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RENEWABLE ENERGY NOW ACCOUNTS FOR A THIRD OF Highlights by technology:
GLOBAL POWER CAPACITY Globally, fotal renewable energy

generation capacity reached
2,351 GW at the end of last year
— around a third of total installed
electricity capacity.

Hydropower accounts for the
largest share with an installed
capacity of 1 172 GW - around
half of the total.

Wind and solar energy account
for most of the remainder with
capacities of 564 GW and 480
GW respectively.

Other renewables included 121
GW of bioenergy, 13 GW of
geothermal energy and 500 MW
| of marine energy (tide, wave
and ocean energy).
https://www.irend.org/newsroo
, m/pressreleases/2019/Apr/Rene
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https://www.irena.org/newsroom/pressreleases/2019/Apr/Renewable-Energy-Now-Accounts-for-a-Third-of-Global-Power-Capacity

Renewable generation capacity at the regional level

North America

| Capacity 366 GW
Global share 16%
Change +19 GW
Growth +5.4%

Central America

and the Caribbean

Capacity 15GW
Global share 1%
Change +0.8 GW
Growth +5.5%

South America

Capacity 211 GW
Global share 9%
Change +9.4 GW
Growth +4.7%

Europe

Capacity 536 GW
Global share 23%
Change +24 GW
Growth +4.6%

Middle East

Capacity 20 GW
Global share 1%
Change +1.3GW
Growth +7.1%

Africa

Capacity 46 GW
Global share 2%
Change +3.6 GW
Growth +8.4%

Eurasia

Capacity 100 GW
Global share 4%
Change +4.1 GW
Growth +4.3%

Capacity 1024 GW
Global share 44%
Change +105 GW
Growth +11.4%

Oceania

Capacity 32 GW
Global share 1%
Change +4.8 GW
Growth +17.7%

For the complete dataset see: IRENA (2019), Renewable capacity statistics 2019, available at: www.irena.org/publications.




Global New Investment in Renewable Power and Fuels, by Country or Region, 2008-2018
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research and development (R&D).
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WORLD JOBS IN RENEWABLE ENERGY & GLOBAL INVESTMENT

Estimated Global Investment in New Power Capacity,

O e SRy by Type (Renewables, Fossil Fuels and Nuclear Power), 2018
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RENEWABLES 2019 GLOBAL STATUS
REPORT REN 21

https://www.ren21.net/wp-
content/uploads/2019/05/gsr_2019_full_report
_en.pdf

Note: Renewable investment data in figure exclude
biofuels and some types of non-capacity investment.
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TRANSFORMATION

e KEY BENEFITS OF THE ENERGY
e Lower renewable power costs

‘7’ Increase energy access
@ Reduce emissions and air pollution
ﬁ Increase welfare and growth

UCTOPUA OHEPTONMEPEXOAA

U AOPOIA B BOAOPOAHYIO
SKOHOMUKY

Global energy transformation: A
roadmap to 2050 (2019 edition)

https://www.irena.org/publications/2019/Apr/Global-
energy-transformation-A-roadmap-to-2050-
2019Edition

PaclumpeHme McnoAb3oBAHUA BO3OGHOBASIEMbIX
MCTOYHMKOB SHEPIUM B COHYETAHUU C YCUAEHUEM
IAEKTPUDUKALUMU MOXET CTATb PELLAIOLLUM
hAKTOPOM AAS MUPA K AOCTUXXEHMUIO KAIOYEBbIX
KAMMATU4YeCKux LeAen K 2050 roay. 31o
UCCAEAOBAHME MEXAYHAPOAHOIO AreHTCTBA No
BO30OHOBASA€@MbIM UCTOYHUKAM 3Heprum (IRENA)
noA4YepKUMBAET HEOBXOAUMOCTb HEMEAAEHHOTO
pa3BepTbIBAHUSA C YH4ETOM 3aTpaT. dPPEKTUBHbIE
BAPUAHTbI AASl CTPOH AAS BbIMOAHEHMUSA
KAMMATUYECKNX OBA3ATEABCTB U OFPAHMYEHUS POCTA
rA06aAbHbIX TeMmnepaTtyp. NpeAycMoTpeHHoe
npeo6pasoBAHUE SHEPrMU TAKXKE COKPATUT YUCTbIE
3aTpAaThl MU NPUHECET 3HAYUTEAbHbIE COLUAABHO-
3KOHOMMUYECKHE BbIFrOAbI, TAKME KOK YCKOPEHHbIN
3KOHOMMUYECKHUM POCT, CO3AAHUE PABOYMX MECT U
o6Lwmi pocT GAArocoCToAHMUS.



https://www.irena.org/publications/2019/Apr/Global-energy-transformation-A-roadmap-to-2050-2019Edition

EXHIBIT 2: HYDROGEN COULD PROVIDE UP TO 24% OF TOTAL ENERGY DEMAND, ORUP TO
~2,250 TWH OF ENERGY IN THE EU BY 2050

A ROADMAP TO REALIZE

HYDROGEN'S POTENTIAL
FOR EUROPE

Final energy 14,100 11,500 9,300
demand

Thereof H,

2% 24%

ngﬂgﬁf&ﬁ;‘; This report describes an
ambitious scenario for hydrogen
deployment in the EU to achieve
the 2-degree target.3 This
scenario is based on the
perspective of the global
Hydrogen Council, input from

Hydrogen Europe

i - Transportation

(representing the European
hydrogen and fuel cells industry),
and, more specifically, data
from 17 member companies
active in hydrogen and fuel cell
technologies.

New industry
feedstock

https://fch.europa.eu/sites/defa
ult/files/Hydrogen%20Roadmap

%20Europe Report.pdf

Business as Ambitious

usual

Business as Ambitious

usual

2030 2050


https://fch.europa.eu/sites/default/files/Hydrogen%20Roadmap%20Europe_Report.pdf

EBPOINENMCKASI BUOTA3OBAS ACCOLIUAIIUS
IIJTAHBI BEITECHEHHWA MMIIOPTHOI'O 'A3A BHYTPEHHUMUW NCTOYHUKAMNA

UccaeasoBaHUeE
OYHAAMEHTAAbHbBIX U
NPUKAGAHDBIX NPOrPAMM
PA3BUTUS BOAOPOAHOM
3KOHOMUKHU B MHUpE
NOKA3bIBAIOT, 4HTO OAAQHC
UCKOMNAeMbIX

Gas Future: 2" Transition in Progress
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Technical pathways & performance: Market growth:
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https://pubs.ursc.org/en/content/articlelanding/2019/ee/c8ee01157e#!divAbstract

MHPOBBIE ACCOLIUALIMA BOAOPOJHON DKOHOMUKH

II0 BCEMY MUAPY GUHAHCHUPYIOT HHOKP
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YIAEJBHBIE BBIBPOCBHI CO2 HA KBT YAC B EBPOIIE

Renewable energy sources delivered a fresh record in Germany in the first half of 2019 with a share of 44 percent in
electricity consumption as stormy weather boosted wind power production on land and at sea, utility association
BDEW said.

Renewables covered a record 44 percent of the electricity consumed in Germany in the first six months of 2019, as wind
power production was consistently above average, according to preliminary data by energy industry association BDEW and
the Centre for Solar Energy and Hydrogen Research Baden-Wuerttemberg (ZSW). The share was 39 percent in the same
period last year.

Wind power generated by onshore installations increased 18 percent, while offshore wind farms produced 30 percent
more electricity. The output of solar PVs rose by some 4 percent, but generation from other renewables, such as hydro
and biomass, fell by about 1 percent.

The German government aims to raise the share of renewables to 65 percent by 2030 as part of its Energiewende drive to
replace fossil and nuclear power generation. However, a recent drop in new wind power installations, caused by
uncertainty following a shift to an auction-based system and growing popular resistance against wind farms, has triggered
PL: concerns that renewables growth could be too slow.
650 gCOZ/kWh

Average EU mix
2015: 300 gCOz/kWh

2020: 260 gCOz/kWh
2030: 200 gCOz/kWh
2050: 80 gCOz/kWh

Final energy mix in Europe (2015). SOURCE: Eurostat

a2 - N

Renewables' share in gross power consumption in Germany 1990 - 2019.
Data: AGEE-Stat 2019; BDEW/ZSW 2019
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https://www.bdew.de/presse/presseinformationen/zahl-der-woche-halbjahres-rekord-erneuerbare-energien-decken-44/
https://www.cleanenergywire.org/experts/bdew-german-association-energy-and-water-industries
https://www.cleanenergywire.org/experts/centre-solar-energy-and-hydrogen-research-baden-wuerttemberg
https://www.cleanenergywire.org/glossary/letter_o#offshore_wind
https://ec.europa.eu/eurostat/

Share of wind energy in total electricity demand

0.0 . 00 |
EUROPE

o of European electricity demand was met
- o by wind energy

Wind power share and generation in each country's demand
1. Denmark: 109% =91 GWh 6. Spain: 31% = 185 GWh

2. Gemany: 61% = 793 GWh 7_United Kingdom: 25% = 207 GWh

3. Portugal: 44% = 53 GWh 8. Netherlands: 25% = 72 GWh

4 Ireland: 34% = 32 GWh 9. Sweden: 24% =82 GWh

5. Austna: 33% =48 GWh 10. Poland: 22% = 101 GWh
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YCJI0BHSI COIVIALIEHHs, KOTOPOe IPABUTEeIbCTBO JOCTHIIO0
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Emissions Climate Prices Map of power plants Information

Net public electricity generation in Germany in May 2019

39.80 TWh - P S '; : 2016 (50.7%)

870(218

Annual renewable shares of electricity production in
Germany

AnsiInem 560 (14.0%) Monthly renewable shares of electricity production in
Germany in 2019

Ne1 electncnly generation of power plants for pubhc power supply
: 50 Hertz, Amprion, Tennet, T
Lasl update: 02 Jun 2019 21-11

B cBomx nybaukaumsax Fraunhofer ISE ncnonb3yeT nokasartesib «HETTO-BbIPabOTKM ANA

date selectic 54.7
46.8 47.8
06LLecTBEHHOIO 3HEProCHabKeHNA», B KOTOPOM He YYUTbIBAETCA 3N1EKTPOIHEPruA, 412 i
npousBeaEéHHanA ANA COBCTBEHHbIX HYXA, reHepupytoLLmMx 06beKToB, U cobcTBEHHAnA -
reHepaLuma NPoMbILLAEHHbIX NpeanpuATUii. COOTBETCTBEHHO, B APYTMX UCTOMHUKAX, rae :
MCMoNb3ytoTcA BPyTTO-AaHHbIe, 40U U abCONOTHbIE 3HAYEHMUA NoKasaTenen moryT - 184 13
oT/nYaThCA.
B coOTBETCTBMU C HEMELKMM 3aKOHOM O BO306HOBNAEMbIX UCTOYHUKAX aHeprun (EEG) K i
2025 roay pona BMI B notpebneHnn anektpoaHeprum 8 PPI gonxkHa coctaButb 40-45%. s
COOTBETCTBEHHO, Y}Ke CerofHaA CerogHa ctpaHa Haxo4MTCA rae-To Ha ypoBHe uenei 2025
roga. Bnpouyem, nogBoanTb OKOHYaTEIbHbIE UTOMM FOAA NOKA PaHO. d
HanomHum, yto NepmaHuA xo4eT NOAHOCTbIO OTKa3aTbeA OT yraa K 2038 roay, Bblaenns
I} 1 2 3 4 3

