowwunn noteHuuan. OCHOBHbIMU NPUYUHAMMU
TaKoro NosoXeHusi BeLLEeN ABNAITCA nMmetowmecs 6onblune HaumMoHanbHble 3anacbl HePTU U
rasa, KOTopble MPMBOAAT K HU3KMM LieHaM Ha 3NEeKTPO3HEPruo, U OTCYTCTBME OnbiTa
NCNONb30BaHWsE  BO30OHOBNSEMbIX  TexHonornh.  OgHako  nocregHue  PbIHOYHbIE
nccneaoBaHUsa CBUAETENbCTBYIOT O pPacLUMPEeHUN MNPUMEHEHUS BETPOBOM 3SHEPreTUKU U
doToanekTpmyectBa (PV) 1 ykasbiBaloT Ha TO, YTO 3TN TEXHONOMMM MOTYT Takxke urpatb 6onee
BaXkHyt0 ponb B Poccun B ByayLiem.

Ha pgaHHbIN MOMEHT, BOMPOC TaKoB: rAe, HECMOTPS Ha HU3KME LeHbl Ha 3NEKTPO3HEPruto,
MOXHO peanu3oBaTb MOLLHOCTU W Kakve MpensaTcTBMSA CYLECTBYIOT Ha MNyTW pasBUTUS
COJTHEYHOW 3NEeKTPO3HepreTnkn? NoaTomy, BaxkHbIM 3Tanom sBNseTcs onpegeneHme ousHec-
MOZenen, kotopble MoryT Hambonee ycnewHo pabortate B Poccun. CtaHgapTtusauma PV
OGu3Hec-modenen, Kotopble co3galT 6ecnpourpblllHble CUTyauuMu Ans BCEX Y4aCTHMKOB
NPOEKTOB COSIHEYHOWN 3HEPreTuKkK, Bceraa siensietca npobnemon. OcobeHHO npobrnemaTtnyHa
Takasi CTaHOapTU3auMsi Ha pPas3BMBAIOLLMXCA PblIHKAX COMHEYHOW 3JHEPreTukM, TakuMx Kak
Poccus, rge ewe Tonbko NpeacTouT paspaboTaTb CTaHAapTHbIE MOAENWU, KOTOPbIE MOXHO
Obino 6bl nerko mynetTMnMumMpoBatb. B gaHHom otdyete ENABLING PV npepcrtaBneHbi
pasnuyHble Ou3Hec-modenu, Kaxaass U3 KOTOpbIX [OaeT HanpaBfieHue, Kak COJIHeYHas
3HepreTuka MoXeT ObITb MCMOMb30BaHa B Pa3fiMYHbIX CErMEeHTax pbliHKa U KakoW MOLLHOCTM
MOrYT ObITb YCTAHOBMNEHHbIE CUCTEMBbI.

MMEHHO B 9TOM KOHTEKCTe MeXayHapoOHasi KOHCanTuHroBast komnaHusa eclareon GmbH,
cneunanuaupytowasics B odnactu Bo30OHOBMISIEMOWN 3HEPTrEeTUKN U 3HEProdadHEKTUBHOCTH,
npu nopaepxke HIM «EBPOCOJIAP Poccusi» BnepBble NpoBena aHanvM3 npoLeccoB U
aKkTyanbHbIX 6apbepoB, NPONCXOASALLNX U CYLLECTBYIOLLNX B POCCUACKOM (POTOINEKTPUHECKOM
CEeKTOpe Kak Ha HalMOHanbHOM YpPOBHE, TaK U B ABYX KOHKPETHbIX POCCUMACKMX PErnoHax -
KanuHuHrpagckon O6nactu n KpacHogapckom Kpae, B 2018 rogy. Hactosuwee nccnegosaHme
BKIoYaeT B cebst 0GHOBMNEHHbIE AaHHbIE MO 3TUM ABYM perMoHam u no cutyaumm B Poccun B
LenoM, a Takke aHanua AByx Apyrux pernoHoB: Pecnybnukn bawkopTocTtaH n YnbsaHOBCKON
O6nactn

