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PE3IOME

BomoponHass 5KOHOMEKKa - 3TO obpa3 bynymero IJs IJ06aJbHON
SKOHOMUKH, B KOTOPOM BOZOPOJ, CTAHOBUTCSI HOBBLIM I'JI06QJIbHBIM
SHEPrOHOCUTEJIEM ¥ HauyWHaeT UrpaTb pPOJib, COIIOCTAaBUMYVIO C TOM,
KOTOpYIO ceryac UrparoT yrojb, He@Tb WJM ras, U ropasfo BakKHee
HbIHeITHel poJyiu rufposHepretuku, ASDC U 6M03HepreTUKU BMecCTe
B34TDbIX. [I0 pa3IMuHbIM IIPOTHO3aM, 3TO MOJKET CJIYUYUTLCS B LIeJIOM B
mupe nnocye 2040 ., HO B OTAeJIbHBIX per'MOHaX BOJOPOAHAS 5SKOHOMUKA
HayWHaeT GOpMUPOBATLCS y’Ke B HAIIU JHU.

Eciu B XX Beke OCHOBHBLIM [IpaliBEPOM Pa3BUTHUSA BOLOPOLHDBIX TeX-
HOJIOTUM bbla UX SKOHOMMYecKass KOHKYPeHTOCIIOCOOHOCTD IO CpaB-
HEHUIO C JOPOKAIIVMMU YIJIeBOAOPOZJaMHU - TO B HAIlM JHU Ha Iep-
BDbI IIJIaH BBIXOJST 0053aTesIbCTBA F'OCYIAaPCTB, OTe/IbHBIX PErMOHOB,
KOMIIAHUM U UX 0bbeJuHEeHUM 110 6bopbbe C riI0balIbHbIM N3MeHeHeM
Kaumarta. Bogopon sBjsieTcss HEOOXOAMMBIM 3JIeMeHTOM [JISl peayiu-
3aIUU 3TUX 0053aTesIbCTB: BO30OHOBJIsIeMble UCTOYHUKY SHepruu Mo-
TyT AeKapbOHU3UPOBATL B OCHOBHOM 3JIEKTPOSHEPreTUKY (XOTS U TaM
eCTb OrpaHUYeHUs], CBSI3aHHDbIe C UX CTOXaCTUUYHOCTbIO) — B TO BpeMs,
Kak sHeproobecrieyeHue 34aHUM, TPAHCIOPTHLIN CEKTOP, MPOMDIII-
JIEHHOCTb BO MHOI'OM OCTAIOTCS «3a OOPTOM» eKapboHU3aluu — ecjin
He yJACTCs HaUTU HOBBIM 5HeproHocutesib. Bomopon mpeTeHAyeT Ha
pellleHVe 3TOM MPOobJieMBbI.

Bosee 20 rocyzmapcts u 6osee 50 Kopriopanuil NpUHSIIN [OJICOCPOY-
Hble IIPOrpaMMbl PAa3BUTUSI BOLOPOJAHDLIX TEXHOJIOTMM, HoAfep>KaH-
HBIX JIbIOTaMUY, GUHAHCUPOBAHUEM U3 OI0[KeTOB Pa3HLIX YPOBHEN U
MeXIYHApPOOHOU TEeXHOJIOTUYECKON KooIlepaliuen.

B nupepax - SInoHMS, IOCTAaBUBINIAS 11eJIbI0 CTPOUTEILCTBO «ObIIecTBa,
OCHOBAHHOI'O Ha BoZopoze»' , pa3BUBalollasi OJHOBPeMeHHO HeCKOJIb-
KO 3JIeMeHTOB «BOZIOPOAHOM» TeXHOJOIrNYeCKOM LIeII0YKY U HeCKOJIbKO
3HAKOBDLIX IIPOEKTOB MEKKOHTUHEHTAJIbHOI'O 3KCIIOpPTa BOAOPOA U3
ABctpanuyu, HopBeruu u ¢ biauskHero BocToka, a Takke IIPOEKT HUC-
II0JIb30BAaHUS BOAOPOZA B MUJIJIMOHAX JOMOXO3SMCTB. Bcero B mupe
HACUMTDBIBAIOTCS AECITKU «BOJOPOAHBLIX COOOILIECTB» U HECKOJIbKO CO-
TeH MUJIOTHLIX IIPOEKTOB, B IIepBYyI0 odyepenb - B AnoHuy, 'epmanuy,
Besnmkobputanuy, CIIA, OxxHoM Kopee 1 Ipyrux cTpaHax.

Bopopo B Haliv AHU IIPOU3BOAUTCS B OCHOBHOM U3 YIJIeBOLOPOZOB
(oxoJ10 65 MJIH TOHH B I'0Jl), U UCIIOJIb3YEeTCS B MeCTaX IPOu3BOCTBa.
BbI30B 6IMKANIINX JIeCITUIETUM - B CO3JIaHUU MTPUHIINIIHAILHO HOBOM
WHAYCTPUU U PbIHKA, OCHOBAHHOI'O Ha 6e3yrjiepolHOM IIPOU3BOJICTBE
BOZOPO/Ia, ero KpYIHOMACIITAabHOM XpaHeHUU U TPAHCIOPTUPOBKe Ha
COTHHU U TLICSYU KUJIOMETPOB B TPyOOIIPOBOAaX U B MOPCKUX U Ha3eM-
HBIX TaHKepax, B OpTraHU3aLMU IIUPOKOMACIITAOHOTO UCII0JIb30BAHUS
B SHepreTuke, TpPaHCIOpTe, IPOMBILIJIEHHOCTU — OT CTaJIeJINTeNHbIX U
XUMUYEeCKUX ITPOU3BO/ICTB M KPYITHDLIX rA30BLIX TYPOUH 10 UHAUBUIY-

! Challenges for Japan's Energy Transition. Basic Hydrogen Strategy / Agency for Natural Re-
sources and Energy (ANRE), Ministry of Economy, Trade and Industry (METI). October 2018,
Japan.
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AIbHBIX UCTOYHUKOB SHEPTUM AJISI JOMOXO03SMCTB, IPOMDIILIEHHOCTU
U apMUY, OT A IbHOOOMHDLIX I'PY30BUKOB 10 APOHOB.

[Tpu 3TOM 06bEMDbI TPOU3BOACTBA BOAOPOAA AOJIKHDLI BO3PACTU B He-
CKOJIbKO pa3 K 2050 r., a HeKOTopble CcerMeHThbl ero TeXHOJIOTUYeCKOM
LIeII0YKM HY>KHO 6yZeT MacIITabupoBaTh B COTHU Pas.

Poccusa moxka ocTaeTcsi B CTOpOHE OT MeKAYHAPOAHBIX COODOILeCTB
U TapTHEPCTB, Pa3BUBAOIIVX BOJOPOAHbIE TEXHOJOTWHU. B IepByio
ouepenb, 3TO OODBSICHSETCS TeM, YTO KJIMMaTuveckasl IOBecTKa U Je-
KapboHM3aus II0Ka UTPAl0T MaJIO3HAYNTEJIbHYIO POJIb B SHEepreTude-
CKOM CTpaTeruy, YTo CyLIeCTBeHHO CAep>KUBaeT Pa3BUTHeE He TOJIbKO
BOJOPOAHBIX, HO BOObIIIe JII0ObIX HU3KOYTJIEPOAHDIX TEXHOJIOT UM (BO3-
O0OHOBJISIEMOM SHEpPreTUKY, SHepro3pPeKTUBHOCTH, SJIeKTPOTPAHCIIOP-
Ta U T.4.).

B To e BpeMs, B Poccum ecTb He TOJIbKO OIPOMHDIE pecypcChl AJIS
BCTPAMBAHUSI B HOBBLIN I'JI06AJILHDBIN PHIHOK, HO U CO6CTBEHHDbIe TeXHO-
Jloruyeckyre pa3paboTku (B OCHOBHOM IIOKa, IIPaBJa, AaJjiekue OT KOM-
MepIUaau3alyi) U IepcleKTUBHLIN BHYTPeHHUM CIIpoC.

Pa3sBuBamomuics BOAOPOAHDLINM PLIHOK, OUeBUAHO, 6y/IeT KOHKYPUPO-
BaTb C pbIHKAMH YIJIEBOJOPO/IOB, HAa KOTOPDLIX IMO3ULIMU Poccym KaxkyT-
Cs1 ceMiyac He3bIbJIeMbIMU — U B 9TOM CMDICJIE CTpaTerust UrHOpUupoBa-
HUS WU Aake 60pbObl C HOBLIM MOJKET Ka3aThCsl IPUBJIeKaTeIbHOM B
KPaTKOCPOYHOM IepcriekTrBe. Ho B 1OJITOCPOUHOM epCIieKTUBe TaKast
CTpaTerus CO3JacT BBbICOKME PUCKU 3aMelJIeHUs HAallUOHAJIbHOM KO-
HOMUKU — He TOJIbKO U3-3a MMaJeHUsl CIIpoca Ha YIIeBOAOPOADl, HO U B
pe3ybTaTe OrpaHUYeHUs] pa3BUTHS MHHOBAIIMOHHOI'O CEeKTopa B IIPO-
MDIIILJIEHHOCTH.

OTBeTOM Ha 3TH IJiobaJIbHbIe BLI30BBI MOKET CTaTb BCTpauBaHUeE BO-
JOPOOHBIX TEXHOJIOTMM B POCCUMCKYIO SHEPreTUYeckylo CTpaTeruo U
CTpaTeruio HU3KOYyIrJepogHOrO Pa3BUTUS - WU IIPUHATHE OTAeJIbHON
HAllMOHAJILHOM BOLOPOLAHOM IIPOrpaMMBI, B LIeHTPe KOTOPOM [OJI’KHDI
BCTAaTb TPYU OCHOBHDLIX CTOJIIA — ITOAAEPsKKa TEXHOJIOTMYEeCKOro pa3Bu-
TUS, JOJITOCPOYHOI'O CIIPOCAa U PBIHKA, a Tak>Ke CTUMYJIMPOBAaHVEe MeX-
OYHAPOAHBIX MHBeCcTULIUN. KIII0OUOM K yCIiexy OOJIKHO CTaTb BCTPAU-
BaHUe B CyIllecTBYIOIYe MeKAYHapogHble BOJOPOAHbIe CO0bIIecTBa U
KOOpAWHAIIUS Pa3paboTUYMKOB U CTEMKX0JIZIepOB BHYTPHU CTPAHDL
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NMOYEMY CEMYAC? HOBBIE CTUMY/1bl PA3BUTUA BOAO-
POAHbLIX TEXHOJIOI MU

Boaopop 1.0

Bomopon cam 1o cebe Hesb3sl OTHECTM K HWHHOBALIUAM - STOT
XVMHUYECKUN 5JeMeHT ObLI OTKPLIT OpPUTAHCKUM Y4ueHBIM ['eHpu
KasenauieM eme B 1766 roay, a y>ke dyepes 7 JieT ero GpaHIy3CKUN
koJiera JKaxk Anekcanzp Cesap lllapyib npeAIpUHSAI IIePBYIO IOIIBITKY
IloJieTa Ha Lape, HAIIOJIHEHHOM BOJOPOAOM? .

B 1800 rozay 6bL1 OTKPLIT 3JIeKTPOJIN3 (IIpoliecC MoJayUYeHUs BOAOPoJa
U3 BOAbI C WCIOJIb30BaHUWEM »3JIeKTpOsHepruu), K cepenuHe XIX
BeKa - TOIJIMBHbIe 3JIeMeHTDhl (3JIeKTPOXMMUUYecKre YCTPOMCTBa,
IoJIy4amwlnye 3JIeKTPOSHepruio U3 BOAOPOAd, MUMHYSA IIPOLIecC
ropeHus). B mepsoit TpeTu XX BeKa MNOSBUJIMCDH ONLITHbIE YCTAaHOBKU
[1apOBOM KOHBEPCUM MeTaHa (KOTOpble I03BOJISIIU II0Jy4aTh BOAOPO/
U3 JIerKUX YIJIeBOAOPOJOB). OTU TeXHOJIOTUU U CerofHSI COCTaBJISIOT
OCHOBY HCIIOJIb30BaHUSA BOLOPOJA B IIPOMBIIIJIEHHOCTH.

BbIcokasi sHepreTuyeckass LIeHHOCTb BOAOpPOJA (TEMJIOTa CrOPaHUS
120 MOx/kr mpotuB 56 MJDK/Kr y MeTaHa) IpeJoperenyia
MIONBITKY ero KCIOJIb30BaHUS B KavecTBe TOIJIMBA AJISI TPAHCIOPTA.
lepou «TamHCTBeHHOTO oOcCTpoBa» JKiois DBepua (1874) seranu
Ha 60JIbIIOM BO3AYIIHOM ILIape ¢ BOAOPOZOM 3a IT0JIBeKa [0 PeaJbHOro
pPaCIpOCTpaHeHUs] TPaHCATJIAaHTUYeCKUX BOJAOPOAHDLIX AUpUKabJieil.
Kuzgkum BOZOpPOA CTaJl Ba’KHBIM TOIJIMBOM [JIS1 aMEpPUKaHCKOU
Y COBETCKOM KOCMMYEeCKHUX IIporpaMM, B IIepByI0 odepelb — AJIs Space
Shuttle u «BypaHa». [IepBblli caMoJjieT ¢ OJHUM U3 ABUraTesen Ha
BoJlopogHOM TornuBe 6bL1 co3aaH B CCCP Ha 6a3ze Ty-154 B KoHIle
1980-x. [TepBble BOAOPOAOMOOUIN MOSIBUMIUCD B Te Ke rofabl. OgHaKo,
IIWPOKOI'0 PaCIpOCTpaHeHUsI 3TU TeXHOJOIWU He MOJIYUYWJIU B CUIY
JIOPOTOBU3HDBI M HEeBBICOKOM 3(PPEeKTUBHOCTY, U B HAIIU JHU BOLOPOZ
B KQueCTBe TOILJINBA HUCIIOJIb3yeTCs B OUeHb OTPaHUUYeHHbIX O6beMax.

['1aBHbIe HAINpaBJieHUSI HCIIOJb30BaHUSI BOZOpPOJA CErofHs —
B HedrTemepepaboTke U B XUMHUYECKOW MNPOMBIIIJIEHHOCTUA (IJIS
MIPOU3BOJCTBA PA3JUYHLIX TOBAPOB, B IEpPBYI0 ouepelb — aMMUaKa
U MeTaHoJsa) (puc. 1). DHepreTmueckoe WUCIIOJb30BaHME BOAOPOAA,
no Ja"HHbIM ARENA, onleHuBaeTcs: Bcero B 1-2% oT obmux o6bemMoB
ero motpebJieHUs’.

O6buuit o6beM MPOU3BOACTBA BOJOPOJA B MMpe B HaCTosllee BpeMs
OLleHMBaeTCsI PA3JIMUHbIMU UCTOYHUKAMU B 55-05 MJIH TOHH, IpUYeM
COBOKYIHDIe CpeZlHeroZl0Bble TeMIIbI ero pocTa 3a nocaenHue 20 jet
HEeBDbICOKH - 0KoJ10 1,6% (puc. 2). Bosee 90% Bomopoa Ipou3BOAAT Ha
MecTe ero motpebaeHUs (Kak Tak Ha3bIBaeMbIN K3ITUBHDBIN IIPOJYKT),

2 Introduction to hydrogen and its properties / H. Idriss, M. Scott, V. Subramani // Compendium
of Hydrogen Energy; Volume 1: Hydrogen Production and Purification. Edited by V. Subramani,
A. Basile and T. N. Veziroglu. - Woodhead Publishing, 2015.

> Opportunities for Australia from Hydrogen Exports, ACIL Allen Consulting for ARENA, Au-
gust 2018.
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u MeHee 10% TIOCTaBIAIOT CIeLVATIU3WPOBAHHDbIe KOMIIAHUY,
paboTaloliye Ha pbIHKe MPOMBINLIEHHBLIX ra3oB (Air Liquide, Linde,
Praxair Inc. u ap.).

PucyHok 1 HanpasneHua ncrnonb3osaHua Bogopoaa

Bonopoa

v

XuMunyecKan

HedTenepepabatbiBatolme

ObpaboTka CMKeHHbI Bogopoa

3aBofbl ; iy
6% <1%

31%

MPOMBILLIEHHOCTb
63%
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AsTOMObUBHOE
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NernapoKcUMpoBaHme/
MMAPOKPEKVHT copbuTa OKco-cnupTbl,

HupHble KncnoTbl, SNG

> lonnypeTaHsl

Brionepepabotra

Uctounuk: DECHEMA, DOE, Fair-PR, Linde*

CerozHs B KaueCTBe ChIpbs [IJIs1 IPOU3BOACTBa BOAOPOJa JOMUHUDPYIOT
yriyieBozopoabl. Bosee 68% Bozmopoaa moJry4aloT ceryac U3 IpUPOSHOTO
rasa, 16% us HedptH, 11% - u3 yrisg u 5% - U3 BoALI C TOMOIIBIO
3JIEKTPOJIM3a. DTO OODSICHSIETCS CPAaBHUTEJIbHOM  [lelleBU3HON
MIPOU3BOACTBA U3 VYIJeBOJOPOLOB - II0 paA3JIMYHLIM OlleHKaM,
ceb6ecTOMMOCTb BOJOPOZA U3 IPUPOJHOIO rasa moka B 2-5 pa3 HUXKe,
yeM IIpU 3JeKTposin3e (puc. 2).

Takum obpasoM, B HAIllK JHU

« BOJIOPOJT BLICTYIAeT KaK OJWH U3 IPOMBIIIJIEHHLIX Ta30B,
KOTOPLIN y3Ke AeCITUIeTUSIMU UCTIONIb3YIOT, - B IIEPBYIO OUepeb,
B XUMUU U HedTenepepaboTke;

+ OCHOBHOM MCTOYHUK 3HEpPruu [Jd MPOU3BOACTBA BOAOpPOJA —
IIPpUPOLHDIN ras;

+ TJIAaBHBIN CIIOCO6 MPOU3BOACTBA BOAOPOJA — IIApOBasi KOHBEPCHS
MeTaHa;

+ 06 beMbl IPOM3BO/ICTBA 3a ITocaenHYe 20 JIeT pocjiy HeboJIbITUMUA
TeMmmaMu (CAGR 1,6%), IOCTUTHYB OTMeTKU IIPUMepPHO B 65 MJIH.
TOHH B rof.

4 Hydrogen: Current Use and Future Development / DECHEMA, IEA Hydrogen Workshop,
February 2019.
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PucyHoK 2. lpon3BoAcTBO BOAOPOAA B MUPE MPOMbILLIEHHOCTBIO A5 COOCTBEHHbIX HYH [
(captive production), MaH. TOHH
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WUctounumk: D. Brown, NREL, 2016°

PucyHok 3. CToMMOCTb MpOM3BOACTBA BOAOPOAA METoAamMu pudOpMUHra MpUpOLHOro
ra3a v 3JIeKTpoan3a
12 -
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pedopmmpoBaHye raza pepopmrpoBaHiie rasa 3NeKTponun3 3NeKTpoun3

Uctounuku: LBST/Hinico 2015% Grube/Hoéhlein 20137

Ecnu mpouyioe W HacTosllee BOJOPOJia CBSI3aHO C IIOHATUEM
«IIPOMBIIIJIEHHBIN Ta3», To OyJyllee - C IIOHSTUEM «HOBBIU
SHEpProHOCUTEIb>.

5 Hydrogen Supply and Demand: Past, Present, and Future / D. Brown (NREL). GasWorld,
April 2016.

¢ Study on hydrogen from renewable resources in the EU / Ludwig-Bolkow-Systemtechnik
GmbH (LBST), July 2015.

7 Costs of Making Hydrogen Available in Supply Systems Based on Renewables / T. Grube,
B.Hohlein // Hydrogen and Fuel Cells. Springer, 2016.
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HoBbin aBuUraTenb rnobanbHbIX U3MEHEHUN - AeKap6oHu3aumna

B MuUpoBOM 5SHepreTUke IIPOMCXOAUWUT IIpollecC TIJ06aJIbHOMU
TpaHChOpMaLUU — « JHepreTUUeCcKu nepexo/l» - CBI3aHHDIN, B IepBYI0
ouepenb, C leKapboHM3alnel 1 HU3KOYTJIepOAHbIM pa3BUTHEMS.

Benyuive cTpaHbl MUPa, OTAeJIbHbIe PeruoHbl, KPYITHbIe KOPIIOPAIIUHY,
ropojla U Jaxe OTAeJibHble MYHUIWMAJUTETbl YCTAaHABJIWUBAIOT B
CBOUX [IOJITOCPOYHBIX CTpaTerusiXx Lejii MO0 CHUKeHUIO BBbIOPOCOB
MMAapPHUKOBLIX ra30B (WU YTJIEPOAHOrO cjefida B IMPOAYKLIWU) B LeJIsIX
60pbOLI € TJI06ATbHBIM U3MeHeHrueM KInuMaTa.

B yacTHOCTH, AeKJIapaluy L[eJIoro psia rocyAapcTB (bOJIbIIMHCTBO U3
HUX caeyado B 2015 r. B ¢BsA3u ¢ [TapuykKCcKUM corJianieHreM) cozep>kat
orpanuueHue BbIbpocoB K 2030 r. Ha 25-40% ot yposHs 1990 roza
unu gaxke 2005 roga, a 'epmanua u BesnkobpuTaHUs OeKJIapUPYIOT
CoKpallleHVe BbIOpOCOB MapHUKOBBIX ra3os Ha 80-100% x 2050 rony
(Tab. 1).

Ta6amua 1. MpyMepbl 3aABMIEHHBIX HALMOHAMBHBIX Liesiei Mo COKpalleHuto BblbpocoB
1 yBeNMYeHnio abcopobLmn NApHUKOBBIX FA30B

CTpaHbl JeknapupyeMble BKNafibl B CMAr4YeHMe U3MeHEeHU KaMMarTa
CLLA K 2025 r. cokpatutb Bbibpockl MM Ha 26—28% oT yposHs 2005 r.
Kanapa 2030 - Ha 30% oT ypoBHA 2005

epmaHuna 2030 - Ha 40-55% oT ypoBHA 1990, 2050 - Ha 80-95%

®paHuma 2030 - Ha 40% oT ypoBHA 1990

Hopserua 2030 - Ha 40% oT ypoBHAa 1990

Bpasunua 2025 - Ha 37% ot ypoBHAa 2005

MeKcuka 2030 . - Ha 22—36% 0T 6a30B0OW INMHUM

K 2030 r. cokpatuTb yaenbHble Bbibpockl Ml Ha 1 gonn. BB Ha 65% c Bbl-

Kutai o
XO[0M Ha NuK no abcosntoTHol BennumHe Bbibpocos Ml He no3aHee 2030 .

AscTpanua 2030- Ha 26 -28% oT ypoBHA 2005

UcTouHuk: M. HOnkvH?, opurumanbHblin cant CerpeTapmaTta PaMouHoli KoHBeHuur OOH 06
M3MeHeHun KnMmatall

Mepbl SKOHOMMHYECKOI'O CTHMVYJIMPOBAHUA COKpalll€eHUA BbI6pOCOB
IIaPHHUKOBDIX TI'da30B - «YyIJIEPOAHDIE HaAJOI'M», CHCTEMDLI TOPI'OBJIX
BbI6pOC3.MI/I, - I06aBJISIOT K OIl€pallMOHHDIM n3aep>KKaM
3Hepl"OKOMHaHI/IIZ nux HOTpE6I/ITe.TIEI;I 3HAQUUTEJIbHYIO CTAaTbIO paCX040B,
KOTOpOIZ He CyIIeCTBOBaJIO €II€ HECKOJIDKO JIET HAa3aJ — Y1 BEJIMYKXHA 5TOU

8 TlogpobHee 06 «3HEpPreTUYeCKOM Ilepexofie» CM.. [IpOTHO3 pa3BUTHUSI YHEPreTUKU MUpa
u Poccum 2019 / mop pen. A.A. MakapoBa, T.A. MurtpoBsoii, B.A. Kysmarura. UTHOU PAH-
MockoBckas mkosia yapasjaeHus CKOJIKOBO - Mocksa, 2019.
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BogopopHaa 3KOHOMMKA — NYTb K HU3KOYMepoaHOMY pPa3BUTUIO Miorb 2019

CTaTbU 3aBUCUT OT yriaepomHoro cienall. [To gananiMm World Bank, k
2018 rozy y:ke 45 rocyiapcTB U 25 OTAeIbHBIX PErOHOB (B YaCTHOCTH,
HekoTopble mTatbl CIIA) smbo yXke 3alyCTUIU HAUVOHAJILHYIO
crcTeMy Toprosin Bhibpocamu CO, uiu apyrue GopMbl «yIJIePOAHBIX
cb0opoB», OO IJIAHUPYIOT 3TO CAeJaTb B OJsKailieM 6yayiem
(puc. 4).

PucyHok 4. C(rtaTyc HauMoHasbHbIX cucTemM Toproeau Bblbpocamu (CTB) u cuctem
yrnepofHbix C6opoB B Mype Mo cocToAHMo Ha 2018 rog.

MUcTounuk: World Bank Group, State and Trends of Carbon Pricing 20182

B pecatke suaepoB IO abCOJIOTHBIM 3HAYeHUSIM BbIOPOCOB
MIapHUKOBDBIX ra3os — Kutan, CIIIA, Uuaus, Poccus, Anonus, 'epmanus,
IOxxHasa Kopes, UpaH, Caynosckas Apasus 1 KaHaza. Ha 5Ty cTpaHbI
MIPUILJIOCH, IO AAHHLIM EBpokomuccum'®, 67% MHPOBBIX BLIOPOCOB
B 2017 rony.

HoBas ponb Bogopoga ana pewueHnsA npo6nemol
6anaHcMpoBaHUA 3HEpProcucTeM, OCHOBaHHbIX Ha BUD

[Tpon3BOACTBO 3JIEKTPOSHEPIUY U Telljla — OAUH U3 OCHOBHBIX CEKTOPOB
SKOHOMUKU, OIIpeJlesISIoX BhIOpOCHI TapHUKOBLIX ra3oB. Ero nous,
10 Pa3JIUYHBLIM OLleHKaM, COCTaBJsieT oKoJio 25-30% (puc. 5). [TosTomy
MepBbIM ¥ Haumbojiee OYEBUAHDLIM IIarom s AOCTUKEHUS LeJiei
10 AeKapboHM3aluy S5KOHOMUKU CTAHOBUTCS yBesimueHue aosu BUD
(c TpakTUYecKu HYJIEBBIM YTIJIEPOAHBIM CJeJOoM) U yMeHblleHue
JIOJIY TeIlJIOBOM, HallpyuMep, YTOJbHOM IeHepaluu (YrjaepoAHbIN ciief
B KOTOPOM MakcuMaJjeH) B BbIpaboTKe 3J1eKTPO3Hepruu.

3anocnenuue 10 yieT nossg BapuabeabHBIX B (CoTHEUHOM U BeTPSIHOM
reHepalliM) B 3JIeKTpPOHepreTHKe psifia CTpaH Bo3pocja B 3-10 pas
(puc. 6) — Ipu 3TOM IpUBeJeHHas CTOUMOCTD 3JIeKTPOIHepruu Ha b6ase

HTOCT P 56276-2014/ISO/TS 14067:2013. HanmnoHaIbHBIN CTaHAAPT Poccuiickoit Oemepanviu.
l'a3bl MapHUKOBLIE. YIIePOAHBIN CJe]l TPoAYKIIUN. TpeboBaHWS U PYKOBOASAIINE YKA3aHUS 110
KOJIMYECTBEHHOMY OIlpefieJIeHUI0 U IIPeJOCTaBIeHNI0 NHPOPMAIUH.