Renewable share (%)

Renewable share (%)

yrnepo6bbialowmm pernoHam NomMoLLb B pasmepe 40 40 MApa espo.

i 3 Net generation of p(mer plants for public power suppty

Net generation of power plants for public power supply. =

Datasource: 50 Hertz, Amprion, Tennet, TransnetBW, Destatis, EEX 50 Hertz, Amprion, Tennet, T , Destatis, EEX
Last update: 31 May 2019 20:13 Last update: 31 May 2019 20:13



https://elektrovesti.net/65852_germaniya-namerena-otkazatsya-ot-dobychi-uglya-k-2038-godu
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GHG MODELLING AND DATA COLLECTION
MODELLING AND ASSUMPTIONS

= Changes in the modelling
approaCh: l ~—— Gas pipeline d L*;r = N

— EXERGIA used one
generic pipeline for
transport of Russian gas to
EU Central

— The current study applies a
more realistic approach 3
with three Russian &
corridors - reflection of 9%
different pipeline distances,
losses and transport
energies

Member States of the 3 o 2o e
European Union N e
\ Q)

Russia

MOYEMY A3 U3
POCCUN HE TAKOM
3EAEHbIA KAK
MbITAIOTCA AOKA3ATb

NPOAABLLbI.
NOYEMY OKA3bIBAETCSA,
YTO 3EAEHbBIN BOAOPOA

B CMbICAE
NAPUXXCKOIO
COTrAALWUEHUSA AYMHLLE

Y

With the updated data
and recalculations
done the Carbon
Footprint for the
German stream is:
7,276 gC0O2e/GJ in
2012 For Germany,
data from BVEG, from
the German TSOs and
the NIR was used [
Deviation due to
updates of values for
transmission and the
distribution grid*




B EBpOME CAMBIMM AELLIEBLIMM BO3OOHOBAAEMbBIMM MCTOHHUKAMM SHEPTMM ABAAIOTCH
MAPOIHEPreTMKa B HopBermm n AAbMax, Mopckom Betep B CEBEPHOM U BAATUMCKOM MOPSIX,

EBPOIN EﬁCKM ﬁ BOAO POAH bl ﬁ BETEP B OTAEAbHbIX EBPOMENCKMX ODAACTSX, B PE3YALTATE YETO AYHLLIME COAHEYHbIE PECYPCHI

HaxoasaT1Cs B KO>XXHOM EBpone.

MAHUPECT CyLLLECTBYIOLLLO DAEKTPOCETb HE BbIAC MOCTPOEHA AAS BTOTO, HE MOAXOAMT AA MEPEXOAQ
SHEPIMU U HYXKAQETCS B KOPEHHOM MOAEPHU3ALMM.

B 2018 roay B lepMaHuM U3-30 HEAOCTATOYHOMU NPONYCKHOU CMNOCOBHOCTU 3HEProCUCTEMbI
GbIAO YPE3aHO OKOAO 1 MUAAUAPAQ EBPO SHEPruu BETPA B MOpe .

Kpome Toro, passmtMe HOBbIX MOLLIHOCTEM BO3OOHOBASEMOM SHEPTUM 3AMEAAIETCS M13-30
HEXBATKM SHEPTOCUCTEM. K COXAAEHUIO, BO3AYLLIHBIE AUHMM DAEKTPOMNEPEAQYM TRYAHO
PEAAM3OBATbL M3-30 DKOAOTUYECKMX MPOOAEM, HOPOAHOTO COMPOTUBAEHMS U, KOK MPABMAO, HA
NACHUPOBAHME, BbIACHY PA3PELLEHUI U CTPOUTEABCTBO YXOAMT DOAEE AECSITU AET.

OAHQKO ra3oBas CeTb HOMHOIO BOAEE PEHTADEABHA, YHEM DAEKTPMYECKAS CETh: MPU TEX
Xe 30TPATAX ra3oBas Tpy6a moxeT TpaHcnopTupoBaTh B 10-20 pas 60AbLLe 3HEPruK, Yem
AAEKTPUYECKUU KaBEAD .

Kpome T1oro, B EBpomne XxopoLLo PA3BMTA rA30BAS CETb, KOTOPAS MOXET ObITh MOEOOPA30BAHA AAS PA3MELLLEHMS
BOAOPOAQ MPW MMUHUMOABHBIX 3ATPATAX. HEAQBHWME MCCAEAOBAHMS, NMpoBeaeHHbie DNV-GL 21 11 KIWA 19 g
HUAEPAOHAQX, MPULLIAM K BbIBOAY, YTO CYLLLECTBYIOLLAS MHCPPACTPYKTYPA TPAHCNOPTUPOBKU U PpACNpPEeAEAeHUs
rasa npMroAHa AAS BOAOPOAQ C MUHMMOABHBIMU U3MEHEHUSIMU UAU BE3 HUX .

Takum o6pasom, BMECTO TOro, 4To6Gbl TPAHCNOPTMPOBATL ONTOBYIO IAEKTPO3HEpPruio no scek Espone, 6oree
3KOHOMMYHbIM COCOGOM GbIAO Bbl TPAHCNOPTUPOBATbL 3€A€HbIN BOAOPOA U UMETb ABOMHYIO CUCTEMY
pacnpeAeAeHUs SIAEKTPOIHEPrMM U BOAOPOAC.

Ha pucyHke nokasaHa Cyw.ecTBylouLas €BPONencKas rasosas ceTb (CUHSAS) M BOAOPOAHAS MArMCTPAAb
(opaHxeBas), npearoxeHHas Hydrogen Europe u Delft University.

https://energypost.eu/50-hydrogen-for-europe-a-manifesto/

Several recent scenarios exist for Europe’s energy system in 2050, including Shell’s
Sky Scenario?, The Hydrogen Roadmap for Europe!®l, DNV-GL's Energy Transition
Outlook 2018 and the "Global Energy System based on 100% Renewable
Energy — Power Sector” by the LoEpeenron’ro University of Technology (LUT) and
the Energy Watch Group (EWG) &, But also, several renewable energy industry
associations have assessed the role of renewable energy in the European energy
mix by 2050, among which are EWEA!Y and GWECU1. Analysing and comparing
these scenarios, an estimated 2,000 GW of solar and 650 GW of wind energy
capacity is required to decarbonise Europe’s electricity sector by 2050,
generating roughly 3,000 TWh of solar energy and 2,000 TWh of wind energy per
year.



https://translate.googleusercontent.com/translate_c?depth=1&rurl=translate.google.com.hk&sl=auto&sp=nmt4&tl=ru&u=https://www.topsectorenergie.nl/sites/default/files/uploads/TKI%20Gas/publicaties/DNVGL%20rapport%20verkenning%20waterstofinfrastructuur_rev2.pdf&xid=25657,15700002,15700021,15700186,15700190,15700256,15700259,15700262&usg=ALkJrhhYeWTTweNh_YXT_6-J4vDK-z4sKw
https://translate.googleusercontent.com/translate_c?depth=1&rurl=translate.google.com.hk&sl=auto&sp=nmt4&tl=ru&u=https://energypost.eu/50-hydrogen-for-europe-a-manifesto/&xid=25657,15700002,15700021,15700186,15700190,15700256,15700259,15700262&usg=ALkJrhhSB9-61dQ6XL068u4auzCPSuRrFg#post-22825-footnote-9
https://translate.googleusercontent.com/translate_c?depth=1&rurl=translate.google.com.hk&sl=auto&sp=nmt4&tl=ru&u=https://energypost.eu/50-hydrogen-for-europe-a-manifesto/&xid=25657,15700002,15700021,15700186,15700190,15700256,15700259,15700262&usg=ALkJrhhSB9-61dQ6XL068u4auzCPSuRrFg#post-22825-footnote-10
https://energypost.eu/50-hydrogen-for-europe-a-manifesto/
https://www.shell.com/energy-and-innovation/the-energy-future/scenarios/shell-scenario-sky.html
https://energypost.eu/50-hydrogen-for-europe-a-manifesto/#post-22825-footnote-2
https://fch.europa.eu/sites/default/files/Hydrogen%20Roadmap%20Europe_Report.pdf
https://energypost.eu/50-hydrogen-for-europe-a-manifesto/#post-22825-footnote-3
https://eto.dnvgl.com/2018/
https://energypost.eu/50-hydrogen-for-europe-a-manifesto/#post-22825-footnote-4
http://energywatchgroup.org/wp-content/uploads/2017/11/Full-Study-100-Renewable-Energy-Worldwide-Power-Sector.pdf
https://energypost.eu/50-hydrogen-for-europe-a-manifesto/#post-22825-footnote-5
http://www.ewea.org/fileadmin/files/library/publications/position-papers/EWEA_2050_50_wind_energy.pdf
https://energypost.eu/50-hydrogen-for-europe-a-manifesto/#post-22825-footnote-6
http://files.gwec.net/register?file=/files/GlobalWindEnergyOutlook2016
https://energypost.eu/50-hydrogen-for-europe-a-manifesto/#post-22825-footnote-7
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bayernets GmbH bmp greengas GmbH

Brandenburgische Technische Universitat Cottbus-Senftenberg

MPOIHO3 2030-2050 - 700 TWH

DBI GTI Gastechnologisches Institut

MAPTHEPbl DENA MO MPOEKTAM P2G

EnBW Energie Baden-Wirttemberg AG

Power to Gas 1m Energiesystem

EnergieDienst AG ENERTRAG AG Erdgas schwaben gmbh

Welche Rolle kann Power to Gas im Energiesystem iibernehmen?

Fraunhofer IEE GASAG Gasunie Hitachi Zosen Inova

Hydrogenics Advanced Hydrogen Solutions Die Weiterentwicklung
Andere Systemkomponenten des Energiesystems
finden nicht die notwendige Akzeptanz. stolt an ihre Grenzen.

IAEW - Institut fur Elektrische Anlagen und Energiewirtschaft C

Mitsubishi Corporation / Mitsubishi International GmbH

Open Grid Europe GmbH Performing energy

Reiner Lemoine Institut gGmbH

Salzgitter Flachstahl AG Siemens AG Uniper Viessmann
Volkswagen AG Westnetz GmbH Wingas GmbH

Zentrum fir Sonnenenergie- und Wasserstoff-Forschung (ZSW)

Zukunft ERDGAS GmbH

Endenergiebereitstellung durch
synthetische Energietrager in 2050

700 TWH

100 TWH

AN\ N

N


https://www.dena.de/fileadmin/dena/Dokumente/Pdf/9215_Broschuere_Baustein_einer_Integrierten_Energiewende_Roadmap_Power_to_Gas.pdf

TEPMAHUA KOHBEPITEHLUUA BOAOPOAA

KpynHbie 3anachbl razosou cetu Ffepmanum - 6oaee 400 000 KM Tpy6onpoBOAOB,
COEAMHSAIOWUX pe3epByapbl MPUPOAHOIO rasa ¢ o6wmMm o6bLeMOM XPAHEHUS
23,5 MApA. Ky6. M 1 ee 15,2 MApA. Ky6. M B TAGHUPOBAHUMU - MO3BOASIOT
o6ecne4ynuTb NPUMEPHO OAHY LUECTYIO OT FOAOBOM BbIPABGOTKU SIAEKTPOIHEPIUH
BHYTPM CTPCOHbI.

