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Limited (IOCL) @ 3 #t A\ Fertilizer Corporation of India Limited (FCIL) & Hindustan Fertilizer
Corporation Limited (HFCL)DR A B THRIALE-EREETHD, 7O IVNERIZLI0EKRFILEET
flict. EPCaU S92 —%HH-DIETechnipFMC# TH S,

Talcher Fertilizers

AVRTEBESNF=E5—2D T AP Yk, Talcher FertilizersttIZ& 2 Li5(F130FtD 7 EZ7 &liE
BENEEFTS, 7O IIMEIBARDAREICE>TEREFHET I LEBELTNDS, TAD VLD E

Fﬁli191“7|<l~)lz’c EPCaUISV2—%HH-DIEHEDHETI P =71)>% (Wuhuan Engineering)

1 THD, RERIRIZ2024FEEFEL TS,

Sindri Plant

LERLI=AVRDEREEHURLEDTOD T HRT, VURYMR (AR IZHY . 130 AtD T EZT
HERENZEEL. 2022F DIREMIBEFELTWVS, TOERIFXL0EXRFILEEMSNh . EPCOVNSY
A—EHED-DIEBRDEFIVO=T7)2T THD,

Telangana Plant

AVRDTZ2HFMIZHHRamagundam Fertilisers & Chemicalstt D 7O I ML 130FtD 7
VEZTHERNEET D, TIHF2021F 1T EZRHIBLT-. TOERITHI0E RN ILEFFEESN DS,
EPCaV S92 —% =D LT X DENgineers IndiaTHh 1=,

Ras Az Zawr Plant

Maadentt D SR -7 XYL -TODIIMNERIFH IO TIETIZHD, TIHDEFKIL2021FRKIC
SETLI 110/t 7 E=THERNZRIHITHEDERIEMNAERFILESATNS, RATHIFE
FhRHMIICEESN -7 UOEZTEERBROPR TRARE G- FEICEEEZLLTSMLIZD
I& . Daelim Industrial . Intecsa Industrial . Hanwha Engineering & Construction . China Huangiu
Contracting & Engineering Corp. HQC Middle East, SNC-Lavalin, Sinopec EngineeringT# 4.,

Chabahar Ammonia Plant

£5—DONHETHOTAC VNI, BFEEFALAT RCF GSFCHASU TEIELT=. 110H/tDT7UE
—TEERNEETEIFYNANIL-TUORZTISUITH D IR ERMIBIL2022F(ICFESIN TN,
EPCaV IS 9 8—%#HEHT=D LA 2T DMaire Tecnimontit TH 5.
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ERL=FHEDEMNI, 2021 FRERR T, O T7HN AL T7OTAVIIMIDVTIEABRET
Hihy ) TREERMBICHITODIIMNE, HRTISICI3GHY . TOTUE=TEEREAILEEHT
800AtISET 5, TNLTODIIMILUTDEYTH S,

n KEDA4EH: CronusttdDTuscolaI 5, Midwest Fertilizerst dMount VernonIi5, Ohio Valley
Resourcesftt MRockport 15, Pacific Coast Fertilizertt M Longview 15,

» FAOTTD2FEH: Brass Fertilizertt MBrass Island Li5. Indoramaft M Port Harcourt 215,

n DARFXRAVD2EM: [ T+4T7 VDI, UZKhIMPROM# DV LA Y- TOD Ik,

n J)LRADEFEEBrunei Mitsuitt M Sungai Liang Ti5

= ~)L—®DNitratos SAtt DPiscoL 5

= T TFRMDEgypt Hydrocarbon Corporation S.A.E. (EHC)#tMAin SokhnaTLi5

» /XTI )LDHaifa Grouptt® Ii5

n R—S2RFOAnwiltt DWloclawek T 15

CDESZ. BHRPOTOD I IMNORIEICH TR EZRIBLI=-T O ORI & 2T2020~2024F D
HRIC, HARDT7UEZTELERE NI EETT2,6005tiE®RINS,

A TREREREEZF >CVSHEFDOEEREZENAMONIL, £ERENIX2,0005tiERSIND,
FUOEZTIEZORHTERINETODIIMOBEICENTEHELLIDIE. O T AR F4P
)7 T, ZNTNA10Ft, 350At. 200 tDEERENEEF T D, BILL KE. TOTR A—XMSUT,
A5 OO TISET7THIZITIREET DI B EERENERICKECEMT H2LITH D,
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E9 (AL 7BROZUVEZZIHOHFREREEBMBEABRroa—IL

O O O O O O Oo—>
2020 2021 2022 2023 2024 2025 2026
£ Iberdrola and Fertiberia Fertiberia ammonie (35#2) A 20 I3t/ 11% 8,000 BR )L
@ origin Energy BRR=ZF D)=V FUEZT A 42 5t 10 EFIL
@ Fortescue BRAR=ZTFDYT)—VFUEZT A 25 Bt/ 5ER)L
i clPFYT—y) IREXYDTY—2FUEZT A 90 Ft/12 { 1,000 5K
ﬂ% Yara, Porsgrunn Porsgrunn Ti5MDExHk A 50 Bt 10 &R L
e Neom, KCA Neom Green Ammonia Plant A 120 Ft./50 &KL
{ ) nsiA NNPC MPl, 45117 150 5t DAF  14{ER)L
2' Y3XUMMNPOM SILE)AN A 40 Bt K60 Bt 6{8EKIL
@ TPDC (5o =) Mtwara A 6775 2000t K120 Bt 19 fEFIL
£ Koch Fertilizer A=RHIZBIT DA 148 5,000 BRL
i. GRODNO AZOT {E3E+5E{k1E A 877 5,000t K122 75 5,000t 13 {&+ 218 5,000 5L
% Monolith Materials B|RRTVEZT A 27 75 5000t 10 fEK /)L
FA4TI)7 75 Bt 100 J5t 13RI A&
% ocp Group H—F A 75 Bt K 100 5t 12 & 7,500 FRJL
IFAET 109 75 5,000t 116 5 8000t 37 {BKIL i A 1,440 Bt
‘ ' Nagarjuna Koko Ammonia Plant 1,2 A 166 /At K300 /5t 28 &KL ] K 1,430 73t
' ' Dangote Group Lekki Ammonia Plant 1,2 A 145 Bt K 250 At 25 &KL $ 2,960 5
w» Reliance Industries Jamnagar Ammonia Plant A 150 &t K 260 At 25 {& 5,000 B~ JL A7 =7 KR=%

HiF: VYGON Consulting

REER CREREREEFOTVAIRETUEZTIADIIMIRIUT LSS,

Jamnagar Ammonia Plant

AVRD v LFHILTHIZ&HSReliance Industriestt DT IME2025F DR ERIBEFELTL
%, AILHZOEERENTTUE=T7 TIS0Ht, KET260HtTHD, TADIMEAIF26/EKFILEFT
fichTLV S,