12 World Bank and Ecofys. 2018. “State and Trends of Carbon Pricing 2018 (May)”, by World
Bank, Washington, DC.

15 EU EDGAR Database (Joint Research Centre (European Commission), 2018.
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BogopopHaa 3KOHOMMKA — NYTb K HU3KOYIMepoaHOMY pPa3BUTUIO WioHb 2019

PucyHoK 5. BKfian pasnuuHbix 0Tpac/ieil S3KOHOMUKKM B BbIOPOCHI MapHMKOBLIX ra30B B
CLLA (cneBa, gaHHble 2017 r.) u Mupe B LienoM (cnpaea, gaHHole 2010 r.)

. TpaHcnopt . 3panua . TpaHcnopT . 3panua
. JneKTpo3sHepreTuKa . JneKTpo- U Tenno- 3HepreTUKa MHoe ncrnonb3oBaHue sHeprum
. Cenbcroe, necHoe n nHoe
. MpoMBILINEHHOCTD CenbCcKoe X03AICTBO . MpoMbliLNeHHOCTb
3emMienonib3oBaHune

UcTouHukm: EPA, dena'® no panHbimM IPCC Technical Summary!®

BUS cokpaTtuiach mpuMepHo Ha 80% 3a cueT UHTEHCUBHOT'O Pa3BUTHUSL
TeXHOJIOTW. B psife cTpaH - npeske Bcero, B BennkobpuTtanuy, [JJaHuu,
CIIA, mMHOrMX cTpaHax EBpombl - B TOM 4Ywncie, 6jarofaps 3TOMY
yAaJioCh AOOUTBHCS COKpallleHWsl YIJIEpOLHOI'O cCJjefla B reHepaluu
snekTposHepruu Ha 100-250 r CO,-3kB / KBT-4".

PucyHok 6. Poct nonu BapnabenbHbix BU3 B 3neKTposHepreTMke pasfinyHblx CTpaH B
2006-2016 rT.

Kanana BesnkoGpuraHus

25%
%
5% m—m 6% % /

Kurait

Tepmanus

20%
-/. g 6% n———"10%)
9%

Vcnanus 7% ./—/. 12%
CIIA ./\;30% Hranus
13% 25%
3%, — 9% 12%-\/
Wnpns
| e
Huskuit
c . Bpaswius 4% = 6%
peaHumn 12%
3% .,_/'
B o e o
6% Adpuxa
%
1% m—" 3%

UcTounuk: BNEF!E

4 EPA Sources of Greenhouse Gas Emissions 2017. https://www.epa.gov/ghgemissions/sourc-
es-greenhouse-gas-emissions

15 Dena. Powerfuels: A missing link to a successful global energy transition. Berlin, April 2019.
16 Edenhofer, O., Pichs-Madruga, R., Sokona, Y., Kadner, S., Minx, J. C,, Brunner, S,, ... Zwickel, T.
(2014). Technical Summary. In Climate Change 2014: Mitigation of Climate Change. Contribu-
tion of Working Group III to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge University Press, Cambridge, United Kingdom and New York, NY,
USA.

171. Staffell, M. Jansen, A. Chase, E. Cotton and C. Lewis (2018). Energy Revolution: Global Out-
look. Drax: Selby.

18 New Energy Outlook 2017./ Bloomberg New Energy Finance.
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BoaopoaHaA 3KOHOMUKA — MyTb K HU3KOYrNIepoAHOMY Pa3BUTUIO MioHb 2019

[To mnporHo3dy MeXKOyHapOOHOTO SHepreTUYeckoro areHTCTBa,
K 2040 r. 1o 20-35% 3J1eKTposHepruu B Mupe 6yaeT BbIpabaThbIBaTbCs
Ha COJIHEYHBbIX U BeTPSIHLIX 3JIEKTPOCTAHLUMAX, a II0 IIPOTHO3Y
Bloomberg New Energy Finance - 6osiee 40%. Tak unu uHave, pedb
HUZeT 0 KpaTHOM pocTe moau BUS.

BaskHOe cJIeICTBUE STOr'0 PA3BUTHUS — MIOSIBJIEHNUE YCTOMYUBOI'O CIIPOCca
Ha TeXHOJIOTUU HaKOILJIEHUsI 3JIeKTPO3HEepPTuU, KOTopble ByAyT KOM-
IIeHCUPOBATb HEPaBHOMEPHOCTL BBIPAOOTKM — KaK KPaTKOCPOUYHYIO
(MacTabbl CeKyH-4acoOB), TAaK U JOJITOCPOYHYIO (BILJIOTH 4O HECKOJIb-
KUX MecCsIIeB).

DHEepProcucTeMbl CIIPABJSIOTCS C HEPaBHOMEPHOCTDLIO BbIpaboTku B
C IIOMOIIBIO Pe3epPBHDIX 3JIeKTPOCTAHIIUM, MeKCTPAHOBDBIX U MeKperuo-
HaJIbHDIX [IePeTOKOB 3JIeKTPO3HEepIryuy, TeXHOJIOTUM YIIpaBJIeHUs CIIpo-
COM, IPOTHO3MPOBaHUS BbIpaboTKky BUD ¥ TpaAMLIMOHHBIX HAKOIIUTe-
JIel - TUAPOAKKYMYJIUpYOMuX s1ekTpocTannum ('A3C), HakonuTeen
Ha C’KaTOM BO3yXe, a TakKKe APYTUX UCTOYHUKOB I'M6KOCTH. DTUX UH-
CTPYMEHTOB I10Ka JJIOCTAaTOYHO JIa’ke [1J1s1 pabOThI B YCJIOBUSIX KPATKOBpe-
MeHHOTro pocTa foJyu BY3 B 6anaHce 10 90% (3adrKCcHpOBaHO B TeueHe
9 mapta 2019 BI'epmanum) unu 65% (3adprKCHPOBaHO B TeueHe HeJleIu
B 'epmanuu BecHOoM 2019 r.). OHAKO JJ151 TOT'O, YTOOLI 00ECTIeUnTD ILJIa-
HUpyeMoe yZBoeHUe cpeiHerooBoM gosau BUD B 'epmanun — 1o 65%
K 2030 r. - uMewmyecss TeXHOJOTUU, OUeBUIAHO, NPULETCS YCUIU-
BaTbhb 3a CYeT HOBBIX Haxkomuresael. IIo omeHke Wood Mackenzie
Power & Renewables, rio6aibHbIN pHIHOK CUCTEM XpaHeHUsI SHEPIruu
c 2018 no 2024 moxeT Bo3pacTtu B 13 pa3 - ¢ 12 go 158 I'Bt-4, B niep-
BYIO OoYepeb 3a CYeT Pa3BUTHUS CerMeHTa KPaTKOCPOUYHDBIX HaKOIIUTe-
Jiel, yCTaHaBJIMBAaeMBbIX, HAallpuMep, B JOMOX035IMCTBaX.

BopopoZ - ofuH 13 HauboJsiee 3¢ peKTUBHDBIX CIIOCOH6OB CO34aHUs 4OJI-
FOCPOYHBIX XpaHUJINIL 3Hepruu. KOHKYpeHIIUI eMy MOI'YT COCTaBUTDh
ToibKo I'"ADC, KOTOpbIe cefyac COCTABJISIIOT bosiee 99% MOIIHOCTY Ha-
KomuTesien B mupe. Ho moTeH1Inas JajbHENIIero pocra 3Toro cekropa
orpaHudeH: 'ADC MOryT ObITb IIOCTPOEHBI TOJILKO Ha CIeIjUajIbHbIX
IJIOLIAIKaX, MOAXOAAIINX AJIS1 pa3MellleHUs ABYX BOAOXPAaHMIIULL C CO-
OTBETCTBYIOIIUM HAIlOPOM MeXKIy HUMU. AKKYMYJIITOPLI Ha 6aTapesx
3aMMYT HUIIY KPATKOCPOUYHBIX HaKOIIUTeJsen (puc. 7).

M36bITOUuHAsI OTHOCUTEJILHO JlellleBasi 3J1eKTposHeprus oT BUD moxeT
HCII0JIb30BaTbhCS IIPU 3JIeKTPOJIn3e, B Xo4e KOTOPOro Bozda npeobpasy-
eTcsl B BoJopoA U Kuciopoz. [Ipon3BeieHHDLIN TakUM 06pa3oM BOAOPOJ
MOKHO [I0JITO XPaHUTDL PA3JIUYHBIMU CIIOCOH6AMU, B TOM YMCJIe B IOA-
3eMHDBIX XPaHWJINILAX — COJISHDLIX Melepax 1 CYIeCcTBYIOIINX IoA3eM-
HBIX XpaHWJINILAX MPUPOJHOr0 rasa — U B HY>XKHBIM MOMEHT UCIOJIb-
30BaTb, HalpuMep, AJISI BBIPAOOTKU 3JIeKTPO3Hepruu. VCTOUHUKOM
BO3BpaTa MHBECTULIUM B 3TOM CJIyyae BBLICTYIAeT 11eHOBOM apbuTpask:
pasHUIla B lleHe BOZOPO/Ja U 3JIEKTPOSHEPruy B pa3Hble Ce30HbI JOJIK-
Ha OBITb JOCTATOUYHOM, UYTOOBI OMPaBAAThb CAeJIJaHHbIe NHBECTULINMN.

19 Power-Industry Transition, Here and Now: Wind and Solar Won't Break the Grid: Nine Case
Studies / G. Wynn, Institute for Energy Economics and Financial Analysis (IEEFA). USA, 2018.
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BogopopHaa 3KOHOMMKA — NYTb K HU3KOYIMepoaHOMY pPa3BUTUIO WioHb 2019

PucyHoK 7 MnntocTpauma posn BogOpoAa W IMTUA-UOHHBIX baTapei B HAKOMAeHUn SHep-
rmm ot BU3

[eHepauua

MoTpebnexue

EmMKocTb H,
XpaHunuiia

EMKoCTb
6aTapeu

Bpema

UcTouHuku: Hydrogen Council, McKinsey?

HexapbopHU3ALUIO IPYTUX CEKTOPOB SKOHOMUKU — ITPOMBIIIJIEHHOCTH,
TPAHCIIOPTa, dHeproobecrevyeHus: 3IaHUN — MOXKHO YCUJINTD, YBeJIU-
YyuBasi 06beMbl UCIIOJIb3YyeMOM UMU 3JIeKTPOSHEPTUHY, Pa3BUBast «HO-
BYIO 3JIeKTpUPUKALNIO». TOrza 3Ta 3J1eKTPOIHEPI s, TPOU3BeleHHAs B
TepBYI0 ouepeab 3a cueT BUD u, BO3MOKHO, HAKOILJIEHHAsI C ITOMOIILIO
BOJIOPOJIHBIX TEXHOJIOTHI, HaUHET «BLITECHATb» HCKOIIaeMble BUIbI
TOILIMBA B 3TUX CEKTOPAX.

DJIeKTpOsHeprus - HeCOMHEHHO, HanboJiee yI06HbIN SHeprOHOCUTE D,
HO y 5JjeKkTpudukanuu ectb npenesbl. ITo ganabiM NREL, sj1ekTpos-
Heprusi obecrieurBaeT 6osiee 60% sHeprum B CIIA TOJIbLKO B CEKTOpe
3[IaHUN — JKUJIbIX U OOIIeCTBeHHDLIX. [[pOMBIIIIEHHOCTb U - 0COOeHHO
— TPAHCIIOPT 3JIEKTPUPULUPOBAHDLI I'OPa3Z0 Xy’Ke, XOTS B CerMeHTax
JIErKOBDBIX aBTOMObOUJIeN UJIU IIPOU3BO/ICTBA ChIITYUYNX XUMUKATOB €CTh
IIOTeHIIUAJI JJIl YCUJIeHUS 3JIeKTpUpuKanuu. B To ke BpeMs, AJIs TIpsi-
MOT'0 UCIIOJIb30BaHUS 3JIeKTPOSHEepruu B aBUALIUY, JAJIbLHUX Ipy30Iie-
peBO3KaX, MOPCKOM TPAHCIIOPTE U B TSKEJION IIPOMBIIIJIEHHOCTUA eCTh
cepbe3Hble bapbephl.

20 Hydrogen scaling up: A sustainable pathway for the global energy transition / Hydrogen
Council, November 2017.
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BogopopHaa 3KOHOMMKA — NYTb K HU3KOYMepoaHOMY pPa3BUTUIO MioHb 2019

PucyHoK 8 [1o51A 31eKTPO3HEPrN B KOHEYHOM 3HEpronoTpeb/IeHN CEKTOPOB SKOHOMMKM
B CLLA (TeMHbIM LiBETOM MOKa3aHbl chepbl C HANOOBLUVMM MOTEHLMAIOM MPAMON 31eKTpu-
duVKauum, CBET/bIM — C HAMMEHBLLUM)

TpaHcnopT MpoMbiwneHHocTb Hunble 3panma KommepuecKue 3aanmna
28 Quad Bcero 31 Quad Bcero 21 Quad Bcero 18 Quad Bcero
0 Quad 3neKTpo3Heprum 10 Quad 3neKTpo3Heprum 14 Quad 3neKTposHeprm 14 Quad 3neKTpoaHeprum
100% -

MHoe

WHoe

WHoe

Moporpes BoAbl
KomMepueckye nerkue rpy3oBuki

bes anexTpuyectsa

75%

JneKkTpu4ecTBO

50%

OxnasxaeHne

% oT obLero notpebaeHna nepsryHoi sHeprum 2015

25%

0%
UcTtounuk: NREL!

Bapbepnb! B 3jieKTpuUKALUU OTAEJLHBIX IIPOLeCcCOB U CeKTOPOB, B
CBOIO ouepe[lb, CO3Jal0T b6apbepbl U IJIsl TJIy6oKoN JeKapboHU3anuu
SKOHOMUKU. [[JIsT UX IpeonosieHus HeobXOAVMO HAaWTU HOBLIM IJIO-
6asIbHBIN SHEepProHOCUTeJIb, KOTOPLIM codeTas bnl B cebe yoobCTBO UC-
MIOJIL30BaHUSI BO BCEX CEKTOPaX U MUHUMAJILHBIN YIJIepOAHDIN CJIes,.
MIMeHHO C 5TUM U CBsI3aHO byzyliee BOAOPOJA.

HoBbili rno6anbHbIN 3HEProHOCUTE/b
JencTBUTEILHO, BOAOPO MOXKeT H6BbITh MCIIOIb30BaH (puc. 9):

+ B «bOJIBbIION» 3JIEKTPO3HepreTHuke (IIpU 3TOM OH OyZieT 3aMelaTb
NIPUPOAHDIYN a3 ¥ HepTeIpOAYKThI),

+ Ha TPaHCIIOPTe (3aMellleHre HepTeIIpoIyKTOB);

« B CeKTOpe 3JaHUM (OJs1 OTOILJIEHWSI U SJeKTPOCHAOKeHUs, B
TOM YHCJIe aBTOHOMHOTO, C 3aMellleHreM IIPUPOAHOro rasa Wuin
He(TepoayKTOB);

« B IIPOMDIIIJIEHHOCTXY - B KaueCcTBe ChIpbs U 3aMeHUTeJsIs
TPAAVLIVOHHDIX YIJIeBOJOPOJOB.

2! JTadun, Paige, Colin McMillan, Daniel Steinberg, Matteo Muratori, Laura Vimmerstedt, and
Trieu Mai. Electrifica-tion Futures Study: End-Use Electric Technology Cost and Performance
Projections through 2050. Golden, CO: National Renewable Energy Laboratory (NREL), 2019.
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PucyHoKk 9 MecTo BoAopoaa Kak HOBOro ro6afibHOro 3HEeproHoCUTeNA B MHTErpupoBaH-
HOM 3HEpreTU4eCKOM KOMIIeKCe

HacToAwee Byaywee

Tennosas ceTb SneKTpuyecKas ceTb Huagkoe n I'33006P33HOE TOMNBO U Cbipbe Bonopoa

UcTouHuK: [EAZ

BomopoZl Takke OTJIMYAeT OTHOCUTEJIbHOe YI0OCTBO JOJITOCPOUHOIO
MacIITabHOTO XpaHeHUsI U TPAHCIIOPTUPOBKYU Ha JiIoOble pacCTOSIHUS,
B TOM UUCJIe C UCIIOJIb30BaHUEM Y:Ke NMelolelcss UHPPaCTPYKTYPLL,
CBSI3aHHOM C TMPUPOAHBIM Tra3oM (B TOM UYHCJIe CXKUKEHHBIM).
TpaHcHOpTHpPOBKAa  BOZAOPOAA, TakKUM  06pa3oM,  CTAHOBUTCS
AJIbTEPHATUBOM Pa3BUTHUIO MAardCTPAIbHBIX 3JIEKTPUUECKUX CeTel — U
5TO OTKpbIBaeT HOBble BO3MOKHOCTHU JIJISI JOBOJIBHO OOJILIIOrO YMCJIA
pPEeruoHOB MUpPA, HOraTbIX BO306HOBJIIEMON SHEPrUen, HO yAaeHHDbIX
OT LIEHTPOB NOTpebJIeHUs] SHEPT U

CucteMHDBIN 5¢p(deKT TakKe OOIIOJHSETCS HOBBLIMU BO3MOKHOCTSIMU
J1J151 5)KOHOMHUYECKOT'0 Pa3BUTHS — BOAOPOAHDbIE TEXHOJIOTMU HAYKOeMKY,
HaXoAsITCS B CaMOM Hadajle «KpPUBOM OOy4YeHUs», Y HUX OOJIbLION
IIOTeHIIUAJ K POCTY 3 PeKTUBHOCTU U CHUKEHUIO CTOUMOCTH.

B oZHOM U3 ClleHapueB WHTerpallid BOZOPOAHDLIX TeXHOJIOTHU
B osHeprokomiekc CIIA, paccMaTpuBaeMbIX JabOpaTOpUSIMU
MuHUCTepCTBa SHEPreTUKU 5TOM CTPaHDbl, K cepefrHe BeKa BOZOPOJ
BO3bMeT Ha cebs poJib BTOPOI'O IIOCJIe 3JIeKTPOSHEepruu BceobInero
sHeproHocuressa (puc. 10). Bosee 90% sHepruu Oag ODpPOU3BOLCTBA
BOJOpoZa OOeCHeYyuT 5JeKTPOIHeprus, IpU 5TOM IIOTPeOHOCTL B
IIepBUYHOM SHEepruu yrJs, ra3a u HepTu ynageT Ha 73%, 34% u 18%
COOTBETCTBeHHO, a gojas BUD (B mepByio odyepenb 3a C4YeT BeTpa)
Bo3pacTeT B 4-5 pas.

22 Hydrogen and Fuel Cells Technology Roadmap / IEA, 2015.
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PucyHok 10 N3meHeHuna B anarpamme 3HepronoTtorkos B CLLA B 2040 r. B ciyyae
MHTErpaumv BOAOPOAHbIX TEXHOMOMMIA — MO CPABHEHMIO CO CLIEHApPUEM «KaK 0BbIYHO»
(KpaCHbIM OTMeYeHbl Cy3MBLUMECA MOTOKM, YEPHbIM — PaCLUMPUBLUMECA), KBRAPUINIMOHOB
BTU*

ConteuHan |5 g
29 :
23 -

AnepHan JneKTpo-

SHepreTuka

27,4 PasHuua B
noTepsx

BageEas SHeprum

9,2

Hunble 27,30
ENLERUE]
9,8

HKommepyeckue

ENLECTE
9,4 PasHuua B

SHepreTuyecKnx

Mpombiu- ycnyrax
NeHHOCTb 5K

25,1 J 3,80

48 .
Buomacca
5,6
TpaHcnopT
25,6

UcTouHmku: Lawrence Livermore National Laboratory, DOE USA%*

BoromeHue B )KU3Hb 9TOM aMbOUITMO3HOM JJIs1 BOZIOPOa poJiu TpebyeT
OTPOMHBIX YCUJIMY OT MIPAaBUTEJIbCTB U bu3Heca?’. UMeHHO MO3TOMY B
IocJiefHYe rOZbI MOKHO HabJII04aTh Cepbe3HbIN POCT MeKIYHapOAHOM
AKTUBHOCTU B 3TOM CEKTOpe, aHaJIN3Yy KOTOPOU IOCBAIIEH CJIeIYIOUUi
paszge.

Cratyc nporpaMm pa3BuUTUA BOLOPOAHbIX TEXHOIOM NI

CTpaTeFI/ITIECI(Oe 3HAQUEHMWE PA3BUTHUIO BOJOPOAHDIX TeXHOJIOTUM
IIPUAOAIOT B IIPABUTEJIDCTBAX LEJIOTO pdda CTpaH, 4 TaKXe B
KOPIIOPAaTHUBHOM CEKTOPE. Peub nzeTr 0 HECKOJIbKUX COTHSX KPVYIIHDIX
1 HebOJIBIINX KOMITAaHUM 10 BCEMY MHDPY, VUACTBYIOIINX B TbICAYaX
IIPOEKTHDIX MHUITNATHUB.

B Espomerickom Coro3e HauboJIbIleld AKTUBHOCTLIO OTJIUYAIOTCS
Fepmanus?® u Benukobpurtanusa?. Ho B 2017 r. 6blma 3amylieHa
obmeeBpornerickasg nHuatusa Fuel Cells and Hydrogen Joint
Undertaking (FCH JU), koTopass 1m0 COCTOSIHMIO Ha Mau 2018 r.
obbeguHMIIA yKe 89 PermoHOB U rOpofoB U3 22 eBpPONeNCKUX CTpaH
(puc. 11). Y4acTHUKY 3TONM eBpONEeNCKON MHUILMATUBLI JeKJIapUpPYIOT
CTpeMJIeHue MCIOJb30BaTb BOAOPOAHbIE TEXHOJOIMM B CBOUX
SHepreTUYeCcKUX CTpPaTerusiXx B paMKaX «3HepreTUYeckoro repexoza,
B TOM 4YHCJe, peajrl30BaTb IPOEKTbl OOIiell CTOMMOCTLIO OKOJIO
1,8 MuIpZ eBpo B TeueHUeE OIUKANINIUX MISITH JIET.

25 1 kBagpunoH BTU = 25,21 MJIH. T.H.3.
' H, at Scale: Deeply Decarbonizing our Energy System / DOE, April 2016.
%5 TEA. World Energy Outlook 2018.

26 Hemenkas nmporpamma NIP (The national innovation program hydrogen and fuel cell tech-
nology) craproBasa B 2007 rozy, o6bem puHaHcupoBaHus o 2017 r. coctaBu okosio 700 MIH
eBpo

%7 BpurtaHckas vHunuatusa H2FC SUPERGEN (The Hydrogen and Fuel SUPERGEN Hub)
craproBasia B 2012 r. Kak Iuomazka [ obbeAVHEHUs UCCJIeoBaTeIbCKoro COobIlecTBa.
ITo cocrosHuio Ha 2014 r. HacuuTbIBaIa 450 YJIeHOB.
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PucyHok 11 YneHbl eBponenckor BogopoaHown nporpammel FCH JU
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UcTtouHuk: FCH JU*

finmoHcKaA mporpaMMa (Aopo’kHas KapTa) Strategic Roadmap for
Hydrogen and Fuel Cells 6bi1a 3anymena jsetom 2014 roza. Llenb
IIPOTrPaMMbI 3BYUUT JIasKe HIKpe TeXHOJIOTNYeCKOM NN KIIMMaTU4deCcKou
IIOBeCTKU — pa3BOpauyuBaHMe CTPOUTEIbCTBA «0bIecTBa, OCHOBAHHOIO
Ha Bogopoge»?’. JloposkHas KapTa COAepP’KUT KOHKpeTHDLIe KJIoYeBble
IoKasaTesy MO0 Cpa3y HECKOJbKUM TeXHOJIOTMSM TeXHOJIOTMYeCKOu
LIe[IOYKU — B IIPOU3BOACTBE, XpaHeHN Y, TPAHCIIOPTe U UCIIOJIb30BaHUNU
Bogopoda - ¢ Bexamu B 2020, 2025, 2030 u 2050 rr. Tax, 1enb 1o
obbeMaM WUCIOJIb30BaHUSI BOAOpOZa B SMOHWMU - C HBIHEUIHUX
200 toHH B rog no 10 miaH. ToHH B 2050 r. (pocT B 50 ThICcAY pa3!).
ObbeM rocyJapCTBeHHOI0 (pMHAHCUPOBaHUS IporpaMmbl B 2017
rogy CoCTaBMJ okojio 310 MJH eBpo, a obmuii obbeMm o 2040 roza
OLIeHMBAeTCsI B HeCKOJIbKO MUJLIUAPA0B eBpo™’.

JIugepctBo SNOHWMM MPHU3HAHO HA MEXAYHAapOAHOM YpOBHe -
B okTsi6pe 2018 rozma B Tokumo BIepBblie COCTOSLJIaCh TeMaTudecKasl
BCTpeuya MUHUCTPOB »Hepretuku - Hydrogen Energy Ministerial
Meeting, KOTOpyl0 TOCETUNU MNOpeicTaBuTesu 19 crpan®, a Takke
EBpocoro3a u MexXXZlyHapOoJHOI'O SHepreTU4ecKoro areHTCTBa. JInaepol
JIOTOBOPUJIUCD O YeThIpeX OCHOBHDIX HAIIPpABJIEHUSIX B MEKAYHAPOAHOM
COTPYAHUUYECTBe, HalleJIeHHOM Ha pa3BUTHe BOJOPOJAHON SKOHOMUKU:

%8 Fuel Cells and Hydrogen for Green Energy in European Cities and Regions. A Study for the
Fuel Cells and Hydro-gen Joint Undertaking / Roland Berger, October 2018.

2 Challenges for Japan's Energy Transition. Basic Hydrogen Strategy / Agency for Natural Re-
sources and Energy (ANRE), Ministry of Economy, Trade and Industry (METI). October 2018,
Japan.

%0 Case Study Report: Hydrogen Society (Japan) / Ville Valovirta, Joint Institute for Innovation
Policy for the European Commission. February 2018.

51 ABctpanus, ABctpus, BpyHeit, Kanana, Kutan, ['epmanust, Utanus, Anonus, Hugepiaauaol,
HoBass 3emanpausi, Hopserus, Ilonbma, Kartap, IOAP, IOxuasa Kopes, Hcmanus, OAD,
Besnmkobpurtarus, CIIA, EBpocoio3, MDA.
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BoaopoaHaA 3KOHOMUKA — MyTb K HU3KOYrNIepoAHOMY Pa3BUTUIO MioHb 2019

e COTPYAHUYECTBOIIO TEXHOJIOTUAM, KOOPAWHAINA U TAapMOHN3alIA
PErYyJIMPOBaHNA, KOOEKCOB M CTAHAAPTOB;

. collelicTBUE obmMmeHy nHpopMaIyen, COBMECTHLIM
MeSKIYHapOJHBLIM HCCJIeJIOBAaHUSIM U pa3paboTKaM C akIeHTOM
Ha 6e30MacHOCTDb BOJIOpPOJa U UHPPACTPYKTYPY [JIsl obecrieueHust
ero IoCTaBOK;

« M3y4YyeHUe U OlleHKa [OTeHIMajla BOAOPOZA BO BCEX CeKTOpaX,
BKJIIOUasl €ro IOTeHLMas CHWXeHHUs BbibpocoB CO, u Apyrux
3arpsi3HUTeJIew;

* PAa3bACHUTEJIbHAA pa60Ta, o6pa3013aHI/Ie U IIOIIYJIApU3all .