B HacTosULee BpeMs CYLULECTBYIOLLLAA FA30TPAHCNOPTHAS ceTb [epMaHUun
o6ecneynBaeT aHeproeMkocTbh OKOAO 220 TEPABATT-YACOB - UAU
YBEAUYEHHUE B TPU ThICAYM PA3 NO CPABHEHMUIO C HbIHELUHUMU YPOBHSAMM
Haka4ku B fepmaHum (Npu yCAOBUMU, 4TO YPOBEHb 6a30BoMr 3PP EKTUBHOCTH
cocTaBAsieT 55 npoueHTOB).

e/ Takum o6pasom, SHEPrua-ras NPeACTABASET CO60M KPYNHYIO BO3MOXHOCTb
XPOHEHUS SHEPIrUM, NOCKOAbKY TEKYLLLAS €MKOCTb Fra30BOU CETHU OKOAO 220

| \' TepPABATT-4YACOB MO3BOASIET €1 B 6yAyuLeM PYHKLMOHUPOBATb KAK CPYHKLLUS
XPAHEHUS U pacnpeAeAeHUs BO30OGHOBASEMbIX UCTOYHMKOB SHEPIuU Npu
pa3spaAKe HArpy3ku HO Ce€Tb IAEKTPOCHAGXEHUSA, TAK U BO3MOXHOCTb
ussAedeHus CO2 U3 UICTOYHUKOB UCKONAEMOro TOMAUBA AASl UCMTOAb3OBAHMSA
MATEpPUAAOB.

Power-to-ras Takxke cnoco6c¢cTByeT cTaGMAM3IALUM SHEPrOCUCTEMBI 30 CHET
o6ecnevyeHus OTPULLATEAbBHOU U MOAOXUTEABHOM PETYAUPYIOLLLEU SHEPTUM
NOCPEACTBOM LLEAEHANPABAEHHOIO BKAIOHEHMUSA -BbIKAIOYEHUA. TepMmaHus
YHUKAABHAO TEM, HTO BOAOPOA MOXHO NMOAABATb B FA30BYIO Ce€Tb in-situ B

/AN , = N 3HAYUTEAbHbIX KoAndecTBax (A0 30% nponycKHOM CNOCOBGHOCTU CeTU B
W Natural gas storage ‘ NN . HEKOTOpPbIX PErMoHaXx).
— Natural gas grid > 60 bar - o ® T~ :
- (H,mlnw: bypipeine , ) = ‘ Y TepMaHuM eCTb eLLe OAHO YHUKAABHOE NMPEUMYLLLECTBO: HOAMYUE COASAHbBIX
wpeline after accordin . -

6 Olrtnializ soib] 1 ] v { ‘ newLep B BETPOEMKUX PAUOHAX, KOTOPbIE YXKE UCNOAb3YIOTCSA AA XPAHEHMUS
® Selected biomethane plants e N AdE NPUPOAHOrO rasa.
ource; Germankty 2008, OVOW 2011 htps://ec.europa.eu/commission/sites/beta-political/files/energy-union-

factsheet-germany en.pdf



https://ec.europa.eu/commission/sites/beta-political/files/energy-union-factsheet-germany_en.pdf
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Here’'s a list of countries committed to a net-zero emissions
goal

https://www.weforum.org/agenda/2019/07/the-growing-list-of-countries-
committing-to-a-net-zero-emissions-
goal/?fbclid=IwAR2kM2cK4irg3C5445LGiswmViGXP87himP5M-
MioURMNF5pg8t2jYx1EMI

Mup noaBepraeTca pMcKy (KAMMATUHECKOro anapTerAaAqy,
npeaynpexaaet OOH

World is at risk of ‘climate apartheid,” warns U.N.

«l'ocyoapcmea npowiiu Mumo écex HAyYHbIX NPEOYNPEIHCOCHUIL U NOPO208, U MO,
Ymo K020a-mo cuumanocy Kamacmpogpuueckum nomenieHuem, menepsp
KaAMCEeMca IyUuium 6apuaHmom.

C 1980 200a monvko 6 Coeounennvix Illmamax Amepuxku nocmpaoanu 241
MemeoponocuiecKan u Kiumamuieckas kamacmpogha cmoumocmuio 1 mapo.
Honn. CLIIA unu 6onee npu coeoxynnoit cmoumocmu ¢ 1,6 mpan. /lonn. CILA.

https://www.climate.gov/news-features/blogs/beyond-data/2018s-billion-dollar-
disasters-context



https://www.weforum.org/agenda/2019/07/the-growing-list-of-countries-committing-to-a-net-zero-emissions-goal/?fbclid=IwAR2kM2cK4irg3C5445LGiswmViGXP87himP5M-MtoURMNF5pg8t2jYx1EMI
https://www.climate.gov/news-features/blogs/beyond-data/2018s-billion-dollar-disasters-context
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The time for car electrification has come?

IEE

W Selected recent movements by governments/assemblies and car makers

A resolution to ban conventional

car sales in the European Union

by 2030 was passed by the
Germany Bundesrat of Germany (2016)

. - The ruling and opposition parties

proposed the abolition of

. - conventional vehicles by 2025

Norway (2016)

The Government announced that
it would ban conventional car
sales by 2040 (2017)

France

k‘ 7‘ The Government announced that

it would ban conventional car
PN sales by 2040 (2017)
United Kingdom
s | Minister said that all new car
@ sales after 2030 would be electric
vehicles (2017)

Deputy Minister mentioned that
the ban on the sale of
conventional vehicles was under
investigation (2017)

| 3
s
N

Renault- NnEsas

. by 2020 (2015)

The target for FCV sales is more than
30,000/year in 2020 (2015). Reported
of full-scale entry into EVs in 2020
(2016)

Announced the strategy to increase
EV share in its total sales to 25%
with more than 30 models of EVs by
2025 (2017)

Introducing 12 models of EVs by
2022. The target of 30% of its total
sales as EVs (2017)

The plan to prepare EVs at all line up

Announced that eco-cars combined
with EVs and HEVs will be raised to
70% by 2025 (2017).

In 2030, two-thirds of automobile
sales will be electrified. EVs will be
released in China in 2018 (2017).
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Electric vehicle outlook to 2040

Annual global light duty vehicle sales Global light duty vehicle fleet AKKyMyAﬂ TO P H bl E M

million vehicles million cars on road
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Source: Bloomberg New Energy Finance EVO 2017

158 September 19, 2017 Bloomberg HTTPS://ABOUT.BNEF.COM/BLOG/E-BUSES-SURGE-
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EVEN-FASTER-EVS-CONVENTIONAL-VEHICLES-FADE/

What is your opinion on the share between ICE, Hybrids, BEV &
FCEV in 2030 and 20407 l
S som 140.48M
AT -
H2FC vehicle targets for 2020
122,66M .
120M I n 20 04
101,58M “
100M —_— .
| (m VEh |cles) Fuel cell vehicles will probably overtake gasoline-
= o powered cars in the next 20 to 30 years
by Takeo Fukui, Managing Director,
S0M Research and Development, Honda Motor Co., Bloomberg
: News, June 5, 1999
40M - FCEWV “
- BEWV
M :yonias Fuel cells will power cars with little or no waste at all.
20M ICE We happen to believe that fuel cell cars are the wave
of the future; that fuel cells offer incredible opportunity.
o _ )
2020 7 2030 7 2040 " o0 US President George W. Bush, February 25, 2002
Mote: Shares for 2020 are based on global production forecast for 2020 | 2040 volumes are estimated on CAGR 2027-2032 | Source: DOE, European Hydrogen & Fuel Cell Technology Platform, Juhani Laurikko (Premia-EU)

23 September 19, 2017 Bloomberg

https://gaes.kpmg.de/brain.html#future-of-combustion New Energy Finance
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Mission-oriented R&l policies:
In-depth case studies

M All others
SALES BY MARKET B Renault Case Study Report
B Toyota q
2,000 Korea 3% .Hyzn e Hydrogen Society (Japan)
M Honda Ville Valovirta February 2018

E Europe ..

2 1500 14% European Commission B-1049
9 Brussels

= California

S - 48% Manuscript completed in

g " Japan February 2018

it 35%

hitp://www.jiip.eu/mop/wp/w

P-
content/uploads/2018/09/JP
Hydrogen-

Society Valovirta.pdf?fbclid=I
wWARIWPbQKu2nuj VK?FBToGg
AKgjvsghhdaQbWKnSzgasJBy
4wfXulLYt77vw

2012 2013 2014 2015 2016 2017
(Jan-July)

Figure 9: Fuel cell vehicle sales globally. Source: Isenstadt & Lutsey 2017.


http://www.jiip.eu/mop/wp/wp-content/uploads/2018/09/JP_Hydrogen-Society_Valovirta.pdf?fbclid=IwAR1wPbQKu2nuj_vK9FBToGgAKgjvsqhhdaQbWKnSzgasJBy4wfXuLYt77vw

E160K S CTOUMOCTb BAAAEHUS EV U MOKA3ATEAK
£160k QPPEKTUBHOCTU SHEPTETUKU ABUTATEAEU
140k — Diesel Hybrid
Diesel PHEV
a £120k 1 . |
¢ BEV 200% , . |
2 £100k | R [__JAll-Electric Frontier
3 e A Power Stations
& — FC PHEV 9 @ Ground Source HPs
6 £80k . o 1o 1cno ¢ Air Source HPs l
b \ Hydrogen ICE Hybrid " 150% 3 - - - Traditional Frontier
i o ) = Condensing Boilers
2 ceok > ] O Fuel Cglls
€ 100% x 1C Engines |
2 . + Stirling Engines
E B \“'-r,__ T E
L = "'\ +
T ! Thol e
£40k € 5oy - BN
2010 2020 2030 2040 : E I AN
[

Fuel cell CHP Combined heat and power (CHP)
systems co-produce electricity and heat at high
efficiencies via engines or fuel cells and may use a
variety of fuels.22 The balance between electrical
and thermal generation varies between technologies

O% ||||=||||%|1|

0% 10% 20% 30% 40% 50% 60%
Electrical Efficiency (gas to power)

https://pubs.rsc.org/en/content/articlelanding/2019/ee/c8ee01157
e#ldivAbstract



https://pubs.rsc.org/en/content/articlelanding/2019/ee/c8ee01157e#cit32

LLEHbI B CLUA

LLEAA BOAOPOA
HTTPS://WWW.SHELL.COM/ENERGY-AND-INNOVATION/THE-ENERGY -
FUTURE/FUTURE-
TRANSPORT/HYDROGEN/_JCR_CONTENT/PAR/TEXTIMAGE_106212130
9.STREAM/1496312627865/46FEC8302A3871B190FED35FA8CO9E449F5
7BF73BDC35E0C8A34C8C5C53C5986/SHELL-H2-STUDY-NEW.PDF

Hydrogen Delivery

Delivery cost goal: <$2/kg** (includes dispensing at the station)

Cost by Component

Tube Trailer Delivery Example
Innovative concepts on:

Gaseous & Liquid Delivery
L Compressors

Storage

Electrical &

6% Dispensers

Compressor Materials Compatibility
31% Pre-

Cooling

Liguefaction

‘Dlsf:‘;ser Other innovations (e.g. liqu

carriers, etc.)