OcHOBHOM LENb0 NpoekTa SBNAeTCs npeaocTaBreHne NpakTUYeckon uHdopmMauum o
TEKyLLLEM COCTOAHUN POCCUNCKOrO DOTOIMNEKTPMUYECKOTO PbIHKA B LLESIOM, pblHKa Marnoro BeTpa
W TEennoBbIX HACOCOB, W B OCOBEHHOCTM, B 3TUX YeTblpex pervoHax. WHdpopmauus,
cogepxalwasca B HacTosilem Ooknage, NomMoXeT HEMELKOW M POCCUMCKON CONHEYHON W
BoobLe B3I npombIlneHHOCTH, a Takke 3aMHTEPECOBaHHLIM KOMMAHUSIM 3HEPreTUYECKOM
oTpacnu, pernoHasnbHbIM MHCTUTYTaM 3KOHOMMUYECKOTrO Pa3BUTUS M HAYYHbIM YYpeXaeHUAM
obeunx cTpaH B AdanbHeENWeM pas3BUTUN POCCUMNCKOIO pPbiHKA COJSTHEYHOW 3HepreTuku. [ns
OOCTUMXeHMst aTon uenu B pamkax npoekta ENABLING PV, koTopbli BbIXOOUT 3a pamMKu
OaHHoro oT4yeTa, Obinn NpoBeAeHbl crieayLlme MeponpuaTUs:

e [IpeseHTauusi NpaBOBbIX, PErynsTOPHbIX W PbIHOYHLIX YCNOBWUIA ANS pPasBUTUS
CONHEYHbIX (DOTO3NEKTPUYECKNX cucTeM B Poccun, kak NOAKMOYMEHHbIX, TaK U He
NOAKIMOYEHHbIX K 3NIEKTPUYECKMM CETSM.

e OnucaHue 1 aHanu3 peHTabenbHOCTU C TOYKM 3pEHUS MHBECTOPA ANSA TPEX Pa3NNYHbIX
OusHec-mogenen ansa poToanekTpudecknx cnctem B Poccun

e Kpyrnble cTonbl M BCTpeun B [epmaHum, MockBe M [OBYX HOBbIX peErnMoHax -—
Ynbanosckon Obnactu n Pecnybnuke BawkopTocTaH ¢ Lenbio npe3eHTaumm npoekta
n obCyXaeHns NPOMEXYTOYHbIX pe3ynbTaToB, a Takke Moucka W 00CyXaeHUs
HEKOTOPbIX MUMOTHbIX NPOEKTOB B perMoHax

Mo utoram 3TMX MepOonpUSTU MOXHO ckasaTb, YTo B KpacHogapckom Kpae ycnosus ans
pa3BUTUA COMHEYHOW 3HEPreTukn ocobeHHO BraronpuaTHbl OTO CBA3AHO C TEM, YTO PErnoH
nveet AedUUMT COBCTBEHHBIX TFEHEPUPYHOLLMX MOLUHOCTEN, WUMEET BbICOKUA YPOBEHb
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COMHEYHOr0 W3NYy4YEeHUs, YXe CylecTBYIT (OTO3NEKTPUYECKMe CUCTEMbI, M obLias
o6cTaHOBKa B permoHe GnaronpuaTCTBYET pasBUTUIO COSNTHEYHOW 3HepreTukn. CuTyauusa B
KanunuHrpage wHas: B KanuHuHrpage He TOMbKO MeHblUe eCTEeCTBEHHOro COSTHEYHOro
nany4yenus, yem B KpacHogape, HO 1 YHMKanNbHOCTb pernoHa obycnoeneHa reorpadunyeckomn
yAaneHHoCTbIo OT MaTepmKoBOM YacTu Poccun, 4To Aenaet aHepreTnyeckyto 6e3onacHocTb
OLHVM U3 OCHOBHbIX HanpaBneHnn perMoHanbHON SHeEPreTMYECKOn NONUTUKN. OTO NPUBESO K
pas3BUTUIO B PErMOHE CePbE3HbIX rEHePUPYIOLLMX MOLLHOCTEN. Bbiny onpeaeneHbl BapuaHThbI
NPUMEHEHNS CONMTHEYHOW 3HEPreTUKM ANs HEKOTOPbIX aBTOHOMHbLIX PanoHOB U PanoHOB CO
cnabor WM W3HOLIEHHOW CEeTEeBOW WHMPACTPYKTYPOW, pONsi KOTOPbIX A0 CUX Nop
ncnonb3oBanucb Ausenb-reHepaTtopbl. BN, 6e3ycnoBHO, npenctaBnsAlT WMHTEpec, HO
yCcroBsust Ans pasBuTua POTOINEKTPUYECKUX CUCTEM B LieNIOM MeHee 6naronpusTHbl, YeM B
KpacHogape, raoe Bce Tpu pacCMOTpeHHble Bu3Hec-Modenun ckopee BCero nosiBATCA u/unm
OyayT pactu. B KanuHuHrpage, OAHaKko, CyLeCTBYET >XM3HEHHO BaXXHbI WHTEpecC K
WHULMMPOBaHMIO 006pasuoBbIX ¢rarMaHCKUX MpPOeKkToB, 4ToObl MPOAEMOHCTPMPOBATh
TeXHU4eckne peweHuns ana scen Poccum v npegnoxuTtb obydeHue, Takoe kak obyyeHue
NPOEKTUPOBLLUNKOB U MOHTaXHWKOB. Kpome Toro, xotenocb 6bl paccMoTpeTb BO3MOXHOCTb
NCNONb30BaHWsI COMHEYHOW SHEPrMKn B ropssiveM BOOOCHABXEHUN 1 OTONNEHUN 34aHUN.