BopoponHass mnporpamMma CIHIA 10o4 pa3HLBIMM — Ha3BAaHUSAMU
¢yukumonupyet ¢ 1970-x rogos. B XXI Beke mporpamMma IHoJIyduja
BTOpOe JbIXxaHue - exxerofHoe ¢puHaHcuposaHue US DOE Hydrogen
and Fuel Cells Program pocturaetr 120 MJyIH 0J11apoB (B IIepUoOf
2004-2011 ronoB oHO 6bLJIO IPUMEPHO BABOe 60JIbIIE)>2.

B Teyenue 2018-Havasa 2019 rogos 0 CBOMX BOAOPOSHBIX CTPATErusixX
3aaBuiu Kanudopuus, Asctpanusa u lOxxkuas Kopes.

Ha KopmopaTWBHOM YpoOBHe Hambojiee H3BeCTHOe ObbeJuHeHUe
B 06J1aCTH BOLOPOAHDBIX TexHoJiorui — Bogopoauniii Coset, Hydrogen
Council. Opranu3zanus, ocHoBaHHas B 2017 rogy B JJaBoce, K KOHILY
2018 rozia moBesia YUCJIO CBOUX YJIEHOB A0 53 Kopropauuii u3 11 cTpan
C obIIel YKUCIeHHOCTDbI0 COTPYAHUKOB 3,8 MJIH U T'OJOBBIM J0OXOJ0M
1,8 TpsiH eBpo. B cBoeM MporpaMMHOM HCCJIeZJOBAHUMN BoJgOpOaHbBIN
CoBeT [exkjlapupoBaJl T'OTOBHOCTL CBOMX UYJIEHOB WHBECTUPOBAaTb
B TeueHre 2018-2022 ronoB Kak MUHUMYM 1,9 mipn eBpo B roj
B HUWOKP wu pa3BepTbiBaHMe DpLIHKOB*’. [loJIrOCpOYHOEe BUeHUe
opraHmu3auuu — co3ganue K 2050 r. pplHKA BOZOPOJAA U BOJOPOLHDBIX
TeXHOJIOTUM 06beMoM 2,5 TpJH. [OJiI., co3faHme 30 MJIH pabodux
MecCT ¥ yBeJIMYeHMe poJIv BoAopoJa Kak sHeprorHocures ¢ 0% mo 18%
OT KOHEYHOI'0 MUPOBOTI'0 IOTpebIeHNs] SHeprUu.

IOns  cpaBHeHuHs, MDA oOlleHHUBaeT BeJWYUHY IJIOOAJIbHDLIX
IIpaBUTeJIbCTBeHHbIX wuHBecTunu B HUMOKP B sHepreruueckoM
cexTope IPUMepHO B 25 MJIpA AOJLIL. B 'O/, 2 BeJIMYUHY KOPIIOPAaTUBHDBIX
WHBEeCTULINYN — elle oKoJio 90 MJIpZ JoJIIapoB eskerofgHo> . JImgupyooT
cyMMapHble 6rogketl  HUMOKP  aBTOMOOUILHBLIX  KOMIIAHUM
(oxoso 40 MIIpA [OJIApOB), & MUWHUMAJbLHBIN 06beM OTHOCHUTCS
Ha ADC (rmopsigxa 2 MJIpJ 4OJ1JIapoB).

2 https://www.hydrogen.energy.gov/budget.html
5 How hydrogen empowers the energy transition / Hydrogen Council, McKinsey. January 2017
> JEA World Energy Investments 2019
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BogopopHaa 3KOHOMMKA — NYTb K HU3KOYIMepoaHOMY pPa3BUTUIO Miorb 2019

Ouenka mHBectunuyi B HMOKP B BOZOpPOAHBIX TEXHOJIOTUSX IIOKA
3aTpyAHEHA: OHU YUYUTDBIBAIOTCA OQHOBPEMEHHO B CEKTOPaX TPAHCIIOPTA,
XpaHeHUsI SHepruy, HedTerasa, >JIEKTPOSHEPreTUKH, SHepreTUKU
30aHUM U T.4. Ho He MeHee Ba’KHBLIM [apaMeTp — MepCHeKTUBHDLIN
06beM pbIHKAa BOLOPOLAHBLIX TeXHOJIOTU.

MporHo3bl MMPOBOro pbiHKa BOAOPOAHbIX TEXHOJIOIMMA

BOJIbIIMHCTBO M3BECTHBIX ITPOrHO30B I'JIOO6ATHLHOrO PbIHKA BOAOPOJA
06beJUHSIIOT [Be XapaKTepPUCTUKU - WX MOPOTUBOPEUYUBOCTb U
HEeCOTJIAaCOBAaHHOCTD (puc. 12).

PucyHoK 12 lMporHosbl robansHoro pbiHka Bogopoaa Kk 2050 r., TBT-y
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J 0230808 HeaHepretyeckoe Shell "Sky" Scenario _!Potential UK demand ™ Navigant (Espocoio3)
notpebneHue Bogopoaa

B ARENA M Hydrogen Council I IRENA M DOE (CcwA)

MUcTounmkm: Hydrogen Council®s, Shell*, ARENA%, UK Committee on Climate Change®,
IRENA%°, Navigant®°, DOE*

Ecnu xoHcepBatuBHble oneHKU IRENA, Shell, ARENA 6saussrcs
K HIDKHeM TpaHMlle Auama3oHa — okoso 500-2000 TBt-u Bomopona
B 2050 roay B riobanbHoOM Macutabe — To Hydrogen Council opu-
eHTUpYeTCsl Ha YUCJI0 Ha TOpsifiok bosabinee — 16100 TBT-u, mau
18% wMwupoBoro sHepromoTpebsieHus. BoJsiee cI0XXHBIE CTpaHOBLIE
U peruoHabHble onleHKY, cAesnaHHble DOE B 2016 rogy, UK Committee
on Climate Change B 2018 rogy u Navigant B 2019 roay, B clieHapu-

% Hydrogen scaling up: A sustainable pathway for the global energy transition / Hydrogen
Council, November 2017.

%6 Shell Scenarios. Sky: The Emergence of a Hydrogen Economy / David Hone, Chief Climate
Change Advisor, Shell International Ltd., November 2018.

57 Opportunities for Australia from Hydrogen Exports, ACIL Allen Consulting for ARENA, Au-
gust 2018.

8 Hydrogen in a low-carbon economy / UK Committee on Climate Change, November 2018.

% IRENA (2018), Hydrogen from renewable power: Technology outlook for the energy transi-
tion. / International Renewable Energy Agency, Abu Dhabi.

40 Gas for Climate. The optimal role for gas in a net-zero emissions energy system / Navigant
Netherlands B.V,, re-viewed by Kees van der Leun and Prof. Dr. Kornelis Blok. March 2019.

“'H, at Scale: Deeply Decarbonizing our Energy System / DOE, April 2016.
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BoaopoaHaA 3KOHOMUKA — MyTb K HU3KOYrNIepoAHOMY Pa3BUTUIO MioHb 2019

SIX MaKCUMaJILHOTO KCIIOJIb30BaHUA BOAOPOA ITOKA3bIBAIOT €ro [0JII0
K 2050 r. B auamasoHe 12-19% KoHe4YHOro IOTpebJieHUsI 3HePruu
B CIIA, Benukobputanuu u EBpocor3e cOOTBETCTBEHHO.

[To mpasHBIM M3A, B 2017 romy comocTaBUMbIe OOJIM B MUPOBOM
KOHEeYHOM SHepromoTpebyieHUH, pasMmepom bosibiie 12-19%, 3aHu-
MaJd TOJbKO TPU MCKOMaeMbIX TOILIMBA - ras (22%), yroab (27%)
u HedTb (32%)*2. OTo 03Hauaet, uTo K 2050 romy poJsib BoAoOpoZa
B MUPOBOM SHEPreTUYecKOM CEeKTOpe MOXKET OKa3aThCs COIOCTaBMMa
C POJIbIO, KOTOPYIO ceruac UrpaeT KaKIbIN U3 3TUX PeCypCcoB, U CTaHeT
ropaszo BakHee HbIHeLIHel poJiu ruaposHepretuku, A9C u 6ruosHep-
reTUKU BMeCTe B3STDhIX.

Taxk mim nHade, peub HJeT O MaKCUMaJIbHOM IIOTeHIajle pOCTa PbIH-
Ka BOZOpOJa IPUMepHO B 06,5 pa3 (ecy FTOBOPUTDH 06 abCOTIOTHBIX 06D-
eMax ero IpOM3BOJCTBA OT YPOBHS HbIHEIIHero, HesHepreTu4eckoro
nucnosnb3oBaHusl) — uau ¢ CAGR oxkosio 6% go 2050 r. Ho koppexkTHee
FOBOPUTDL CKOpee O CO3JaHUM HOBOIO PbIHKA, OCHOBAHHOIO Ha HC-
[I0JIb30BaHUU BOZAOPOAA [JIsl leKapbOHM3alli MUPOBOM SKOHOMUKU —
TO eCTb BOJOPOZia C MUHUMAJIbHDIM YIJIepOLHBIM CJIeZI0M, KOTOPbIN
ceyyac IOYTHU He NPOU3BOLUTCS U He SIBJISIeTCS TOBAPOM IJI00aIbHON
TOPIOBJIN.

SDTOT IMOTeHLaI HEBO3MOKHO byIeT peaim30BaTh 6e3 KOPeHHOro n3-
MeHeHUSs U/UIY MaclITabNpOBaHYS BCeX TEXHOJIOT UM IPOU3BO/ICTBEH-
HOM IleTtouky. VX aHa/IM3y MOCBSIIEH CaeIVIOUUN pas3ziet.

42 TEA World Energy Outlook 2018.
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TEXHOJ/IOr'M BOOOPOAHON SJKOHOMUKN BYOYLLEIO

NMpounssoncTBo BoAOpoAa: KaKk OT/IMMUTDL Cepbiii OT 3e/IEHOro

B Hamu [OHU BOZOPOJ B OCHOBHOM IIPOM3BOAUTCS 32 CYeT
IMapoBOM KOHBepcuM MeTaHa (SMR, steam methane reforming) -
U3 TIPUPOJIHOIO I'a3a UJIN ITOCJIe ra3uUKaALUY YIJIs. DTOT OTPAOOTaHHDIN
B TIPOMBDINIJIEHHBIX MaclITabax, JelleBbll IMIpoljecC elne OOJro
He by/leT UMeTb HUKAKUX KOHKYPEeHTOB I10 Ce6eCTOMMOCTH IT0JIyUYaeMOro
BogopozAa (1-2 [Io/JI./KT B 3aBUCUMOCTHU OT LieHbI ra3a U yIJs).

Ho B 510Xy «3HepreTuyeckoro Iiepexofia» He MeHee Ba’KHOU
XapaKTepUCTHUKONM IIPOLeCCOB CTAHOBUTCS WX YIJIEPOAHDLIN CJes.
[TapoBasi KOHBepcus MeTaHa NPUBOAUT K SMUCCUU YTJIEKUCJIOrO rasa
- 10 xr CO, / xr H,. [losToMy Takoél BOZOPOA, Ha3bIBAIOT «CEPBLIM»
- B 3aBHCHUMOCTHU OT CbIpbsl (Fa3 WX yrojb) OH JUOO COMIOCTaBUM C
OOLIUHBIM IIPUPOSHBIM ra3oM, JIubo B 2,5 pasa Xy»ke Hero 1o 3TOMy
rokasareso®. OueBUZIHO, [JIST JeKapbOHU3AUUU SKOHOMUKU JIydIle
HCIIOJIb30BATh IIPUPOAHDBIN ras, YeM «Cepblii» BOAOPOJ — IIO3TOMY OH
He MOXeT ObITb YacTbI0 BOJOPOAHON 5KOHOMUKY b6yAyIIero.

OfHa U3 aJbTepHATUB — IIPOM3BOJCTBO «CEPOro» BOAOPOZA TOJILKO
B KOMOUHAIIUM C TEXHOJIOTHSMU II0 YJIABJIUBAHUIO U XpaHEHUIO
yriyiekucyoro rasa (CCS - carbon capture and storage)*. IlosyuyeHHDIN
TakuM o06pa3oM BOZOPOJ Ha3bIBAlOT «rojybbiM» B oTimuue
or SMR, Texnosoruu CCS eme [gamekd OT HNOJHOMACIITAOHOM!
koMMepnuanusanuu. [Io gamubiM Global CCS Institute, B 2018 rogy
B MUpe HaCUWUTBIBAJIOCh JIUIIDL 18 KPYIHDBIX IIPOEKTOB C TeXHOJIOTUe
ynaBnuBanug CO,, eme 5 6bLIO B CTaAuM CTPOUTENbCTBA U 20 -
B PA3JIMYHDBIX CTAAUSX Pa3paboTKU (IeBeJIONMMEeHT - 3TO JKUJIUIIHOEe
CTPOUTENLCTBO BOObIIe-TO). B Mupe wu3BecTHbI TpU IIPOeKTa, B
KOTOpPbIX MHTErpUpOBaHbLI IIApoBasi KOHBEpPCUS MeTaHa, a TaKxke
YacTUYHOEe YyJIaBJIMBaHWe, TpaHCIOpT u XpaHeHuwe CO, - sto Port
Arthur B CIIA, Quest B KarHaze u Tomakomai B dmoHun. I1Io oleHke
IEAGHG?*, pnobaBnenve CCS yBenuuuBaeTr CAPEX TexHOJOrUu
SMR Ha BesuuuHy g0 87%, a OPEX - Ha BesmuuHy 10 33%.
[lpuBeJieHHAss CTOMMOCTD IIOJIyYaeMOro IIpU 3TOM BOZOPOJa pacTeT
IIOYTU B IIOJITOpA pa3a — Zo 1,8 eBpo 3a Kr, a IleHAa YyTUIN3alUUuU
CO, - mo 70 eBpo 3a Touny CO,.

B ampese 2019 roza moOJIy4us IIOJIOKUTEJbHOE 3aKJIloueHUue
9KOJIOTUYeCKON 9KCIIepTU3bI JIeMOHCTPALIOHHDbIN MIPOEeKT
NIPOU3BOACTBA «Irojyboro» BoOAOpOJa U3 byporo yrias bacceirHa
Jlatpob-Baniu B ABCTpanuu C IOCJIeAYIOMMUM 5KCIOPTOM BOZOpPOAA

43 TlogpobHee 06 yryiepoZHOM cJefie «Ceporo» Bomopoza cM.: Balcombe et al. (2018). The carbon
credentials of hydrogen gas networks and supply chains, Renewable and Sustainable Energy
Reviews,

https://www.sciencedirect.com/science/article/pii/S1364032118302983.

4 Eme onWH criocob6 YMEHDBIIUTDL YITIEPOAHDLIN CJie[] — YaCTUYHO WCIIOIb30BaTh B KadyecTBe
ChbIpbsi broMaccy/6uoras

45 Carbon Capture and Storage Institute. The CCS Global Status report 2018.

46 TEAGHG, “Techno-Economic Evaluation of SMR Based Standalone (Merchant) Plant with
CCS”, 2017/02, February, 2017
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B Amonuio - Hydrogen Energy Supply Chain, pasBuBaemblili oz
yhpasjaeHueM smnoHckor Kawasaki. [ljgsg ABcCTpaaum 35TO  IIar
K BO3MOXXHOCTU MCIIOJbL30BaHUS OTPOMHBIX 3amacoB Oyporo yrijs,
IIpyUyeM B HU3KOYIJIEPOAHOW SKOHOMUKe. DTOT HNpUMep ITOKa3bIBaerT,
YTO «TOJIybol» BOZOPOJ MMeeT XOpollire IepCIeKTUBLI B CTpaHaX-
SKCIIOpTepax MCKOIIaeMOro TOILJIUBA, IZie LleHa ero HeBeJsIMKa — XOTs
KoMMepnuanusanus texHosoruu CCS norpebyeT ellje 3HAUYUTEILHBIX
YCUJIU.

BTopas anbTepHaTUBa «CepoMY» BOLOPOAY - «3eJIEHbI» BOJOPOZ,
[10JIy4YaeMbIN 3JIEKTPOJIU30M C IIOMOILbIO SHEpPruu ¢ MUHUMaJIbHbIM
yIJIepOOHLIM CJIeZIoM — B IIepBYyIo ouepelb, oT BUD.

He BcsKuM BOZOPOZ, MOJy4YaeMbIN 3JIEKTPOJIN30M, MOKHO HA3bIBaTb
«3eJIeHbIM»- BCE 3aBUCUT OT YIJIEPOAHOIrO Cjela MCIOJIb3yeMOMN AJIS
9TOr0 3JIeKTpo3Hepruu. Taxk, GOJBIIMHCTBO U3BECTHLIX YCTAaHOBOK
B ['epMaHMM MOKA MCIOJIL3YIOT 3JIEKTPOSHEPIU0 U3 3HEeproCUCTeMBbI,
a He MCKJIIoUUTesIbHO oT BU3, - 1 u3-3a B 11eJIOM ZI0BOJILHO BLICOKOI'O
ee YIJIepOLHOI'O cJjefa IIoJlydaeMbI BOZOpPOZ, SBJSETCS CKopee
«CcepbIM». [ToakIIIOUeHNe 3J1eKTpoJIr3epa U30JUPOBAHHO K BUD MoxeT
peluTh 3Ty NpobjaeMy — HO B 9TOM CJydae 3arpyska 3JIeKTpoJu3epa
IafaeT IIpUMEPHO BABOe: OHA He MOXKeT ObIThb Bblllle Ko3dduumeHTa
HUCIOJIb30BAHUS  YCTAHOBJEHHOW  MoimHoctu  BUD.  Ipyron
criocob «o03eJIeHeHWsl» IIpollecca 5JIeKTpoJur3a - JeKapboHus3anus
3JIEKTPO3HEepPreTUKU, KOTOpasl B TOM Xe ['epMaHUU 3allJlaHMpPOBaHa o
ypoBHS 100% x 2050 roay.

TonbKo «3eJleHbIl» BOJAOPOZA MOXKEeT ObITb HCIIOJIb30BaH [JIs
UCII0JIb30BaHUsSI 0T BYD B ApYyruX CEKTOPaX IOMUMO 3JIEKTPOIHEPreTUKU
- IIO9TOMY OH SIBJISIETCS KpaeyroJIbHbIM KaMHeEM JJIsI BOJOPOAHOM
SKOHOMUKH B I1eJIOM, BOKPYT Hero KOHLIeHTPUPYIOTCS MCCJIeIOBAHUS
B BOJIBITUHCTBE BOJOPOAHBIX ITPOTPAMM.

B TO Xe BpeMsl, 3HEPTOKOMIIQHHHU C CYIIeCTBEHHLIM NOOpTdeaeM
ASC TOXe TmpeTeHOYIOT HA CBOe MeCTO Ha IJIObaJIbHOM pPbLIHKe
Bozopoza. B ampesie 2019 rozma d¢pannysckaas EDF, Biaazeromas
58 aToMHBIMU 5HeproboKamMy, 3asiBUJIA O 3aIycke JJouepHero brusHeca
Hynamics, KOTOpDLIN COCPeSOTOUUTCS Ha IIOCTAaBKaX U 0H6CIyKUBaHUU
SJIEKTPOJIN3epOB, a TakKke 3allpaBKe BOAOPOAHOrO TPAHCIOPTA.
WuBectuiiuu EDF cocTaBuiu 16 MJIH eBpo, KOMIAHUS 3asBJIsSeT
0 40 moTeHUMA/NbHBIX ITpoekTaXx Bo PpaHumu, Benbruu, 'epmanuu
u Besmkobputanuu. I[losyuyeHHDBIN TakuM 0bpa3oM BoJopoz Ha 6asze
snekTposHeprumn ASC TakKe byeT UMeTb MUHUMAJIbHDBIN YTJIepOAHDbIN
cJien.

CTOUT OTMETUTD, UTO UHTEpeC K «3eJIeHOMY» U «T0Jy6OoMYy» BOLOPOAY
aBHO pacteT. [lo maHHBIM MDA, B TedeHUe IOCJeOHUX CEMU JIeT
B CpelHEM B MUpe BBOAUIM B OBKCIUIyaTauuno okoso 10 MBt
aJIeKTposin3epoB exerofHo. B 2018 ropy BsezmeHo yxe 20 MBT,
a go koHna 2020 roza oxumaetcsa BBoJ eme 100 MBt. MHBecTULIU
B 9JIEKTPOJIM3epbl PaCTyT — COBOKYITHASI MOIIHOCTL YCTAHOBOK MOXKET
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IIOYTU YTPOUTDLCS B Oiawkanmme 2-3 roaa*’, NOCTUTHYB OTMeETKU
B 150 MBT. I719 IOJHOIIeHHOM KOMMepLUUaIN3alu HY;KHO epenTu
yepe3 rpanuny B 90 MBt/rog (puc. 13).

PucyHok 13 BBofpbl HOBbIX 3/1eKTP0/IM3epoB pasHbix Tunos B 2010-2018 rr. B Mupe
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2019 - 2020

PacuyeTHbIi ronoBoi 06eM pbiHKA AA UHBIX MPOMBILLIEHHBIX MPUMEHEHUI

MBT (3neKTpuyecKuii)

mmm Alkaline  mssm PEM s SOEC s HenzBecTHO

UcTouHuK: |IEA*

[To omeHKe HeMelKOM BoAopoxHOM acconmanuu NOW GmbH?, gns
TOTO, YTOObI 06eCrneuyuTh ITIOTPeOHOCTM B 3JIeKTPOJIM3epaX OIHOM
I'epmanuy, B TedeHue 10 JieT HY)KHO YBEJUYUTb STy IIJIAHKY elle
B 10-50 pas.

DJIeKTpOJIN3ephbl KCIOJIb3YIOT pa3Hble TeXHOJIOTHMU. JJIeKTPOJIU3ephl
C IpOTOHHbBIMU MeM6paHamu (PEM) B mocsiefHue oAbl JUAUPYIOT
I10 HOBBLIM BBOJAM II0 CPaBHEHUIO C IIeJIOYHLIMU 3JIeKTPOJIN3epaMu
(Alkaline) u, mo oueHke Frontier Economics®, yxe pocTuriu
KOMMepLuanu3anuu. TBeprookcuaHble 3jiekrpoausepbl (SOEC)
IIOKa HaXOJATCS B JeMOHCTPallMOHHOM ¢ase, HO, IO HEKOTOPLbIM
OLleHKaM, IIpeTeHJYIOT Ha IIpOpbIB B HWHAYCTPUU. JJajbHenIuun
BbI30B — MacCIITabupOBaHUe eSWHUYHON MOITHOCTU 3JI€KTPOJIH3epOB
OT eJVHUIl MeraBaTT [I0 [ecITKOB U COTeH MeraBartT.

Ha ceromHAIHNN NeHDb 3JIEKTPOJIU3 C 3JIeKTposHepruen oT BUS moka
OCTaeTCs CaMOM [OpOroM TeXHOJIOTHMeM IIPOU3BOACTBA BOAOPOZA —
0 3 pa3 [opoXke ITapOBOM KOHBEPCUU MeTaHa, U LjesIeBOM 3aZaueint
BCeX HalMOHAJIbHLIX BOJOPOAHLIX IIPOrpaMM SBJISETCS ee pe3Koe
yIelueBjgeHre. B TO Xe BpeMsl, BaXKHLBIMU IIpeUMYINeCTBAMU
BBICTYIIAIOT MPAKTUUYECKU HYJIeBOU YIJIEPOAHDLINW CJiell U OTCYTCTBUE
HeOobXOAMMOCTM KOMOMHHUPOBATL 3JIEKTPOJIM3 C TEeXHOJOrueu
ynasiauBauus u xpanenus CO, (CCS).

47 https://www.iea.org/tcep/energyintegration/hydrogen/
48 JEA World Energy Investments 2018, IEA World Energy Investments 2019

49 Brief Overview. Industrialisation of water electrolysis in Germany: Opportunities and chal-
lenges for sustainable hydrogen for transport, electricity and heat / National Organisation
Hydrogen and Fuel Cell Technology - NOW GmbH. Berlin, October 2018

%0 International aspects of a Power-to-X roadmap. A report prepared for the World Energy Coun-
cil Germany / Frontier Economics Ltd, October 2018
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PucyHok 14 lMporHo3 nameHenna CAPEX aneKTponv3epoB pa3Hbix TUMOB
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Uctounukn: NOW GmbH, Fraunhofer Institute, 201 8!

2050

Y 3J1eKTpOJIN3epOB eCTb OOJILIION MOTeHIWA CHUKeHUsI CTOMMOCTY,
B 0CO6EHHOCTU Y TBEPAOOKCUIHDBIX U 3JIEKTPOJIN3ePOB C IPOTOHHLIMU
meMbpaHamu (puc. 14). ITo gzanuabiM UK Committee on Climate Change,
eCTb IoTeHIUaa U B pocTe 3dpdextuBHOCTHU (KIIJ) — ¢ HBIHEITHUX 67%
o mpumMmepHo 80% (y 3JIeKTpOJIN3epOB C IPOTOHHBIMU MeMbpaHaMu

U IIeJIOYHDIX) U 0 92% - y TBepA0OKCUIHDIX.

PucyHoK 15 [pvBeneHHas CTOMMOCTb «r0ly6oro» (ClieBa) U «3e1leHoro» (crpasa)
BOZOpOAA AN1A yCNoBuiA BennkobpuTtaHum™

45 -

40 -

35

30

25

20

£/MBTY npov3aBefieHHOro BOAOPOAA

2025

2040

YnyJyweHHasa KoHBepcna ¢ CCS

= OPEX

m CAPEX

120

100

80

60

40

£/MBTY npov3BeieHHOro BOAOPOAA

20

| 3anaTbI Ha TonmBo

Uctounuk: UK Committee on Climate Change>®

! Hydrogen in a low-carbon economy / UK Committee on Climate Change, November 2018.

521 MBt-u = 30 xr Bogopoza, 1 GBP = 1,13 EUR

% Hydrogen in a low-carbon economy / UK Committee on Climate Change, November 2018.

X
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PEM-3neKTponusep

M 3atpatbl Ha CO2
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[Tpy 3TOM mOpeAmoJiaraeTcs, 4To JJis1 YCI0BUM DBenukobpuTaHUuU
K 2040 romy mapoBast koHBepcusi MeTaHa ¢ CCS byneTr Bce ele
bosee IOCTYIHOM MO IPUBENEHHOM CTOMMOCTH BOZOPOZA, YeM
aJyiekTpoJsin3 oT BUI (puc. 15) - x0T B obenx OlleHKax ecTb boJibIlas
JloJIs1 HeoIlpe[eJIeHHOCTH B OTHOIIeHUM byaymen 3¢deKTUBHOCTUA
TexHosoruu, croumoctu CO,, TOIIMBA U 3JIEKTPOSHEPI'WH, CTEIEeHU
3arpys3Ku 3JIeKTPOJIN3epoB U T.4,.