Lekki Ammonia Plant 1, 2

EERRALFTEOEF LGB EZED TSN IEFTAP ) 7D %¥Dangote GroupTH D, mITIEE
ERBLIET SRR T - TUEZTITIURDIEMNC, AR F49 Y7 TI50H/tD T E=TH
ERENE250FtDIRFEERENEFETHLYF-TUOEZTISoMDTADIHMDIL EITHFEHEILTLY
5, TUoEZTEETIZIF2024%5 REHETIHT2025FDIRERKEFTEL TS, TP ILE
AIX25E KR ILEEE SN TLNS,

Koko Ammonia Plant 1, 2

1£5—2DF AT ) 7EH(ENagarjunatt DA FUoEZT IS THD, WEREN I TUEZTFT
17075t, [RET300AtTHS., ToEZTEETI5(520244F , H/\SFELE T15132025F DR £ IRE
FELTLS, TOD VLD ERIE28E K FILEEHEISNA TS,

FAT T FIZHITB0CP GroupDFAS Ik
FI2UAKETIHOTODIHMDEEEHEL TS0, B EH S EEEHOREEZTSEQY
AEE L EOCP GroupTH B, TDI35LDHRADTOACIHIMNIF AT 7 TIREFENDIHT. 7Y
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E=7 T7I55t. RETI0HtDEERNEF T 5. 2024FDEEXFRBETFEL TS, TRV VD
ERAFIBMERFLEFESh TO S,

H—FIZEF+BH0CP GroupDFOTzHk

OCP Group® 2B D7 0D IMEA —F TEHEISN TS, RTADIME, ZOERME TP
T )7 THEIN TS IBEELUL TS, PVEZT7 TI5Ht. RETI0RtOEERENEE TS, 12
£RKRIELCC2024E2FEL TS, TODIHMNEAIXIEXRRILESHES N TLVS,

IFAETZIZEITAH0OCP GrouphFOszHk

OCP GroupD3#HBNDTAL T IMEITFAE 7 TEHEISNTLNS, TDEEREN X TV EZF7T110
Ft. [RETI20HtTH D, BERIBIT2024FFFELTHEY., TP ERIII7TEXRFILEFHESN
T3,

RSN—2DT AR/ 7Y —bITIH O ERE D

ok /7y—b It IEBEFO THEOAREHBEO—IRELT. [FUoEZT—31L7UE=T—4]
EESEREL, SHIIRFL—2TRETO THICHFLOWVREEEHEREERRITHIFETH S, 5L
~SHEEERT ALY REDEERENIXT U EZF7 T8755,000t, FRETI20/tEREN D, [
TODI O DIRELEIZIERRILERRATNDS,

A=FH CRE) O THZDER1E

HI3 11D EE R AR EETE[XKoch Fertilizertt AVKE DA =ZFHiD THTEHEIL TL\SHDZHY,
COFEZEERELI-ELTH., EEREANKIBICEEINDSIDITTIEEND, TEDETIX2023F5FE
LTHY. ZDOEAIL1{E5,0005 kKL EFEMEN TS,

Mtwara Plant

Tanzania Petroleum Development Corporation (TDPC)#t (XA 7D LLISHTIAD UMD
EREZEELTWS, TIHEORERENIETEZTT6752,000t, REFETI205tTH S, THDIEXE
18(1F2025FFFELTHEY .. EAIXLERFILEFBEIN TS,

YUOXATIIIF(DARFREY, VLT X )

DARFZRADI YA LTOLIHEERES LYV I O =TT IO IR R GENTTZVE
ZT7ERFZOHETBZIE EFAIEEHELTWS, BREINEERICENE, TOSIMA~ADERE
BBIXGMEKNILEESN D, DEILRFHEEISEL-RILX. FH40PtDT U EZTEORtDRFBFEET
EDHESITHD, THIEV LT NNV X A TAB LIFAFETH D [VIILF)VIEERENT=A
VISIEETITBEN, COLILGAEER T T HBOREEZRSICL. RELEBRBZHNERL. BERICE
BAMICHD, CNIEELHTIBENEL. BERTODIIMILED1E DT T I ARFREY
KFFBIFOAALPLTULND?,

FAOT)TICEITBZENIETSVRI4—L(MP) TR I

2021F 3R . FAox YT VI BRER. OCPH B LUV BH- A RDEELRARL—E2—THS. T4
D) TEERBERL(NNPC) . T4z 7HRENEH (GACN) . ZDMD A N—D5HDEEL
WEZEMIEL-. CNoDHED BITEHICET S RFEBEORYMBADE2EEEIBRICETL.

2 https://repost.uz/chemicals-plant
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AT TIZEITREBEMIETSYNI+—LMPNZIE LT, ETFICHRIT-ODTEENLEZEET S
ZETHS,

CORYMAIEIKBELTUOE=77O0C D EREZESLIDTH D, TDHE1 T — X TIEERM
150BtN 7 EZT7EEEZREL TS, £ESNE-RED70%(FEOVA~DEBICIRYEIT5H ., 7&
YIZERNEEEH-T=OIZ, 1005tD) U EEZ 7 EZ"J LA(DAP)EIREINPK (B3R -V EE-HU I L)
DEFDEHIZTANGND, COBRBETOTOC IO DR ERBE(TI4ERFILERAEN., 202545
DIEEFBEFTELTLD,

YEL-HARNERRRIEDTOIVFEERICLT,. h—ARU 7 —TF7oEZ7RETOC I MHHE
RNTEBLTWAZEITERETARENH D, ZO5L—EOTADIIMIII TIL—I17UoE=TEK
THBOTT) = 1 7UoEZT7IADIIOMEEND [T —I7OoEZTERIBTIE. ERTHREL
SANLNTNA AU DKARRBREEZDFEAPL, COTOERTERSNSHCO,ZCCSH (Bt
FOEYR-FFE) ICK>TRRTBIEABESN TS, — A [J)—2 1 7UoEZT OEETIE, Kh
SKREHETA-ONERERICBETRIRILT—NALNLNS, F5LEIBOLTOSIIMNIIE
UTOEELEMENDH S,

*E(Z#11+BMonolith Materials#t DI T )L — | 7oE=ZFRETOADHF

XK[EDMonolith Materials#t (20205 108 . KkE TH27755,000tDA—HR ) —FK T E=T%
HETHHICEHOBIMBEADTOCREFRATHERRLz, RS BERELEMICLY. X
K[PICRFEZHET DL RATREKFRE BIEBMTHIN—RU TSV IICERIRTHIENT
=%, Monolith Materialstt AABEEIE 21 V¥ A—H—DGoodyeartt EDREI T, EFEIhdh—HRTS5vY
FRMOBEETOCRATHERTHILITOVWTEELIZCEIEFRICET %, THEDRERIAIL20245
DFETHD, TADTILEREICAITI- IR EZITI0E KR ILEFHISh TS,