**gge = gallon of gasoline equivalent

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWAELE ENERGY FUEL CELL TECHNOLOGIES OFFICE

Early Stage R&D Example

16% Pipeline & joining materials

Hydrogen stations for transit buses cost approximately $5 million for a station
that can fill up to 25 buses a day at 6-to-10 minutes per bus. The stations

for AC Transit and Stark Area Regional Transit Authority have liquid
delivery stations, and the SunL.ine Transitstation has a large

electrolyzer. Based on invoices from the one station, liquid hydrogen is being
delivered for about $9 to $10 per kilogram. On an energy basis, this is
equivalent to $4 to $5 per gallon of diesel.

http://h2stationmaps.com/sites/default/files/H2-truck-delivery2.png
https://www.nrel.gov/hydrogen/h2fast/



http://www.actransit.org/
http://www.sartaonline.com/
https://www.sunline.org/

Power-to-Gas: Audi e-gas plant in Werlte (Northern Germany)

Quelle: EWE Netz

Audi future lLab: mobility‘“ Audi /-*,?.-\‘f—j,f"
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Acumentrics Corporation
Advanced Measurements Inc.
Altergy Systems

Apollo Energy Systems, Inc.
Arbin Instruments

Argonne National Laboratory
Asia Pacific Fuel Cell Technologies
Astris Energi

Ballard Power Systems, Inc.
BCS Technology, Inc.

Bloom Enerqy

Boyam Power System Co., Ltd.
CellTech Power

Ceramatec

Ceramic Fuel Cells Ltd.
ClearEdge Power

CMR Fuel Cells Limited
EBARA Ballard Corporation
EBZ

Electric Power Research Institute
Electrocell

ElectroChem, Inc.

Electro Power Systems

Element 1 Power Systems Inc.
Emprise Corporation

ENEOS (Nippon Qil Corporation)
EnerFuel, Inc.
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EnergyOr Technologies Inc.

Energy Conversion Devices, Inc
Esoro AG

eVionyx

FEV Motorentechnik GmbH
Forschungszentrum Julich
Franklin Advanced Materials
FuelCell Energy

Gashub Technology

Heliocentris Energy Systems
Hitachi Works

HTceramix

H-Tec - Wasserstoff-Energie-Systeme GmbH
Hydrogenics Corporation
IdaTech

Intelligent Energy

Jadoo Power

Japan Automobile Research Institute, Inc.
Lynntech, Inc.

Manhattan Scientifics Inc.

Medis Technologies

Mesoscopic Devices

Microcell

Mitsubishi Electric Corporation
Mitsubishi Heavy Industries, Inc.
MTU Friedrichshafen GmbH

. myFC - Your Power Source
. NanoDynamics Energy Inc.
. National Fuel Cell Research Center
. Neah Power Systems



http://www.acumentrics.com/
http://www.advmeas.com/
http://www.altergy.com/
http://www.electricauto.com/
http://www.arbin.com/
http://www.anl.gov/
http://www.apfct.com/
http://www.astris.ca/home/home.php
http://www.ballard.com/
http://www.bcsfuelcells.com/
http://www.bloomenergy.com/
http://www.boyam.com/
http://www.celltechpower.com/
http://www.ceramatec.com/
http://www.cfcl.com.au/
http://www.clearedgepower.com/
http://www.cmrfuelcells.com/
http://www.ebara.co.jp/en/index.html
http://www.ebz-dresden.de/en/index.html
http://www.epri.com/
http://www.electrocell.com.br/
http://www.fuelcell.com/
http://www.electrops.it/
http://e1ps.tripod.com/E1PSwebsite/index.html
http://www.emprise-usa.com/
http://www.eneos.co.jp/
http://www.enerfuel.com/index.shtml
http://www.energyor.com/
http://www.ovonic.com/
http://www.esoro.ch/
http://www.evionyx.com/
http://www.fev.com/
http://www.fz-juelich.de/portal/home
http://www.franklinadvancedmaterials.com/products.html
http://www.fce.com/
http://www.fuelcell.sg/
http://www.heliocentris.com/
http://www.hitachi.co.jp/
http://www.htceramix.ch/
http://www.h-tec.com/
http://www.hydrogenics.com/
http://www.idatech.com/
http://www.intelligent-energy.com/
http://www.jadoopower.com/
http://www.jari.or.jp/
http://www.lynntech.com/
http://www.mhtx.com/
http://www.medisel.com/
http://www.mesoscopic.com/
http://www.microcellcorp.com/
http://www.mitsubishielectric.com/
http://www.mhi.co.jp/indexe.html
http://www.mtu-friedrichshafen.com/
http://www.myfc.se/
http://www.ndenergy.com/
http://www.nfcrc.uci.edu/
http://www.neahpower.com/

NMYBAUYHBIE KOMMAHUN BOAOPOAHOU SKOHOMUKU KOTUPOBKU AKLLUK

Name - Symbol - Last Open High Low Chg. - Chg. % * Vol. = Time -
:= myFC AB MYFC 0.55 0.48 0.55 0.48 +0.09 +18.78% 1.56M 12:00:00 @
- Hypersolar Inc HYSR 0.0055 0.0048 0.0058 0.0044 +0.0005 +10.00% 1.95M 15:59:00 @
== ITM Power I™ 32.500 31.100 32.800 31.100 +1.500 +4.84% 602.01K 11:35:00 @
I+l Hydrogenics HYG 17.110 16.650 17.350 16.500 +0.620 +3.76% 34.26K 15:59:00 @
== Powercell Sweden PCELL 81.00 80.00 81.70 79.20 +2.30 +2.92% 243.90K 12:00:00 @
Zi5 Proton Power Systems PLC PEK 36.0000 35.5000 36.0000 35.0000 +0.9000 +2.60% 155.39K 11:35:00 @
it= Nel ASA NEL 5.730 5.765 6.020 5.710 +0.050 +0.88% 20.83M 10:25:00 @
&= Linde PLC LIN 203.390 202.430 203.870 202.070 +1.260 +0.62% 896.13K 16:00:00 @
= uam uam 1.650 1.640 1.650 1.640 +0.010 +0.61% 121.90K 15:26:58 Q@
5- Royal Dutch Shell ADR RDSa 65.86 65.89 65.99 65.69 +0.16 +0.24% 1.67M 16:00:00 @
I+l NFI Group NFI 38.56 38.74 38.86 38.34 -0.12 -0.31% 171.97K 16:00:00 @
Bl Air Liquide AIRP 121.95 122.40 122.90 121.85 -0.40 -0.33% 817.21K 11:35:04 Q@
B8 Mcphy Energy MCPHY 4.890 4.910 4.940 4.850 -0.030 -0.61% 7.20K 10:20:21 @
i#= Equinor EQNR 171.1 172.4 173.9 170.4 -1.5 -0.87% 2.14M 10:25:00 @
st Hexagon Composites HEX 36.00 36.40 37.05 35.70 -0.40 -1.10% 281.41K 10:25:00 @
Zi5 Ceres Power CWR 167.500 171.000 172.000 167.500 -2.000 -1.18% 48.17K 12:06:00 @
= Impact Coatings publ AB IMPC 6.40 6.60 6.60 6.26 -0.08 -1.23% 14.66K 12:00:00 @
&= Bloom Energy BE 11.55 11.67 11.75 11.20 -0.17 -1.45% 919.54K 16:00:00 ©
= Sandvik AB SAND 168.20 170.75 171.05 167.75 -2.55 -1.49% 2.51M 12:00:00 @
st= Scatec Solar OL SSOL 85.85 88.00 89.30 85.70 -2.15 -2.44% 285.89K 10:25:00 @
I+l Ballard BLDP 4.870 5.060 5.110 4.850 -0.180 -3.56% 121.07K 16:00:00 ©
== Cell impact publ AB Clb 4.730 5.100 5.100 4.690 -0.180 -3.67% 405.32K 12:00:00 @
= SaltX Technology SALTb 4.7650 5.0000 5.0500 4.7550 -0.1900 -3.83% 142.30K 12:00:00 @
%= FuelCell Energy FCEL 0.184 0.209 0.210 0.182 -0.016 -8.00% 8.53M 15:59:59 @
= Plug Power PLUG 2.090 2.290 2.329 2.080 -0.210 -9.13% 4.63M 16:00:01 Q@
Zis AFC Energy AFEN 5.155 5.500 5.500 5.000 -0.590 -10.55% 1.48M 11:39:00 @




EBPOIIA — YHUBEPCUTETDI C ITPO®OUJIBHBIMHU JUCHUIIVIMHAMHUIIO TO U

BOJOPOJHOM SHEPIETUKE. B MUPE BOJIEE 300 BBICIIUX IEHTPOB

Aalborg University — Denmark
Cambridge University — UK

Delft University of Technology —
Netherlands

Helsinki University of Technology -
Finland

Imperial College of Science,
Technology & Medicine - UK

Istanbul Technical University — Turkey
Karlsruhe Institute of Technology —
Germany

Kocaeli University — Turkey

Lund University — Sweden

Norwegian University of Science &
Technology — Norway

Royal Institute of Technology —
Sweden

Ruhr University — Bochum — Germany
Saarland University — Germany
Technical University — Denmark
Technical University Berlin— Germany

Technical University Eindhoven —
Sweden

Universita di Genova — ltaly
University College Cork — Ireland
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PA3BUTUE HAYHHO-OBPA3OBATEABHOIO NOTEHLLIUAAA

Kak BbIFASAUT CEroAHsi HQy4HO-06pa3oBaTeAbHas ceTb HTU?

OHa chopmupyeTcs COBMECTHbIMU YCUAUAMU PBK 1 ACU no H4eTbipeM HaNpPABAEHUSAM.