I[To oueHke MDA, Ha OCHOBe 3JIeKTPOJIN3ePOB, COTHEUHDIX U BETPSIHBIX
3JIEKTPOCTAHLIVN B yZlaJeHHDBIX IPHUOpesKHLIX 30HaX MOXKHO CO3/1aBaTh
3bdexTUBHbIe TUOpUAHbIE CHUCTEMBbl, CIOCOOHbIe IPOU3BOLUTD
«3eJIeHbIV» BOZOPOJ II0 IpueMJeMON JJis S5KCIopTa IeHe. Tax,
B ABcTpasinu B Ipefiesax 50 KM OoT 6eperoBoii JUHUY 3a UCKII0UeHNeM
IIyCTHIHDb (BoAa HeobXoOWMa [JIsl 3JIeKTPOJIM3a) eCTb BO3MO’KHOCTD
NIPOU3BOAUTL BOZOPOJ O0OInei SHepreTUYecKoy IeHHOCTbIO OKOJIO
100 maH T.H.5 (0KoJIO 3% HBIHELIIHero MHpPOBOIO pblHKA). OneHKa
BBIIIOJTHEHA UCXOAS U3 LieHbl 3JeKTposHepruu 47 posn. / MBT-u
U 3arpyskm sjiekTposin3epoB Ha 30-40%. CebecToMMOCTb BOAOpPOZa
IIPU 5TOM MO’KeT COCTaBUTb MeHee 3 AOJII / KI, UTO OJIM3KO K IieHe
IapoBOM KOHBepcuu MeTaHa ¢ CCS™.

CoxpaTuTb cebecTOMMOCTD «3eJIeHOI'0» BOJIOpOAa MOKeT IIOMOYb YCKO-
pEeHHOe pa3BUTHe pbIHKA 3JIeKTPOJIN3ePOB U yIellleBJeHNe 3JIeKTPO3-
Hepruu ot BU3. [Io ouerke NOW GmbH, pbIHOK 3JIeKTPOJIN3epOB
(He TONIbKO HEMeLIKUM, HO U IJI0baJIbHDLIN) HaXOAUTCS B O4YeHDb paHHe!
daze pa3BuTuUs: 06beMbl IIPOM3BOACTBA B I0J HENOCTAaTOUYHDLI [JIS
OBICTPOrO JBIMIKEHUS II0 «KPUBOM ObydUeHUs» - Majlo IIOCTaBIINKOB
KOMIIOHEHTOB, MaJjlasl CTelleHb aBTOMAaTU3aluu U T.J. PbIHOK cMoOKeT
JIOCTUYDb TOJHOMACIITAabHON KOMMepIWaIU3allui, ecJad JOCTUTHeT
TUTaBaTTHOTO MaciiTaba — To ecTb BbIpacTeT B 500-1000 pas (puc. 10).
Meppl CTUMYJIMPOBAHUS CIIpOCA Ha 3JeKTPOJIN3epbl B UCCIeJ0BAaHUN

PucyHok 16. TeMmnbl pa3BMTUA pPblHKA 3/1IEKTPOSIN3EPOB, He0bX0AMMbIEe AJ1A BbixoAa
0TPaC/M Ha KOMMepLMann3aLmo

BBO/Ibl HOBbIX 3/1eKTponu3epos, MBT / rop

2020 2025 2030

< 20 MBT/rog npupocTa, 250-500 MBT/roa npupocTa, 1-5 'B1/rop npupocTa,
<100 MBT Bcero 1-2 'BT BCero >10 BT BCero

Uctounmkn: NOW GmbH, Fraunhofer Institute, 20185°

> TEA. World Energy Outlook 2018.
5 Hydrogen in a low-carbon economy / UK Committee on Climate Change, November 2018.
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NOW GmbH mpusHaHbI ropaszno 6oJiee BaXXKHLBIMY, YeM UHBECTULIMU B
HUOKP u feMOHCTpalluOHHbIe IPOeKThI.

«['oyryboii» U «3esieHbIN» BOAOPOZ, TaKUM 06pa3oM, MOTYT OIOJIHATD
Ipyr gpyra: B nepuo o 2040-2050 rofoB (Korja ux ijeHa B cpeJHeM
II0 MUPY CPaBHSETCSI) «T0JIyH0M» BOAOPOA MOXeT CTaTb 3¢ (PeKTUBHLIM
«MOCTOM» [JISI Pa3BUTHSA [PYTUX SJIEMEHTOB TeXHOJOIn4YeCcKon
LEeIIOYKH.

[TapoBasi KOHBepCUsl MeTaHa U 3J1eKTPOJIU3 — 3TO 6a30Bble TeXHOJIOTUH,
BOKPYT KOTODBIX, II0 MHeHUIO0 OOJIbUIMHCTBA UCCJesloBarTeselt, byaeT
pa3BUBaTbLCS CEKTOP IMPOM3BOACTBA Bojopoia. Cpeu APyrux CriocoboB
MOXXHO BDLIJEJUTb PUPOPMUHT ILJIa3MbL; PUGOPMUHI HA OCHOBE
MOHHDIX MeMO6paH; KOHBEPCUI0 MeTaHa C YCUJIeHVWeM COpbeHTOM;
MUKpOKaHaJIbHbIe PeakTOopbl’; pasJyiokeHHe (MIMPOJIU3) MeTaHa C
BblZeJIeHUeM YTJIepoJia B TBEPAOM Buze*; BBICOKOTeMIIepaTypHLIe
rasooxJjakfjaemMble siiepHble PeakTopbl U T.J. DTU TeXHOJIOTHMU II0Ka
HaXOJIATCS Ha ellle 6oJlee paHHUX CTAJIUSIX KOMMepIUaIN3alii.

TpaHcnopT Bogopopaa: TaHKepbl NPOTUB TPy6

TpaHCIIOPTHPOBKA BOJOPOJA OCYIIEeCTBJSETCS Yy>Ke Ha MNPOTSKeHUU
JecITUIeTU - [IJis HbIHEeITHUX MacIiTaboB pbIHKA BOAOpOZa 3TU
TEeXHOJIOTUM SIBJISIFOTCSI XOPOIIO OTPabOTaHHLIMU U 06s3aTebHO
HaUZyT CBOe NIpUMeHeHUe B byzymeM. BMecTe ¢ TeM, MHOTOKPAaTHDBIN
POCT pblHKa OTpebyeT HOBLIX pellleHNUM, — paboTalIIUX C 60JIbIINMUA
obbeMaMu BOAOpPOZAa W OAJbHUMM PACCTOSSHUSIMU (B TOM 4YHCTe
Me>KKOHTMHEeHTAJIbHOI'0 MaciiTaba).

B m060M ciydae, rjaBHasi OCO6EHHOCTb TpaHCIOpPTAa BoJopoda —
pasHoobpasue ero criocobos (puc. 17), B KaXKA0M K3 KOTOPDLIX eCTh CBOU
aCIleKThbl SHepros3arpar, 6e30ImacHOCTU U yA06CTBA MCIOJIbL30BaHUSL
B KakIOM KOHKPETHOM IIpOeKTe U3 5TOr0 MHOKeCTBa MOXKHO
rnozobpaTh ONTUMaJIbHbIe (IO KPUTEepUI0 MUHUMAJIbHDLIX 3aTpaT Ha
BCIO JIOTMICTUYECKYIO 1IeIIOUKY) MMEHHO B JaHHOM CJIydae TeXHOJIOTUU.

HaseMHBIN TpaHCIOPT BOAOPOJA B CXKAaTOM M CKIKEHHOM BuIe
(QBTOMOOUJILHDBIN,  KeJIe3HOJOPOKHBLIM M TPYOOIIPOBOAHDIN)-
NeCITUJIETUSIMU ~ OTpabOTaHHAsI TEXHOJIOTUsl, KOTOpasl SIBJISETCS
OCHOBHOM CerofHss U OCTQHETCSI TaKOBOM B CpellHEeCpPOYHOM
TIepCIIeKTUBE.

Hampumep, CTaHIAQpPTHLIN «aBTOBOZLOPOZAOBO3» IIePeBO3UT HAbOOp U3
Tpyb00b6pa3HbBIX pe3epByapoB 06111el eMKOCTbI0 0K0JI0 20-25 M? C5KaTOro
Bozoposa (maBiaeHue 25 MIla), unu npumepHo 0,5-1 ToHHDBI s
IIepeBO30K B CXKMDKEHHOM BH/Jle HCIIOJIb3YIOTCSI TaHKePhI C II0JIe3HbIM
rpy3oM 70 4 T BOAOpoAa eMKOCTbIO 10 50 M® — 3TO 0CO6eHHO BBLITOLHO

% Introduction to hydrogen production / R.Navarro, R. Guil, J.Fierro / Compendium of Hydro-
gen Energy. Volume 1: Hydrogen Production and Purification. Ed. by V. Subramani, A. Basile
and T. N. Veziroglu. - Woodhead Publishing, 2015.

7 VICHDbITaHUSI TI0 MUPOJIM3Y MeTaHa Ha JIabOpaTOpPHOM YCTAaHOBKE IIPOBOAUT B [epMaHUU
KoMaHJa uccyuenosateseri u3 Karlsruhe Institute of Technology (KIT) u Institute of Advanced
Sustainability Studies (IASS) https://www.iass-potsdam.de/en/news/zero-emission-hydro-
gen-production-natural-gas-german-gas-industry-awards-prize-researchers
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PucyHoK 17 Bo3MoKHble cnocobbl TpaHCNopTUPOBKM Bogopoaa

BapuaHTbl ®dopMa TpPaHCNOPTUPOBKU BapuaHTbl xpaHeHus
TPaHCNopTUPOBKMN 1 XpaHeHue

Tpy6onposoa
MHPPaCTpyKTypa
KpvioreHHbIN *uaKnn
BOLOPOA
HenesHan fo| / Bapra LinctepHbl ¢ aMMHaKkom
MWaKWA opraHnyeckuii Pe3epsyapbl ana
BOAOPOAHbIN HOCUTENb MUAKWX YrNeBogopoaoB

JUIST TpaHCIOpTa Ha JaJibHMEe paccTosiHUus (Do 4 TobIc. KM)™.
B mepcrnekTuBe BO3MOXXHO pa3BUTHUe 3TOr0 HAIlpaBJIeHUs- I1epeXof
OT CTaJIX Ha KOMIIO3UTHbIE MAaTepUaJIbI (UTO YMeHbIIAeT MAcCy «Tapbl»
U YCTpaHseT COOTBETCTBYIOUIVe JIOTUCTUYeCKUe OrpaHUYeHUsl), pOCT
JlaBJIeHUs T.JI.

[Mon3emMHoe
XpaHuuie rasa

H

UucrepHbl gna
caToro Bogopoaa

LUncrepHbl gna
MKUIKOro Bogopoaa

UcTounuk: DNV GL58

Tpy6bompoBoabl TIOAXOASAT [JJs TpaHCIOpPTa 6ojiee KPYIHDLIX
U TOCTOSIHHBIX O06beMOB BOJOPOZA, XOTS U TpeOyIoT 3HAaUUTeJIbHDLIX
uHBecTUIIUN. B Mupe mo coctosHUO Ha 2016 roZl HACUUTLIBAJIOCH
6osiee 4,5 TbIC. KM BOZOPOAOIPOBOZOB - IpeuMmylnecTBeHHO B CIIA
U 4yeTbIpeX cTpaHax Esponnr (puc. 18).

Onsa  BomopoZa He  006s3aTesJIbHO  CO3[4aBaTb  COOGCTBEHHYIO
TPYOOIIPOBOLHYIO CUCTEMY — MOKHO HUCIIOJIb30BaTh Y>Ke UMeIOLYIoCs,
CO3LaHHYIO [JI1 IIPUPOAHOIO Tra3a, IIOAMEINMBAasi BOAOPOL B ras
Jl0 oIpeneIEHHOrO mpefesia. s MHorux crpald EBponnt u CIIA Takas
TEeXHOJIOTHSI — BCEro JIMIIb «XOPOIIO 3abbIToe cTapoe», - Bedb ¢ XIX
o cepenuHbl XX Beka BO MHOI'MX I'OpOJax CYILIECTBOBAIU CUCTEMBI
rasocHab>keHUs1 «TOpPOACKMM ra3oM» (town gas), IOoJIydyaeMbIM
HUCKYCCTBeHHO u3 yris. CoaeprkaHue BOLOPOAA B TAKOM ra3e ObbIYHO
COCTaBJISLIO 0K0JI0 50%.

*8 Hydrogen as an energy carrier. An evaluation of emerging hydrogen value chains / DNV GL,
2018.

% Shell Hydrogen Study. Energy of the future? Sustainable Mobility through Fuel Cells
and H, / Shell Deutschland Oil GmbH, Wuppertal Institut, 2017.
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PucyHok 18 [lpoTAxeHHOCTb BOLOpPOAOoNpoBoAoB B Mupe B 2016 T.
2608 kM

613 KM
376 KM
303 kM
- 237 KM 147 kM 258 kM
CLUA Benbrua "epmanua ®paHuna  Hugepnanabl Kanapa OcTanbHble

UcTouHuK: Shell®

B pa3/MyYHLIX CTpaHAX AOIYCKAIOTCS pas3Hble AOJIM ITOAMEIINBAHUS
BOZOpO/ia B MPUPOAHDLIN ras, - oT 0.1% (B Benbruu, Hosol 3emanguy,
Benuxkobputanuu u CIIA) 7o 10% B 'epmanuu u 12% B Hunepsiangax®'.
BepxHu mpezeJi orpeesseTcs HallMOHAJIbHBIMU TEXHOJIOTUYECKUMU
CTaHApTaMH, CBSI3aHHBIMU C  6e30IIaCHOCTLIO  A30MPOBO/JIOB
uobopyioBaHus, ckuratouieroras. Mcciaenosanus NREL mokasbiBaoT??,
YTO IUIaHKAa B 15% MOXeT OBbITb [JOCTUTHYTa B HMEOUUXCS
ra30TPaHCIIOPTHDLIX CUCTeMax 6e3 KaKuX-JInbo cepbe3HbIX U3MeHeHU!,
a B HEKOTOPDLIX CJIyYasiX OHa MOXeT OBbITb Cepbe3HO IIpeBbIlIeHa.
ITo omeHKe «['a3MpPOM 3KCIIOPTa», B COBpeMEHHDIX I'a30MPOBOAAX THUIIA
«CeBepHOro IOTOKa» JOCTUKMMO orpaHuyeHue B 70%%.

[Tpoext H21 North of England®, xoTopbiii pa3BuBaeT MecCTHas
rasoBasi KOMIIaHUS B IapTHepcTBe ¢ Equinor, mpeanosiaraeT mepeso
ra3oBbIX ceTell U 0DOOpPYJOBAaHMS Ha CTOPOHe IIOTpebuTesieil ceBepa
AHrMyM Ha BOJOPO[, CTPOUTEJIBCTBO HOBLIX BOJOPOAOIIPOBOAOB -
B pe3yJibTaTe 3,7 MJIH. JIOMOB U 6M3HECOB epelayT Ha UCII0JIb30BaHUe
BoAopoAa AJisl oTomjieHus. ObIIast CTOMMOCTb IPOeKTa OlLleHMBAeTCs
B 28 MJIpA [OOJJIapoB - Tpu 3TOM Bbibpochl CO, cHU3ATCA
Ha 20 MJIH TOHH B I'oJ.

11 MacmTabHOM eBpOIeNCcKOM ra30TPaHCIIOPTHOM CUCTeMBI (pUc.19)
nogmemrrBanue 20% BoaopoAa, o JaHHBIM MDA, CHU3UT®® BLIGPOCDI
CO, Ha 60 MJIH TOHH B rof (Ha 7%). B To e BpeMs, 110 orjeHke Navigant,
boJjiee TIpeITOUTUTEILHOM N1J1s1 EBponbI omiiyell Ha HayaJbHOM 3Tarie
MOJKeT OBITb CO3/aHKe BOJOPOAOIIPOBOAOB M3 COCENHUX PEeruoHOB
(HampuMep, u3 CeBepHOM Adpukm)°e.

¢ International aspects of a Power-to-X roadmap. A report prepared for the World Energy Coun-
cil Germany / Frontier Economics Ltd, October 2018

¢ TEA. World Energy Outlook 2018.

2 Blending Hydrogen into Natural Gas Pipeline Networks: A Review of Key Issues. Technical
Report / National Renewable Energy Laboratory, March 2013.

% Blue Fuel - Gazprom Export Global Newsletter / 2018, Issue 48.
¢ H21 North of England Report 2018 / D. Sandler, H. Anderson. - November 2018, 544 p.
% TEA. World Energy Outlook 2018.

¢ Gas for Climate. The optimal role for gas in a net-zero emissions energy system / Navigant
Netherlands B.V,, reviewed by Kees van der Leun and Prof. Dr. Kornelis Blok. March 2019.
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PucyHok 19 CyuiecTBytollana cuctema razonposoaos B EBpone

UcTouHuk: Frontier Economics®’

MopcKo ¥ pevyHOM TPAHCIIOPT BO3MOSKeH 17151 BOAOPO/Ia pa3HOOOpa3HbIX
BUJOB — CXaTOrO, CXKWKEHHOIO0O U XWMHUUYECKH CBSI3aHHOTIO.
B Hebospmux obbeMax (Ha aBTOTaHKepaX C CKAaTbIM BOJOPOAOM
C IIOMOILIBIO0 [IAPOMOB) PeYHOM TPAHCIIOPT IIpUMeHseTcs y>Ke cenJac,
HO He uMeeT OOJIbIIOrO 3HadeHUs. [y co3JaHUSA IJ100aJIbHOIO
pbIHKA BOZOpPOJa KakK SHEpProHOCUTesisI IIOTpebyioTcs Jpyrue
TeXHOJIOTMH, CPaBHUMDbIe C WHIAYCTpUeN CKUKeHHOI'O0 IIPUPOSHOIO
rasa (CIII') - HanpuMep, KPYIHOTOHHa)XKHbIe MOPCKHe TaHKephl
C CKUKEeHHDBIM BoZlopoZoM obmuM o6beMoM 150-200 ThIc. M?, KOTOpbIe
6Bl KCIOJIb30BaJX BbINAp (0Opasylomuiics OT HarpeBa BOJOPOZA)
JIS1 CyZOBBIX JBuraresiell. Pa3paboTku MOAOOHDBIX CyZOB HadasIUCh
B 1980-1990-x romax B EBpomne u SmoHuM, HO 0 TOTOBLIX 06pa31[0B
II0OKa He Jouuiv. BeposTHee Bcero, IepBble BOAOPOAHDbIE TaHKepPDI
MIOSIBATCS B paMKaX YIIOMUHABIIEr'0Cs BhIIIe SITOHCKO-aBCTPAIUNICKOIO
npoexkta Hydrogen Energy Supply Chain niu aHaJIorn4HOro sSimoHCKO-
HOPBEXKCKOT'0 ITPOeKTa —3a LIeIIOYKU ITIOCTABOK B 9TUX IIPOEKTaX OTBeYaeT
koMItanus Kawasaki Heavy Industries, Korga-To mocTpoUBILIAs ITIepBbI
B finonuu CIII'-Tankep®®. He6osbIno e MOHCTPAlIMOHHDBIN TaHKeD YiKe
HaXOJUTCS B pa3paboTke, a KpyIIHbIe KOpPabju HaXOASATCS B IIJIaHAX
Ha 2020-e rogni.

TpaHCIOPT CXKWKEHHOIO BOJAOpoAa B LieJIoM boJiee 3aTpaTeH, 4yeM
CIII, u3-3a 6oJsblleil CTOMMOCTH KopabJjiel, 3aTpaT SHeprud Ha
CKI>KeHVe W HeobXOAMMOCTH IMoAAep KaHUsl ropasfio bojiee HU3KOU

7 International aspects of a Power-to-X roadmap. A report prepared for the World Energy Coun-
cil Germany / Frontier Economics Ltd, October 2018

%8 Kawasaki Hydrogen Road / Pesxum moctyma: https://global.kawasaki.com/en/hydrogen/index.
html
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TEMIIEPATYPDL. HOQTOMy B 3KCIIOPTHDIX ITPOEKTaX IIOMHNMO CXKU>KEHUA
PaCCMaTPUBAIOTCA €lIe€ ABE aJIbTEPHATHBDI:

+ CBSI3bIBaHMe BOAOPOJZA B aMMUakKe — C IIOCIeAYI0IUM CKUKeHrueM
U TPAHCIIOPTOM aMMMaKa (Jajiee aMMMaK MOXKeT ObITb peaTnu30BaH
KaK CaMOCTOSITeJIbHBIM TOBAap — IJIOOAJIbHBIM PBIHOK aMMMaKa
oueHuBaetrcss B 80 MupAd OOJL, - JUOO pas3zesieH Ha BOZOPOL
U a30T);

« CBA3BIBAaHME  BOJIOpPOJla B  YIJIeBOJOPOJAAX,  HAMpUMep
B MeTUJILUKJIOreKcaHe - TUAPUpPOBaHUE ToJjyosa® -
C TOCJeAYIIUM MPOCTLIM TPAHCIIOPTOM METUJILUKJIOreKCaHa
U BbIJleJIEHUEM U3 Hero BoJIopo/a.

[To omenke MDA, nana yCIOBUM IIpOeKTa SKCIOpPTa BOAOPOLA
u3 ABcTpanuu B 2040 r. CTOUMOCTb BCeX TpeX CIOCOO0B OTJIAYAETCS
He OYeHDb 3HAUUTEJIbHO — B Ipefesax 2,6-2,8 gosi./ Kr. B BapuaHTe
C WCIIOJIb30BaHHEM aMMMaKa eCTb BO3MOKHOCTbL CHU3UTb CTOMMOCTDb
Iio 1,5 moJin./Kr, ecyiu 0TKa3aTbCs OT BbIZeJeHUsI BOAOPOoJa U3 aMMHUaKa.

PucyHok 20 CToMMOCTb MOpPCKOro TpaHcrnopTa Bogopoga us Asctpanum B 2040 .

3,5

Honnap 3a kr H, (2017)
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AMMMaK MeTunuuKnorexkcaH CHUrKeHHbIN Bogopoa
m [peobpasoBaHve  m [octaBka M [lerngpupoBaHue

UcTouHukmu IEA7°

o orieHKe aBCTPaJIMMCKUX KOMIIAHUM, CKUKEHYe BOAOPO/ia ITI03BOJISIET
COKPaTUTD 3aTpaThl Ha ITIepeBo3Ky B 2-5 pa3, a IepeBoZ, ero B aMMuak —
710 20 pa3 (puc. 21) 1o cpaBHEHUIO C BApUAaHTOM C>XKaToro Bogopoaa. [Ipu
5TOM CTOMMOCTD BblZIeJIEHUS aMMUaKa U3 BOAOPOZa He YUUTLIBAETCS.

Kak ¥ B OpousBoACTBe BOAOPOAA, CTOUMOCTL TpAHCIIOpPTa b6yneT
3aBUCETL OT TEMIIOB DPAa3BUTHUSI TEXHOJIOTMM M CHUXKEHUS 3aTpart.
MopcKoM TpaHCIIOPT BOZOPO/ia ITOKA HAXOAUTCSI B CAaMOM Havajle 3TOro
IIyTU: ITepBasi CUMBOJIMUecKasi OTTpy3Ka HeboJIbIIoro ob6beMa Bogoposaa

¢ XmMuyeckasi peakius prcoeIUHEHNs BOLOPOJa K OpraHUYeckoMy BellleCTBY.
70 TEA. World Energy Outlook 2018.
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B CBSI3aHHOM BHJle U3 ABCTpa/iuM B SMOHUIO COCTOSLJIACh B KOHIIe
anpesg 2019 roma B paMKaX COBMECTHOIO WUCCJIeZOBATeIbCKOIO
npoekTa yHUBepcuTeToB KBuHCIeHAa 1 Tokuo’!.

PucyHok 21 YpgenbHas CTOMMOCTb TPAHCMOPTUMPOBKM BOAOPOAA Pa3/IMuHbIMU criocobamu
B pa3nunuHbix Bugax, USD / T -Km.

Mopckoii M Bogopoasammuak [l G UK eHHbIN

B CGxatwii 43 Mna B Ckatbii 35 Mna

ABTO

0,5 1 15 2 2,5
HOonnap/T-Km

UcTtouHuk: ARENA7?

XpaHeHue Bogopoaa - oT 6aKOB [0 CONAHbIX NeLep

B03MOKHOCTL KpaTKO- U JOJIFOCPOYHOIO XpaHeHUus - 3TOo 6a3oBoe
IIperMyIIecTBO BOJOPOZA, KakK >SHEpProHOCUTess, II0 CPaBHEHUIO
C 9JIeKTPOsHepruen.

YXe B Halld JHU XOPOIIO OTPabOTaHbI TEeXHOJIOTUU (pHU3UUECKOro
XpaHeHHuA BOJOpoJa — B CKAaTOM BHIe, B OXJIAKJAEHHOM BUJe WU
B UX KOMbMHaUMU. B 3aBUCUMOCTU OT BuJa PU3NUECKOro XpaHeHUs
(puc. 22), faBjieHVe BOAOPOAA B eMKOCTH MoOXKeT MeHATbcs ¢ 0,6 [o
70 MIIa (moutu B 120 pas), a TeMIlepaTypa — CHUKATbCS C IPUBLIYHDBIX
HaMm 15-25 °C moutu no abcostorHoro HyJd (-250 °C).

Bomopozn B c’KaTOM BHAE XPaHUTCS, HallpuMep, B bakaX «BOZOPOX-
HBIX» 3JIeKTpoMobuen (3JIeKTpoMObuIeN Ha TOILJIUBHDBIX 3JIeMEeHTaX).
5TO XOpOoIIo OTpaboTaHHAs TeXHOJorus. KiiroueBol BbI30B B 3TOM Cer-
MeHTe - BbICOKOe JlaBjieHNe B H6aJjlJIoHaX BbIpa’kaeTcsl B poCTe UX Mac-
Cbl (M3-3a TOJICTBIX MeTaJLJINYeCKUX CTeHOK) M CTOMMOCTHU. [IpuMeHe-
HYe HOBLIX MaTepuaJIoB (HallpuMep, YIIepoJHOTO BOJIOKHA) — OJIH U3
BO3MO>KHDBIX BBIXOJ0B. [Toka 4To sHeprocoZep>kaHue 6aka ¢ 6eH3NHOM
UJIN KepOCHMHOM (B IlepecueTe Ha MacCy TOIIMBA U 0OOpPYZIOBaHUS) B
HEeCKOJIbKO pa3 6oJibllle, 4eM y BOZOPOAHOM CUCTeMBI — IIPU 3TOM IT0Ka-
3aTeJiu 3JIeKTpoMOobuser Ha aKKyMYJIITOpaX HUKe BOJOPOJHDIX ellle
B 6-8 pas (puc. 23)

71 https://www.redlandcitybulletin.com.au/story/5979927/locally-produced-hydrogen-ex-
ported-to-japan/

72 Opportunities for Australia from Hydrogen Exports, ACIL Allen Consulting for ARENA,
August 2018.

LleHTp 3HepreTukn MocKkoBcKol WwKonbl ynpasneHna CKOJIKOBO 30



BogopopHaa 3KOHOMMKA — NYTb K HU3KOYMepoaHOMY pPa3BUTUIO Miorb 2019

PucyHok 22 CocToAHue BogopoAa npu ero XpaHeHum
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PucyHoK 23 [10THOCTb pasnnyHbIX CUCTEM XpaHeHWA B TpaHcnopTe, MI/Kr

35
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MnoTtHocTb, MIM/KI

IBC FCEV BEV

UctouHuK: Shell”®

Cxkatve BOZOpoOAa IIO3BOJSIET XPaHUTb ero He TOJIbKO B 6akax
aBTOMOOUJIeN, HO U B IPOMBIIIJIEHHBIX MacliTabax moj 3emMJei — B
COJISIHBIX IIelllepax, BbIpaboTaHHLIX HedTera3oBbIX MeCTOPOKIEeHUSX,
BOJOHOCHDBIX I'opr30HTaX. [lo/i3eMHOe XpaHeHMNe NPUPOSHOrO rasa
IIPUMEHSETCS y>Ke OeCATUIeTUSIMU U, XOTS XpaHeHHe BOoZopoJa II0o
3eMJIel II0Ka HaXOAUTCH Ha paHHEM CTalUM OCBOEHUS — TEXHOJIOIUS
y’Ke HCIIOJb3yeTcsl Ha HeCKoJIbkux obbekrax B CIIIA u Espome, B
OCHOBHOM B CTapblX TIa30BbIX XpaHwullaX. CoJsigsHble Ielepbl -
HauboJjiee NEepCIEeKTUBHLIN CermMeHT, Belb UX 06beM [OCTUraeT
oT 50-100 mo 1000 Tpic. KyboMeTpoB — ellle IIPeACTOUT OCBOUTD, U

STOMY IIOCBANIEHDbI HECKOJIbKO ITMJIOTHBIX ITPOEKTOB B EBpOHe. OpgHa

73 Shell Hydrogen Study. Energy of the future? Sustainable Mobility through Fuel Cells and
H, / Shell Deutschland Oil GmbH, Wuppertal Institut, 2017.
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HeboJIbIIas Telepa, HapuMep, CIIOCO6HA XPaHUTDL BOJOPOA ObuIet
sHeproeMKocTbio 50 I'BT-u (mpumMepHO 5% OT roZl0BOro IOTpebaeHus
3JIeKTpO3Hepruu B Poccum).