NEOMJ)—VFUoE=ZF TS50

=DM T)— 17 oE=ZT7TADIIMINEOMUNR Y DO T7SE T TEELTLANEOMY ) =27
VEZTISUNTH D, TIUMNIERRICHY . WEREHF120/tT, F7AD VMO E AIF50E:K
FILERAENS, TODTVEDOEREICEL TILE A ZEE DAcwa Powerft $ & TUAIr Productstt & 2244
ERRRELTz, IR ERRIZ2025F F1MEHICFESIN TS,

Acwa PowerDEI#H RFEBAFMREIRILF—RARBOTURFL 7 -OJ7 BR(IE2021F4R218. +
54 =EWorld Hydrogen Mena 21ICHEL T, TRV D EBEEITT TITHE-TLSERE
LTUM=3,

R I (/I T—) DYaraT gD Ex

Iz —DIRBA—h—Yarald R 27 LT DO B TIHETS0RtDIJ) = | 7OE=_TH#HET
HEEIZDOVWTHEEKRL. N—r—OEECERIEETFUNNT =, ALIEBHOBRBIOTUEZT
TEZ2EMIZIEILITEIERTHEN., TNIZESTCONHHEXFEMIBOFHEIB TE=S, ChidkFE
REIFEHFDEHEEICHE TS, KEOLHFTOFAL. MiAREELTOF AL YaraD & ZD
FELHRTEDHTHD, RERBRIZIBERRILERAFNTEY . IRERMARIE2026 FDFETHS,

IREXIHICEITET)—217oE=F7FAS I MPower-to-X

202142 A . Copenhagen Infrastructure Partners (CIP)#tIX1GWND EREEEBZ . [J)—2I17VUE
—T7EHETIRMBRRDIGZFEFIREY YT (ToY—2) [CEBERTBETEIZDLNTHERLI=, Power-
tO-XEBEA T A7 ORNAREFTREINDIANIRILT—FBH. F2(XCOFHEH LUV

3 https://energy-utilities.com/saudi-arabia-s-5bn-green-hydrogenbased-ammonia-news111872.html
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RAAHELTRHVLLONETUEZTICE#RT S, EREENOHIRBIEL. TIREYOHTOIND10OH
HICBERIATHI-HIZFERSND,

CIPIZT TIZTADIIVNDEED=HICTUoR—IODETELRBRERKORMELEDE THEERR
(ZREI 2EEZEEFAMLT-, ZDHEMIZIZArla, Danish Crown, DLGHE DM B RDE M GF . BAMI
A—Hh—, ZL T, Maersk®>DFDSHE DMAISH N EEN TS, £i=. CIPIEZFHE DR ERCEREED
BERDEOHDOIRILX—ER#E S (Energy Transition Fund)Z3Ib E -, RIEDEEREHT T
EZT7905tT., EEDEAIFLI2ERFILEFFMENTEY . 2026 F DR ERMIBZHETL TS,

BARI=TFIZHITSBFortescue Metals GroupDIFY—2 1 7oE=ZF7IODIHH

Fortescue Metals Grouptt(d, #A—RrSV T DEAI=ZF A FIZHEIRNILARATHIZIT)—2 | ToEZ
THETIHZERTIUMREMEERFLTVSEHK KL, COTAD I EFK KR LT-Fortescue Metals
Group#t(d. BEREEKFREEEXZDOREICMIT-ESRSICADLIIRI=TRFOTOT S LTHK
WEHIHTHEY. SEITH N250KWDFRBEDBEAZTIREL TS, TNICFI>TEREES LUE@A
IFICERSHFtDOBREHETED, TODIIMNE2025~2026 FE DR ERBEFTELTEY. TDE
RIESEXRFILEFEHRSN TS,

ARI=FIZH1F5B0rigin Energyft 8 &UI-POWERH DI JY—2 1 7oEZTF IO IHH

A=A T DIHRILF—E%0rigin Energytt&E B ADERBAFEK A E1I-POWERIX, A—RX LS
P TH)—VF B FERETATOD0 ML LIT AT REMF X E TR T HIEICETSHE
HEEE (MoU) [ZSREILT=, Fortescue Metals Group#tMEYEAEEHRIZ. COTOCTHMEIRRT
ZF7 I TEBEINDIETE THD BEEEAETUOEZTL2HtT. TOERIZL0EXRFILERAFEND,

ARAUIZEBITBFertiberiaLig D ERHL

ARAVDTIIVR v/ TIHFTHDI )= 1 7oEZT7 DEGEIZRE T SFertiberiatt D EHEI N #)6H TH
RENTF=D(F2020F 108 THot-. BERE (X205t T, G~ DR ELEITFI1/E8,0005KFILER
AFEND, TBIE2026FE X TICIREZFMRT ST ETH D,

TUOEZTRRFEOHLVEERMBICEAT HIRRRGEEEL, LiRLI=&5(2, RBERIZDONTH,
A—RUT)—BRITONTE, AT THRET-EESN TV S, AL 7OHLLVTOD /O FMIZD
WTIE AARDE2ERICEREH IN TS, TDIFEHA. LREOEUYMBALUNZE, HATEK. ERETIE
£53DD, BRHRTIRASIIL, A5 A= YOO T7SET7 RE. TV A—AMSUTTE
AR SN TLB LK ONIDTUEZT7TAD IG5,
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10 ZUoE=FZIEHGSBADREERBLEF AL 10 EXFIL
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Moo cis 777 Bl 757 AE i

HiFT: VYGON Consulting

ORI, SEDOHERMTHEADTUOETERICIEFLOVEERNEROENBELEFE S, #FL
WTODTHRE2020~2023FIZEET 5O DR EFEIT. A DHETIE, EMTI20EKFILER
AFENS, Z5LETO0 MDD EE. HFOMBEENEBHEZITTCWNS. 7IUA. RE. TO7
DE R pihE, O 7HETEESIND,

1.3. JA—NILGKREEB 7O UFITHESHIRHEATREMY

[IN—1.T5) =2 1ZBh T h— R D) —TFUoEZTEEORYEHANERNTEDH SN TS
L. TNV EBRIET O A EERICLT BRRRIEDREAGIN VA FEETHELEE MITEE
DTHD, COUEHNHBLEELERIK., 7VEZ7ORENHROIRIILTF—EHEEN1.8%%
HOBIRIILF—BEDENTOVRT, FMO5H80% N APV KERABREICEESN TS EAIZH S,

TUOEZTARDIER. $958t. FIEIHFADCOHEENHL8% D ZBILRFNERIND, T
M. CDFHMEIEEIEICHBTERADCOHHRETIAUTH D, SHIZ. TUE=ZTDERKITEA
Db B, TFLUDOREELHAT. JA—NILEKIET O FDEMEERT 5O RFILD
EENFABEEINDIAKIFEEIZASY