Nepsoe: LleHTpbl koMneTeHUMi HTU NO CKBO3HLIM TEXHOAOTMAM. CEroAHS 3TO YEThIPHAALLATh KOHCOPLMYMOB, B KOTOPbIE BXOAMT 247 BEAYLUMX YHUBEPCUTETOB, HAY4HbIX OPFAHU3ALLMIA U
TEXHOAOIrMYECKMX KOMMAHUH, KOXKAbIM CO CBOUM AMAEPOM:

1. «TEXHOAOrMU XPAHEHUSA U AHAAU3A GOABLLUMX ACHHbIX) - MIY;
2. «UcKyCCTBEHHBIN UHTEAAEKT) - MPTH;

3. «TeXHOAOrMK pacnpeAeAeHHbIX peecTposy - CIGIY;

4. «KBaHTOBbIE TEXHOAOTUM) - MITY;

5. (TeXHOAOIrMn CO3ACHUSA HOBbIX U MOPTATUBHbIX UCTOYHMKOB dHeprum) - UMXP PAH;
6. (HoBble npoun3BoAcCTBEHHbIE TexHOoAorMn TechNehy - CGNY;

7. «TexHOAOTMM GeCNPOBOAHOM CBA3U U K(MHTepHeTa Bew,enn - CkoATex;

8. «TexHOAOrMM YNPABAEHUS CBOMCTBAMMU BUoAormdecknx oobekToBn - UBX PAH;

9. tHelMpoTEeXHOAOIMU, TEXHOAOTUU BUPTYAABHOMU U AONMOAHEHHOMN pedAbHOCTEN) - ABPY;

10. (TEXHOAOrMU KOMMOHEHTOB POBOTOTEXHUKU U MEXATPOHUKMN) - UHHONOAUC;

11. «TeXHOAOTMU CeHCOopUKU) - MUIT;

12. (TeXHOAOTMU MALUMHHOIO OOY4YEeHUA U KOTHUTUBHbIE TEXHOAOTUMY - UTMO;

13. «TEXHOAOIMU TPAHCNOPTUPOBKU SAEKTPOIHEPIUU U PACNPEAEAEHHbIX UHTEAAEKTYAAbHbIX SHEprocucTtemn - MIU;
14. «TeXHOAOIrMM KBAOHTOBOW KOMMYHMKauum» - MUCUC.

Bropoe: Cetb o0pa3oBareibHbIX X-Labs Yuusepcutera 20.35 u HadnwnareabHblii CoBeT YHHBepPCUTETA.

Cetb X-Labs anpooupoBana B urosie 2018 B pamkax nporpammbl OcTpoBa, B Hee Ha MIEPBOM JTarle BOiAeT 0K0JI0 cTa "J1adopaTopuii" ¢
KOMIIETEHIIMSIMA MHPOBOT0 WJIM BbIllleé MHPOBOTO YPOBHSI.

B HaOcoBer YHMBepcuTeTa, HIOMMMO YaCTH NEPEYHCICHHBIX BY30B, BXOAAT nNpoduiabHbie pykosoaureau MIITY "Ckoaxkoso", TT'Y, HI'Y, I'Y-BILID,
KBanTopuymos, Cupuyca, PBK, Qiwi: nep:karejn Beayuux o0pa3oBarejbHbIX, METOAUYECKUX U YIIPABJIEHYECKUX MPAKTHK.

Tperbe: IxcnepTHbIil coBeT '"MoJioabie npogeccuonanbl' u IlpoexkTubiii komuter PBK. B HUX BXOASAT, B TOM 4HcJIe, NPO(PUIbHbIC PYKOBOAUTEIH
BeAYLIUX HHCTUTYTOB pa3BuTus, BKI04Yasa poua Ckoikoso, Pocnano, ®oua bopruuka, PBK, BOb-UnHoBanumn.

Yereproe: peruonaabHas cetb ACU u PBK B wactu HTHU, Briouast MexanusMbl ''pernoHabHbIX J0p0KHBIX KapT' HTHU (okos10 10 pernonoB) u
cetu Touek Kunenus, koropsie padorar cerogns B 13 ropoxax (Mocksa, Ilurep, Tomck, UBanoBo, HoBocudupck, BiaaguBoctok, Heia0uHCK,
Jluneuk, O0HMHCK, IleTpo3aBonck, UpkyTck, YibsaHoBck, Xadaposck). K konny 2018 roga uesis nmo Toukam - 25 roponos. K konny 2019 roga - 100
Touek.

DdakTH4ecKH, 3T0 YeThipe usmepenus marpuubl HTU B miiockoctu " Texnonorun'.




POCCUSA — HEKOTOPbIE HATIPABAEHUS

PYHAAMEHTAABbHbIX U MPUKAAAHBIX PABOT

MepeyeHb NPOEKTOB, BbINOHAEMbIX LieHTpom

Ne Mpoekt OTBETCTBEHHDIM YYACTHUK
KOHCOpUMyMa

1 BbICOKOEMKME KaTOAHble MaTepuasbl Li-MOHHBIX aKKyMyAATOPOB HA OCHOBE CIOUCTbIX OKCUAOB Ckontex

2 Pa3paboTka 0CHOB MUKPOBOJIHOBOTO MMAPOTEPMANLHOTO CUHTE3a KaTOAHBIX MaTepuancs co CTpykTypoit NASICON  Ckontex
ANA MTUA-UOHHBIX W HATPUI-MOHHBIX aKKYMYNATOPOB

3 Pa3paboTka 3NeKTPOXMMUYECKMX CUCTEM A8 KaAUI-MOHHDBIX aKKYMYNATOPOB MrY um. M.B. JlomoHocosa

4 Pa3paboTka cnocoboB Nony4eHUs HaHOPa3MEPHOTO KPEMHMS 1 CO3AaHME BbICOKOEMKMX MaTepUanos UNX® PAH
OTPULIATENLHOrO ANEKTPOAA ANA NUTUEBBIX aKKYMYNATOPOB

5 Pa3pabotka MOBUNBHOTO 3NEKTPOXMMUYECKOTO reHepaTopa Ha MUKPOTPYBYaTbIX TONAMBHBIX 3NEMEHTaX C 000 «UH3HepakU»
NPUMEHEHeM BOAOPOAHOIO TONAMBA

6 Pa3paboTka dyHKLMOHANbHbIX MaTEpUanoB ANA NONYYEHUA BOAOPOAQ U3 HEOPraHUYECKUX TONAUB MNX® PAH

7 Pa3paboTka 3NeKTPOKaTanU3aToOPOB NPAMOrO OKUCNEHNUA CNUPTOB UNX® PAH

8 Pa3paboTka HEOPraHU4ECKMX INEKTPONUTOB A8 CPEAHETEMNEPATYPHbIX TONNMBHBIX 31EMEHTOB A0 +250°C UNX® PAH

9 Pa3paboTka MUKPOBHbIX M BUOTONAMBHBIX 3NEMEHTOB MNX® PAH

10 Pa3paboTka HOBbIX NPOTOYHbIX aKKYMYNATOPOB NOBbILIEHHON MOLLHOCTH Ckontex, UNX® PAH

1 Pa3paboTka HOBbIX MaTepUaNoB AN GOTOBOAbTAMYECKMX NPpeobpa3oBaTenen ¢ Bbicokum KMJ

12 (Co3aaHue XOA0BbIX MAKETOB TPAHCMOPTHbIX CPEACTB C INEKTPUYECKOI NPONYAbCMBHOM YCTaHOBKOM C
INEKTPOXUMMYECKUM UCTOYHUKOM TOKa B COCTABE MCTOUHMKA FeHEepaLiumi 3HEprun

13 Co3aHme NONHOCTIO SNEKTPUYECKOM NETaTeNbHON NAATGOPMbI CAMONETHORO TUNA C PEKOPAHOI
NPOAO/KUTENLHOCTbIO NOAETA U BECNUNOTHOTO NIETATeNbHOMO annapaTa CebCKO- U 1ECOX03ANCTBEHHOTO
Ha3HaYEeHMA Ha ero 0CHOBE

OTU um. Uodde PAH
UNX® PAH
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e ) YYACTHUKUN KOHCOPLUUYMA

B KOHCOPLIMYM MO PEAZIM3ALIMM MPOrPAMMBbI LIEEHTPA KOMMETEHLIMIA BOLU/IM BEAYLLME POCCUACKUE HAYYHbIE U
OBPA30BATE/1bHbIE LLEHTPbI, UHHOBAUWOHHbIE MPEANPUATUA U 3APYBEXHbBIE OPTAHU3ALUK:
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NPOrpammbi

Hanuuue 06pa3oBaTensHbix Kypcos No Bcem HanpasneHuam HTU

Mpenogasarenu u3 TOM-100 sepywwmx BY308 mMupa

Hanuuue CTpyKTypHOro NOAPa3AeNneHIs N0 HaNPABNEHUID
AeATensHoCTY LLeHTpa — «UHCTUTYT poBOTOTEXHUKUY

VIHTErpauma ny4wmnx POCCUACKUX U 33pyBeXHbIX NPAKTUK

N0 HaNP3BNEHUH0 POBOTOTEXHUKN U MEXBTPOHMKE —

6onee 40 MexayHaPOAHLIX U 3K3AEMUYECKUX N3PTHEPOB,
MHTEPHaLMOHaNbHBIA NPOdECCOPCKO-NPenoAaBaTeNsCKUii COCTaB

MpaKTUKO-OpHEHTUPOBAHHLIM NOAX0A 06P330BaTENBHLIX NPOTPaM
NPY KOONEPELMM C MHAYCTPUBNLHBIMU N3PTHEPAMM

100 % ypoBeHb TPyA0YCTPOACTBA BLINYCKHUKOB

Pa3suTan MHPACTPYKTYPa ANA «ceTesoro» oby4eHun

o1 3 ,/6.‘-\ POLITECNICO
\ | DI MILANO
YHHBEPCUTET UTMO

® sanuxe umvers]tatbonnl

@ European Batteries

O6pa3oBaTenbHble

OBbEAWHENHAR
ABHACTPONTENLHAR
KOPOPALMS

W/




YYACTHUKU HAOKP MO HEKOTOPbIM HAMPABAEHUAM UHHOBALLUH

MONTEX

et r\(', i
Mt yraBepCHTET

LleHTp peluaeT Ans KOMNaHUW creayowme 3agayun:

* Pa3BuTtue KOMNeTeHUUM B CO3AaHMM rnobanbHO KOHKYPEHTOCNOoCOGHOM
npoaykuuu: paspaborka umpoBbIX ABOMHUKOB U3aenumn

* MNosbiweHne 3pPEeKTUBHOCTM NPOM3BOACTBA 3a CHET Co3haHus
undpoBbLIX ABOWHUKOB NPOU3BOACTBEHHbIX NPOLIECCOB

KoHcopuuym: 35 yyacTHUKOB

KOHCOPLMYM LIEHTPA HTU Cnbny
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* BbICOKOTEXHOMOrM4Yeckue komnauum ¢ 6onswmm + CygocTtpoeHue u kopabnectpoeHue
noTeHuuanom pocra +« AsTOMOOUNecTpoeHue,

* ABMWacTpoeHuE U pakeTHO-KOCMUYECKUI CEKTOP
[suratenecrpoeHue

»  KomnaHuu ¢ 60MbLIMM NOTEHLMANOM AN CO3AaHus
INerkas NPOMBbILLNEHHOCTb M MHAYCTPUS MOAbI

rnobanbHO KOHKYPEHTOCNOCOBHOM 3KCNOPTO
OpPUEHTUPOBaHHOW NPOoAYKUUK

KniouyeBble y4aCTHMKM U NapTHepPbl KOHCOpLUMyMa

* 12 ynusepcureros: NOAMTEX % NONWTEX
cneny, Mry, Crery, 1oypry, MU3T, Mockosckuia Monutex, MHUNY, m Sy yamecs "2‘
CxonTex, UnHononue, UelMY, TIMY, HoslY 9 Vo
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L prnueﬁume Hay4Hble opraHm3ayuu:
Poccuitckuin heagepansHblil sgepHsin ueHTp (POAL-BHUN3®), UHUU PTK