XpaHeHVe B OXJIa’KAEHHOM C’KaTOM BHIE — 5TO OTHOCHUTEJIbHO
HOBas KOHIENIUS JJiI TPAHCIIOPTHOT'O CeKTOpa, HallpaBJjieHHas
Ha yMeHblIeHHe obbeMa 0akoB AJis XpaHeHUs W, COOTBETCTBEHHO,
UX yZhelleBjeHUs. [JlocTUraeTcsd STO OXJaXKIeHHWeM BoZopoJa
[0 TeMIlepaTyphl JKUAKOro a3oTa (okosio -180 °C) ¢ ero nocyienymomum
C’KaTHeM Ha CTAHIIMHY, A 3aTeM 3ampaBKoM. B mpoilecce 3ampaBKky 6akoB
3JIEKTPOMODMIIEN TeMIlepaTypa BOAOPOZA YBeJIMYMBaeTCsl IPUMePHO
Ha 100 °C. OTa TexXHOJOrUs IIO3BOJISIET COKPATUTb MacCy eMKOCTen
JIJ1s1 XpaHeHUs ouTy Ha 50% € COOTBETCTBYIOIIUM UX yelleBIeHneM,
HO 0bIas CTOMMOCTb CHUCTeMbl XpaHeHUsI OCTaeTCs 3HAauUuTeJIbHOM
13-3a 3Hepro3arpar.

Jake B C;)KU>KeHHOM BHJe, ITpU TeMIlepaType okoJio — 250 °C, Bojopon
OCTaeTCs OUYeHb «HEeIJIOTHbIM»: B OJHOM JIUTpe KUIKOCTU COLePKUTCS
Bcero 71 rpamm Bogopoza (B 10 pa3 MeHblle, yeM Yy OeH3VHa).
Hanpumep, 140-1uTpoBbIN BOZLOPOINHDLIN bak AJis JierkoBor BMW,
paspaboTtaHHbIN B 1970-x rogax komnaHuel Linde, comepskaa Bcero
Zlo 12 xr BogopoJia mmpu obineit Macce KOHCTpyknuu npumepHo 100 Kr.
PasHuiia temmepatyp € OKpysKamolleil Cpefioll CTOJIb BeJIMKA, YTO
II0Tepy BOAOPOJa H3-3a HarpeBa eMKOCTU IIOYTH Heu3be>KHDbI Aa’ke
C MCII0JIb30BaHUeM CJIOKHOM MHOI'OCJIOMHOM (B TOM UYMCJIe BAaKyyMHOI)
n3ossanun - oT 0,2 1o 3% B geHb. KpoMe Toro, cXumkeHue TpebyeT
sHepro3arpar B pasMepe A0 20-30% OT 3HeproeMKOCTU CXKUKaeMOI'o
BoZopoZa. BmMecTe ¢ TeM, 3Ta TEXHOJIOTUS YK€ LABHO HCIIOJIb3YyeTCsd
B KOCMOHaBTUKe (puc. 24).

PucyHoKk 24 XpaHunuule oxuxeHHoro Bogopoaa 3200 M3 B KocMmnyecKoM LieHTpe
uM. Kennean, CLUA

Jpyroe HampaBJieHUe XpaHeHUsl BOJIOPO/a, OTJIUYHOE OT U3MeHEeHUs
ero TeMIlepaTypbl ¥ [aBJIeHWSs, OCHOBAHO Ha MCHOJIb30BaHHUU
MaTtepuasioB (materials-based). 9Ty TexHOJIOrMU MTOKA B HAYaJIbHOU
CTaAuM pa3paboTKU - JOCTUTHYTAsl IIJIOTHOCTL XpaHEHUs, BpeMs
«3apSAKU/pas3psiaku» U 0bOInas CTOMMOCTb STHUX METOJOB XpaHeHUSs
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IIOKa HEeJOCTATOYHDLI AJII KOHKYPEHUUU C GU3NYEeCKUMU MeTOIaMMU.
Cpean TakuX MeTOZOB BLIAEJSIOT T'MAPWIHDbIe (HampuMmep, MeTaJly-
TUOPUABLI — MeKy3eJibHble COeJUHEHUs BOAOpoAa C MeTaJlJIaMUy,
B KOTOPBIX MeTaJLlT abcopbupyeT Boziopoi o6beMoM 110 900 pas 6oJibiie
COBCTBEHHOI'0 06beMa), A TakKe SKUAKOCTHDIE U [IOBEPXHOCTHLIE.

Bopopop B sHepreTtuke — B Kaxabii AoM?

BO,IIOpO,Z[ B SHEPIreTHUKE MOJKET MCIIOJIb30BaTbCA B TEX JKe IIPpOoIeccCax,
yTo U HpHpO,Z[HbIﬁ I'a3 — KaK B MOITHDIX 3JIEKTPOCTAHIMAX C I'a30BbIMUA
Typ6I/IHaMI/I, TaK 1 B HEOOJIbIINX OTOIUTEIbHLIX KOTJIaX UJIN AJOMallTHUX
MWHHN-3JIEKTPOCTAHIMAX Ha TOIIJIMBHDBIX 3JIEMEHTAX.

«BogoponHasi» ra3oBast TypbuHa — KilloueBasl TEXHOJIOI'WSI, KPpUTHUUIECKU
HeobxoA¥Mas AJI MacCIITabHOI'0 UCIOJIb30BaHUS BOAOPOJA B ra30BOM
ayiekTposHepreTuke. ITo gaHHBIM MDA, oyt 25% 571eKTposHepruu
B MUpe IIPOU3BOAUTCS Ha TEIJIOBBIX 3JIeKTPOCTAHLIUAX U3 IIPUPOHOIO
rasa - a B Poccuu 3TOT mmokazatesb gocturaeT 47%. ITo oeHKe KoMIIa-
Huu Mitsubishi Hitachi Power Systems (MHPS), onHOro u3 MUpoBBIX
JINJIepoB pbIHKA ra30TypObMHHBIX YCTaHOBOK (I'TY), Ha CyIecTBYOLINX
I'TY Bo3MOXKHO yBendeHue 40U Bogopoaa 1o 20% B cMecu ero ¢ pu-
POOHDBIM ra3oM 6e3 CyllecTBeHHDIX U3MeHeHUM B KOHCTpyKiuu. MHPS
y4JacTByeT B INUJOTHOM IipoekTe Nuon/Vattenfall, Statoil u Gasunie
II0 IlepeBOAY AeNcTByoomero sHeprobsioka 440 MBT Ha 6ase raso-
BOM TypbuHDLI Ha ckura"ve 100% Bozopoza k 2025 rofy — pedub uzet
o T9C Maruym B I'ponunrene (Hunepsiaugnl). [yisg peanusalu 5To-
ro IpoeKTa IIoTpebyeTcs onepeskalollee pa3BUTHe WHPPACTPYKTYPHL —
3a IPOM3BOJCTBO «TOJIyboro» BoAOpoZa oTBedaeT Statoil, a Gasunie
3aHUMAETCS BOIIPOCAMY TPAHCIIOPTA ero [0 CTaHLIWMU.

Jpyrasa snoHckass kommnaHus — Kawasaki - B ampesie 2018 roga
BO BpeMs WUCIOBITAHUN yKe OoBeJia [OJII0 BOAOPOZa B TOILJIUBHOM
6astance razorypbunHo T3] B r. Kobe no 100% (puc. 25).

PucyHOK 25 CKpWHLLOT U3 CUCTEMbI YPaB/ieHua nepeoi B Mupe ra3oTypbuHHoi TIL, Ha
BOZOpOJe BO BPeMA ee UCMbITaHui, anpenb 2018 (Kobe, AnoHnA)

UcTtouHuK: Kawasaki
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MUHU-371eKTPOCTAHIIMU Ha TOIUIMBHLIX 3jeMeHTax (fuel cell CHP)
NPUHLUNNWAJIbHO OTanYaiTcsa oT TOC TeM, 4TO B HUX XMMUYecKas
SHeprusi HeNoCpPeACTBEeHHO IIpeobpa3yeTcsi B  3JIEKTPUUECKYIO
(TIpoliecc, Ob6paTHBIN 3JIEKTPOJIM3Y) — COOTBETCTBEHHO, IIOTPeObHOCTD
B TypOUHaX OTIaZaeT BOBCe, a 3PPeKTUBHOCTD 3TOTO IIpeobpa3oBaHUsI
yke npeBbliaeT 50-65% (To ecTb Ha YpOBHe UJIU UYTb OOJIblle, UYeM
y aydmux MommHenmux TOC Ha OpUpofHOM rase). Takue cTaHIIUU
SKOJIOTMYEeCKU YUCTDLI (B OTJIMYME OT ra30TypbHUHHDIX, KOTOpbIe Jake
npu ckuranuu 100% BogopoZa 3arpsi3HSIOT aTMocepy OKCUIAAMU
a3oTa), beCUIyMHDI, BbIpAbaTbIBAIOT ellle U TeIJIOBYI0 SHepruio (Tak
Ha3bIBaeMble «KOreHepallMOHHbIe 3JIeKTPOCTAHIIUU»), II0O9TOMY MOTYT
MaCCOBO IIPUMEHSTDHCS B JOMOXO3SMCTBaX — K TOMY ’Ke OHU KOMIIaKTHBL:
BHeIIHe Takasl CTaHLMS HallOMUHaeT XOJIOAUIbHUK.

Haubosnbiiylo posib Ha PpbIHKE MOIIHBIX 3JIEKTPOXMMUYECKUX
WCTOYHUKOB 5Hepruy WrpamoT TBepaookcuaHble (Solid Oxide Fuel
Cell, SOFC) u dochopHokucanie (Phosphoric Acid Fuel Cell, PAFC)
TOIIMBHbIe 3jieMeHThbl (T3). OHM MOryT CHIYXUTb OCHOBOM [JIs
CO3JaHUSl 3JIEKTPOCTAHLIWM MOIIHOCTBIO OT HECKOJbKUX KHUJIOBATT
JI0 [ecsSTKOB MeraBaTT, MCIIOJb30BaTb He TOJIbKO YMCTBIM BOAOPOJ,
HO ¥ IMPUPOAHLINM ra3, 6moras, CUHTeTUYeCKU! ras. ['MbKoCTb
K TOILJIUBY IIO3BOJISIeT pa3HeCTU BO BpeMeHM paclpocTpaHeHue T3
B JIOMOXO3SIMICTBAX M pa3BUTHE BOJOPOSHON MHPPACTPYKTYPHI — TaK,
B YaCTHOCTH, IIPefyCMOTPEHO B AIIOHCKOM BOLOPOLHON IIpOorpaMMe.
[TepcrieKTUBHBIMU SIBJASIOTCSI T2 € IIPOTOHOOOMEHHOMW MeM6paHOM
(Proton-Exchange Membrane Fuel Cell, PEMFC) u c pacrniaBjieHHbIM
KapboHaToMm (Molten Carbonate Fuel Cell, MCFC) u np.

PoIHOK cTanyoHapHBIX TD HaXoAUTCS Ha nogbeMe (puc. 26), IOCTaBKUA
PaCTyT, XOTSI ¥ He TaK ObICTPO, Kak B TPAHCIIOPTHOM cermMeHTe, rae T3
NIPUMEHSIOTCS B BOOOPOSHDIX 3J1eKTpoMobusax. B 2016 rogy Navigant
Research mporuosupoBan’* pocT pblHKa CTallMoOHapHLIX T g0 1 I'BT
e>keroZHo B nepuoz fo0 2020 roza, - HO ¢ 60/IbIION BePOSITHOCTLIO STOT
IIPOTHO3 byAeT HeJOBBIIIOJHEH.

Anonusa smaupyeT - B paMKaX OLHOI'O TOJbKO IIpoekTa Ene-Farm
B 2018 roay 6b110 ycTaHOBIAEHO 50 THICSY JOMAaUTHUX 3JIeKTPOCTAHLIMN
Ha T3 (x koH1y 2018 rofa Bcero B paMKax 3TOr'0 IIPOeKTa YCTAaHOBJIEHO
noutu 300 Toicsd). B pamkax Ene-farm [oMoXxo03s1CTBa IIOJIy4aloT
cybcuanm 3a YyCTAaHOBKY Y cebsi KoTeHepallMOHHDIX 3JIeKTPOCTaHIIUM Ha
T3, a Bcero B 2018 roay B ¢enepasbHOM biofKeTe ANOHUU OBLIO
IpeAyCMOTPeHO 0KoJ10 70 MJIH [10J17IapOB TakKUX CyOCUAUM AJIS JKIUJIOrO
1 KOMMEpPYeCKOI'o CEKTOPOB. ITOT PbIHOK Tak>ke pa3BuBaeTcs B IO>KHONI
Kopee, CIIIA u 'epMaHuu - B IepByI0 ouepeib, byarozaps Mepam
NoALep>KKU CO CTOpOHDLI peryssaTopoB. Kommanus BloomEnergy
(Kanudopuus, CIIA), ocHoBanHas B 2001 roay nJyss pas3BUTHUS
TeXHOJIOTUI [IOJIy4eHUs KHCJI0poza us3 aTMocdepbl
(B paMKax MapcuaHckoy IporpaMmbl NASA) B 2018 rozy Bblmia
Ha Hpio-Mopkckyo 6upxy, ummes 1500 COTPYJHHMKOB M BBIPYYKY

74 Navigant Research. Stationary Fuel Cells / 3Q 2016.
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740 MJIH. [OJIJIapOB - YyKe B CTaTyce JiuJepa pblHKa TD 1
JIOMOXO3SIMICTB U KOMMEepPYeckoro ceKTopa.

PVIcyHOH 26 ExxerogHble MOCTaBKM TOM/IMBHbBIX 3/1IEMEHTOB AN CTaunoHapHOro
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300 H r 43

250 4

200 -

T
N

w1
o
1
T

39

ThiC. WT/MBT

100 ~

EnanHM4HaA MowHoCTb, KBT

50 4

2014 2015 2016 2017 2018

B THICWTYK ~ mmmMBT  =O=e[MHMYHAA MOLLHOCTb

UcTouHuK: LieHTp 3HepreTkn MockoBcKow wWKonbl yipaBneHna CKOJTIKOBO no aaHHbIM
E4 Tech’

PbIHOK cTaloHapHLIX T SIBJISIETCS YaCTbIO PacTyIlero rjao6ajibHOro
pbIHKA  pacIpefesieHHONM  SHeEpreTMKu’®,  BHYTPU  KOTOPOTO
TD KOHKYpHUPYIOT C IPYTMMU BUJAMU paclipefeleHHON reHepanuu —
T3C Ha IpUpPOJHOM Trase, [U3eJIbHOM TOILIUBe, brioMacce, COTHeYHDIX,
BeTPSIHDIX 3JIEKTPOCTAHUMAX U T.J. TONJIUBHDLIE 3JeMeHTDbl, To406HO
TpaouUuOHHBIM TOC, MOryT H3MeHSTh Harpysky B 3aBUCUMOCTU
OT cIIpoca IoTpebuTesell Ha 5HEPryui0 B IIMPOKOM JMala3oHe
Y, B TO JKe BpeMsl, Hy>KAIOTCS B peryJIsIpHbIX IOCTaBKax ToIIuBa. [1pu
5TOM OHU 5KOJIOTMYeCKU YU CTHI U MOTYT 00eCIIednBaTh (B cIydae paboThl
Ha  Bojopoze) IpaKTWUeCcKW  HyJIeBOM  YIJIEpOAHLIN  CJef
BbIpabaTbIBaeMOM 3HepruM - MOAOOHO COJHEYHBLIM U BeTPSIHbIM
3JIEKTPOCTAHLIMSM. B uTOore BCé pelaeT CTOUMOCTHOM (HaKTOp — U 371eCh
y TS npuHaMmuka mmoka orcraeT oT BM3: 3a mocienuue 8 et B cymenu
«OTBIrPaTb» IIOYTU ABYKPATHDLINW pa3pblB B IIpUBEJIeHHON CTOMMOCTHU
snexkTposHepruu (LCOE) ¢ TOMJIMBHBIMU 3JIeMeHTaMu (puc. 27).

JUHaMuKa pblHKA CTAIIMOHApHBIX TD IOKa YTO HEeJOCTAaTOYHA [JIs
peanmn3anuy aMbUIIMO3HDLIX IIJIAHOB, HapUMep, SITOHCKOM BOJOPO[-
HOM mporpaMmubl (1,4 MJIH IIT. ycTaHOBJIeHHBIX T3 K 2020 roxy, 5,3
M J H
K 2030 roay) - moka 4TO rofoBble 06beMbl MPOAa’k CTALlMOHAPHDIX
T3 B MUupe JIMIIb HEMHOT'O IIpeBbIMatoT 50 ThIC. IWIT. B rof. 1 cpaBHe-

75 E4ATech. The Fuel Cell Industry Review 2018 / December 2018.

76 ITompobHee O pacIpelleJleHHON 3HepreTruke cM.. PacmpefesieHHas sHepreTuka B Poccum:
IoTeHIWaJ pa3sutus / LleHTp sHepreTuku MockoBcko mKoiabl ynpasiaeHus CKOJIKOBO
u ap. // ¢eBpanb 2018 r.
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HUS, 06beMbl ITPOJa’K COJTHEUHBIX MUHU-3JIEKTPOCTAHLINN TOJIbKO AJIS
paboThl B M30JIUPOBAHHOM OT 3HeprocucreMe peskume (off-grid) co-
CTaBJIAOT 25-30 MJIH. IITYK B rofl Ha npoTtsikeHuu 2014-2017 ronos.

PucyHok 27 CpepnHnas npuBefeHHaA cToMMOoCTb 3nekTposHeprm (LCOE) oT KpbIWHbIX
COJIHeYHbIX NaHener n TonameHblx anemeHToB B CLLA, nonnapos / MBT-4
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B HpbllHble CofHeyHble (b13Hec) = TON/MBHbIE 3/IEMEHTBI

UcTtouHuK: LleHTp 3HepreTkn MockoBckow WKosbl yapaenerna CKROJIKOBO no gaHHbIM
Lazard””

Boaopopg Ha TpaHcnopTe - B KOHKYpeHuuu ¢ Mackom

[IppuMeHeHHne BoAOpPOAA B TPAHCIIOPTOM CEKTOPE BO3MOXKHO Kak C
HCIIOJIb30BaHUEeM /[IBUratesiedd BHyTpeHHero cropaHus ([JBC) wuau
TYpPOYH, TaK ¥ C UCIIOJIb30BaHUEM TOILJIMBHDIX 3JIeMeHTOB. BogopoiHbie
aBTObYChI, MalTMHLI U Qyproubl Ha JBC nmosiBUMUCD ellle B cepefiliHe
MIPOIIJIOro BeKa, HO TOILJIUBHDIE 3JIeMeHThI B UTOTe ITOJIYUNIIN boJIbiliee
pacIpocTpaHeHUe B Mupe 6jarozapsi OTCYTCTBUIO IIYyMa, BBIXJIOIIOB,
a Tak’ke BBICOKOM TeopeTHdeckol 3(pQPeKTHBHOCTH Ipeobpa3oBaHUs
sHeprum’s.

ITpoCcTpaHCTBO BO3MOKHDLIX HaIlpaBJIeHUM MCIIOJIb30BaHUSI BOJIOPOJa
Ha TpAHCIOPTe ¥ UX BO3MOKHDLIE QJIbTEPHATUBLI CBeJeHbLI B
Tabauiy 2.

77 E4Tech. The Fuel Cell Industry Review 2018 / December 2018.

78 Energy of the future? Sustainable mobility through Fuel Cells and H, Shell Hydrogen Study.
Hamburg, 2017
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Ta6nmua 2. Vicnonb3oBaHue BoAopoda A/1A pa3HbIX TUMOB TpaHCMOPTa
TexHuu.
Tun TpaHcnopT- Mpeanoxenuna
3apaumn MNMpeumyectTea HepoctaTku AnbTepHaTuBbI roToB-
HbIX CpeacTB Ha pblHKe o
HOCTb
MoToTpaHcnopT NpoTOTUMBI HM3KaA  CTOMMOCTb HET LIyMa, BbIX/IOMOB,  BbICOKAA CTOMMOCTb,  MOTOTPAHCMOPT 2-3
MOKYMKM U 06C/y-  AaNbHOCTb NyTW foporocroAwasn Ha [BC, Ha 6aTapenx
YKMBaHWA, MpocToTa MHppaCTpyKTypa
XpaHeHWA, [asbHOCTb
nyT
JlerkoBble MalUMHbl  TEXHOMOMMA [AoKa3a- CoMoCTaBUMble C HeT WymMa UM BbIXJ0- BbICOKAA CTOMMOCTb,  aBTOTPAHCMOPT 4
Ha, MenkocepuitHoe [1BC o6cnyuBaHMe, MOB, JabHOCTb NYTU  [OPOrOCTOAWAA Ha [BC,
npov3BoACTBO [anbHOCTb NyTW, Mpo-  cpaBHuMa ¢ 1BC MHpaCTpyKTypa 371eKTPOMOBUIN
M3BOAUTENbHOCTD,
60/1bLUIOE KOMNYECTBO
3anpaBOoYHbIX  CTaH-
umn
KapLuepuHr/Takem MUIOTHBLIE MPOEKTBI*  COMOCTaBUMble C HeT WymMa W BbIXMO- BbICOKAA CTOMMOCTb  aBTOTPAHCMOPT 2-3
OBC obcnyxmBaHve, nos, cybcuaMm OT  MOKYMKW M HeoTpabo-  Ha [1BC,
[anbHOCTb MyTU, MPO-  FOCYAApCTBA/rOpoAa, TaHHbIe MexaHU3Mbl  3M1eKTPOMOo6MIn
M3BOAUTENbHOCTb, UMWUAMXK KOMNAHAN 06CnyK1BaHNA
3anpaBoyYHble  CTaH-
LMK B paMKax ropoaa
Manble B ocHoBHOM B CLUA xpaHeHue Bofopoda BblcOKasa 3GPEKTB- MeHbllas [anbHOCTb  AU3eNbHbll 2-3
rpy3onepeBo3Ku (50) w TepMaHuM, C 3KOHOMWEN MecTa, HOCTb, HeT wWwymMa u B cpaBHenun ¢ [ABC, TpaHcnopT, 6aTtapen
nNpoTOTUNbI HaeHOCTb B 3KC-  BbIX/IOMNOB BbICOKas CTOMMOCTb
nayataumy,  yMeHb-
LEeHVe CTOMMOCTH
ABTOGYCbI TEXHOMOrMA [0Kasa- HajewHoe wucnonb- 300-450 KM ganb-  AanbHOCTL BCe ewe  aBTobychl Ha avsene, 3-4
Ha M NPOTeCTUPOBaHa 30BaHWe C KOPOTKUM  HOCTb, HET Heobxo- Mana AnA Mewayro- rasy, 6atapesx
(EBpona, CeBepHas BpeMeHEeM 3ampaBky, AWMMOCTW ANA UHpa- POAHKX NEepPeBO30K
Amepuka, A3wvs) OTCYTCTBME JIMMUTOB  CTPYKTYpbl B ropoge
Ha BeC WU KONMYecTBo
nogen ana  obue-
CTBEHHOIO TpaHcnop-
Ta
MpoMblwneHHble 6onee 11 Thic Ma- 3anpaBoYHble CTaH- BbICOKAA  MpOM3BO- Masblid Bec, uHorga 6artapeu (BHyTpM), 4-5
rpy30BUKM LUNH** (CeBepHan umM [Ana  6OMbLUMX  OUTENBHOCTH U MPO-  HEOBX0AMMO [OMof-  ras, 6eH3uH, Au3enb
AMepuKa),  [OeMoH- 06beMoB, [/UTe/lb- [OYKTUBHOCTb, OTCYT- HUTENIbHOE yBenude-  (CHapyw)
CTpauUMOHHbIE  MpO- HOe WCMO/b30BaHWe CTBWE BbIX/IOMOB Hue Beca
eKkTbl B EBpone W B HECKOSIbKO CMeH
Anonum
ene3HonopoK- MUNOTHbIE NPOEKTHI HeobXo4¥Moe M Ha- OTCYTCTBME  JIMHUA HeobXOAMMO  MHOro  Am3enibHble, rMbpua- 2-3
HbIVl TPaHCMopT [leXKHoe  MpoM3BOA- 3JMeKTporepefday M MecTa ANA TOMAMBA, Hble, dNeKTpornoesaa
CTBO BoZOpoAa KA MyTei-NpoBOAHW-  BbICOKAA CTOMMOCTb
KOB. OTCYTCBME LlyMa
Mopckoit MCMONb30BaHWe TO- OTCYTCTBME  BbIX/I0-  BblCOKas 3GGEKTMB- BbICOKAs CTOMMOCTb  AW3esib, TypbuHbI Ans 1-2
TpaHcnopT M/IMBHbIX 3/1EMEHTOB MOB W 3arpA3HeHus, HOCTb,  OTCYTCTBME CUCTEM W TOMnMBa rasa
ONA  MpoM3BOACTBA  [OCTYMHaA CTOW-  BbLIX/IONOB W 3arpAs-
3NEeKTpUYeCcTBE  Ha MOCTb Ha CUCTEMY WM HEHWA
60pTy, NWAOTBI ANA  TOMIUBO
Masbix Kopabnei
Asvaumna MCMONb30BaHNe ANA  HALEeKHOCTb, KOM- 3ddeKTvBHbIE  npe-  6o/blioi 06bem xpa-  yrneBofopoaHoe 1-2
3MIEKTPUYECTBA  HA MaKTHOCTb, IEFKOCTb  06pa3oBaTeflb 3HEpP- HeHWA TOMAWBa, Bbl-  aBUALMOHHOE
60pTy, NepBble neta- MM, MHOrOOGYHKUMO-  COKaA CTOUMOCTb TONNMBO
Te/bHble  annapartbl HasbHbIN
Mason MOLLHOCTKN
Kocmoc YCTAHOBMIEHHAA TeX- HA[EeHOCTb, BbICO- TEXHONOMMA  AABHO HEOOXOAMMO OXflaK-  paKeTHoe 5
Honorua ¢ 1950-60x KaA Npou3BOAWTENb- UCMONb3YeTCs,  Ha-  [eHue, BbICOKWe 06b-  TOMAMBO
rofloB, BbICOKaA Ha- HOCTb [IeXKHOCTb, BbICOKAA eMbl [ANA XpaHeHus
[IeXHOCTb, Manas Npou3BOANTENbHOCTb  TOMMBA, HACOChI
HYacTb KOMMEPYECKMX
nepeneTos
* npoeKT HYPE Tarkcn Bo ®paHummn, 600 malumH K 2020 rogy
o Norpy3o4Ho-pa3srpy3o4Hble MallnHbl
*** ] — 3KCneprMeHTasIbHble YCTAHOBKM MPOTECTUPOBaHbl B COOTBETCTBYIOLEN cpefe
2 - npoToTUMN TECTUPYETCA B COOTBeTCTBy}OLIJ,eVI cpene
3 — MpoTOTUM UCMOJb3yeTCA
4 - NpoAyKT, KOHeYHaA cucTteMa AoKa3ain d)yHHLI,l/IOHaﬂbHyPO BO3MOHHOCTb NpUMeHeHnA
5- NPpOAYKT, KOHeYHaA cUMcTeMa UCNoJIb3yKTCA B cpene
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B BO#OpOAHOM TpaHCIOpTe y’Ke celdac ecTb He TOJIbKO IHUJIOTHbIe
IIPOeKTbl U IPOTOTUIIBI, HO U MeJIKOCEpUMHOe IIPOU3BOACTBO
(JierkoBble aBTOMO6MIN). Huxke mipefcTaBieHbl HEKOTOpbIe OMMMCAaHUS
U TeXHUYecKre XapaKTepUCTUKU OeMOHCTPALIMOHHLIX IIPOEKTOB,
a Takke KOMIIAQHUY IIPOM3BOJAUTENH, yKe IIpe/CTaBUBIINe Ha pbIHKe
CBOU IIPOAYKTHI.