LG, BRMNICEBFTEEEREZERABDELISIGADZALD, IHEHEOKRRMGELTFOEAZE
LT RRFILFBRRICELEZA A DEETELL, TSIV BRENMFO B ABEEIZH
UDDH5. BIE. BIZIE. BRMDI R T LTH LSRN ESEABEE G IHIE (EU ETS) TORER

4 The Royal Society. Ammonia: zero-carbon fertiliser, fuel and energy store. Policy briefing.
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RARSHEZHILCOFE1tH Y01 —RICELTHEY ., REMEECHIDEEILRFD—A
THd,

CORIBERTICENTIE, EXEBEQELEERL, #FohB [TIL— 1 [J)—2 1 &/
T A=) —TFUEZTAEETODIIMIEST ETREGHLEZ HHBHKLILSH255, TDIET,
CCSEMDEREZRELLZL. Wh A TSV 7V EZTARADHVEERMKTHITHLOON
BEMYTHSB.

11 EUETSIZHIHS COEEHYEME. 1—O tCOEE

90 -
80 -
70 A
60 -
50 A
40 -
30 A
20 A

10 A

0

2014 2015 2016 2017 2018 2019 2020 2021 2022

HiFfr: Trading Economics, VYGON Consulting

TII— 10T = 17O 7 OEEARMERMICENENSIBTEEFZEZZANIL, Z5LFFLUFR
7 E=T7IeRERRIZE-TIIRELHETH S,
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12 FUEZT7HREBMADOHEAR S IV CO BiHE

R 7vE=7 tCO T UEZT
1700 - - 1,6
1655
1 418 N
7 L 1.4
450 - 432 432
IS IS
400 - - 12
350 L 10
300 A
- 0,8
250 -+
200 -+ - 0,6
150 - L 04
100 -+
- 0,2
50 -+
0 - - 0,0
[IS5H2 ) 7VEZT MON—172E=7 [IL—I7YE=T [5Y—2 | 7VEZT
ER 53 EUR £ EEUR
Oiccs WI#%E M cAPEX » A%
WEy EorEx & H/MERK COHHE t t7UEZT

HFT: IEA, Royal Society, VYGON Consulting

ERTRILE—#E (EA) DT —RIZENIE. TS5V | (ARERARHATERSIND) TUOE=TD
BRIZHMNBERAMN236~432FLATHADIZRL. [TIL—17UoE=TIXIZERILRFZDEIUR. &ixEé
FEO-ODOHEBEAIEBMMEERRTEEGERAZET 5128, CCSTAVIIVMDABITHLT,
RIEIRIMN32~129R )LARL LIFHN BT EI2HD, CCSTADIINDRAETHNIE, HEHESN BCO;
DEENBVWEERSOATOHEEHIFEEEL-EOT, EEAMBREINTHNIE. TRTOEE
RIS TOHHEEEBERELIZLDIZHS, [J)—V 1 7oE=T ELREE. TORRATOIRILY—EE
NEEY ., EHHEBEDEMTHIEM L, BEIRME320~1,655KILtIZHEY . BARRET RILF—H
BARMEBRRAUMELD,

D& SEOBEMICEVT. BENLGHE AN CERBEDRINRMBERFEA T a2 Lix
BDFTTIN—1T7UE=ZTTHD. i, ZBIERFDORUIRAR LB R THEZENKELIR
HFTHY. HITERIZET S,
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13 HEHRAID CO, BRI, FIL.~t CO;

HEH R CO, DX IE* kPa HR7O0—0 IEA @Eﬁf(:;é CO2 [E] IR 4%
EA. kPa DEIFH. FIL 1t CO2
REFR 3,8 - 14,2 40 80
EAURE 18 - 30 60 “ 120
AKE
IFLUFAXRIREE 92+ 25 Ky 35
Ipe-=
KREIE(SMR) 300 — 480 2 000 — 3 000 50 80
TURZTRE 300 -2 500 2000-6000 | 25E35
HARHT 5 000 900 - 8 200+ |15 4 25

HiFfT: IEA, Global CCS Institute, VYGON Consulting

ZHERFDENIRMRETIEELERITIEEHRAOEHETHY .. EAMIZIXCO.N A ETH
%, COEBEBIEICODARDARBREIZEEEZRITEICFLL, Thhb, XKELCO.NDHEMNERESN
BDE.BEHRFO_BIELRZDEFENIYZNMEEPLHRIO—DEEAKYBVEETHS,
COMRENBITNIX, BEHAOODBEEME BB ICHIR TES2LIZH5, R EDEMNKY
BWESICIEIOTOERATIEIRILEF—IEDESTEHR . TNITHELS T, BEIRMIELL D,

FUOEZTEROEHBELT. HFHEYDRENASNIEDL REARDEANRB NI EAETFLND,
ZNIZHES T, COEHIRT HRME, IEADFHE TIEX, 25~35F)L/t(CO) ERIAEN ., ZDM KL H
DRFENBIETOLRIYE HMEYIELLD, BIZIE, EAVMEDZEICIE. COIRMEX60
~120F )Lt (HEEE) ERAEFN TN,

FUOEZTEEICCCSHEMEAWNDZEIIRETIIT TITHMMICERIN=TatRTHBHENS
EEERHLTHEREESS MR TIX., DK EL 13O TIENCOTOEREFEAL., B IEELTL
%, TDETHOIGTRAEABEEZAV:ZZBRIERFDORIRELS. CCSHFTORLBALIZV) 21—
AV D—OMRAIN TS,
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&1 EHSLETIHTO CCSFTadzorhDEE

= EE . CIEVE
&9 mg | e | EREGE | Qoo CO: DFIfA
# COuzs#)
Enid Plant Koch Nitrogen u Anadarko 2003 680 F OS5 HRIDHEATDIEH
KE e B
Coffeyville Plant Coffeyville Resources 2013 650 D=REIR
Aonia Plant Indian Farmers Fertilizer 2006 | 164
Phulpur Plant Cooperative 2006 164
Kakinada Plant Nagarjuna Fertilizers 1k 2009 ll&lll 164
Vijaipur Plant National Fertilizers 2012 (Kﬁs 164
Bahrain Plant Gulf Petrochemical Ind. N—L—Y 2009 , 164
3 Y]
1 CO2l&RFDEEICHL
Fertil-2 Project Ruwais Fertilizer Ind. UAE 2009 146 n3 -
Ghotoki Plant Engro Fertilizers RES TV 20M 124
Fukuoka Plant —HEF AX 1905 120
Phu My Plant Petrovietnam N+ L 2010 88
Kedah Plant Petronas Fertilizer 2l —7 1999 73
LuzhouNGC Luzhou NGC HhE 2009 58