YT0 KacaeTcs NpUPOAHbIX YCIOBUIA U NPEANOCHINOK A1 CONHEYHOM SHEPreTMKM, TO NO AaHHOW
Xapaktepuctuke, BalukoptoctaH M YnbsiHoBckass O6nacTb pacnonoXeHbl roe-To Mexay
KpacHogapom v KanuHuHrpagom.

B KpacHogapckom kpae BCe CerMeHTbl pblHKa Gu3Hec-mogenen MmerT noTeHuuwan ans
nony4YeHns MONOXUTENbHbIX Pe3ynbTaTOB 3a CYET OKynaemoCTU B TeYeHWe BCero Cpoka
peanusaumm POTOINEKTPUYECKNX MPOEKTOB N BHYTPEHHEN HOPMbI goxogHocTn. U Bce xe
npuBNeKaTenbHOCTb 3TUX TPeX TUMOB YCTAHOBOK BapbUPyeTCa M 3aBUCUT OT MHOIMX
haKkTopoB, KOTOPbIE MOTYT BbIXOAUTL 3a PaMKN YNCTO SKOHOMMUYECKNX COOBpaKeHnN.

MbpuaHble YCTaHOBKM [OM3enb-ConHue Aann Haubonee MHoroobeluarowme pacyeTHble
pesynbtatbl. Crnyyanm WUCNONb30OBaHWS TakMx CUCTEM Obinn  BbISBMEHbI BO  BCEX
aHanuanpyembix pernoHax. KpynHble cornHeuHble anekTpocTtaHuum B KpacHogape, ckopee
BCEro, NOSBATCA B Gnivkanwee Bpems, yuntbiBas 6onee BbICOKMIA YPOBEHb MHCONSALUMU, HO
TaKKke OHWU yxXe ycrnewHo paboTtawT B balwkoptoctaHe M nnaHupyoTcd B YNbAHOBCKOM
O6nactn. Takve napku cTpoATca nmMbo Ha ©Gase edepanbHOr0O ONTOBOrO pblHKA C
ncnonb3oBaHneM [MoctaHoBneHus Ne 449, yto ABMNOCH onpeaensowmnMm dhakTopom pocTta
B3O B Poccum B nocnegHee Bpemsi, MO0 Ha PO3HMYHOM PbIHKE C WCMOJIb30BaHUEM
MocTtaHoBneHus Ne 47, Lenbio KOTOPOro SBNSIETCS KOMMNEHcauus NoTepb B ceTsax 3a cdeT BUO.
MonoxeHns o6onx ykasoB CO3[4alT OnpedeneHHble CIOXHOCTU AN MHBECTOPOB M
ncnonHUTenen NPOEKTOB MU3-3a NpaBui Nnokanu3auun n HEKOTOPON HEACHOCTM MexaHM3Ma nx
paboTbl. Ha AdaHHbIn MOMEHT o00a yKkasa SABNAKTCA €OWUHCTBEHHbIMW HOPMAaTUBHbLIMU
OOKyMeHTaMK, KoTopble MOryT obsasatb ceTeBbix onepaTopoB B Poccunm nogknioyaTb
3rnekTpocTaHumm, paboTtatowme Ha BUN3, k anekTpmnyeckum ceTam. YTo KacaeTcst pacyeToB Mo
nnatexam, TO NpaBuna CroXHbl U OCTaBMASAOT BO3MOXHOCTb A5 UHTEpnpeTaunm.