JlerkoBble 3JIeKTPOMODOMIIN IIOMUMO CXKATOr'0 BOAOPOAA Y TOILJIMBHBIX
2JIEMEeHTOB HMMEIOT B CUCTeMe bydepHYI0 akKKyMyJIITOPHYIO baTapero
JIJI1 XOJIOJHOI'O CTapTa U MOAAeP>KKU MUKOBbBIX HATPY30K M YCKOPEeHUM.
BoIxoZAHass MOITHOCTD CepUuMHBIX Mozesiert 70-130 kBT, MakcuMaibHast
ckopocTb 160 KM/4 (IMMUTHUPOBAHA CHUCTEMOM IIPOrpPaMMHOIO
KOHTPOJIsA), moTpebienue Bogopoaa 0.76-1 kr H,/100kM, Bomopos mozx
nasiaeHneM 700 6ap, JanbHOCThL 385-750 kM. Ha JaHHDBIE MOMEHT
MaKCHUMaJIbHOM NAJIbHOCTBIO B 750 KM Ha OJHOM 3ampaBKe objazaeT
Honda Clarity, aBTOMO6UJIb HaXOAWUTCS B CEPUMHOM IIPOU3BOJCTBE.
Bmapte2019roaa B KuTae ObL1 Ipe/icTaBjIeH IPOTOTHUI 3JIEKTPOMODO IS
C TOIJIMBHBIMU 3JIeMEHTaMU C JaJIbHOCTDLIO XoZa 1000 KM, BefeTcst UX
IIOATOTOBKA K CEpUMHOMY ITPOU3BO/ICTBY.

151 cpaBHeHUs1, HanuboJiee «aIbHOOOMHASI» MO EeIb aKKyMYJISTOPHOT'O
asnekTpomobus (BEV) Tesla, 1o JaHHBIM KOMIOAHUU, MOXKET IIPOeXaThb
Ha oAHOM 3apsiake no0 590 kxm.”

CTouMoCTb Haubojiee pacIpOCTpaHEHHLIX MoJeJjiell Ha pbIHKe
Honda Clarity - 51,000 eBpo, Toyota Mirai - 78,600 eBpo, Hyundai
ix35 Fuel Cell - 65,400 eBpo. B cmucke npousBoauTesei NOA0OHDBIX
aBTOMObuUJ el Taxkke Audi, BMW, Daimler, Ford, GM, Mercedes-Benz.
[ToTeHIIMaIbHBIMY ITIOTPEOUTEISIMMU SIBJISIETCS YaCTHDIE IT0JIb30BaTe !,
CepBUCDHI TaKCH, apeHAbl aBTOMObOUIIeN U “KaplliepuHI0Bble” KOMIIAHUM.
TeMm He MeHee JJisl JaJIbHeMNIIero pa3sBUTHUS UHAYCTPUU HEOOXOAMMO
passuTHe MHOGPACTPYKTYpbl U OajbHelllee CHIKeHHe 3aTpaT, YTO
TpebyeT 3HAUUTEJbHLIX WHBECTUIUN KakK CO CTOPOHBI YaCTHDLIX
KOMIIAHUM, TaK ¥ CO CTOPOHDBI r'OCYAapCTBa.

I[To ouenke Hydrogen Council, uMeromuiics certyac O4YTU ABYKPATHLIN
paspobIiB B crouMoctH BiaageHust FCEV 1o cpaBHeHUIO ¢ aBToMobuieM
Ha JIBC MoxeT 6bITh cokpaueH a0 10% mesxay 2025 u 2030 r. CTosb
cyliecTBeHHOe mazeHue ctouMocTu (80%) MOKeT 6bITb AOCTUTHYTO
32 cyeT 5ddexTa MacmTaba - Kak B I[IPOM3BOACTBE MAIHWH, TaK
U B 3a0paBOYHON HHPPACTpyKType. AHAJOrMYHbIe OLIeHKU eCTb
ny apyruxuccienonateieli®’. IIockobKy BOAOPOLHDIE 3JIEKTPOMOOUIN
HaXoSATCS B HadaJle «KpUBOM ObydeHUsI», MOKHO OKMJATb, YTO POCT
UX pbIHKA OyJleT COIOCTaBUM C POCTOM pbIHKA 3JIeKTpoMObueit
Ha aKKyMyJsaTopax — B KoTopoM 3a 8 jeT ¢ 2010 mo 2018 r. yucio
3JIEKTPOMObMIIeN Ha JJOpoTaX yBeJIUYUI0Ch € 12 Thicad 4o 5 MJTH (A1
cpaBHeHust: B 2018 r. Ha moporax B Mmupe 66110 okoJio 11 Toic. FCEV).

7 https://www.tesla.com/models

8 Low-carbon cars in Europe: A socioeconomic assessment / Cambridge Econometrics,
July 2018.
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PucyHok 28 [MpumMepbl aBTOMOGWEl Ha BOLOPOLHOM TOM/MBE

McTo4HUKN: canTbl KoMMNaHui-NponssoanTenen Toyota, Hyundai, Honda, Mersedes-Benz

Psan cTpaH gOekjapupyeT CTpeMJieHHe PasBUThL MHapK BOAOPOAHBIX
ssiekTpomobuiiern 1o 1 muH. K 2030 rony - B CymMMe 5TU IJIAHDI
MPUOJIMIKAIOTCS K oTMeTKe B 4,6 MJIH (TabJu1. 3). Ha doHe uMeromerocs
rmapka MamuH Ha JBC (bosiee 1 MuipA.) 3TO IToKa He60IbIION ITOKa3aTe b,
3aTO OH COIIOCTABMM C KOJIMYeCTBOM 3JjiekTpomobuien B 2018 rogy
(oxoJ10 5 MJIH.)

Ta6bnuua 3. HaunoHanbHble Lienn No pacnpoCcTpaHeHWio BO4OPOAHbIX aBTOMObWUEN Ha
TOM/IMBHbIX 3/IEMEHTAaXx, ThbIC. LUT.

2020 2022 2023 2025 2028 2030
CLUA 13 40
KanndopHua 1 000
AnoHna 40 200 800
®paHuma 5 20-50
RuTan 5 50 1 000
Huaoepnangbl 2
Kopen 81 1 800

UcTouHuK: |IEAS!

ABTObYCBI  SIBJISIIOTCSI  BaXXHBIM  INIPUMEpPOM  MCIIOJIb30BaHUS
BOJIOPOLHOM 3HepreTuku B cdepe obOLIeCTBEHHOrO TpaHCIOpTa. s
IIPOU3BOACTBA «BOAOPOLAHBLIX» aBTOOYCOB UCIOJIL3YIOT CTaHAApPTHLIE
IIaCCHU C 3JIeKTpPOoABUraTesIeM B KauecTBe IIPUBOo/a — a 3JIeKTPOSHEepruio
IJs1 ero paboTbl BbLIpAbATLIBAIOT TOILJIMBHLIE 3JIeMEHTLI (B
rubpuHoN MoAU(UKAUMU aBTOOYC Tak’Ke OCHAIAIOT HaKOIHWTeJleM
aJiekTposHepruu). MomHocth npesblmaeT 100 kBT, yaesnbHoe
norpebyeHue Bogopoda coctapisgeT 8-14 kr/100 kM, uro mpu KIIJ]
51-58% obecrieunBaeT cpefHIOI OaJbHOCTL 250-450 kM. CKaTbii

81  https://www.iea.org/tcep/energyintegration/hydrogen/
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BOJIOPOZ, XpaHUTCS B bajljoHax ¢ AaBjaeHueM 350 bap. CymecTByromiye
MoAU(UKAINU BOLOPOAHDLIX aBTOOYCOB 06/1a/1al0T BMECTUTEILHOCTDIO
75-105 uyesoBeK, a CpellHSIS CTOMMOCTL COCTaBJisieT 625 TbIC. eBpo.
JIugepnl sToro pbiHKa - Daimler EvoBus, Van Hool, VDL, Solaris,
Toyota, Writghtbus, Ballard, Hydrogenics u ap.

EcTb mpuMepbl UCIIOJIb30BAHUS BOJOPO/Ja U HA >KeJIe3HOAOPO>KHOM
TPAHCIIOpTe - TaK, B [‘epMaHuUM [OU3eJbHbLINM II0e3[ 3aMeCTUJIN
BOZOPOAHBIM IpoU3BOACTBa Alstom. BbIxogHass MOIIHOCTL TaKOI'o
noe3ga 400 kBT, cucteMa paboTaeT B rubpuze C 3JeKTPUYEeCKUMU
batapessmu. MaxkcuMaibHasg ckopocTb 140 Km/4, mnoTpebiieHUe
Bojopoza 0.25-0.3 kr/kM, AanbHOCTb 600-800 KM, BOZOPOJ HAXOAUTCS
non pgaBiaeHumeM 350 6ap. BmectumocTbh 1moe3za 300 dYesioBek,
u3 Kotopblx 150 mect cupsguue. CTOMMOCTb OJHOTO II0e3/1a OKOJIO
5.1-5.6 MIH eBpo 6e3 ydeTa UHPPaAcTpyKTypbl. Kommanus Alstom
IIOCTaBJIsIeT He TOJIbKO CaM IIoe3[ U OCYIIecCTBJIsIeT ObCIIy>KMBaHUe,
HO Takke U YCTAaHABJWBAET 3allpaBOYHbIe CTAaHLUUU U CO3J4aeT
UHPPACTPYKTYPy COBMECTHO C KOMITaHUEN 3aKa3uMKOM. BO3MOKHBIM
IoJib30BaTesieM JAaHHOM YCJIyru B biwkanmem OyayiieM MOTYT
ObITb TroCyJapCTBeHHbIe OpraHbl, peruoHajIbHbIe IIOCTABIIVKU
>KeJIe3HOJIOPOKHDBIX YCJIYT, >KeJe3HOLOPO’KHble KOMIIQaHUU (YacTHDLIe
U TOCyZlapCTBEHHDIE).

Kareropusi majioro rpy3oBOro TPaHCIIOPTA, BKJOYAIOUIas B cebs
MYCOPOBO3bI, MAJIOTOHHAKHDbIEe I'PY30BUKY CJIY>KO I0CTaBKU, BUJIOYHDIE
IIOTPY34YUKY, U AP., IBJISETCS IepCIekKTUBHOM 30HOU AJIS1 IpUMeHeHUs
BOJOPOJHOM SHepreTuku. MOITHOCTb MOXeT BapbUpPOBaTbCs OT 2,5 —
4,5 kBt y orpy3uukos, A0 30 - 80 kBT y Irpy30BUKOB 1 MyCOPOBO30B.
CKOpOCTh MaJIOTOHHaKHDLIX TIpy30BUKOB gocturaetr 100-130 km/g,
JanbHOCThL — 200-300 kM. CpedHsisi IPOJOJIKUTEILHOCTL PabOThI
y MeHee MOIIHBIX IIOIPY34YMKOB COCTaBJsgeT 8 4acoB. Ha 3ToM pblHKe
paborator komnaHuu CAT, Linde, Renault/Symbio Fcell, E-Trucks
Europe, FAUN Kirchoff, ULEMCo u gp. [ToTpebuTtensamMmu IpoAyKINU
SIBJISIIOTCSL JIOTUCTUYECKHUe U CKJIQZICKUe KOMIIAHWUM, MYHUIIUIIaJIbHbIe
CJIY>KODbI, CJIY>KOBI IOCTAaBKU U ITIOYTOBbIE CEPBUCKHL

CkyTepbl (Momeznbl) Ha BOJOPOAHOM TOILJIMBE MOIYT OOCTUTATh
ckopoctu 50-70 KM/4, MakcMMaJIbHasl JAJIbHOCTb COCTaBjseT 350 km
npu cpenHen ckopocTu 30 KM/4. BpixoaHass MowmHOCTD 3-4 kBT, KI1[
TOILJIMBHOTO 3JIeMeHTa 53% (Mpy HOMUHAJIBHOW MOITHOCTHU 3.9 KBT).
Ha sToM pbiaKe paboTaioT Kommauuum APFCT, Suzuki. [TorpebuTtensmu
MIPOAYKLIWU SIBJISIIOTCSI KaK YaCTHbIe MOJb30BaTesd, TaK U CepBUCHDbIe
ropoackue cayk6pl. CTOMMOCTL IIOJIOOHOTO CKyTepa B CpelHeM
cocTtasJseT 3,100 eBpo.

Besocuneabl Ha BOJAOpPOZe WCIIOJbL3YIOT TOIUJIMBHDLIE 3JIeMEeHTDH],
CKATbIM BOZOPOZ M 3JIEKTPUUYECKUM MOTOp AJisl IOAJEepKKU IIpHU
KpydeHnu nezgasedi. CkopocTb o0Okojo 25-35 KM/4, JaJbHOCTb
b6osee 100 kM, BbIxoAHasg MoinHOcTbL 0.1 - 0.25 kBT, Bozopoa mon
naByeHueM 200-350 6ap. Macca Takoro Besiocunesia 24-35 kr. JIuzepol
pbiHKa - Linde, Gernweit, Clean Air mobility, Pragma Industries,
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Atawey (uHppacTpyKTypa). [TIoTpebuTe1aMu IpOAYKIINY SIBJISIOTCS Kak
YaCTHBIE II0JIb30BATEJU, TaK U CJIYKOLI JOCTaBKU, CEPBUCHI apeH[IbI
BeJIOCUIIEZIOB B TOPOJE.

[TpopaboTaHHDbIe KOHLEMIIUY U TUJIOTHbIE IIPOeKThI Tak>Ke CYIeCTBYIOT
B cdepe rpy30BOro TpaHCHOpTa [Js IPUMeHeHHUs B IIPOeKTax
pervoHaJIbHOM JIOTUCTUKU U JIOCTaBKU. B 3TOM cerMeHTe BblJesisieTcCs
chepa puteiia, K IpuMepy, JOCTABKA IIPOAYKTOB B Mara3mHbI, Tak Kak
TPAHCIIOPT 4YacCTO MepeMellaeTcs 10 OAHOMY M TOMY >Ke MapUIpyTy
B paMKaX perr1oHa/ropoza. BbixoZHasi MOIIHOCTD I'PY30BOI0 TPAHCIIOPTA
Ha JIaHHBIX MOMeHT cocTaBJseT 250-750 kBT, rmotpebeHune Boaopoaa
7.5 - 15.7 xr H,/100 k™, ganpHOCTb Iyt 320 - 1 200 KM, Bomopo[,
HaxoAuTcs moJ fAaBjeHueM 350 6ap. B JaHHBIX KOHPUTYypaLusx
TaK’ke IPUCYTCTBYeT 6aTapesi eMKocTbio OT 30 mo 320 kBT 4. 3TOT
cerMeHT pas3BuBaioT komnaHuu Esoro, Kenworth, Nikola, Navistar,
Toyota, Scania/ASKO Ha 6a3e TONJIMUBHLIX 3jJeMeHTOB oT PowerCell,
Hydrogenics, Ballard, US Hybrid, Toyota, NuCellSys.

Ipyrue cerMeHTbI TPaHCIIOPTA - CTPOUTEJIbHAsI, yOOpoUHasl TeXHUKA,
Jlerkye CaMoJIeThbl, KaTepa, Majible KOpabyy, MapoMbl, U Jp. — TaKXe
Pa3BUBAIOTCS, XOTSI U B MEHbIIEN CTelleHU.

W3 conocTaBieHNs IPOTHO30B phIHOYHOM foau K 2050 I'. 1 TeXHUYeCKon
FOTOBHOCTY B Hallld AHU cjenyeT (puc. 29), 4To yke ceruac Xopolure
IIepCIeKTUBLI AJI pPOCTa €CTb Y aBTOOYCOB, MaJIbIX TI'PY30BUKOB,
JIETKOBDBIX MAIIWH U IIOTPY30YHON TeXHUKU.

PucyHok 29 [lporHo3bl pbIHOYHOW 40M BOAOPOAHOMO TPAHCNopTa B 3aBUCUMOCTU OT
TEXHUYECKOW FOTOBHOCTM ero CerMeHToB

6onee 50 %
ot 40 go 50 -
oT 30 go 40 -
ot 20 go 304

oT 10 go 20 A

FCEV pons pbiHka (npopark) 2050, %

MeHee 10 4

MeHee 5 A

0

2 3 4 5

TexHnyeckaA roTOBHOCTb TEXHONOMMNN
UctouHuk: ananmns A. naronesow (Ckontex) no gaHHeim Hydrogen Council n Shell

3anpaBouHbIe CTAHLHUHU - 6a30Bast MHPPACTPYKTYpa AJIs BOJOPOAHOTO
TPaHCIIOPTa, 663 KOTOpPO¥ OH He 6yJeT pa3BUBATLCS. B 3TOM CMbICIe
CUTYalVs aHAJIOTMYHA 3JIeKTPOTPAHCIIOPTY — C TOU JIMIIbL pPasHULIewN,
YTO 3JIEKTPO3aPSAKU IPOINe PA3MEeCTUTbh B OBUIECTBEHHDLIX MeCTaX,
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HO BpeMs 3apsiAKu OTJIMYaeTCs B [eCITKU pa3 (BoLopoAHbIe
SJIEKTPOMOOMJIN 3alpaBJSIOTCSI B TedyeHUe HeCKOJbKUX MUHYT,
abaTaperiHble - OT 1-2 Ha HEMHOT'OUMCJIEHHDLIX CBEPXObICTPLIX 3apsifikax
J10 HeCKOJIbKUX YacoB Ha 6bIcTpbIX). [To cocTosiHuio Ha 2019 r. B Mupe
HacuutbiBaeTcs: 6osiee 300 3alpaBOYHBLIX CTAaHLUUNM M 5 TbIC. e JUHUIL
TPAHCIIOPTa, paboTaoilero Ha BoJopoJie — B IIepByio odepenb, B CIIA,
3anagHon EBpore, a Takke Anonuu. K 2030 . taHUpyeTcs yBesindeHue
YMCJia 3apsiioK IPUMepPHO Ha Mopsiiok (Tabui4). [I[puMepHasi CTOMMOCTD
OJHOM 3aIllpaBOYHOM CTAHIINMU COCTABJIsIET OKOJIO 1 MJIH A0

Tabnuua 4. HaumoHanbHble Lenn no pacnpocTpaHeHUto BOGOPOLHbIX 3arnpaBok, LUT.

2020 2022 2023 2025 2028 2030
CLUA 80 100
Ranudophua 200 1 000
AnonwnAa 160 320
®paHumna 100 400-1000
Kutan 100 300 500
HuaepnaHabl 100 400 1000
Ropesn 310
["epmaHuA 400

UcTounmku: IEA®, H Mobility®*

3ampaBoyHble CTAaHIIUM COCTOST M3 CUCTEeMbl XpaHeHUs BOAOPOAa,
OXJIKJIeHUsI, KOMIIpeccopa M pas3ZaTOYHDBIX YCTPOMCTB 3alpaBKU
aBToMobmert. CTaHAAPTHI, II0 KOTOPLIM IIPOEKTUPYIOTCS 3allpaBOYHbIe
CTAaHLIVY, SIBJISIOTCSI MEKIYHApOJIHBIMU, a MOZAYJIbHAs CTPYKTypa
MI03BOJISIeT aZJAITUPOBATD ITPOU3BOUTEILHOCTD ¥ pa3Mep CTaHIWM IO/
IIPOTHO3UpPYeMbINl 06beM IOoTpebsieHUsI. BaskHO cobJofaTh efuHbIe
CTaHJApPThI Y IPOU3BOJINTEJIel 3alIpaBOYHDBIX CTAHIIUM U BOJOPOJHOI'O
TpaHCIIoOpTa AJist obecrieyeHUs: UX COBMECTUMOCT.

Kak ¥ B Jpyrux cermMeHTax pbIHKA BOJOPOAHLIX TEeXHOJIOTUH,
B TPaHCIOPTE BaXHA PpOJIb IIPAKTUYECKOTO0 MEKAYHAPOLHOIO
corpynHuuectBa. Hampumep, npoext JIVE 2017 roaa (Joint Initiative
for Hydrogen Vehicles Across Europe) mnoapasymeBaeT BHeJpe-
Hue 6osee 140 aBTObycoB mo 9 BBIOpaHHBLIM JoKanusM B EBpomne
u crnoHcupyetcss EBpocoro3om B obbeme 106 muH eBpo. Ilpoext
pelraeT AJis BbIOGpAaHHOTO peruoHa OpobJieMy «KypUIIbI WIN SIHLa»
- 3ampaBovyHON MHOPACTPYKTYpbl uian MamuH. B 2015 rogy Ha mo-
xoxku#t npoekT (3EMOTION) mo co3zmanuioo 21 HoBoro aBTobyca 6bLI
BbigeseH 41 MiH eBpo, B 2012 roy Ha AeMOHCTPALIMOHHDbIE TTPOeKThI
(HIGH V.LO-CITY) - 29.2 muH eBpo. General Motors u Honda Bmecte
paboTaloT HaZl yMeHblleHHeM CTOMMOCTU MallliH U UHGPACTPYKTYPHIL.

82 Hydrogen: the next wave for electric vehicles? McKinsey & Company. November 2017.
8 https://www.iea.org/tcep/energyintegration/hydrogen/
8 CEP 2019 https://cleanenergypartnership.de
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Hawubosbiiee pa3BuTre U pOCT BOAOPOAHDLIN TPAHCIOPT HA TOIJIMBHBIX
sJleMeHTax moKasbiBaeT B ['epmanuu, CIIA (KanudopnHwus), HOxHONM
Kopee u B AnoHuu. B Kaxkao¥ U3 3TUX CTPaH CYIIECTBYIOT pa3jINYHbIe
MIPOrpaMMBbl TOAJEPKKHA Pa3BUTHUS BOJOPOLHOIO TPAHCIOPTA Kak
roCyZapCTBeHHDbIe, TaK U KOHCOPLIMYMBI IIpejCTaBUTesIell NHAYCTPUMN.
Hanpumep, H, Mobility B I'epmanuu, H,USA u CaFCP B CIIA, HySUT
B {nonuu. Ilogmep>kka wucciefOBaHUNM U pa3paboToK, BHeIpeHUe
TeXHOJIOTUN U pa3BUTHUe UHPPACTPYKTYPLI HEOOXOANUMDI AJIS Pa3BUTUSL
BOJOPOJHOI'0 TPAHCIIOPTA U /1 OBbICTPOro JOCTUKeHUSI BO3MOKHOCTHU
KOHKYPUPOBATDb 10 CTOMMOCTY C aBTOMOOUJISIMU Ha YIJIeBOLOPOJHOM
TOILJIUBE U 3JIEKTPOMOOUIISIMU.

Boaopopn B NpoMbILLIEHHOCTU — HOBaA HedTb U yro/b

XyuMnyeckass TPOMBINIIEHHOCTb, METAJUIYpPrusl WCIOJb3YIOT YTOJIb,
HedTb W ra3 B TEXHOJOTMYECKUX IIpolleccax [IecATUJIETUSIMU -
U KaK UCTOYHUK SHEPTUU, M Kak XUMUUYEeCKoe Cbhbipbe. Bo3MOXXHOCTHU
3JIEKTPUGUKAIINY B 3TOM CEKTOPE SKOHOMUKU OTrpaHUYEHBbI — HeIb3s
TIOJTHOCTDBIO «3JIEKTPUPULMPOBATL» JOMEHHYIO M KOKCOBYIO MeUb, KaK
HeJIb3s1 IOJIYUYUTD STUJIeH 13 3JIEKTPOSHEPIUY, - HYy>KHO peajii30BbIBATD
MIPUHUWNNAJIBHO HOBbIE TEXHOJIOTMYEeCKHe MPOoIlecChbl, B KOTOPBIX
6yIyT UCIIOIb30BATHCS «3€JIEHBIN» UJIU «0Jy60¥» BOJOPO U YIIEPO/,
TIOJIYUYeHHDIN B T.U. ¥ U3 boMacchl. B 3ToM ciydae yJacTcst JOOUTLCS
ry1iyboKkon eKapboHU3aluU IPOMbBILIIJIEHHOCTH.

Bonopos CTaHOBUTCS OCHOBOM [JISI IIPOMU3BOLCTBA CHUHTETUYECKUX
rasoB, KOTOpble MOIYT OBLITb WCIIOJb30BaHbI B KadeCTBe CbIpbs
B XMMUYECKOV IPOMBIIIJIEHHOCTH — B paMKaXx 06111eti KOHIIe[IIIUY1 power-
to-X: 3JIeKTpo3Heprus B aMMMak (power-to-ammonia), 3J1eKTpO3Heprus
B XMMUKaATLbI (power-to-chemicals), 371eKTposHeprus B MeTaH (power-
to-methane).