HiFT: NETL, VYGON Consulting

SHICEELRIETHAN. JO—NILEBRRETF IV FHADTUOEZ 7RIS E(ICHLTEID
EREREZO D) —D— R8I REBERT DT TR FRMISEBEMOH-#EH LD
LOMDATRERZIREL TS, ZOHRELZDN, KERFOERETHY . MMARKHELELTOT
VEZTDFIATHD,

KEBRFRBOXIRTRLE. TUOEZTHRETREIEIEHOHTREN, BELES, BERATIETY
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0.8 FJL/kg 7k &
0,6 1
BEMRA RERE. L—T
0,4 1 ) 3 4 5 6 7 g JV71,000m®

AR AESE 10%., HRf#& 2,000 )L—TJL.~1,000m3, T8 B L RFE|E 90%
HiFfr: VYGON Consulting

FHICHREZFEOLRWNVKREEEZELTE. BAETRIRIILY—ORFAKEICLIENERE
SI-BRABEFIRATIEMAH S,

BEDOEMIKETIEIZSLEZBEAICKDKZDEEIRNMITIL—KFDLTL—KZDOHEIZ
15 (K8),
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H8—ERFEIRILFT—RHILLDKFREEIXNFIL/H2 kg)

RFNEBHDBENEF AT SKOERSE BEAREIRLXY—ICESENEFATIKOESR

(MFLo2 1k SRR T)—2 1kH)

carex I
I
|

0,3
OPEX bn? -:
2
| |
| |
Z0ith 0.2 Z0H m
&t | - |
4,4 &t 5,4

AR AESE 10%. BERREIRIILX—BHHES/IL—T )L kWh, RFRE H{#iE 5.5 )L—7
IL/KWh, BERSBORFEF AR BEFRIRILT—BADIEE 30%. RREHNDIEE
80%

HF: VYGON Consulting

WE.J)—2KRD(BEAMREIRILF—BAEFEALILKOBESR D fEICKD) EEIRMIA
LYOKZED(RFAREDENEFALIZKDELRDRICKD) EEIRMKY20% LU EFLY,
FLODKZRDHMEDLSIE, RFARBICLDIENDORELLZEANFIATES2H., RiiE7
IWHYKEBDRIBETH I LICED, COREZIRATHILEDIA o T4Td HEREHD
BEEE LIT5-OICHEORFARERTKREZUETHENTRELENSIETHDS, 2D
AR KRIRIILX—ZHRETIEROEBAFTED—DELEH>TLS,

ReZ, )= KZRICOVWTIE BERBEIRILTY—HREDOE AL TR EHIZ. BRI
DFIARIMECGY . TDORERKFMEEL BTG LWOMDEBEDFRICENIL, T1)—2K
FOHRBEIARMI2050FF TICIERESTHY, TIL—KRIHE R THINTEDKSI12H D,

()= IKFRONENFLUDKFZLRDDIE, BERREIRIILT—DoEFTFNEEAN
BEFAFRELY25)L—T L KWhEl L &L 1=-£E2TH B (E9),

W N—TOEEELRS T HE KREERMIT, REETHIREREIC, Hh—RoT)—&
ETIRBEAMBICERASNSECHNKRELN (K10,
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HO—BAMBEMNT)—2KREALVCKZDEEARNMRIFIRE

JkREERE. KL Hz2kg
7,5_ PR .. . P . 9\‘U_>7k§

7,0 A
6,5 -
6.0 - ALoUKER
5,5 A
5,0 A
4,5 -
4,0 -
3,5 A
3,0 A
2,5 A
2,0 A

CrENIEH. L—T I
1 2 3 4 5 6 7 8 9 pytkwh

15

AR AESE 10%. BERBEIRIILF—BAMEES/L—T L kWh, [RFEE A {#iE 5.5 )L—T
IL/KWh, ERNBORBEA AR BATMRIRILT—BENDEE 30%. REEHNDEE
80%

H AT : VYGON Consulting

B 10— KBREEIRXMIZITHFE*(FIL/H2 kg)

7 -
6 a
5,4 &
[ |
5 a
4.4
’ —0 | mn
. <
3
:
2
L B e -
1 in——o—“ A
K
0
FLoo g)—> gL— JdIL—
5% 4oz B3 cAPEX Il OPEX D 24 szxmis  1® WACC

* CAPEX, OPEX, B/ - A R D ZEEIZ 30%. WACC DEEIZ3%ET S
Hi 7 : VYGON Consulting
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D&, HAMEEARFRDKET, BEARIRLT—LREFAREDENNEMTH
NIE, AP DKERRERFBERDBESYLRGKREEETHD, OV T TREARNRLD
T EEAHHICHLEREDIENREONTL, BERRIRILT—ORERFAREBIZISES
ZRIRALEKREEIFEDENTH D, FYBELRDEHRALITIL—KRELEEL, Hitish
B RFZEURLETE (CCUS) THET, CNIFKREGEMBEZ LGS TLRAIEETH S (X
11),

11—KFHEIX I, BHE(CBIT 5 IVOAMEEICRIZTRE (FIL/H2 kg)

6 —JL— T— —HLo> —_—g)—=>
g1)—>
5 -
AL
4 -
37 HEH B O i A
75 KJLt CO2 Ll E
THNIE CO DEURIZINE S
, . BE1
/j‘)b—
1 -/
BB IBIT B3N,
KJL/CO,t
0 25 50 75 100 125 150

HFr: VYGON Consulting
DLEIZEY EEFFMTIEARVKERBEN ROLEFMIHRLGKREEELELD,
4. AV T7IZETE0)—V IRV F—RB AT LEIHORRKRERE

4.1. AL 7IZETS -REC(BSABIREBAEE) OFIA

BHRFATIEALZICE. J)—VBHMEORBELHRAHTIERFEFBEASNTELT . TD
OB EMICERNGI-RECY AT LAFAIN TV, -lRECFREE Y AT AIFEEFHE
International REC Standard Foundation A BFEL=£ DT, BEMRDATOE < THAINT
L3,

1M DI-RECFIE (X TMWhDEAIZHBL. CNFZITOEHEN KGN -B - KA -thER- /31
ARRAREVNVSBAARIRILEF—DSIEDENN—DICKYREINI-ZLEHHT S,
International REC Standard Foundation D#RIEEICENIE, T —2BHEL X T LI BERET S
F=OITIFHEZEICUT O#EEE RI- T D ENEHLZ T NITRSA,

FIT(BER) L. TV )— B HAEE—EDOEFE I TRITTEOICENEEETDOR
BRENEEZRT HKREZES, HATEHEEALL TR ASA-SHIE 17 #tHY. O 7TIEIY
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) /=)= BRENENIZY =5, [Yz—I)- /J—A)L-t—Z][L 2020 FE2 A IZ I-REC
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TEn+ Group | W BH DO KGN FKBRFZEKAKEMEEZRL. SIEDOFKITEHRELIZ 2020 F£X
2> THh B ThHoT=,