HakoHeu, 3akoH 0 mukporeHepauumn («3akoH 471 ®3») npuHaTbn B [Jlyme n nognucaHHbIN
npesngeHToMm [yTnHbiM B gekabpe 2019 roga, npefocTtaBuT YacTHbIM OOMOXO35IMCTBaM
BO3MOXHOCTb MNOOKIOUYNTL CBOU (POTOINEKTPUYECKME CUCTEMBI, TEMMOBbIE HACOCbl UK
HebonbLIMe BeTporeHepaTopbl K nokanbHonm anektpocetn. Kak tonbko MuHaHepro Poccun
pa3paboTaeT TEXHUYECKMI pernameHT No NOAKIHYEHMIO K CETSAM U CETEBOMY YYeTY, KOTOPbIV
nnaHupyetca BBecTn B pgenctene B uone 2020 roga, 3TM AeueHTpanu3oBaHHble BUAbI
NpUMeEHEHN BO30OHOBNAEMbIX UCTOYHMKOB 3HEPrMM MOryT BrepBble NonyyYnTb pa3sButie B
Poccun. Ho Haww aHann3 cooTBETCTBYHOLLMX OM3HEC-KENCOB NOKa3bIBAET, YTO SKOHOMUYECKNE
BbIr0Abl OT 3TOr0 BapuaHTa BeCbMa orpaHuyeHbl. [ns Toro, 4Tobbl TakMe 4acTHble BUO
cucTemsbl Obinn ycnewHsiMm B Poccnn, cTOMMOCTb MHBECTULMIA A0SMKHa BbITb 6onee HM3KoN,
MHaye 4YacTHble OObEeKTbl MUKporeHepauum OyayT ycTaHaBNMBaTbCA B OCHOBHOM TOJSIbKO
COCTOATENbHBIMW 3HTY3MacTamu, AN KOTOPbIX YCTaHOBKA (POTOINEKTPUYECKUX CUCTEM
BbIXOOMT 3@ PaMKM 3KOHOMUYECKNX COODpaKeHUA.
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1. Introduction to the Russian Power Sector

In order to be able to understand the role of renewable energy, in particular of solar PV, in the
Russian Federation it is important to have a basic understanding of the framework in which
renewables have to find their place.

1.1 Sector Infrastructure

1.1.1 Power Sector

The Russian power sector has several interconnected levels and the electricity system is
complicated to understand. Russia is the world’s leading primary energy exporter [1] and
among the largest world energy producers. The installed capacity for power generation in
Russia is growing steadily. Between 2000 and 2018, the total installed power capacity grew
by 27.6% from 212.8 GW to 267.6 GW (see Figure 1). The power generation has also grown
since 2000, gained more than one forth in capacity in 18 years.

Figure 1 Total installed power capacity and total annual electricity generation for some years in
Russia by type of power plant (including but not limited to UPS)
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Source: Annual reports of the State Statistics Service of Russia, 2019 and earlier [279], [280]
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The per capita electricity consumption in Russia in the year 2017 was 6.8 MWh/capita. That
was the result of a slow but stable growth of electricity consumption in the country since the
fall of the USSR. In comparison, in Germany this index was 7 MWh/capita for the same year,
in the USA it was 12.6 MWh/capita and 4.6 MWh/capita in China [2].

The central grid is the Unified Power System of Russia (UPS, also called United National
Power Grid). The UPS unites all the power plants, power grids and transformer substations.
The UPS network covers practically all of the country except some remote and isolated areas
mainly in the Far East and Siberia. Therefore, official data on power generation and installed
capacity usually includes the regions covered by the UPS. In 2018, the total installed
generation capacity of power plants in the UPS of Russia was 243.24 GW, of which PV
accounted for 0.34% [131]. The total installed capacity of the power plants of the UPS as
for January 2020 amounted to 246.34 GW of which PV’s installed capacity was
0.55%[316]. In 2019, the share of PV in the electricity generation mix of Russia for the
end of 2019 results into 0.12% (in 2018 this share was 0.07%) [316].