Hanpumep, mnpoextr Chemport Europe Ha ceBepe HuzepsiaHnos
peanusyeTcd C LeJIbI0 CO3LAaHUS IIOJIHOLIEHHOI'O Ia30XMMHUYeCKOr'o
KJIacTepa, paboTralollero MCKIIOUUTEJILHO Ha MeCTHDBIX buopecypcax
U BO300OHOBJIIEMOM 3HEPIMU C HYJIeBbIM YIJIepOSHLIM CJIejlOM
K 2050 rogy. LlesieBasi KapTUHA 3TOTO MIPOEKTA BBITJISAAUT Tak (puc. 30):

PucyHok 30. Llenesoe Bugenve npoekta Chemport Europe (Hnaepnangabi)

WNcTouHmkm: Chemport Europe
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- IpeBecHass bOuoMacca IiepepabaTbiBaeTcsi, 0b6pasyroiuecs
B IIpollecce YIrJIeBOIbl UCIOIb3YIOTCS B XUMUY;

+ BJIEKTPO3HEepTrus OT OPIIOPHBIX BeTPSHDIX 3eKTpocTaHul (B3C)
IpeobpasyeTcs 3JIeKTPOJIM3epaMU B BOAOPOJ U KUCIIOPOZ;

« KUCJIOPOJZ, U BOAOPOJ WCIIOJb3YIOTCSI B XUMUU (BOLOPOZ -
JUIST TIPOM3BOJICTBA «3€JIEHOTO» MeTaHOJIa»), a KHUCJIOpPOJ ellle
U Yy4YacTByeT B rasudukanuu IepepaboTaHHON 6GroMacchl
C MeCTHDIX IToJIel IJIoIaAbio 6ojiee MUJIIMOHA T'eKTapOB;

- rasudukanys 6rMoMacchl MO3BOJISeT IOJYYUTh CUHTEeTHUYECKUN
ras3 — 4uCcTyo cmechb Bogopoaa, CO, u CO. Tyna ke nobasiigerca
U «3eJIeHbIW» Bogopor ot B3G;

+ W3 CHHTe3-Ta3a IO0JIy4aloT a30THYI0 KUCJIOTY, METaHOJI, STUJIEH,
IpomnuieH, byTujgeH — BellecTBa, KOTOpble MOTYT IIOJIHOCTDIO
BBITEeCHUTL He(Tb U IPUPOLHDIN a3 C UX YCTOMYUBDBIX ITO3ULUN
CBIpDbS AJISI XUMUYeCKOM IIPOMBINIIEHHOCTY;

« CUHTe3-ra3 MOXHO OTHpaBJATb Ha CXKwkeHue (6uo-CIIT),
3aMNpaBJsATL UM aBTOTPAHCIOPT U HCIOJIL30BaTb [JSI ITPOYUX
KJIACCUYEeCKUX HYXK/I.

WHUITMATOpbl IpoeKTa 3asIBJSAIOT O CTpeMJIEHUU HPUGIU3UTD
CTOMMOCTL CHHTETUYEeCKOrO0 Ta3a K CTOMMOCTU IIPHUPOSHOIO.
[lepBOHaUanbHble WUHBECTULUWU B IpoeKT — 50 MJIH. eBpo, U3 HUX
15 MJIH. eBpo obecrieuynBaloTCs rpaHTaMu EBpocorosa.

B pamxkax 5Tol 60JIbIION KOHIENUWUW KOMIIQHUW HAYUHAIOT
pa3BUBaTh OTHeJIbHDbIe IMpoeKkThl. B ¢eBpane 2019 roma xumudeckas
KoMIlaHuss Nouryon u rasosad Gasuine Hadajiu paccMaTpUBATh
MPOeKT ITPOU3BOJICTBA «3eJIeHOro» Bozopoda (3 TBbIC. TOHH B IOX)
JJISl XUMUUYecKoro Kjacrepa B I. [lesad3ens — B 1jessIX IPOU3BOLACTBA
6romMeTaHoJIa. MTHBeCTULIMOHHOE pellleHVe II0 IIPOeKTY OKUIAeTCs
B TeueHue 2019 ropa.®

JexkapboHU3anuio B MeTAJIYPIMU  CBA3LIBAIOT C  IIepeXofoM
Ha IpsIMOe BOCCTaHOBJIEHUe KeJjle3a (C 0TKa30M OT KOKCOXMMUYECKUX
YU [JOMEHHDIX IIPOLIecCOB, IOTPebSIUX Yroab U IPUPOAHDBIN as).
[Ipoext HYBRIT B IlIBenuu MOOCBALIEH UMEHHO 3TOMY - IIpU4yeM
KJIIOUeBYIO POJIb B HOBOM IIpollecce byzeT UrpaTb Bogopoz (puc. 31).
B 2018 roay Havaoch COOpysKeHMe ITUJIOTHOM IJIOIIALKU B I. JIyieo,
a lLieJIb IIPOeKTa — KOMMeplNaJIu3upoBaTh TeXHosoruio K 2035 roxy.

CebecTOMMOCTDb CTaJId II0O HOBOM TEeXHOJIOTMM, II0 pe3yJbTaTaM
TeXHUKO-3KOHOMUYECKOIro 060CHOBaHMUS, 1oKa BbIme Ha 20-30%, ueM
II0 TPAAUIIMOHHON TEXHOJIOTMU — XOTsI MHOroe 6yJeT omIpeaessiThes
JWHAMMKOM LIeH Ha KOKC, 3siekTposHepruto u CO..

% https://www.chemport.eu/news/article/green-hydrogen-as-feedstock/
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PucyHok 31 lNpoexkt HYBRIT B LLBewLumn: TexHonornyeckan Lenovka 1 CpaBHEHWe CTPYKTY-
pbl Ce6eCTOMMOCTI CTa/IN MO CPABHEHUIO C 0ObIYHLIM METO0M
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be3onacHOCTb U TEXHUYECKOEe peryimpoBaHue

Be3omacHOCTb BOAOPOAHBIX TEXHOJIOTUY — Ba’KHAs TeMa AJI5 JUCKYCCUN
B TedyeHWe MHOIUX JeCATWIeTui. B mnyb/JMYHOM OPOCTPAHCTBE
IIPUHATO BCOOMUHATL  KaTacTpody Aupwkabas [uHAeHOYpr
B1937 r. uu gaxke aBaputo Ha YepHobbLibckort ASC B 1986 r. Co BpeMeH
IIepBOM aBapuu IPOILJIO yKe bosiblre 80 jieT, KoJIMYeCTBO BOAOPOAHDBIX
aBTOOYCOB y>Ke uZeT Ha COTHU, BOAOPOAHDbIE 3alpaBOYHbIe CTAaHLINU
pacIiolaraloTCs B HeIOCpeZCTBEHHOM OJIM30CTU OT KUJIBbIX 3aHUMN.
YepHOODBLIBCKUYM peakTop, BO3MOJKHO, ObLT pa3pyllieH B3pbIBOM CMeCUu
BOZOpPO/Zla M KMCJIOpPOZAa — HO CMeCh 3Ta 0bpa3oBajiach M3-3a 1eJIoin
LIeTIOYKYA OIIMOOYHBIX AeMCTBUM IIepCOHasIa CTAHILMU M, BEpPOSITHO,
KOHCTPYKTUBHBIX OCOOEHHOCTeM peakTopa, - BpsA JKU BO3MOKHO
«BUHUTDb» BOZJOPOJ ellle ¥ B 3TOM KaTacTpode.

Bomopon WCIONbL3yeTCsl B IIPOMBIIIJIEHHOCTU [JeCITUJIeTUsIMU, -
BO3MOJKHO, 5TO HOBDLIW SHEpProHOCUTeJIb, HO TOYHO He HOBBIN ras.
Ero cBoMcTBa JaBHO U XOPOIIO M3YyYeHbI — OHU CePbe3HO OTJIUYAI0TCS
U OT MeTaHa, U OT MpOIlaHa, ¥ OT beH3WHa (puc. 32).

8 HYBRIT: fossil-free steel. Summary of findings from HYBRIT Pre-Feasibility Study
2016-2017.
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PucyHoK 32 XapaKTepucCTuKM «be30macHoCTU» BOAOPOAa B KaUeCTBEHHOM CPaBHEHWUM C
CErofHAWHNUMMN SHEPrOHOCUTENAMM
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[nana3oH BocnnameHeHun
CKopoCTb ropeHus
PacnpocTpaHeHue orHa
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OTHOCUTENbHBIEE ANHULLbI

M Bogopog I CywecTsytowme 3HeproHocuTenu

UcTouHuK: John H.S. Lee, McGill University®”

Bomopon - MeHee PUCKOBAHHBIN SHEPTOHOCUTENb C TOUKM 3pPEHUS
MOXKapobe30TaCHOCT M TEePMUYECKUX BO3JENCTBUN, HO MOMKET
6BbITL OTBETCTBEHEH 3a 6ojiee 3HaUUTesbHble 3()(eKkTbl, CBI3aHHDbIe
C U3MeHeHUeM [aBJIeHUS.

OT yrjaeBsoaoposoB BOOAOPOA OTINYAETCA:

« BOJIBITUMU IpenejaaMu JeTOHALIMOHHOM CIIOCOBHOCTU
M1 BOCIIJIaMEeHAEeMOCTH;

+ HU3KMMM 3HAUYEHUSIMHU SHEPTUU 3aKUTAHUS U JeTOHAIINY;
« 6eClIBeTHBbIM IIJIaMEeHeM;

+ OBICTPBIM paccemBaHUeM, CIIOCOOHOCTDLIO K AU dy3um.

OTBeTOM Ha 3TU BbLI30BDLI, OYeBUIHO, SIBJISIeTCS IIpUMeHeHte HY>KHDbIX
TEeXHOJIOTUH:

« Bomopon B3pbIBOOmaceH TOJBKO B CMeCH C BO3JYXOM
B OIpeZie IeHHDIX YCJIOBUSAX (0CO6EeHHO B 3aKPDbITHIX IIOMeIleHUSIX)
- B OTJIMYMe, HaIpuMmep, OT aleTUJeHa, B3PbIBOOIIACHOTO
U 6e3 Bo3gyxa. Bak ckatoro BoAoponda He bHoJjiee oIlaceH, yeM
6ak ¢ 6eH3MHOM WMJIM KepOCMHOM - BeJb B IOCJeJHUN TpyaHee
OTPaHUYUTDL AOCTYII BO34yXa (CTABLIUN MPUYMHON KaTaCTPO(dbI
perica TWAS8O00 B 1996 roay, yHecuel >ku3Hu 230 yesosek);

« Ilnamg ot TOpeHUA BOAOPOAda Yalle BCEro HEBUAMNMO -HO OJIA €ro
O6Hapy>KeHI/IH YK€ UCIIOJIb3YIOT CIIeINaJIbHDbIE JaTYUKY;

+ OxpynuuBaHUe  MeTa/IOB  u3-3a guddysun  BoJopona
B UX CTPYKTYpY [JeNCTBUTEJbHO MOXKeT IIPOUCXOLUTD,
OCObeHHO B MeCTax ILIacTU4Yeckow AedopMalyi MeTasljIoB
(BMSITMHaX, TpellMHaXx) — II03TOMY Ba’KHO KOPPeKTHO IOoA6MpaTh

87 John H.S. Lee. The Detonation Phenomenon / Cambridge University Press, 2008. - 402 p.
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KOHCTPYKIIMOHHDbIE MaTepHuasibl, CIIOCOOHbIE BOCIPUHUMATD
Harpy3ku. K ToMy ke, KOMIO3UTBLI BOObOIIe He BOCIPUUMYUBLI
K OXpPYITYUBAHUIO;

. BO,E[OpOI[ - BCEHpOHI/IKaIOH.II/Iﬁ ras, OH MOXET CO BpeMEHEM
«IIPOCOYUTDCA» YeEpeE3 JI10601 MaTepuaJi, - HO 3TO H€ O3HAYadeT,
YTO €ro HeJIb34d XPAHUTDbh: YTEUKH Yepe3 KiallaHbl XPpaHWJINI]
He MMEIOT MMPAKTUYEeCKOr'o 3Ha4eHUWda U T.[.

Be3onacHOCTL BOZLOPOAHBIX TEXHOJIOTUM — Ba’kHAsl COCTABJISIOLIAS
YacTb HALlMOHAJIbHBIX BOLOPOAHBIX IIporpaMM. Hampumep, B paMkax
eBporenickoy nporpaMmbl FCH JU cymecTByeT nHUIIMaTUBa European
Hydrogen Safety Panel. I'obaibHDIN XapakTep BOAOPOSHOM SKOHOMUKHU
bynyuiero TpebyeT YCUJIEHUS MeXAYHApOAHOIO COTpYAHUYECTBa
- B TOM 4YWUCJIe, FTApMOHU3aLY HAlMOHAJIbLHDLIX CTAaHZAPTOB II0 BCEN
TEeXHOJIOTUYECKOM IIelloYykKe I[IPpU aKTUBHOM YYaCTUU IIOCTABIIVKOB
BoJopoZa, oO6OpyZoBaHUSI JJisI ero IIPOU3BOACTBA, XpaHEHUs,
TPaHCIIOPTUPOBKY,  II0JIb30BaTesJie  BOLOPOLAd,  HEe3aBUCHUMDBIX
SKCIIepPTOB, OpraHU3alluil 10 HaJ30py 3a 6e30IIacHOCTbI0 IPOAYKIUU
U T.4. [Io3TOMy y TeXHUYECKOI'O PeryJIMpoBaHUs — KJI04YeBasd pOJIb
B JleJie obecrieueHUs1 6€30IIaCHOCTU BOLOPOAHDBIX TEXHOJIOT UM,

CTaHzapTu3auueyl Ha  MEXJIYHApOJAHOM YpOBHE  3aHHUMAETCS
npodunbHbIM KomuTeT ISO - ISO/TC 19788,

% https://www.iso.org/committee/54560.html
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MECTO POCCUMU B I106AJ/IbHOW BOJOPOOHOM
3KOHOMMHKE

Ctumynbl

Poccust moka (3a TOUEYHBLIMU MCKIIOUEHUSIMM) OCTaeTCsl B CTOpPOHe
OT MEXAYHApPOAHBIX COOOIIeCTB U IAPTHEPCTB, pPa3BUBAIOIIUX
BOJIOPOJHLIE TEXHOJIOTUM, XOTSI YHUBEPCUTETbl M WHCTUTYThl PAH
UMeIOT 3HAUUTeJIbHbIe B3aMMOCBSI3HU C KOJIJIeTaMU BO MHOTUX CTpaHax.
B mepByl ouepenb, 3TO OODSCHSETCS TeM, YTO KJIUMaTUYecKast
IOBeCcTKa U JleKapboHU3alIusl IIOKA UTPAIOT MAJIO3HAUYUTEIbHYIO POJIb
B SHepreTUYecKON CTpaTeruu CTPaHbI.

HanuoHanbHOe peryiupoBaHue cdepbl BbIOPOCOB ITapHUKOBBIX
ra3oB HAXOAUTCSA B CTaauu (GOPMUPOBAHUS, OJMKaWIlive aKTbI
VPOBHS (eZlepaIbHOIO 3aKOHA WJIM yKa3a Ipe3nuZieHTa OXKUAAITCS
B 2019-2020 rozax, HalMOHAJbHAsl CTpaTeruss HU3KOYIJIepOLHOI'O
pPa3BUTUSL HAXOAUTCS B paspaborke. Cpenu CTEMKXOJZEPOB IIOKa
JOMUHUPYeT OCTOPO’KHOe, KOHCepBATUBHOe OTHOIIeHMe KakK B LeJI0M
K IpobJjieMe aHTPOIIOTEHHOM HOPUPOABLI TJI0H6AJIBHOIO W3MEeHEeHUs
KJIMMATa, TaK U K LiejiecoobpasHocTy Poccuu 6paTh Ha cebsi cepbe3Hble
06513aTesIbCTBA 10 COKpAIlleHNIO BLIOPOCOB MAPHUKOBLIX ra3oB. Bcé aTo
BMecCTe CYIIeCTBeHHO CAep>kKuBaeT pa3BUTHeE He TOJIbKO BOAOPOAHDIX,
HO Boob11e JIFoObIX HU3KOYTJIEPOAHDIX TEXHOJIOTUM (BO30OHOBJISIEMOM
SHepreTUky, 3Hepro3pPeKTUBHOCTH, 3JIeKTPOTPAHCIOPTA U T.4.).

B Poccuum 1moka OTCYTCTBYeT He TOJIbKO HallMOHAJIbHAs BOZOPOLHAS
IIporpaMma, HO JaXe U BHUAVMMas KOOpAWHALWS pPa3JIMYHBIX
HUCCJIeIOBATeJIbCKUX TPYII U MHTEpPecaHTOB. TeM He MeHee,
CYIIeCTBYIOT 3aZieJibl U Hay4dHble pa3paboTKy B chepax IMIPOU3BO/ICTBA,
XpaHeHUs U TPAHCIIOPTUPOBKU BOAOPO/A, & TaKKe ero UCII0JIb30BaHUs
Ha MobunbHOM TpaHcrnopTte. Kpome Toro, Poccusi pacmosaraet
OIPOMHDIM IOTEHLIVAJIOM /Il IPOU3BOACTBA BOAOPOA U ero SKCIIOpTa
B IJIobasibHOM MacwTabe. [103TOMy O BOAOPOAHDLIX TEXHOJIOTHSIX
FOBOPAT B IIOJIOKUTEJILHOM KJIIOUe KaK Ha KPYITHEeMIIUX POCCUMCKUX
bopyMax®, Tak U B paMKaXx obCy>XZeHUs] THHOBAIIMOHHLIX CTpaTerui
KPYIIHENIINX POCCUMCKUX KOMIIQaHUM. AHAJIN3y 5STUX aACIEeKTOB
IIOCBAIEH HACTOSIIUN pa3zell.

TexHonorum n ctenmkxongepbl

Ha ctopoHe mpou3BoAcTBa, Kak ¥ BO BceM Mupe, B Poccuu cyiecTByoT
OTpabOTaHHDLIE TEXHOJIOTHMU IIOJYYeHUsI «Ceporo» BoAopoZa. OHu
HUCIIOJIb3YIOTCS Ha HedTe- U rasonepepabaTbIBAIOLIUX 3aBOJAaX
(KoHBepcUsl MeTaHa), JIeKTPOCTAHIIUSAX (3JIeKTPOJIN3) — IIpudeM Becb
MIPOM3BOAUMBIN BOAOPOJ HMCIOJIL3YyeTcsl Ha MeCTe — HallpuMep, AJIs
MIOBLIIIeHUSs] KaueCTBa IlepepaboTKU YIIeBOJOPOZOB UM B CUCTEMaX
OXJIKeHUSsI TeHepaTOPOB 3J1eKTPOCTAHIUM.

8 TIpesunenT Poccuu B.B. [TyTuH Bo BpeMs: Poccuiickoit sHepreTuyeckoi Hegenu 2017: «MbI,
6e3ycI0BHO, flyMaeM, U B IIPaKTUYeCKOM IIJIaHe OyZileM peai30BbIBaTh ¥ IPOeKThI BOJOPOSHOMN
SHEpPIreTUKM».
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KpynHenmmni nponu3BogUTeIb 3J1eKTposin3epoB — [TAO «Ypairxummai»
(r. ExaTepuH6bYypr) — BbIIycKaeT YCTAaHOBKU IIPOM3BOAUTEILHOCTDIO
oT 4 1o 300 kyboMeTpoB BOoAOPOA B Uac.

KpymnHenmue pocCuUiCKue 3HepreTudeckre KoMMaHuu — «['a3mmpom»
u «PocatoM» - paboTalOT HaJ TEeXHOJIOTHSMU MOJIyYeHUs BOZAOpOAa
C MHUHUMAQJIbHBIM YTJIEPOOHBIM CJIe[OM - 3a CUeT aJuabaThudecKoun
KOHBepcuM  MeTaHa” U  BLICOKOTEMIIEPATYPHLIX  ATOMHDIX
peakTopoB®!. TeXHOJIOrMM HaXOJSTCS B CTaAUU HOpeliBapUTeIbHDLIX
Hay4YHDIX pa3paboToK UK (B OTHOUIEHUY aflabaTUueckor KOHBepCUuu
MeTaHa) — TECTUPOBAHUS Ha ONLITHOM JIabOPAaTOPHOM YCTaHOBKeE.

Ha ctafinu 1abopaTOpHOro TeCTUPOBAHMS Y POCCUNCKUX Pa3paboTUMKOB
HaXOJSITCSI TaKVe TeXHOJIOIUY, Kak

« MIOJIyYeHUe BOJOpPOZa OKUCJIeHWEM aJIIOMUHUA B BOJe
(O6bbenvHEHHDBIN MHCTUTYT BBICOKMX TeMIlepaTyp Poccuiickon
akazeMuu Hayk, OVBT PAH);

+ TOIJIUBHDbIE IIpOLIeCCOpPbl [Ji KOHBepCUW MIPUPOLHOIO rasa
U [U3eJIbHOr0 TOILIUBA B 0bOoralleHHYI0 BOAOPOLOM TOILIUBHYIO
CMeCb U BblJeJleHVsI W3 Hee YWUCTOro BozopoZa (Punman
«lJeHTpasIbHDIN Hay4YHO-UCCJIeI0BaTeIbCKUN UHCTUTYT
CYyZOBOM 3JIeKTPOTeXHUKU U TexHosioruu» («LTHUUW C3T») OI'YIT
«Kpbl10BCKUNM rocylapCTBeHHDIN HayUYHDbIN [IeHTp»)?%

HayuyubiMu paspaboTkamMmu B cdepe 5JIeKTpoJM3a 3aHUMAITCS
KypuaToBCKUN MHCTUTYT U UCCIeLoBaTesbCcKkue LeHTphbl Poccuiickon
akazeMuy HayK, Hamnpumep, HWHCTUTYT BbICOKOTEMIIEpATypPHON
3JIEKTPOXUMUU Ypaabckoro otnenenus PAH.

Chepa TpaHcmopra M XpaHEHHSA BOJOpPOJa pPa3BUTA B MeHbLIIeN
CTeIleHW, IIOCKOJIbKY OH IOTpebJisieTcsi B MecTe IIPOM3BOACTBA.
«['asmpomy», Byiagesiel; ¥ oriepaTop ra3oTpaHCIIOPTHOM cUcTeMbl Poccuy,
IIpOBeJl WCCJAe[OBAaHMs, MOKa3bIBalollne BO3MOXXHOCTL A06aBIeHUS
BOZOpOZia B TPAHCIOPTUPYEMBINM IPUPOAHBLINM a3 B [Auala3oHe
20-70%%* - HO peaJibHDbIe 3KCIEPUMEHTDI ellle MPeACTOUT IIPOBECTHU.
HayuyHble U ONBbITHbIE pa3paboTku B chepe CKUKEHUS U TPAHCIIOPTa
BOJOPOJa B CKUKEHHOM COCTOSTHUU BbITTotHMIIO HITO «TemmiiMari»®
JIJIST KOCMUYecKou mporpaMmbl Poccum u ITAO «KpuoreHmari»>,

% O.E. AkcioTuH ¥ Jp. Briaz ra3oBoy oTpaciu B GOpMUpPOBAHVE SHePreTUYecKow MoJiesn
Ha OCHOBe BoJiopoja. / BecTw ra3oBoll HaykKu - Hay4YHO-TeXHUYeCKHN cObopHmK. OxpaHa
OKpysKaiollel cpefbl, 3HeprocbepeskeHre M OXpaHa Tpyla B HedTerasoBoM KOMILIEKCe.
Cneusninyck — 2017 r., cTp. 12.

0 HH. IloHoMapeB-CTemHOW U JAp. ATOMHDBINM SHEProTEXHOJIOTMYECKUN KOMILIeKC C
BBICOKOTeMIIepaTypHBbIMU ra300XJIa’kIaeMbIMU peakTOpaMHU AJI MacIITabHOI'0 S5KOJIOTUYeCKU
YMCTOI'O MIPOU3BOJICTBA BOAOPOAA U3 BOALI U IPUPOSHOrO rasa. / 'a3oBas MpoOMBILIIJIEHHOCTD,
Nell -2018r.

%2 http://www.niiset.ru/index.php/vodedprod
% Blue Fuel - Gazprom Export Global Newsletter / 2018, Issue 48.
4 http://geliymash.ru/production/vodorodnye-ozhizhiteli/

% http://www.cryogenmash.ru/catalog/vodorodnoe-oborudovanie/
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HayuHble pa3paboTku B cepe XpaHeHNS BOLOPOJa Ha OCHOBe I'MIPUI0B
MeTasIa ecTb y MHCcTUTYTa nTpobaem xummudeckon ¢usuku PAH.

B ccpepe HCIIOJIb30BaHHUA BOAOPOJa HECKOJIbKO HCCIIeJOBaTEJIbCKUX
OEHTPOB U KOMITaHUM Pa3BUBAIOT TEXHOJIOI'MU TOIIJIMBHDIX 3JIEMEHTOB:

- UHCcTUTYT mnpobyiem xumuueckon ¢usuku PAH (BomoponHo-
BO3AYIIHbIE TOIIJIUBHbIE 3JIeMEeHThbl C IPOTOHOOOMEHHOM!
MeMbpaHoN);

« IleHTp aBTOHOMHON SHepreTuKU MOCKOBCKOro  (HU3UKO-
TeXHUYeCckKOro  MHCTUTYTa  (TBEpAOOKCHUAHDLIe  TOIJIMBHLIE
3JIeMEeHTDI);

+ HCTUTYT BDBICOKOTEMIIEPATYPHOU 3JIEKTPOXUMUU YPaTIbCKOTO
OTHeJIeHUs aKaJeMUU HayK (TBepAOOKCUIHDbIe TOIJIMBHbIe
3JIeMEeHTDI);

- TonmnuBHass koMmmaHus PocatoMma «TB3JI» (B ToM umcie «3aBo/
3JIEKTPOXUMMUECKUX IipeobpaszoBareser, HIIO «LjeHTpoTex»,
CBeppJioBckasi  06J1.) - ~ TBepAOOKCUAHDLIE  TOILJIUBHDIE
3JIeMeHTbl [Jid AaBTOHOMHOI'O SHEpProCHab’kKeHUs yaJleHHDLIX
OT UHPPACTPYKTYpPbI 06 HEKTOB.

DekTpudeckre aBTOOYCHI U JIerkOBble MAUIWHBI C aKKYMYJISTOpaMU
(BEV) yXe mOABUIMCH B POCCUNCKUX COPOJaX — HO BOJOPOLHDLIN
TPAaHCIOPT Ha TOILJIUBHBIX 3JIeMEeHTaX IIOKa He IIOJIYYUJI HUKAKOIr'o
pacrnpocTpaHeHus. [IpoTOTUODLI  Jlerkoro rpy30oBUKa  «['a3esib»
C IBUTATeJISIMU BHYTPeHHero CTOpaHus Ha CMecu beH3WHa U BOZOpoZa
(mepecbopyoBaHHbIE U3 OPUTMHAJILHOTO OEH3MHOBOI'O BapUAHTA)
B 2006 romy coBepmuau Ipober mo MapmpyTy MockBa- HukHMN
Hosropogn- Kaszanb- HukHekamck- Yebokcapbl- MockBa — OCHOBHOM
LleJIbl0 IIpoeKkTa ObLIO MpuBJeveHUe OOIeCTBeHHOTO BHUMAaHUS
K TeMe TPaHCIIOpTa Ha BOAOPOZe.

B 2018 romy «Poccurickass BeHuypHast KoMIlaHUs», PoHJ CKOJIKOBO
U  AreHTCTBO  CTpaTeruyeckUX  UHULVATUB  OPraHU30BAJIU
KOHKYPC TEeXHOJIOTMYeCKUX MpoeKToB «[IepBbIl 3JIeMeHT», LeJsblo
KOTOPOr0 CTaJIo IIpeofoJieHVe TIJ00aJIbHbIX TeXHOJOTUYeCKUX
6apbepoB B NEpCIEeKTUBHOM CerMeHTe BOJOPOAHONW 5SHepreTUKU
Ha TOIJIMBHDLIX 3JIeMeHTaX POCCUNMCKUMHU yIeHbIMU, pPa3paboTurKaMu
U NIPOU3BOAUTEJISIMU SHepreTU4eCcKrUX YCTAaHOBOK. B paMKax KOHKypca
BeZleTCsl CO3ZjaHue J[BYX IIPOTOTUIIOB 3SHepreTUYeCcKUX YCTAHOBOK
Ha BOZOPOLHDIX TOILJIMBHDLIX 3JIeMEHTaX [JIs1 TPAHCIIOPTHLIX CpPesiCTB
(He6OJIPIINX BO3AYIIHDLIX M Ha3eMHDBIX MOIIHOCTbIO 0K0JIO 2 U 50 kBT
COOTBETCTBEHHO), CPABHUMDBIX 110 3¢(eKTUBHOCTU C TPAAULVOHHLIMU
HUCTOUHUKAMM 5HepruU Ha TPaHCIOPTHDLIX cpeacTBaX. [lobepwTtesnn
KOHKypca IIOJlydaT TCpaHTbl B obbeme pno 140 wiH. pybien
(oxoJ10 2 MJIH eBpo)®°.