REWMBEI Y-/ LR EER L. BECORBRENTERL. ENAEDE
FERT . EFNROMNBERESKIENYI—) - /— A 2—Z [ITFFEDOFRITERFEL. [V
— 1) /= A2 [FEEEFEHITL. VAT LIZEET S, OV TIZIE 2022 EHEDE ST 60
DHREERNEBHRINTHY. TOEERERNIIOGW £ LEZ, ) —VBHIAEDHKTR
MEBE-REAOIITRNHELUTIZRT (KR 12),

E 12—I-RECJ)—V BN EZHITIIRERRORES(TLHIESMED LS

_BANERR (ot nEm
KISIEFER w\ N
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0
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W 2ot
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H 7 : VYGON Consulting

HESMELZ DD EATIZH TN 5,

. ESUNCECDBEMDEHIZT VB HIIEEMB T IPREEER

» MOFERICRFTITSIEMTY ) —VBHIEEEMETAHINL—F— FL—F—DFHFHE
[CKYUEDTELT)—VBHIEABZITTIVERTESLSIZH 5, I-REC DIIEXE
ALV EEIEZFBICESDTHIVNERELBWIETHRYDEDTHDO U MR
HERBIHIENTE, FL—F—DEHECDTHIUETITIBE I O FHHENL—F —(C
FXHISEITT, ==Y —ERDEEEFZTEHENTES,

G —2BHAZEORE TG TIERENBLAE>THY . BET TIZISOBRENT ) —2E S
SIEWMSIHIBETEHALTLND, AV TRADRITTHIANILAIEZDOTHIEDSMEBTHY.
2022 F F1MEHAZ (XY ) —VBHIEEWS I D=HIZ, TAVIFI—2 - TIYLTr—LEFE-
E#HOI— YN TLARENLS LITAEBITHS, IRENLFEFRTHSH. AL T DI-RECEEE(C
WMTBEEE, I5LHIENRGONTOS B ELERBEEFE KR EYTS(R13),

5[4 O EMIE https://www.gns.center/Z 588
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https://www.gns.center/

E 13—AY 7. KE. EU BDERRZRIRILF—ERBRFTED LB

AL 7RO I-REC REC CKE) Guarantee of origin (EC)

H 7 : VYGON Consulting
JYU—2BHAEDBANDLENILIZIE. UTEESTELDOERLH D,

r OVTICF EESHOCENEFTERICHLT. FRHENICEHDIHFERMEIRILE—0D
RIERDLEEZFEDHDIIEHRFINFELELY,

» OVT7DRESRRFBPLHA—ARUTINTUDMEIRICERYEAIED =D X HED LML D
T IV—2BHIAEZED .. REMRARFLEEIF A ZDLLSOMMONIELHIICTE
AV AW

» HBICIEERGZEMEABRBRZRNICKIBERRENEMEVSHENT TIZRR M
WTW%, CORF—LTIHBRICENEHIET SENHGHEBIT. BERRFKEHLLE
BENMLBELTHHEEBNHEN T LERENERSIENTE. T5TNIETOERTH—
RUTYRTYURDINENWBAEFE > TS EALEIND LTS,

GJY)—VBHAERF. —HOSUAFELTEHOEBERERREBREERT 502, £
GATRE R RRBEICEETHIEDTEVAMN =3V ELTHEAT S, RITIEA 71 RZBE
ARETI RN KX —(ZT B=DICHEZEAL, A—H—[FBEH OO, TN TFz—> BEE
BEDTA=VTRBLEATS. O 707 )— VB NMETGEIRESHOAT7—TEN T
5, J)—VBHAEDHRTHINRBOONT-REMHEE N 2021 F(CHKEL-E HEL3,000MWTH
M. FD5355 )=V BHAENEITIN=DIE=21=D300FMWhIZDWTDH THoT=, =
DESNAT7—INRDIDT, FAEDERIETHNS, AT TH )=V BHIAEDORFEMEIE 1R
L/ MWhZERBZGEW MDOEOERFETIEZIT)—VBHIAEDERIZIEEINIE TGS, =&
ZIFAVRFDOKRBARED T ) — B HFEIFHI30F L. MWh, KEDRECEEE O H# (M
KYELGDH . 1 ~40F)LMWh, 3—Bv/ DK E K > T. Guarantee of Origin D IRTE D itk
(F#90.8K /L MWh&iE->TULONVS,
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4.2. J)—VBHIIEERHE

WEQSTIE. J—BHMEERFIEDEAZEFELCLD, ENRIEELRMICHESE
5= DEFENILERTHS, COEETIE. V-V BHIIERBEHEDOHEEICETE
AULBERERENUTOLIICEDHONDZEIZES,

» BARME-J)—VBHAEOOCTICEITHEH
r ERFREER-—BNRIAZEZRTITIEDTEDIMTDHEER.

COEIL. RERBREERRTHIERETD-ODFIEEREL. A1V ISHEANENRIIE
ERBEBATIERHBEEZEDD, COEREIL 2022 FHITIFRIRSN DI LITHEOTNVD,

O 7 TCEATHIEMNRESNTNST VB HAEFEICITUT DA H 5.

s EERICEINE, BREREERELIDIEIRAFHAREMERBEKNDFEEFHRTH S,
FBEFAREEFIE. KB, 1R, dEREZSLOEDERFETIE I-REC ERILELSIZ. ¥
)=V BHEERITTEEIREEERICIE ATV,

» BHRMEX. HOELXOENEELFERHELCEBEMGHIEICERTETES,

» AR FEBICLELENRIMIENSIFEEEH TS ZRICEINIETEHRIEEE
BHIZFHTIENTE. FHHELNLMDBIZERENTE. . . 1EGH>TWS,

BARMEZEOREFETBEREIRIILY—DORELRET S-HIZKESNTZ, AL 7 TIE
SNECHT)—VBNAZEDERIETELWVA, COFEFASTIZHETIBETREIRILE—
HERBERTODIIMNOBRELOBAER LSEIEBMERELG>TWS, TE-REMIZRS
oL, TBHEOISENRHOLIAIZIFHFENT LEN., BRI ZTAC D F vy 270
—IZRERERENER-TRIITHEINBENELY,

A7 CIEBARREIRIL Y —RAREXIEITOI S LTHERMREIR/LEX—DPM (B HHE#HEE249) ]
DEBINTUNDG?, COTZT T LTIIBHANGFRFRIRICKY . BARBEIRIL X —BRERE
B0z EIRSNh ., ZOREEERENITH T 2R TILWEZ (T HEFAIMBIN, ZD
ZED, EOON-INBEHEEZHEICANEIZTOREDRFEREICT D, KIETOTSLDE
HAHTOCIIMERFEIIUTOEY THS,