Russia has enough installed capacity and generated electricity to cover its electricity
needs. In 2019, Russian power plants united by the UPS, generated 1,080.55 TWh of which
1,284.9 GWh were generated by solar power plants (SPPs) and 169.4 — by wind power plants
(WPPs) [316]. The remaining energy was generated by the means of other energy sources
s.a. gas, nuclear, hydro etc. In 2019, inside the UPS of Russia consumption resulted into
1,059.36 TWh [8][7]. According to the Ministry of Energy of the Russian Federation, the overall
electricity generation (including but not limited to the UPS) was 1,091' TWh [5].

In the last few years renewable energy generation (except hydro) has expanded, however RES
still only make up under 1% of electricity generated [8] (see Figure 2) and more than 60% of
electricity is generated by the combustion of natural gas at fossil-fueled power plants.

Figure 2 Installed electricity generating capacity in Russia in 2019 by technology
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Source: based on: SO UPS, “The Annual Report on functioning of the United Power System of Russia in
2019”, 2020 [8][131] and Ministry of Energy of Russian Federation, 2019 [9]

The UPS is divided into seven sub-regional systems, the so-called Integrated Power
Systems (IPS) of the UPS (see Figure 3), representing a total of 71 regional power systems
and different owner structures [10]. An IPS is a set of several regional power systems united

1 Important to mention, that the data provided by the SO UPS, managing the UPS or Russia, and the data collected by the Ministry
of Energy of Russia differ due to a range of factors, including different calculation approaches, statistics collection methods
and the fact that the Ministry of Energy also includes into the statistics energy generation happened outside the UPS.
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by a common mode of operation, having a common dispatch control as the highest level of
control in relation to the dispatching controls of its power systems. Along with them, there are
isolated energy systems, not connected to the UPS and therefore not related to any of IPS. A
regional power (energy) system is a combination of related energy resources, methods of
electricity production, conversion, distribution and use, and supply of energy to consumers
through grids [133]. Each energy system includes different participants, like grid companies,
energy suppliers, energy generating companies and their interaction.

Figure 3 The seven IPSs of the Russian UPS
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1.1.2 Solar PV Sector

Solar PV has until now not played an important role in the electricity mix of the Russian
Federation. The first PV power plants appeared on the Russian market in 2012 and have
become more frequent based on changes in RES legislation. In 2017, roughly 130 MW of PV
capacity were installed in Russia, and additional 325 MW of Crimean SPPs. In 2018, an
additional PV capacity of 300 MW was installed which resulted into a total volume of 834.2
MW PV installed capacity (incl. Crimean PV power plants) in Russia by the end of 2018. In
2019, another 553.5 MW newly installed PV capacity was installed. (see Figure 4). At the end
of 2019, the total installed PV capacity of the power plants, registered and qualified by
the “Market Council” (see 1.2.1) was 1,387.7 GW (with Crimean SPPs) [178].
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Figure 4 Installed PV capacity in Russia 2012-2019, MW
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Source: based on SO UPS, “Informative Overview of the Energy System of Russia: the Subtotals”, 2017,
2018 and 2019 [8] [228]; and a personal contact with specialists of SO UPS; NP “Market Council” 2020
[178]

Some of the Russian regions are the leaders in terms of the installed (official) SPPs: Orenburg
Oblast, known for its high solar irradiation level, has the highest solar PV capacity installed
(260 MW) and is followed by Astrakhan Oblast with 255 MW. 120 MW PV is installed in Altai
Republic, while the remaining volume is shared between 7 further regions nearly evenly [284].

In 2019, the major share of newly installed PV plants belonged to the “Hevel” company (13
SPPs with a total capacity 363.5 MW); 6 SPPs with a total capacity of 100 MW were
constructed by “Solar Systems” and 6 SPPs with a total capacity of 90 were built by “Vershina
Development” LLC (see 1.2.1 for more details).

Although this is fairly small with regards to overall installed generation capacity in Russia, time
series data show the positive development in the recent past. The most important change
being the introduction of the tender-based scheme for the promotion of RE which became
effective in 2013 (Decree 449, please refer to chapter 2.1.1).

When looking at the capacity figures it is important to note, that the real volume of installed PV
capacity is slightly larger due to the fact, that not all off-grid and private PV power generating
facilities are registered and included in overall statistics.