- CATARC (Kutaii):

KuTaickuin UEeHTP aBTOMOBUNbHBIX TEXHOMOTUIA U UCCNeoBaHWA

* BbICOKOTEXHONOrNYHbLIE KOMnaHuu-nugepbl —

«HaumoHanbHbIe YeMNUOHbI»:
[unakouT, Buokaa, NlaGopatopus «BeluucnuTensHas MexaHukay

* Jaypeatr HaunoHanbHOM NPOMbILNIEHHOW npemuun PO

«NHpycTpus» n «<HaunMoHanbHbIA YEMIMUOH»
NaGopaTopus «BbivMcnuTenbHas MexaHmkan

* Manble uHHOBaUUOHHbIe npeanpusaTus HTU:
Ontumenra 777, BI'T, IBM-UnxuHNPUHT ¥ Ap.
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HAMPABJ/IEHUA HTHU, KOTOPLIM COOTBETCTBYET KAPTA M LIEHTP KOMMNETEHLIUH
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MigemuuKky noAaamea necae 2019 2oda

MOLLHOCTHOU PAA U COEPBI NPUMEHEHWHA -> PA3JENEHUE NO TUMAM UCTOYHMUKOB

EMO3HEPTETMYECKME +  TONAWBHBLIE IMEMEHTbI
MCTOUYHMEM +  AKRYMYNATOPBI
+  @OTOBONbBTAMKA

*  BMO3HEPTETMHECHME HCTOYHHMHKK

MopTaTHBHLIE rEHEpaTOPL
ANEKTROIHEDIMM 405

MopTaTWBHbIE HOCKMBIE
reHEepaTOpEl INEKTPOIHEPrMM 4NA

MHOMERDYANLHBIX MHAMBAAYANEHEIX JNEKTPOHHEIX
MEAMLIMHCKHMX COEACTS, CPEALTE W FAPHETOR
CTUMYNATOPOB,

EMMENAEMONH INEKTPOHKWEN

TONAUBHBIE INEMEHTbI
AKKYMYNATOPHI

DOTOBONMBTAMKA
CYMNEPKOHOEHCATOPBI (MOHMCTOPHI)
EMO3HEPTETMYECKME MCTOYHMKK

ABTOHOMHBIE SHEPrOYCTAHOBKN MAN0IA
MOWHOCTA 418 INEKTPONMTaHKA BIA,
poBOTOE WM OpPYTMX LENEERIX CPEACTE
PAZNMYHLIX CPE D NOMMEHEHWA

*  TOMAWBHBIE SNEMEHTEI
*  AKKYMYNATOPbI

OCHOBHHIE CMADBLIE YCTaHOBEKW OnA CHNDBbIE YCTaHOBHH

HOMMEDUECKOD, WHOMBHOYENLHOD, ONA KpYnHO-
a TaKme BECNMNOTHOMD TOHHAHHOTD
M poBOTHIWPOBAHHOMND TPAHCMOPTA. TpaHCnopTa

BcnomoratensHbie CHNOBbIE

YCTAHOBKKA ANA TPaHCNopTa

HOMBUHMPOBAHME pazNMYHLIX WCTOMHMHOE 3NEKTPOSHEPIMM MNO3B0MWT CO3A3Th CWMCTEMBI C YAYHMIWEHHBIMW X3PAHTEPUCTMHAMM, 4TO
NEWEEAET K YCKOPEHHOMY Pa3BUTHID CYLLECTBYHILIWX U GOPMMPOEAHMID HOBLIX PBIHKOB M HULL NPUMEHEHUA.

ToNLKO HOMBWHUPOBAHWE 2eHEpaMOpPOs C HOKOMUMEAAMU 3HERTMM NO3BONMT 3DGEHTHBHO M PaUMOHANLHO WCNONL30BATh IHEPTHID.
Ko3ddMUMeHT MCNOAL30BAHKMA YCTAHOBNEHHON MowHoCcTH (KMYM) peansHo npubnuzuTe k 1 (npotie 0,4 B cpeaHem ceitvac)

OCHOBHbIE
HATMPABAEHMUS
PA3BUTUA
B
OHEPTETUHECKUX
TEXHOAOTIHUAX

KOHTPOAUPYEM
blE PMUHAHCAMMU
HTU U PBK

YHACTHUKU
NMPOTPAMM




P® PLIHKU TEXHOIOI'MYECKOI'O BOAOPOAA

Asryer 2017 DISCOVERY Research Group, oobem pbiHka Bogopoaa B Poccnu B 2016 T.

cocrasma 93 276,7 T, B JAeHcTBYOINX HeHax $6 807,9 mun.
Temn npupocrta o0bema pbiHKa cocTaBuiI 4,9% HaTypaJbHOI0 00beMa pbIHKA U 7,6% CTOMMOCTHOTO.
Jlugepsl HATYpaibHOro 00beMa pbIHKA

OAO AHK «bamnedTtb» - 20% . 000 «Komnanusa XumkomMnonenm - 19%, IMAO «H3XK» ¢ 13%.

O0bem npousBoacTa Bogopoaa B Poccuu B 2016 r. cocraBui 93 275,4 1. Temn npupocrta 0b171 paBeH 4,9% HaTypaJbHOI0 00beMa MPOU3BOACTBA.
B 2015 r. aToT moka3aresib paBHsijica 88 954,6 1.

IIpousBoacTBo Bogopoaa B Poccun gemoncTpupoBasio cnaja B 2015 r. kKak B CTOMMOCTHOM, TAK H B HATYPAJIbHOM BbIPAKeHHH.

N NN\

Oo0bem npousBoacTa Bogopoaa B 2016 r. cocrasua $6 807,9 mun. Temn npupocrta 0611 paBeH 7,6% CTOUMOCTHOTO 00beMa MPOU3BOACTBA.
B 2015 r. on paBHsiics $6 329,9 mun.

HanOouabmmii HaTypaabHblil 00bemM Boxopoaa B Poccun B 2014-2016 rr. nmpousBoauiics:

PecnyOuuka bamkoprocran - 20% KemepoBckas odsacts ¢ 19% HoBocuboupckas odacts ¢ 13%.

OcHoBHBbIe Tpou3BoauTen Boaopona B Poccun B 2014-2016 rr.

OAO «YpamuuaekTpomeab —56% 3A0 «kKMI3» - 23%, ITAO «I'MK «Hopuibcknii HuKeJIbY - 21%0.

O0bem nmnoprta Boxopoaa B Poccuro B 2016 r. coctaBmi 1 971 kr. Temn npupocra 0b11 paBeH -39,7%. B 2015 . 00bem numnopra cocraBsui 3 271 kr.
O0beM UMIIOPTA B CTOUMOCTHOM Bbipa:keHuu $69 257. Temn npupocta 0b11 paBen 6,1%.
B 2015 r. 00bem umnopTra coctaBui $65 299. B 2014-2016 rr. 00bemM UMIIOPTa YBEJINYNBAJICA B CTOUMOCTHOM BbIPAKE€HHMH.

0O6BneM Yxrcniopta Boopoaa us Poccuu B 2016 1. coctasui 645 kr. Temn npupocta 0611 paBeH 2515.5%. B 2015 1. 00beM YKCIIOPTA COCTABWJ 25 KI.




3acenanue HaburonareibHOro coBera
Hentpa komnerenuuit HTU «Hosbie u
MOOMJIbHbIE HCTOYHUKHU IHEPTHUM)

Ak. AnomuH npod. J100poBoibCKuii

hittp://www.inenergy.ru/info/news/co
mpany/zasedani-ablyudatelnogo-

soveta-tsenira-kompetentsiy-nti-novye-
i-mobilnye-istochniki-energii/
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MTY, PXTY, MPTU, UXITTY,
IOPITIY um. NAaaToBa

TEXHOAOTUHECKUE KOHKYPCbI HTU-PBK

HTTPS://WWW RVC.RU/PRESS-SERVICE/NEWS/COMPANY/131847/

Apyrme aABa koHKypca Up Great — «llepBbii 3AeMeHT. Bo3ayx» u «llepBbii SIAEMEHT.
3eMAS) — HANpPABAEHbl HO CO3AQHUE SHEPreTU4eCKUX YCTAHOBOK HO OCHOBE
BOAOPOAHBbIX TOMAUBHbIX SA@MEHTOB, KOTOPbIE CMOTYT NO 3P PEKTUBHOCTH
CPABHUTHCA C TPAAULLUOHHBIMU ABUFATEASMU BHYTPEHHErO CropaHuUs U
AKKYMYASTOPAMU. KOHKYpPCHbIE 30AAQHUSA pa3paboTaHbl npu noaAepXke UHCcTUTyTa
npo6Aaem xummdeckou comusmnku PAH.

Y4acTHUKAM KOHKYypca «lepBbii SA€MEHT. Bo3Ayxn npeAcToUT paspaboTaTb
BOAOPOAHbIA TONAMBHbIN DAEMEHT AASl MAAbIX 6€CMUAOTHBIX annapaTtoB. KOHKYpCHOM
30A04€eH1 ABASETCS CO3A0HUE AKKYMYASTOPA MOLLHOCTLIO 1,3 KBT 1 yAeAbHOM
MACCOBOU SHEProeMKoCTbio He MeHee 700 BT*4/Kr, npu 3TOM €ro Macca He AOAXHA
npesbiWATh 7 Kr. PazpaboT4ukam HEO6XOAMMO CMOHTUPOBATb CO3AAHHYIO
3HEpProycCTAHOBKY HO CMELUAAbHOU MYAbTUKONTEPHOU NAATHOPME, MOCAE HYero oHa
AOAXKHA NMPOAEPXATbCS B BO3AYXE HE MEHEee TpeX YaCOB NMPU LUKAUHECKOM PEXMUME
noAeTa. NMpu3oBou POHA KOHKYpPCa cOoCcTABUT 60 MAH py6.