» JOCIVMDFIRICEY, BEEIERTFTEXRERBZOMEEEZEEIL—TILKWh &
LTRTY %, CCTULVI%hEIEIEIL LCOE (Levelized Cost of Electricity=1#Z% Lt X ER
) EEBHRDBLD T, BERBHEENCDEND . HEDEUREAREICT HIHRETH S,

» BHROTODIVRIEICKIERENEESINS, EBEHEE. TOC /OB ERURIC
WELFEE, ZOTODIIMNERNEHEEERNDEHFTEHISETOENRTENSHS
GTLEOELLTEHINDS,

» REXNFELDERIT. RDDRBEZICEEOVTEIRSIN S, IEZZITHMEEREIE.
BIRRRIEICROON-RATIEREICIELTRES EROFVRELIBERMETI LR
ILX—DEECLOXBEREEILIRD LSIZFEEINTIND,

-EAHFEE: 2.3 ~4.6 GW
-KEGEHFEE: 1.2 ~2 GW
-INRIEK W FEE 67 MW

XENGELLEERNOERGHIEIL, BESNSZTOSIINOBETRES,

262021 F£6 A1 BHOL7EIBATa 5T 5 1446-r 5 - http://government.ru/docs/all/134709/
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R, AETERIERESIH660 MWICA B3N BAAREI R X —REE RN BLERREIRILY
—DPM7RY S LDXEEZEZLTHEY., RFIZT)—2BHEEEZRITLTLS,

A 72 TV—CBHAEDRTEMAEHEIIENARELRLI—DDBE ML EE T
IRILF—RETOTSLELT, BMMICIOS7E—B AR ITERSN TUVELIEIZE T
AEEFREIRIILF—REBRODERLDH S, COLSLMEBICIIBRERER, h)—=295
—RW . ZILNTFI)ROME LIPS HNENH S, COXEHFHET. BREBEROENFE
RDOXILWND—EE. E—BNRKOENFTERICHTEASLDTHL BERENRERXICE
REN-REBHERIBEHHEZ. TOC I DERTEARADEILE ., RERMNRAAFEIRGE
DHEREFREICT BLARNIVICKRTET B ENTES,

A7 IR RBEDEEEABRDIZEN) THI—TEENRI AL ZES2050FFETD
AL 7ERDH SR BFRERHIE IARINSNE=DF2021F108 D EEY, COERK IS (%
FTHERRBIFRLFT—DOFALFREIZODVTODEREED TIELVELD, FRISLE-EREEA
THODHNIREH I RTEESATNS, KE., /LI — RIz—FT LWV EDRERIC
BotX. ENEBICEHTA2BEURIRILI—ICEKIBENDOR/NMNERERDEAX, F1)—>
BHIAZEDFREKRWNIRET B EICHS,

(ULE)

212021 4 10 A 29 BAL7EMRBAFaGHSE 3052-r 5LEERA RBEHEIFZEES 2050 FEFTHOOLTEFRD
HEREREHE,
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The Development of
the Consortium as a Network
of Industrial, Educational and

Scientific Sites

Session of the Supervisory Board of the
Consortium for Hydrogen Technologies

April 16, 2021

Andrey A. Yakovlev Co-Chair of the Coordinating Board of the
Consortium for Hydrogen Technologies

Acting Rector of TPU

LEADING ECONOMIES OPT FOR A DECENTRALIZED MODEL OF HYDROGEN
COMPETENCIES DEVELOPMENT

(examples of research centers’ specializations in different countries) 2
. GERMANY: & hydrogen research centers @ USA: 7 national research laboratories
. ials for hydrog T _‘:- = Fuel cells
.‘g = Fuel cells and electrolytic cell systems = Solid state hydrogen batteries and lithium batteries for
= ?\Z/”% = Industrial solutions, fuel cells and batteries (] vehicles
) = / * Hydrogen technologies safety * Batteries development and testing, synthesis of new
‘J')/ . N W) = Joint Scientific Center of the Universities of Braunschweig, L LS o materials for cathodes, anodes and electrolytes
§ et \, Clausthal, Gottii He and Oldenburg * Development and testing of solid oxide fuel cells
" = Research in the field of materials and fuel cells & I * Fuel cells for vehicl y and portable devices
.
B = Storage, liqueft and producti ials, safety,
e i fuel cells
/ Z = Materials, separators
e

United Kingdom: 4 hydrogen research centers

= R h and ed: ion in hydrogen safety

* R&D on the application and commissioning of fuel cells,
hydrogen systems and technologie

‘ ' ITALY: & hydrogen research centers

Research in the field of energetic hydrogen

Research in the field of fuel cells and hydrogen applications

Hydrogen technologies, energy storage, smart grids

Hydrogen storage for RES = Hydrogen energy systems, technological changes in value

Research on the European hydrogen agenda . chains

Fuel cells £ o) ¢ = Devel and application of dards in the field of
hydrogen technologies
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GOAL OF THE CONSORTIUM IS TO CREATE A VISION OF HYDROGEN TECHNOLOGY
DEVELOPMENT AND PROVIDE TWO-WAY TRAFFIC:
‘top-down’ — from market (CRL) to technologies(TRL) and ‘bottom-up’

Export of energetic hydrogen. Pipeline transport

CRLY®

Commercialisation
readiness level

Internal market. Filling network with local manufacturing content
Government,

MARKET Large business

I Internal market. Metal fabrication

Catalysts and co-catalysts

M RL ) Purification membranes PRODUCTION CHAIN Industrial and technology
% i
:::::‘:::Ter:,nj I Magnetrons entrepreneurs
TRL ) Electrolysis technology Universities and Research
Technology TECHNOLOGIES Institutes,

s el Plasma-chemical technologies T Consortitiiie

(network research programs)

T T
Sanctions Volatility

BEST PRACTICES AND TECHNOLOGICAL SOLUTIONS OF 3
THE CONSORTIUM MEMBERS
) CONSORTIUM FOUNDERS HYDROGEN FORMATION STORAGE AND TRANSPORT
n 1. ORGANIC COMPOUNDS 4. SOLID STORAGE
Tomckud 1.1. Solid fuels 4.1.Storage hydrid
Lt . a n n a 111 Ele:tr;physicalconversion a 5. L|Q:j|a|§es1"’on;i;5
1.1.2. Gasification 5.1. Conversion catalysts

@ 1.1.3. Plasma conversion 5.2. Liquid organic carriers
2 7 n 1.2. Liquid hydrocarbons 5.3. Liquid hydrogen storagetanks
ey rave