When it comes to estimating the potential of such small-scale installations, assumptions vary.
According to estimations of an article in Forbes.ru, the potential future cumulative integration
of grid connected small scale PV (small private PV installations of 5-10 kWp) may be between
14 and 17 GW [11], while, according to estimations of the Moscow School of Management
Skolkovo, already installed RES based microgeneration capacity in Russia for October 2018
was around 11 GW [132].

1.1.3 Heat Pumps Sector

Currently, there are not many heat pumps projects completed in Russia, as the technology is
rather new for Russia and is not well known. The existing modern projects are usually not
registered and are not reflected in statistical databases which makes it difficult to make any
estimations regarding the size of this sector and the scope of the HP usage. The examples
which can be found in open sources lead to the conclusion that heat pumps are normally
installed by persons or companies which are motivated not by HP effectiveness or possible
positive economic effects and created savings, but by pure interest in modern technologies
and a wish to try “something new”. The known examples represent the usage of ground HP,
heat/cooling HP systems, as well as HP systems targeting the usage of the wastewater low
potential heat from the mines and exclude HP/PV combination. Among for HP installations the
following examples can be mentioned [285]:
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® |In Novosibirsk, one of Russian centres for heat supply, over 200 heat pumps of different
capacity were implemented between 2010 and 2016 as part of the regional energy
supply program.

e Hotel “Gamma” in Tuapse region, Krasnodar Krai, installed 1 MW of capacity in 2008
which makes the hotel one of the largest known HP/cooling installations in Russia.

® Shopping mall “Quartal” in Sochi, Krasnodar Krai: in 2014, a 1.4 MW groundwater HP
system was installed.

e Apartment house in Moscow: a HP system aimed to heat water using the heat of the
building's ventilation emissions in combination with the heat of the ground

In general, HP in Russia are, based on the current legal framework and market conditions (low
costs of gas and other energy sources), considered to be rather inefficient and economically
unattractive.

Still, there are some HP producers in Russia [285]:

e “Energia” Ltd. In Novosibirsk: produces steam compressor heat pumps with screw
compressors 500 kW — 3 MW installed capacity per unit

o “Kazan-Compressormash” Ltd. In Kazan: production of steam-compression heat
pumps with centrifugal compressors 8.5 — 11.5 MW capacity per unit

There are no large HP producers in Russia, and most of the equipment is imported from the
EU, which increases its price for an end consumer drastically. Simultaneously, local installers
and technicians are lacking skills, hence, installation and further maintenance of a HP is either
done either by non-professionals which often results into failure of the whole project and
creates a negative impression among potential customers, or by the user / owner which also
decreases the attractiveness of the HP.

In some regions where geothermal power resources exist, geothermal heat pumps are used.
For example, in one settlement near Barnaul city in Altai Krai (Siberia) near Novosibirsk city, a
whole newly constructed apartment house was equipped with geothermal heat pumps which
fully cover the heat demand of the inhabitants. For the house management company, the
geothermal heat pump solution led to important savings, as central heating is associated with
much higher tariffs per Gcal (in Russia, the tariffs for heat are very high and in winter times
increase the usual bills for communal services by 1.5 to 2 times). However, the management
company did not provide the households with the information regarding the type of heating the
people were actually using and inhabitants of the house paid for heating as if they would have
been switched to a central heating system. All the profit coming from the difference between
the real heating costs and the price people paid was kept by the management company.

1.1.4 Small Wind Sector

In Russia, the wind power sector has been always attracted slightly more interest than the PV
sector for several reasons such as, for example:

e Historical stereotypes about easiness of wind energy and its higher potential for Russia
e Historical pattern of RES development in Russia

e |ack of awareness about PV and wind energy in the past

In 2018, wind power objects participating in the electricity market in Russia had a total installed
power capacity of 183.9 MW which is a 27% growth of installed capacity since 2017
(commissioning of the largest Russian industrial wind park in Ulyanovsk and a wind park in
Kaliningrad Oblast) [228]. In 2017, the statistics of the UPS of Russia showed an additional 80
MW of wind power capacity, however these additional MW were not new installations but
based on the inclusion of windmills installed on the annexed peninsula of Crimea. The figure
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below presents the installed wind power capacity in Russia. The mentioned installed wind
capacity in Russia includes relatively large wind turbines. According to the “GIS RES of
Russia”, wind power installed capacity reaches 190.16 MW, which means that about 6 MW of
this registered installed capacity refers to very small wind power plants excluded from the retail
or wholesale electricity markets. Considering known examples of small residential wind
installations and their absence on the GIS RES maps, an estimated total capacity of the
installed small wind in Russia is about 10-12 MWp (estimations of eclareon 2019 based on
literature research and interviews).