B cdepe craHmapTH3anMM BOJOPOJHLIX TEXHOJIOTHUM paboTaeT
HexoMmMepueckoe  mapTHepcTBO  «HamuoHanbHasg — accouuanus

% http://1element.upgreat.one
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BOJOPOAHOM »sHepreTuku»”’ (HABD), cujaMu KOTOpPOM CO34AHDI
U aKTYyaJIN3MpPOBaHbI bosiee 20 poCCUICKUX aHAJIOTOB MeKAYHAPOAHBIX
CTAaHZAPTOB B 06JIaCTU BOAOPOAHDBIX TEXHOJIOT U,

Pecypchbl

Poccus - oquH U3 KpyImHENIINX B MUpe IIOCTaBIIUKOB YIJIeBOLOPOOB:
N92 mo skcrniopty HedTH, N21 1o skcropTy rasa u N3 1o skcnopTy yris
B Mupe’® 1 HaXOAUTCS B JIMZlepaX 10 UX 3aracaM.

Y>ke wuMewmascs Tra30TPAHCIOPTHasE HWHPPACTPYKTypa (C ydeToM
HOBDBIX IIPOEKTOB [A30IIPOBOJZIOB) W PACTYINAs OTPACIb CKUKEeHHOI'O
npupogHoro rasa (CIIIY) co3maeT [OJTOCpPOYHDbIe MPeAIIOCHhLIKYU IJIsS
pa3BUTHS  IPOM3BOACTBA  «rojiyboro»  Bozopoza  (puc.  33)
C MUHVMAJIbHBIMU 3aTpaTaMU Ha Cblpbe U 3KCIOpTa ero
TPYyOOIIPOBOAHLIM TPAHCIOPTOM U B CKMKeHHOM Buze. [Io olleHKaMm
«I'asmpomMar», TpPaHCIIOPT BOZOPOLA IIO SKCIIOPTHBLIM I[a30IpOBOAAM
BJeUyeT 3a COOOM HeKOTOpble PUCKM HapyIIeHUs [OOJTOCPOUYHDBIX
KOHTPaKTHBIX 006513aTeIbCTB, CBSI3aHHDBIX C Ka4eCTBOM rasa, a TakKe
HeobXOAMMOCTD JOIOJHUTEJIbHBIX NHBECTULIMN B ra30TPaHCIOPTHOM
cucreMe. IIo3ToOMy KOMIIAHUSI pacCMaTpUBaeT aJbTepHATUBY -
[IPOU3BOLACTBO BOAOpPOAA W3 IPUPOJHOIO Trasa yxke IIocjie
TPAHCIIOPTUPOBKYU ITOCTIeAHEr0 II0 MarucTpaibHou Tpybe”. [Tpu sToM
PBIHOK CObITA MPOM3BeJIeHHOr0 TakKUM 0bpa3oMm Bojopoza B Esporre,
no gaHHbIM Bloomberg, «[asmpom» oleHuBas B 153 Mipna eBpo
K 2050 rony.!® IIpu 3TOM Ba’kKHO OTMETUTDL, UTO XOPOLIWE IIaHCHI
paboThl Ha 3TOM pbIHKe OYAYyT MMeTDh ITOCTABIIWKU «3eJIEHOTO» UJIN
«rojyboro» BOZOpPOZA - UYTO C YYEeTOM UMEIOIIUXCS TEeXHOJOTIUM
OCTaBJISIeT OJJHY aJIbTepHATUBY: ITapoBasi KOHBepcus MeTaHa ¢ CCS.

PucyHok 33 Cxema TpaHCMopTHbIX MOTOKOB 3KCMOPTA NPUPOAHOro rasa u3 Poccum

NcTouHunkm: LleHTp 3HepreTukn Mockosckoi wKonbl ynpasneHdna CKOJIKOBO

7 http://h2org.ru
%8 nanHble MDA u BP 3a 2017 rop,.

% General and Contractual Risks of Hydrogen Decarbonization - presentation for EU-Russia
Gas Advisory Council’s Work Stream on Internal Market Issues (GAC WS2)/ Gazprom, Brussels,
March 2019.

190" https://www.bloomberg.com/news/articles/2018-11-08/russia-looks-to-hydrogen-as-way-to-
make-gas-greener-for-europe
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Poccusi 3aHuMaeT uYeTBepTOoe B MUMpe MECTO IIO IIPOU3BOLCTBY
5JIEKTPOSHEpPruy, pacroJjiarass IIpU 5TOM TreHepauuenl C OOHUM
13 CAaMDbIX HU3KUX YIJIEPOLAHDIX CJIeZ0B B Mupe. B cTpyKType reHepanuuu
poMmuHupyioT TOC Ha npupogHoM rasze (okoso 48%), a ADC (18%)
u I'SC (17%) mpesbimatoT fojo yroabHbIX TOC (16%). B pe3syabraTte
VIJIepOOHDIN CJIel] B 3JIeKTposHepruu B Poccuu MmeHbine, ueM B CIIA,
Kutae, ABctpanuu, Uuauu, AnoHuu, 'epMaHuu U OPYyrux CTpaHax
(puc. 34).

PucyHoK 34 VYrnepofHbiii cief B 3/1eKTPO3HEpPrum B CTpaHax Mupa

O O

(2017)
VYrnepoaHblii cnep B 3N1eKTPo3Heprum, r / KBT-4
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UcTouHukum: Staffell'®, LleHTp aHepreTvkn MockoBcKoii WwKonbl ynpasneHus CKOJIKOBO

[Ipu 3TOM B OTZeJIbHLIX pPOCCUMCKUX peruoHax, Hanpumep, B Kapenuu
(rme momunupyet A3C) unu B MaraiaHcko 06J1acTu (rie JOMUHUPYET
I'SC), yryieponHbI cjie[l B HECKOJIbKO pa3 MeHbllle CpeJHepOCCUMCKOTO.

STO OTKpbLIBAET BO3MOXKHOCTH AJIS1 IPOU3BOACTBA BOAOPOa C IIOMOILIBIO
3JIEKTPOJIN3a C UCIIOJIb30BaHUEM 3JIEKTPO3HEPIUY U3 SHEPrOCUCTEMbI
peruoHa — IpHU 3TOM BOAOPOJ OyneT (GakTU4YeckKUd «3eJeHBLIM» Ja’ke
6e3 pa3BUTHUS COJIHEUHOUN U BETPSIHONW SHepreTUKU. DTO IpHUBJIeKaeT
WHTepeC MeXAYHapOAHDLIX UIPOKOB: TaK, IO COIJIALIEHWUIO,
IIOAIIMCAHHOMY Ha BOCTOYHOM 3KOHOMHYECKOM (OpYyMe OCEHDbIO
2017 ropa, Kawasaki Heavy Industries [oyKHa akTyaJau3MpOBaTb
TeXHUKO-3KOHOMUYEeCcKoe ObOCHOBaHME IIPOeKTa 3KCIIOpTa BOAOPOJA,
Ipou3BeJleHHOro B MarafaHckon 06JacTy, B SNOHMI0. DTOT MIPOeKT
II0Ka He IIOJIYYWJI Pa3BUTHS, HO 10 Mepe pa3BUTUS MHPPACTPYKTYPbI
Ha /[laibHeM BocToke u yzelleBJeHUS TEXHOJIOTHUN 3JIEKTPOJIM3A
U JIOTUCTUKU BOJOpPOJA WHTepeC K IOAOOHLIM WHUIIAATUBAM,
oueBUIHO, byneT TONAbKO pacTu. C APYyron CTOPOHBI, UX Pa3BUTUIO
MelllaeT HeCOBepIIeHCTBO HOPMAaTUBHOM 6a3bl, B TOM YUCJIe «3eJIeHbIX
CepTU(PUKATOB» B 3JIEKTPO3HEPIeTHUKe.

101 T, Staffell, M. Jansen, A. Chase, E. Cotton and C. Lewis (2018). Energy Revolution: Global
Outlook. Drax: Selby.
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Eme 60sbIIMe BO3MOXKXHOCTUA OTKPBIBAIOTCS Iepen Poccuelt B ciydae
peaiv3auy IOTEeHI[MajJa BO30OHOBJSIEMOM SHEPreTUKU -B IIepPBYIO
odyepenb, BeTpsiHOM. XOTSI ZOJISI BETPOSHEPTeTUKU B SHeprobasaHce
Poccuu B 6smkaiiinmme rofbl 6yZeT HecyllecTBeHHOU (MeHee 19%),
o6IMM IOTEHIIMaJ 3TOr0 CeKTopa B CTpaHe OIeHUBaeTcCs
B 17,1 Toic. TBT-4'%, uTO B 16 pas mpeBbIlIaeT 06111 06beM reHepaliuu
B Poccun B 2018 rony. UMeHHO ITO3TOMY B MCCJIeJOBAHUSX [JI06AILHOTO
TOTeHIIMaa TEXHOJIOTUU power-to-X Poccuio OTHOCST K «CKPLITBIM
YyeMIIMOHaM» (puc. 35), B KOTOPbIX OIPOMHDBINM ITOTEHIIUAJ COUeTaAeTCs
C OTCYTCTBHEM WHTepeca K HeMy CO CTOPOHBI TIOCyAapCTBa
U CTEUKXOJILEPOB.

PucyHok 35 KpynHeliwne no noTeHumany CTpaHbl-NOCTaBLLMKN SHEPropecypcos
no cxeme PtX

CLIA
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Maparackap
tOHan Adpura
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lMpenmyliecTBeHHO BeTep

®0T03J'IEKTPVI"IGCKI/IE TEXHOMOrMU COMTHEYHOM 3HepreTukn
TMpenmyLiecTBeHHO $GOTOINEKTPUHECKNE TEXHONOTMU CONHEYHOM IHEPreTUKN

KombuHauma

UcTouHumK: Frontier Economics!®®

BHyTpeHHUI cnpoc Ha BoAopo.,

[Tokxa pexkapboHM3anusi He CTajJa MEWHCTPUMOM B POCCUNCKOM
SHepreTU4YeCckOr MOJINTHKe, [AparBepoM [JJisi Pa3BUTUS CIpoca
Ha BOJOPOJ  MOXeT BDLICTyHAaTb TPaHCIOPTHBIN CEeKTop.
B KpyIHBIX POCCUMCKUX FOPOJaX aBTOTPAHCIOPT SIBJISIETCS OCHOBHLIM
3arpsisHUTeJIeM BO3JyXa OKCHZAMHU a30Ta, cepbl, beH3(a)IUpeHOM
U OPYTMMHU OIIQCHBIMHU BelleCTBAMHU — MO3TOMY IOpOZia HAaUYWHAIT
BCepbe3  pacCMaTpUBaTb SJIEKTPOTPAHCIOPT  KaK  pelleHue
sKoJiormdeckux npobaem. Tak, MockBa Ao koHna 2019 ropa 3akynurt
300 »>7eKTpobycoB U IJIAHUPYET IIOKYIATh eKerogHo CTOJIbKO
ke 1o 2021 roga, mocJie yero 3TO KOJIUYeCTBO MOKeT BO3PACTHU.

102 0630p pOCCUIICKOTO BETPO3HEPreTUYeCckoro puiHka 3a 2018 rozg / Poccutickass acconmanms
BeTpouHzAyctpuu (PABN), mapt 2019 1.

195 Tnternational aspects of a Power-to-X roadmap. A report prepared for the World Energy
Council Germany / Frontier Economics Ltd, October 2018
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BopoponHbi 3JIeKTPOTPAHCIIOPT (FCEV) MOXeT ObITh
IpeAnodYTUTeIbHee akkyMyJaaTopHoro (BEV) B poccuiickux yClI0BUSX,
IIOCKOJIbKY B 3TOM CJIy4Yae MCKJII0YAeTCs HeraTUBHOe BJIUSTHYE HU3KUX
TeMIlepaTyp Hapy>KHOI'O BO3JyXa Ha 3amnac xoza. Kpome Ttoro, B Poccun
eCTb KOMIIQHVM, YHUBEpCUTeTbl U WUCCIefoBaTeJbCKUue LeHTPDI,
KOTOpble 3aHUMAIOTCSI TEeXHOJIOTUSIMU TOIJIMBHLIX  3JIEeMEHTOB
U CUCTeMaMU XpaHeHUs BoAopoAa (K CO’KaJIeHUI0, CUCTeMbl XpaHeHUs
3JIEKTPOSHEPruu [AJisd 5JIeKTPoOycoB IIoKa 3akymaioTcsi B Kwurae).
Hampumep, B 2015 rogy mpoeKT CO3ZaHUSI MUJIOTHOW BOAOPOSHOM
3alpPaBOYHON CTQHIWM U aBTOOYCHOI'O MaplIpyTa ObL1 IpeasiokeH
nns ExatepuHbypra - yuuTbiBass OJIM30CTb ropoJa K OCHOBHDLIM
pa3paboTyrKaM TeXHOJIOr Ui %,

Bropoe BO3MOXHOe HallpaBjeHWe - aBTOHOMHAas JHepreTruka
Ha 0ase TOIJIUBHLIX 3JIEMEHTOB [JsI TPYAHOAOCTYIHBLIX OODHEKTOB:
BbIIEK COTOBOM CBSI3W, ODOOpPYJOBaHUS, KOTOpoe O6CayKUBaeT
MarucTpajibHble Ta30NpoBOAbI ¥ HepTempoBOADLIl, YAaJIeHHBIX
IoceJsikoB U T.4. Kak ¥ B IpyruX CTpaHax, 3TO HalpaBJieHNWe JIOKAJIbHO
MO’KeT IepBOHAYaJIbHO Pa3BUBATbLCS C UCIOJIb30BaHMEM TeXHOJIOIUN
TS u npupoaHOro rasa (Ipu ero HaJu4dun).

KOHKYpPeHTOCIIOCOOHOCTb BOAOPOAHBLIX TEXHOJIOTUM II0 CPaBHEHUIO
C Ta30MOTOPHLIM TPAHCIOPTOM, aKKYMYJISTOPHLIMU 3JIeKTPO—
MOOUISAMY,  BETPSIHbIMU WM COJHEYHLIMHU 3JIEKTPOCTAHLIUSIMY,
sjekTpocTaHuAMU Ha CIII' Mau CKWKEeHHDBIX YIJIeBOLOPOSHDBIX
rasax - mpeiMeT aHa/n3a B KKAOM KOHKPETHOM CJlydae, C y4eTOM
BO3MOXHDBIX W3MEHEHUMN B CTpaTeruu HU3KOYIJIEPOLHOI'O Pa3BUTUS
Poccumn.

Poccuiickana BogopogHana nporpaMMa Kak oTBeT Ha
rno6anbHble BbI30OBbI

[IpoBefeHHDLIM BbINle KAYeCTBEHHDLIM aHAIWU3 I[OKa3bIBaeT, UTO
BOJIOPOZHDIE TEXHOJIOTUY B I'JI06aIbHOM MacliTabe Hen3beXHO OyAyT
pPa3BUBATLCS — B IEPBYIO OUepelb ITOTOMY, UTO 63 HUX HEBO3MOXKHO
IIOCTUYDb Ilejlell 1o 6opbbe ¢ ry0obalbHLBIM HU3MeHeHWeM KJIMMaTa,
KOTOpbIe YXKe TIOCTaBUJIU Iiepel; COBOM MPABUTEILCTBA MHOTUX
JIeCSITKOB TOCYAapCTB.

B Poccuu ecTb He TOJIbKO OTPOMHLIE HEHCIOJIb30BaHHDLIE PecypChl
JLJIS1 BCTPAUBAHUSI B HOBDLIM I'JIOOAQJIbHDBIN PBIHOK, HO M COBCTBEHHDLIE
TeopeTHUUecKye TeXHOJIOTUUecKyre pa3paboTku (IpaBAa, IoKa Jajiekue
OT KOMMepUVAINU3AINUN) U IIepCIIeKTUBHDLIN BHYTPeHHUM CIIPOC.

3apOoJUBUINIICS MUPOBOM BOJOPOAHDLINM PBIHOK, OYeBUAHO, bOyzeT
KOHKYPUPOBATb C PBIHKAMU YIJIEBOLOPOLOB, Ha KOTOPDLIX II03ULIUU
Poccun kaxkyTcs ceridac He3bIbJIeMbIMU — U B 3TOM CMBbICJIe CTpaTerust
UTHOPUPOBAaHUS WJIM JOake 60pbObl € HOBLBIM MOKET Ka3aTbCs
IIpUBJIeKATeJIbHOM B KPAaTKOCPOUYHOM ITepcriekTuBe. Ho B JosrocpouyHon
IIepCIreKTUBe TaKasl CTpaTerusl CO34aCT PUCKU 3aMellJIeHUS TeMIIOB
pOCTa HAIMOHAJIbHOW SKOHOMHUKM - HEe TOJbKO W3-3a IaJeHUs

104 http://h2org.ru/images/stories/rauvtek2015.pdf
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CIIpOCa Ha yrIJjieBoJopoAbl, HO M B CBA3M C TOPMOKEHUHEM PA3BUTHUA
VMHHOBAIIMOHHOI'O CEKTOPA B IIPOMDBIIIJIEHHOCTH.

OTBeTOM Ha 3TH IJ0b6aJIbHbIE BLI3OBbI MOXKET CTATh BCTpauBaHUe
BOJOPOAHDBIX TeXHOJIOTUM B POCCUNCKYIO SHEPreTUYeCcKylo CTpaTeruo
U CTpATeruio HU3KOyIrjepoLHOI 0 pa3BUTHUSA — UJIU IIPUHATUE OTAEeJIbHOU
HaIlMOHAJIIbHON BOLOPOAHOM IIPOrpaMMBbL.

Frontier Economics BblfesisieT TpU OCHOBHDLIX CTOJINA, Ha KOTOPBIX
MOXeT YCTOMYMBO pPa3BUBATbCsl IJI00ANbHBIN BOAOPOLHBIN PBHIHOK
(puc. 36). OTu IPUHLUIILI MOTYT OLITD ITOJIE3HBI U ITPU GOPMUPOBAHUM
POCCUMCKON HAalJMOHAJIbHOM BOLOPOLHOM IIPOrPAMMEI.

PucyHOK36 Tpu ocHOBaHWA ANiA rnob6asbHOro BOLOPOLHOI0O pbiHKA

@ HKomnoHeHT

"TexHonorumn"

KomMnoHeHT
"PbiHKM u Cnpoc”

KoMnoHeHT
"MHBecTULUM
M NocTaBKK"

UcTouHuK: Frontier Economics!s

Bo-mepBbIX, BaXXHO O0beCIeYWTb TeXHOJIOTHUYecKoe pa3BHTHE
- OCBOEHMEe U CHWKeHHe CTOMMOCTU BCeX 3JIeMeHTOB Illello4ek
MOHEeTH3allUM «3eJIeHOI'O» BOJAOPOZa, a TakXke JOIOJIHSIOMINX
TEeXHOJIOTUN - yiaBiauBaHusg U XpaHeHusa CO,, mapoBo¥ KOHBEPCHHU
MeTaHa U T.A,.

Bo-BTOpBIX, HeobXxoAVMa HoOAJep>KKa PpbIHKa H YCTOHYHUBOIO
crmpoca Ha BOZAOpOA - IpekJe Bcero, JJisi mOTpebuTesieli, KOTopble
3aUHTepeCcOBaHDI IIOKYTIATDh «3eJIeHbll» BOJAOPO/ U ero IIPOU3BOJHDIe.

B-TpeTbI/IX, KJIIOUOM K ycCIexy ABJIAETCA IIPpHUBJICUCHHUEC
Me)KJIYHaPOI[HI)IXHHBECTHHHﬁ,COSI[aHI/IeMexaHI/I3MOBKOMHeHcaHI/II/I
KOMMeEpUYeCKHUX, BaJIIOTHDIX, MEXKYJIbTYPHDBIX 1 CTPAHOBDLIX PHICKOB.

Poccurickas IIporpaMma, 6a3prFICb Ha 3THUX TpeX CTOJIIIaX, MOJXKET
TaK>Xe BKJIOYaTb CJIeAVIoIE 3JIEMEHTDI:

- Pa3BuTHe NMHUJIOTHBIX IIPOEKTOB MO 3KCIOPTY BoJopoja:
0 3Sxcmopt Bogopoza B AnoHuto, EBpony

0 3amyck MeXXAyHapoJHDLIX IIPOeKTOB ¢ yuyacTueM Poccruu

195 International aspects of a Power-to-X roadmap. A report prepared for the World Energy
Council Germany / Frontier Economics Ltd, October 2018
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- PasBurue BOJOPOOHDIX KJIACTEPOB HAa BHYTPEHHEM PbIHKE:

0

CO3/JaHVe HeCKOJbKUX OINOPHLIX «BOZOPOLHDIX KJIACTEPOB»
- C OpHeHTalyeN Ha PbIHKY CObITa U IIeHTPbl KOMIIeTeHIIU,
- MockBa, CaukTt-IleTepbypr, HoBocubupck, KpacHosipck,
Exatepunbypr u ap.

- Pa3BuTHe BOAOPOAHDBIX PyHAAMEHTAJIbHBIX H NMPHUKIaZHBIX

HCCJIeJOBaHHUIM:
0 UHBEHTapUu3alVs UMEWIIUXCA 3aesI0B U KOOpAWHALIUS
HHUOKP
0 cnenuasu3anys Ha TexX chepaX, B KOTopbIxX y Poccum yxke
eCTb pa3paboTKky, U Ha TeX, KOTOPLIM YJeJisieTCs MeHble
BHUMaHWUS B JIPYTUX HALIMOHAJIbHDBIX IIPOrpaMMax;
0 KOHIIeHTpallMsi Ha pblHKAX Oyzaymero u usbekaHue

«306peTeHus BeJIOCUTIe Iay - Ha OCHOBE IIpeIBapUTeIbHOTO
aHaJM3a CTaTyca BOJOPOAHDBIX TEXHOJOTUM U MPOrHO3a II0
WX Pa3BUTUIO 32 pyb6eskoM;

O6pasoBaHue B 06J1aCTH BOZOPOSHDBIX TEXHOJIOTHH

ITonnyniapusanusa

CraHzapTusanusa u ceprupuKanmusa

T'ocyaapcTBeHHasi KOOpAWHAIHUSA:

0

yIIpaBJieHNe U KOOpAWHAIUS Ha BLICOKOM IOJIMTHUYECKOM
VPOBHe, BeZyllass poJib ¢eaepajibHOrO MUHUCTEPCTBA
(c co3maHueM  OTHeNbHOro  JellapTaMeHTa BHYTPU
MUHUCTEPCTBA SHEPreTUKU);

KJIlOUeBble IIoKas3aTeau 5((PeKTUBHOCTH II0 IlepejeiaM
U TOJaM peajM3allui IpOrpaMMbl C MeXaHU3MaMU UX
KOPPEeKTUPOBKY;

co3/laHue eAVHON UH(POPMAIIMOHHOM I1IaT(GOPMDL

CO3[JaHUEe CHUCTeMbl Mep CTUMYJUPOBAHUSA KPYIITHOI'O
¥ MaJioro 61u3Heca (HaJIOTH, IbIrOThI, 3aKa3bl) 1 JIOKAJIU3AlI N
TEeXHOJIOTU.

« MesXayHapoaHoe COTPYAHHUYECTBO:

0
0

TexHoJIOrMYecKre IapTHepCTBa

BxoxxaeHue B MeXXAYHapOoAHble BOAOPOAHbIe OpraHu3anun
U I1J1aTPOPMBDL

OrmpefiesieHre TTO3UIIUK TOCYAAPCTBa IO 3TOMY BOIIPOCY BO MHOTOM
OlpelleJTUT OTHOLIEHWe K HeMy KpPYIHBIX KOMIIAHWM, MHOTHUe
13 KOTOPBIX y>Ke UMEIOT TJIaHbI U pa3paboTKy B 06J1aCTH BOAOPOIHBIX
TEeXHOJIOT'UM, HO TI0Ka He OTJAl0T UM IIPHOPUTETA.
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ABTOpCcKHe TIpaBa U mpeaynpeskJeHHe 06 oOrpaHUYEeHHOM
OTBETCTBEHHOCTH

ABTOpcKHe IIpaBa Ha Bce MaTepuasbl, ONybJIUKOBaHHbLIE B JAaHHOM
HUCCIeJOBAaHUY, 3a MUCKJIIOUeHVeM 0cob0 OrOBOPEeHHDLIX CJIyJaes,
npuHaajexar LleHTpy sHepreTuku MOCKOBCKOM IIKOJIBI YIIPABJIeHUS
CKOJIKOBO. HesakoHHOe KONUpPOBaHWE U  pacCIpOCTpaHeHUe
“WHpOpMallMM, 3alUILIeHHON aBTOPCKMM IIpaBOM, IIpeciiefyeTcs
no 3akoHy. Bce Marepuwanbl, IpefcTaBJIeHHbIe B HaCTOSLEM
JIOKYMeHTe, HOCAT WCKIIOUYUTEeIbHO UHPOPMALUOHHDLINM XapaKTep
U SABJISIOTCS UCKJIIOYUTEJIbHO YacCTHLIM CYy’KAeHHeM aBTOpOB
U He MOTYT pacCMaTpUBATLCA KaK IpejyIoskKeHre WU peKoOMeHAlus
K COBepIIeHUI0 KakKuX-Iub0 AeNicTBUll. LleHTp sHepreTuku MocKoBCKOM
mKkoJinl yrpasieHuss CKOJIKOBO He HeceT OTBETCTBEHHOCTH 3a JioOble
norepu, YOLITKU JubO Jpyrue HebJaronpusiTHbIe II0CJe[ICTBUS,
Impou3olle[liie B pe3yJjbTaTe MUCIOJb30BaHUSA UHPOpMaluy,
coepKalllericss B HacTosIIel MybIMKalliy, 3a IPSIMOM MJIN KOCBEHHDIN
yiepb, HaCTYIUBIINN  BCJIeACTBHE  WCIIOJb30BaHUS  JAaHHON
“HpOpMaLlMK, a TakXe 3a JOCTOBepHOCTb MH(POPpMaLVH, TOJYyIeHHOU
U3 BHEUIHUX MCTOYHUKOB. Jlioboe WUCIIO/NIb30BaHNE MaTepuajioB
nybyMKanuy JOIYyCKaeTCs TOJIbKO IpU 0GOpMJIeHUM HazJjleskallen
CCBLJIKY Ha JAHHYIO ITyOJINKAIUIO.

©2019 Lentp »sHepreTuku MOCKOBCKON WIKOJIBI YIpaBJieHUS
CKOJIKOBO. Bce mpaBa 3alulleHbI.

LeHTp 3HepreTnkn MocKkoBcKoW WwKonbl ynpasnexdna CKOJIKOBO 61