KoHkypc «[lepBbii IAEMEHT. 3eMAA) HANPABAEH HO CO3AAHME BOAOPOAHbBIX
TOMNAMUBHbIX SIAEMEHTOB AASl HA3€MHbIX U NAABAIOLLUX TPAHCMNOPTHLIX CPEACTB
CPEeAHUX PA3ZMEPOB: MUAOTUPYEMbIX U 6ECMUAOTHBIX MOTOLLUKAOB, ABTOMOGUAEN,
A€rkKmnx KatepoB. MOLLHOCTb SHEPreTUM4eCKon YCTAHOBKM AOAXHA COCTABUTDb HE
MeHee 15 KBT npu yA€AbHOU 3HEPronAoTHOCTH 500 BT*4/A, a 06beM He AOAXEH
npesbiwaTbh 150 A. Y4QCTHUKAM KOHKYPCA NPEACTOUT CMOHTUPOBATDL
3HEepProycCTAHOBKY HO NPEAOCTABAEHHYIO OPraHU3ATOPAMU GECNUAOTHYIO
ABTOMOOUABHYIO NAATHOPMY, A 3ATEM NPUHATb YHACTUE B FOHKE U NPOAEPXATbLCA HA

Tpacce He MeHee Tpex 4acos. Mpu3oBoi PoHA KOHKypca cocTasuT 140 man PYO.



https://www.youtube.com/watch?v=afK1WO4uSnc
https://www.youtube.com/watch?v=afK1WO4uSnc
http://www.inenergy.ru/info/news/company/zasedani-ablyudatelnogo-soveta-tsentra-kompetentsiy-nti-novye-i-mobilnye-istochniki-energii/

P® BOJOPOJIHbBIN JAHIIIA®T

AMMUMak
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AO «YpaaarekTpomeab) 22000 TOHH B roa,

3AO0 «KbILTBIMCKUI MEAEIAEKTPOAUTHDbIK 3aBoA) 10500
TOHH B FOA

NMNAO «IfMK «Hopuabcknu HuKeAb» 9500 TOHH B roa

AO «MMOAUIP) 6000 TOHH B roa

AO «lfasnpom HechbTexum Carasat» 18000 TOHH B roa
AO "TA3MPOMHE®Tb-OHMN3" 12000 TOHH B roa

AO «CAC A3ot» 13000 TOHH B roa

5000 -10000 TOHH B roA CYMMAPHO OCT. MEAKUE
NPOU3BOAUTEAU

hitps://roif-expert.ru/khimicheskaya-promyshlennost/gazy-
nemetally/vodorod/rynok-vodoroda-v-rossii-obzor-i-
prognoz.htmil




JIOKAJIBHBIE INEPCIIEKTUBHDBIE KJTACTEPDBI PASBBUTHUA

BOJAOPOJHOU PKOHOMMUKHU
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YaycoB Xo0JKHH
NEPCNEKTUBbI POCCUU
HA TAOBAABHOM PbIHKE
BOAOPOAHOIO TONAUBA

hitps://onedrive.live.com/
2authkey=%21AK5VrAP5Jj
3DoG0&cid=7589EC31D3F
642F18id=7589EC31D3F642
F1%218539&parld=7589EC
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https://onedrive.live.com/?authkey=!AK5VrAP5Jj3DoG0&cid=7589EC31D3F642F1&id=7589EC31D3F642F1!8539&parId=7589EC31D3F642F1!7875&o=OneUp

MEPBbIA DAEKTPOTPAHCINOPT POCCUMU HOBOTO NOKOAEHUA
3TO YXE HA 1/3 NPOOBPA3 BOAOPOAHOIO ABTOBYCA

Kamaz is investing 14 million euros to
build a new production plant for
electric buses in Moscow.

HTTPS://WWW SUSTAINABLE-BUS.COM/ELECTRIC-BUS/KAMAZ-TO-OPEN-A-NEW-PRODUCTION-PLANT-IN-
7/DQGCS4ANPQBQTAPAPS5SLO0THVKWQP8BZ4KC6ROOWE3M

be produced as soon as the plant will
be fully operational. Also an R&D
innovation center will be realized.

3.500 jobs for 500 ebuses per year

The agreement for the new plant in Moscow
was signed by Sergei Kogogoghin, General
Director of the company, and Sergei
Sobyanin, Mayor of Moscow. The plant, as
reported on russland.capital, is expected to
create approximately 3,500 jobs. 500 electric
buses per year are to be produced. In the
same place it will also be opened an
innovation center where Kamaz technicians
will work on improving the quality of electric
transportation, focusing on electronic
components, batteries and charging
stations.

Moscow plans to buy 300 electric buses per
year between 2019 and 2020. From 2021
onwards, Russian capital will invest on
electric buses only.

200 Kamaz ebuses on their way to Moscow




INPUMEHEHMUWE AIIJVIA 1JISA MO PO

Cuneunamucrsl O0beIMHEHHOM ABHACTPOUTEIbHOM
kopnopauun (OAK) BenyT padory mo co31aHuio
0eCMUIOTHOTO JIETATEJIbHOI0 ANNAPaTa, CIIOCOOHOI0 HECTH
0oezapsia. O0 3tom RNS coo0mmi fupexkTop aenapramMeHra
nepcneKTuBHbIX UcciaenoBanuii OAK Baagumup
KapromnoJsbuen




SKCMOPT BOAOPOAA B TEPMAHUIO

NEPCNEKTUBHbIA 3AXBAT PbIHKA $PI U CEBEPO-3AMAAHOM
EBPOMNblI KAK CMACTUCIM-2 U SKCMNOPT
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SKCIMNOPT BOAOPOAA B ANMOHMUIO
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KAACCUYHECKAA AOTUCTUKA
BOAOPOAA
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AEKAPBOHU3ALUA OXY Occidental Petroleum (Oxy) nocTasuAa LeAb cTaThb

YIFA€POAHO-HEUTPAALHOMU, BKAIOHASA MPOAYKTbI, KOTOPbIE€ OHA

CCS CHUHEPTETUKA HECPTEAOBbHM npoAaeT. To eCTb, €CAM Bbl, KOK NOTPEOUTEAb, COXIAU HEDTb,
npousBeAeHHylo OXy, TO KOMMNAHUA KOMMNEHCUPYET 3TU
BbIOPOCHI.

Hu y oAHOM HEPTAHOU KOMNAHUMU B MUPE HET TAKOU LLEAU.
MoMMMO CTAHAQPTHBIX BelLer, KOTopble HedPTAHbIE KOMNAHUU
AEAdIOT - AOGLIBAIOT, TPAHCMNOPTUPYIOT U NPOAAIOT HedDTh -
Oxy co3AaAQ AASl Ce6s HULLy.

3TAa KOMNAHUS - MUPOBOU AUAEP MO 3AKAYKE YITAEKUCAOTO rasa
B HePTSAHbIE MECTOPOXAEHMUSA, YTOObI AOOBLIBATL OOAbLUE
HedTH, HEM 3TO MOXHO CAEAATb C MOMOLLLbIO TPAAULLMOHHbIX
TEXHOAOTUM.

_CorAacHo ny6AnYHbIM 3a58BKAM, B 2017 roAy KOMNAHUS
30KAYAAAQ B HEPTSAHbIE MECTOPOXAEHUA 27 MUAAUOHOB
MEeTPUYECKUX TOHH YTAEKUCAOIO rasd, YTO HA3bIBAETCH
npoueccom nosbilieHus HedpTeoTaa4u (EOR).

3OTO NO3BOAUAO YBEAUYUTDb OOLLLYIO AOBbINY HECDPTHU HA
UCTOLLLEHHbBIX MECTOPOXAEHUAX HA 25%.

A tiny tweak in Cadlifornia law is creating a
strange thing: carbon-negative oil

https://qz.com/1638096/the-story-behind-the-worlds-first-large-
direct-air-capture-
plant/?utm_source=UKERC+subscribers+2018+post+GDPR&utm_
campaign=fb8176f10b-
EMAIL_CAMPAIGN_2018_04_27_COPY_01&utm_medium=email&
utm_term=0_2886c4f7af-fb8176f10b-155381385&fbclid=IwAR1-
0Xw3YyvgYGmOgEzjCOOLsd56th86beYdON1j8iwvk85G0fkn2YyU
kPO



TOCYIAPCTBEHHAS MOJUTUKA HOPBETUM
OIPEJEJWJIA PSJI IPOEKTOB IO SHEPTOIEPEXOTY
HA BOJIOPO/I

The plan is for CO, to
be transported by ships
from the capture
facilities, both in the
eastern part of Norway,
to an onshore facility
atthe west coast of
Norway.

After intermediate
storage, the CO, is to be
piped out to storage in a
geological formation far
below the seabed in the
North Sea.

EqQuinor, with the
partners Shell and

Total, are responsible

for planning the storage
part of the project.

hitps.//www.gassnov
a.no/en/ccs-in-
norway-entering-a-
new-phase




Hydrogen Infrastructure Demand
Consumer Strategy

AHAAU3 PBIHKOB BOAOPOAA
MOAEAUPOBAHUE
SKOHOMUKH

HTTPS://WWW.NREL.GOV/GIS/HYDROGEN.HTML

Proposed Hydrogen Fueling Stations Along Major Interstates




UCCAEAOBAHUE NOTEHUUAAA PbIHKOB BOAOPOAA CLUA

ENERGY Rengwablo Enargy

Fuel Cell Teohnologies Office | &

H,USA: Public-Private Partnership

Hydrogen Potential From Renewable Resources

Total kg of Hydrogen per County
Normalized by County Area

This analysis shows hydrogen potential from cormbined renewable resources - wind, solar, and
biomass. Select environmental and fand use exclusons were applied. See additional documentabon
for more mformstion
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National Light-Duty FCEV Adoption:
FCEV Refueling Station RoIIout

2025 2050 SERA
* Vehicle Adoption: FCEV vehicle :;Z: — [ eom ,,m
adoption estimated over time and glliL] == i §3 Al ;:ﬂ: " e
region & oo — . T E on .
" - . § o il i i 10M -
» Station Size: SERA estimates the total a2 B g B B on N I
Station Capacity nEEdEd tD Support Markels Success Expansion Markets  Success  Expansion Markels  Success  Expansion
1000
FCEV fleet I
g g
. . i % f
« Station Count: SERA determines Sl T RE g
: o g 400 i s 8
number of stations to build in each 200
area : Urban State Mational i Urbam State Mational Urban State Mational
Markets Success Expansion Markets Swccess  Expansion Markets  Success Expansion

National Expansion

Number HRS: 21,000

Denver-Aurora, CO Kansas City, MO Minn.-St. Paul, MN  Chicago, IL Columbus, OH Pop. Enabled: 215 M
Total Stations: 244 y Total Stations: 9 Total Stations: 163 Total Stations: B32 Total Stations: B2
Ave Cap (ko/d): 1,917 . Ave Cap (ka/d): 376 Ave Cap (ko/d): 1853  Ave Cap (kg/d): 1,960 Ave Cap (kg/d): 1,822

Boston, MA
| /' Total Stations: 455
- " Mve Cap (kg/d); 1,862

Seattle, WA
Total Stations: 440
Awe Cap (ko/d); 1,932

T S |

oS i P _ ; Mew York, NY
‘1 fagl i o " Total Stations: 1,599
/- Awve Cap (ko/d) 1,970

Portland, OR
Total Stations: 129

Ave Cap (ka/d): 1,864 PRI :
ve Cap (kg/d) - .\.- e :,_# - Atlanta, GA
Sacramento, CA —— | B ' Total Stations: 365
" T Ave Cap tko/d): 1,830

Total Stations: 167

Ave Ca d). 1,832
ve Cap (ad Houston, TX

Total Stations: 439
Ave Cap (ka/d): 1,945

Miami, FL
Total Stations: 563
Ave Cap (kg/d); 1,928

Los Angeles, CA
Total Stations: 1,854 /
Ave Cap (ko/d): 1,945 Las Vegas, NV |
Total Stations; 242
Ave Cap (kg/d): 1,718

(Above) FCEV stock and
total stations over time
for each scenario

(Left) The number of
stations and average
capacity for select urban
areas in 2050