Figure 5 Installed wind power capacity in Russia until 2018, MW
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Source: based on SO UPS, “Informative Overview of the Energy System of Russia: the Subtotals”, 2015,
2016, 2017, 2018 and 2019 [8] [228]

The Russian Association of Wind Power (RAWI) uses the following categories for wind power
installations with a capacity <500 kWp:

e “Very small” — between 25 Wp and 10 kWp
e “Small’ — between 20 kWp and 150 kWp wind turbines [229].

e Wind power systems between 200 and 500 kWp refer to “Medium” wind power
installations

For the actual report, we use a combination of “very small” and “small” wind power and
unite them in the term “small wind” meaning installations up to 150 kWp.

The RAWI annual report for the year 2018 lists 12 Russian WPPs separately and a group of
Crimean WPPs (with a total capacity of 85 MW) as one unit [230]. Among them, there are no
wind power installations belonging to the “Small wind” category. Official statistics of UPS of
Russia and annual reports of RAWI do not take into account neither small wind power facilities
existing in remote areas and belonging to different entities and research institutions (e.g.
Federal State Budgetary Institution "Arctic and Antarctic Research Institute"), nor privately
owned small wind turbines, as Russian statistical bodies and System Operator of UPS do not
consider these both types of installation to be power generating facilities.. It can be stated,
that there is still no mass market for small wind in Russia. Nevertheless, small wind installations
are operated in different Russian regions and the groups of operators may be described as
follows:

e Residential consumers — small private wind turbines for self-consumption. One of the
examples is the hybrid RES system in Krasnodar installed by Nikolay Driga (see
chapter 3.4.3 Model 3: Residential PV Systems). The installed wind turbine has a
capacity of 1.5 kWp and covers, in combination with PV panels, the largest part of the
household’s energy demand [231].

e Off-grid areas and remote settlements — small wind in combination with PV or/and
diesel/petrol gensets or/ and storage systems. In such cases, the operators are
usually local municipalities, local energy or grid companies. A good example for

25



such a case is the hybrid PV-wind system in Severny village in Bashkortostan (more
detailed description in chapter 5.4.2).

Research institutions and scientific organizations, NGOs, research groups of
national parks and reserves, etc. as small wind operators. Many examples exist in
different regions of Russia, such as a hybrid PV-wind system in “Wrangel Island
Reserve” or a 1.2 kWp wind turbine at Cape Zhelaniya [232]. During the ARWE (All
Renewable World Energy) Forum in May 2019 in Ulyanovsk, many speakers and
representatives of research institutions addressed the critical role RES have to play for
power supplies at remote measurement, research and radio communication support
points. Especially such equipment is required in Arctic regions and hybrid solutions with
small wind and PV are always seen as one of the optimal solutions.

Small entities, commercial users — there is a little knowledge about the scope of
small wind usage among commercial entities, such as small touristic areas (e.g. small
campsites, motels and hotels), cafes, petrol stations, shops etc. One of the existing
models of commercial entities using small wind / hybrid systems is the energy supply
for radio masts. One of the largest mobile companies in Russia, MegaFon, uses 10
kWp wind turbines to supply its radio masts in the Krasnoyarsk region [233]; Beeline
and MTS (other large telecommunication companies) use hybrid systems in the
mountainous areas of Krasnodar Krai (see also chapter 3.4.2).

1.2  Electricity Market Stakeholders

The Russian electricity market is the result of a vast and long-lasting reformation process,
including the liberalization of the power market and the creation of wholesale and retail
electricity markets [12] both of which differ between regions. There is a variety of state- and
private-owned companies active in the Russian energy market permitting the government to
control the strategically important market from one side and leaving a window open for private
capital inflows from the other side.