MREL

NREL

Light Duty Hydrogen
Infrastructure Analysis
at NREL

Michael Penev,
Chad Hunter, Brian
Bush, Elizabeth
Connelly, and
Maggie Mann

Green Transportation
Summit & Expo May
23, 2019

hitps://www.nrel.gov/
docs/fy190sti/73944.p
df



https://www.nrel.gov/docs/fy19osti/73944.pdf

IOrO-BOCTO4YHAA A3UA U
ABCTPAAUSA . DHEPTETUHECKUE

UHPPACTPYKTYPbI

Legend
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| Sub-regions
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ABcTpaAua u inoHus noanMcaAm B 2016 roay COrAdLlieHUE, B COOTBETCTBUM C KOTOPbIM
QABCTPOAMUCKMA OPraH No 6esonacHocTu Ha Mope (AMSA) BrniepBbie GyAeT NOCTABAATb XXMAKUI
BOAOPOA HABAAOM. ANOHUA paspabaTbiBAET CUCTEMbI CAEPXUBAHUA CYAOB, KOTOPbIE BYAYT
Cnoco6Hbl 6€30MNaCHO TPAHCMOPTUPOBATb XXMAKUMA BOAOPOA HOBAAOM M3 ABCTPAAUM B SIMOHMIO B
PAMKAX MMAOTHOTO NPOEKTA, KOTOPbIU NAGHUPYeETCcsa Ha4YaTb B 2020 roay.O6e cTpaHbl paboTaau
BMECTEe HaA pa3spaboTkon TPe6GOBAHUIM K BPEMEHHBIM MEPEBO3KAM AAS NEPEBO3KU XKMAKOTO
BOAOPOAQ HABAAOM U3 ABCTPOAUU B INOHMUIO, U OHU BbIAM COFAQCOBAHbI B KOMUTETE NO MOPCKOM
6e3onacHocTM MeXAYHApPOAHOK MOpCcKoi opraHusaumm (MMO) B Hoa6pe 2016 roaa.

MpomexyToyHblie TPe6GOBAHMS K MEPEBO3KE ONPEAEAIIOT CTAHAAPTbl CTPOUTEABCTBA EMKOCTEN
AASl XPOAHEHUS XXMAKUX BOAOPOAHBIX HOCUTEAEN U CMAMMAIOT PUCKU 6GE30MACHOCTH, CBSA3AHHbIE C
TPAHCMOPTUPOBKOM XXMAKOFO BOAOPOAQ HYepes Mope. hitps://worldmaritimenews.
https://worldmaritimenews.com/archives/210280/australia-japan-a-step-closer-to-liquid-
hydrogen-shipping/

Indonesia power PwC https://www.pwc.com/id/en/energy-utilities-mining/assets/power/power-
guide-2017.pdf

Australia hydrogen https://industry.gov.au/resource/LowEmissionsFossilFuelTech/Pages/Hydrogen-
Energy-Supply-Chain-Pilot-Project.aspx

SEA outlook -
https://www.iea.org/publications/freepublications/publication/WEO2015_SouthEastAsia.pdf



https://worldmaritimenews/
https://worldmaritimenews.com/archives/210280/australia-japan-a-step-closer-to-liquid-hydrogen-shipping/
https://www.pwc.com/id/en/energy-utilities-mining/assets/power/power-guide-2017.pdf
https://industry.gov.au/resource/LowEmissionsFossilFuelTech/Pages/Hydrogen-Energy-Supply-Chain-Pilot-Project.aspx

Perspectives on Hydrogen in the APEC Region

OLeHKM pa3BUTUSA BOAOPOOHOM

SKOHOMUKM
TUXOOKEeaHCKOro aHepreTU4YecKkoro
nccnegoBaTenbCKoro
Table 2.7 Hydrogen Energy Demand in APEC Economies (in ktoe) LieHTpa.
(ktoe) YunTbiBasi, YTO Kak MUHUMYM
Hydrogen Demand in 2040 Hydrogen Demand in 2050 NonoBuHa Bogopoaa 6y,u,eT
Industry | Transport|Electricity] Total Industry | Transport|Electricity] Total
Australia 1,343 608 o[ 1951 2769 2664 o] 5433 MPOV3BOANTLCA MO NnHIM BAS,
Brunei 3 16 0 20 8 67 0 74 npounsonaeT curbHoe
Canada 1,130 1,199 0 2329] 2376 4762 0| 7.138 3aMeLLeHne Mo UCKoNaeMbIM
Chile 263 291 909|  1.462 600 1,151 3.153] 4,904 SHEPIrOHOCUTENSM
China 15925 8229 15730 39883| 33958 30973| 53.435| 118.366 C '
Hong Kong 14 119] _ 1.444] 1577 28 481] 2837 3,346 AR REIRIAIRIG 18 @UsEuEl 4
Indonesia 1468 1933 0| 3401 4028]  7.987 0| 12015 : ’
Japan 1,571 1,486 4,561 1617 3,035 9,255 12,098 20,389 Perspectives on Hydrogen
Korea 691 421 1099] 2212] 1384 1466 8071] 10921 : :
Malaysia 326 745 1,931 3,002 728]  2.841 5873] 9442 I = ALEEL HEgion
Mexico 2206] 1971 117] __4294] 5276|7935 357] 13,569 June 201_8 _
New Zealand 71 55 0 126 162 227 0 389 Perspectives on Hydrogen in the
PNG 47 26 0 74 154 164 0 318 APEC Region
Peru 198 400 0 598 498 1976 0| 2474 : =
Philippines 182 625 2101 2,908 539| 3665| 5592| 9796 Asia Pacific Energy Research
Russia 3,492 1,805 0o 5296 7046] 7.483 0| 14529 Centre
Singapore 123 59 378 560 255 166 956 1377 :
Chinese Taipei 322 76 125 522 616 283 482 1,381 https//aperc|eelOrlp/f||e/2018/9/12/P
Thailand 1,024 587| 5160|6771 2585| 2446| 13935 18966 : :
United States 7.934] 11,131 0| 19065 16.777] 42904 0| 59681 erspectives+on+Hydrogen+in+the+APEC
Viet Nam 716 908] 10.817] 12.441 2.170]  5384] 29504] 37.058 +Region.pdf
APEC Total 39.047] 32691] 44371] 116,109] 84.994] 130,277] 136,293] 351563



https://aperc.ieej.or.jp/file/2018/9/12/Perspectives+on+Hydrogen+in+the+APEC+Region.pdf?fbclid=IwAR2hVXxivd__i2mIQ2oBVPqCdloNvHYRwMBVVonvIybmGG3DjOw9LcAODSk

KUTAN - KTO PA3BUBAET BOAOPOAHYIO 3KOHOMMKY
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III. IHFCA IHEGA mrssnssnne

As of October 1, 2017, IHFCA has 43 initiative members
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KATAW BbICOKASA CTPYKTYPHAA CBA3HOCTb

China National Alliance of Hydrogen Energy and
Fuel Cell (China Hydrogen Alliance)

®m China National Alliance of Hydrogen and Fuel Cell ( China Hydrogen Alliance for
short ) was established in February in Beijing with CHN ENERGY serving as chair.
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www.nicenergy.com

YckopeHue co3gaHnsa BOAOPOAHOW 3KOHOMUKM B
Kutae Havanocb

Tpwv roga Hasap, Ho boree MOoLHO, YeM B
EBporne.

B EC vHMpacTpyKTypHO MHAYCTPUSA o4epTuiach
3a 10 nert, nonarat B Kutae yxe B 2020 rogy
nccregosaTesibckaa MHpPaCcTpPyKTypa
O4YepTUTCHA NOYTUN OO0 YPOBHSA AOCTAaTOMHOCTU 4SS
NPOMbILLITEHHOCTM..

[Mpwn passutun B Poccun, Byoet MMeTb CMbICH
noaobpaTtb HayYHbIX NAPTHEPOB M3 HOBbIX
"BOOOPOAHbLIX KnacTepos".

Hydrogen Energy Country Overview: China
Jimmy Li

NICE (National Institute of Clean-and-low-carbon
Energy),

a part of China Energy Investment Corporation

For the US DOE International Hydrogen
Infrastructure Workshop 2018, Sept 11-12,
Boston
https://www.energy.gov/sites/prod/files/2018/10/f5
6/fcto-infrastructure-workshop-2018-4-li.pdf

CHA

http://www.h2cn.org/en/index



https://www.energy.gov/sites/prod/files/2018/10/f56/fcto-infrastructure-workshop-2018-4-li.pdf
http://www.h2cn.org/en/index

=

G20 UKOHb 2019 KOOPAUHALLUA SHEPTOINEPEXOAA

CLWUA, lfepmaHusa, AnoHua
3aKNI0YUU CTPaTernyeckoe
cornaweHue no
3Hepronepexoay

NToroBoe KOMMIOHUKE
MUHUCTEPUANa No
saHepronepexoay byaer
PYKOBOAALWMM AOKYMEHTOM
ONA CTPaH-NOANUCAHTOB.
Communiqué G20 Ministerial
Meeting on Energy Transitions
and Global Environment for
Sustainable Growth 15-16
June 2019, Karuizawa, JAPAN
https://www.meti.go.jp/press/
2019/06/20190618008/20190
618008 01.pdf



https://www.meti.go.jp/press/2019/06/20190618008/20190618008_01.pdf

T “We believe that a

hydrogen-powered society
is the most viable way to
achieve a successful energy
transition.”

EUISUN CHUNG
Co-Chair of the Hydrogen Council & Executive Vice

Hyd rogen Council Chairman of Hyundai Motor Group

“We are responding to public
demand for a clean future g
raising the understanding
hydrogen'’s key role across
different sectors.”

BENOIT POTIER
Co-Chair of the Hydrogen Council & Chairman :

Hydrogen Council CEO of Air Liquide

JAPAN

Hydrogen
Council

Hydrogen Council

gILLION

“The new hydrogen
economy is not just a

dream - it's quickly
becoming a reality.”

TAKESHI UCHIYAMADA

Chairman of the Board of Directors, Toyota Motor
Corporation

G20 in Japan: Hydrogen Takes
Centre Stage

2019 G20 Summit in Japan - the biggest
issues facing the international energy
community.

At a time when hydrogen technologies
are gaining unprecedented momentum
and support from governments and
industry, hydrogen was on the agenda for
several ministerial-level sessions — and
Hydrogen Council members were there
leading the way.

At the invitation of Japan’s Ministry of
Economy, Trade and Industry (METI), the
Hydrogen Council participated in official
G20 events designed to elevate the
benefits of a hydrogen economy and
chart a path forward for those at the
highest levels of government.

hitp://hydrogencouncil.com/g20-in-
japan-hydrogen-takes-centre-stage/

The Future of Hydrogen Report
prepared by the IEA for the G20,
Japan Seizing today’s opportunities

June 2019

https://www.g20karvizawa.go.jp/assets
df/The %20future%200f%20Hydrogen.pdf



http://hydrogencouncil.com/g20-in-japan-hydrogen-takes-centre-stage/
https://www.g20karuizawa.go.jp/assets/pdf/The%20future%20of%20Hydrogen.pdf
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