1.2.1

National Stakeholders

The stakeholders of the electricity market can be divided as follows:

organizations of technical infrastructure (federal transmission grid operator “FSK of
UPS*, a company supervising the UPS SO UPS and Interregional Distribution Grid
Companies (IDGC) controlling regional parts of the UPS (IPSs)) and collecting the
major statistics inside the UPS of Russia;

organizations of commercial infrastructure (such as “Administrator of the Trade System
(ATS)”, organizing capacity and energy trade on the wholesale market; “Financial
Settlement Centre (CFR)”, controlling financial relationship on the wholesale electricity
market and NP “Market Council” created to ensure the balance between the
participants of the energy and capacity markets and create a unite trade zone for them);

power generating companies;

regional power grid companies (there may be more than one such company in a region,
some of them may be state-owned, while others may be private),

distribution companies and

consumers [13]

The schematic illustration of the relationships between the different stakeholders and the
names of some of the most important actors is presented in Figure 6:
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Figure 6 Relations between the main stakeholders of the Russian electricity market
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Some of the most important companies and their roles within these stakeholder groups are the
following:

® Commercial infrastructure: Association Non-profit partnership "Market Council” unites
producers and buyers of the wholesale and retail electricity markets, ensuring the unity
of commercial infrastructure, and owns two further organizations managing the
wholesale electricity and capacity markets. Both technological and commercial
infrastructures of the Russian electricity market fall under the government control.
“‘Administrator of the Trade System (ATS)” (100% owned by “Market Council”) —
organizes the trade of electricity and capacity on the wholesale market.

® Power generating companies: power producers generate and sell electricity to the
distributing companies on the wholesale and retail markets. There are both state- and
private-owned power generating companies in Russia. The largest state-owned
companies are “Inter RAO” (the only company in Russia which exports and imports
electricity[15]); “RusHydro”, “Rosenergoatom”, and “Gasprom Energoholding”. The
largest private companies that are active nationally are “EuroSibEnergo” PLC, “T Plus”;
the largest foreign private companies are Unipro PJSC (E.ON Russia JSC until June
2016), PJSC “Enel Russia” and Fortum[16]. The top 10 largest generating companies
own about 80% of all the generating capacity of the UPS of Russia and produce more
than 85% of electricity, see Table 1 [17].
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Table 1

Top 10 largest power generating companies of Russia in 2019

Company Total i.nstalled power Avera_ge annual power
generating capacity, GW generation, thousand GWh

RusHydro 39.4 144.2
Gasprom Energoholding 39 150.8
Inter RAO 33.7 1325
Rosenergoatom 29 204.3
T-Plus 15.7 55

EuroSibEnergo 19.5 67.6
Unipro 11.2 46.6
Siberian Generating Company 10.9 46

Enel Russia 9.4 41.3
Fortum 4.9 28.1
Quadra 2.9 9.7

Source: Ministry of Energy of Russian Federation, 2019 [17]

Transmission companies: Most of the Russian grids (including regional grids) are
owned and controlled by the state-owned JSC “ROSSETI”, which is one of the
largest grid companies of the world. The centralized dispatching control of the UPS and
its infrastructure and control of all IES is committed by the 100% state-owned “System
Operator of the United Power System” (SO UPS, JSC); general management of the
UPS is under the leadership of the Federal Grid Company of the United Power Grid
(FSK UPS, a subsidiary of ,ROSSETI");

Transregional distribution grid companies: These companies manage regional parts of
UPS. Most of them are owned by ROSSETI (like “Yantarenergo” in Kaliningrad or
“Kubanenergo” in Krasnodar and a larger companies like PJSC “IDGC of the South”);
simultaneously, there are other similar grid companies, not owned by “ROSSETI”, such
as the private companies JSC “BASHES”[18], “NESK-electroseti” and “SUENCQO” [19]
owning the remaining small part of Russian grids.

Distribution companies/energy sales companies: these include numerous so-called
“guaranteeing suppliers” and “independent distribution companies”, which are,
basically, utility companies. “Guaranteeing suppliers” are energy sales companies
and are the result of the reorganization of large regional power companies and
wholesale resellers; these companies are obliged to sign a contract with consumers in
its area of activity and sell the electricity under the state-regulated prices. “Independent
distribution companies” have the right to refuse to enter into a contract with a consumer
and electricity prices because they are not under the jurisdiction of the government.

Electricity consumers: These are described in ch