. T BOPECKORA 1.2.1.Steam conversion 5.4. Cryogen research findings

= 1.2.2. Catalytic conversion 5.5. Liquefaction technologies
T n n n 1.2.3. Catalytic membrane conversion n 6. GAS STORAGE AND TRANSPORT
1.3. Gas hydrocarbons 6.1. Hydrogen resistance

. 1.3.1. Plasma-chemical conversion of gases
6.2. Und d o
M ) rfedesdcovengeota LI nderground essorae
wxC oan whole range of hydrogen 1.3.3. Catalytic/ membrane steam conversion
AN technologies by the Core 1.3.4. Methane catalytic pyrolysis USAGE
(@ samapeznn a . 1.3.5. Catalytic conversion (acid and carbon-dioxide) 7. DMFC (direct methanol fuel cell
@ o of the Consortium 1.3.6. Membrane-aided production from H2s ( )

7.1. Polymer membranes (radiation-modified)
7.2. Fluoropolymer membrane

7.3. Electrochemical generators

2.1. Electrolysis 8. S0C (solid oxide cell)

1.3.7. Catalytic steam conversion of CO
. 2. INORGANIC COMPOUNDS
2

2.1.1. Electrolysis inumand i n 8.1. Thin-film electrolytes (slip casting)

P NEW MEMBERS
@ 2.1.2. Catalytic decomposition of ammonia

o= i 82, Thin-film electrolytes (vacuum plasma)
. n o 22 Photolysis o 8.3. Microtubular SOCs
PHMBEPCHTET WTHO Kray 2.2.1. Nanocomposites with enhanced catalytic activity 8.4.S0Cs materials
@Luud 2.2.2. Semiconductor photocatalysts 5. COMBUSTION

- 2.3. Other technologies :
() e B o
- u 3. RELATED TECHNOLOGIES S roge: s

9.3. Hydrogen-powered Stirlingengines
3.1. Catalytic CO2 separation Fropenpo £ ene

9.4. Hydrogen car fueling stations
n ] E a a 3.2. Membranes for gas separation
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DUTIES, FORMATS AND EFFECTS OF THE CONSORTIUM GOVERNING BODIES

/!

DUTIES!

= Framework and scenarios for the 3.3
development of the hydrogen ‘w. {

economy:

- Green export (including
hydrogen export as an energy
carrier)

- Network connectivity of Russia
(transport, drones, etc.)

- Hydrogen technologies for
industry and carbon neutrality

= Interaction in developing measures
to support the creation and
application of hydrogen technologies

SUPERVISORY BOARD

CRL CRL, MRL

COORDINATING BOARD

DUTIES:

TRL

= Mapof p ies and
technological resource:

= Integration of research and development
across the entire value chain to meet the
technol | demand of i

CONSORTIUM GOVERNING BODIES

COORDINATING BOARD
Session on April 7, 2021

BOARD OF INDUSTRIAL PARTNERS
Session on April 15,2021

® Y List of members®:
1. StateAtomic Energy Corpor 6. NPOENERGOMASH JSC 11.
@ 2. SIBURHolding PISC 7. OAOTMK i
® 3. Gazprom NeftPISC 8. TGE GasEngineering 13.
e @ 4. RZDOISC 9. FSUENAMIStateResearch Centerof 14,
’ 5 PAOSHErsta] the Russian Federation
[ ] 10. TMH
= The Institute of Problems of Chemical Physics, RAS
= Boreskov Institute of Catalysis, SB RAS SUPERVISORY BOARD
= AV. Topchiev Institute of Petrochemical Synthesis, RAS : ;
= Salialin St Uriveroiy Session on April 16,2021
L Sam.ara State Technical University o 1. Y . i fthe 7. SergeyZzhvachkin, Governor of Tomsk
= National Research Tomsk Polytechnic University President of the Russian Federation on Digital Region
= ITMO University andTechnologicalDevelopment . Irina Manuilova, Deputy Governor of
= Ural Federal Umversnt\( . . . 2. Alexander Sergeev, President of the Russian Novosibirsk Region
= Kazan Stat»e Porver Englneen:g Ulnn{evsluy_ . Academy of Sciences 9. Vyacheslav Alenkov, Deputy Chairman
= za;a":'_ﬂ'?alkR?;:Btﬂﬂ Technol °E'fae:"';=’5:\;n e 3. Mikhail lvanov, Deputy Minister of Industryand  ofthe Government of Sakhalin Region
= Kabardino-Balkar ? eh myer]ﬂTtvv;'amI after M rbekov Trade of the Russian Federation 10. Dmitry Bogdanov, Minister of Economic
= Russian University of Chemical Technology named after D.1. 4. Alexey Medvedev, Deputy Minister of Science Developmentand Investments of Samara
Mendeleev 7 . and Higher Education of the Russian Federation Region
= NN ‘Semenov Fedefral ‘Resear:h Center for Chemical Physics, 5. Alexander Morozov, Deputy Minister of Industry
Rus?ankad-emyo Sciences and Trade of the Russian Federation Vladimir Knyaginin,
w Institute of Oil and Gas Problems, SBRAS 6. PavelSorokin, Deputy Minister of Energyofthe  Vice Governor of St. Petersburg
= Tomsk Scientific Center, SB RAS Russian Federation
= Institute of High Current Electronics, SB RAS
= Application in process: MISIS, MIPT, MSU, SMTU
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INDUSTRIAL BOA

A

= Developing a shared vision atthe
precompetitive stage

= Synchra

FORMATS:

3.4

& Coordi

ion of hydrogen

synergy of activities
= Industrial partnerships
= Pilot production sites in regions

= Value chains and technological barriers target groups
m Drafting of a report on the development of hydrogen
economy in Russia

regions

EFFECTS:

duplication

| of hydrogen sites in

= Joint formation of mutually beneficial solutions
= Reducing the time to launch projects, removing

m Synergistic effect from the integration of
risk izati

KAMAZ PJSC

Hyundai Motor Manufacturing Rus
VolgabusGroup

PAO NOVATEK

*The listis actively expanding

Meeting agenda of the

Supervisory Board

1. The development of the Consortiumasa
network ofindustrial, educational and
scientific sites.

2. The prioritiesfor the development of
hydrogen energy, hydrogentechnologies
inthe Russian Federation and goalsfor
the Consortium.

3. Academic cooperationforthe
development of hydrogentechnologies

4. The plansofthe companies participating
in the Consortium concerningthe
development of hydrogen energy and
hydrogen technologies for industry.

5. Thecoordinated deveiopment of
hydrogen sitesof different
specializations inthe regions.

6. Thevisionof theConsortium
development (taking into account the:
opinion of the Supervisory Board
members).



Completed and immediate steps

of the Consortium in 2021

November 10, 2020 December 23-24, 2020

March 9, 2021

March 10-25, 2021

Signing of an agreement on  Orientation session of Regulation Interaction with scientific organizations on
the establishment of the the Consortium the available resources and technologies
Consortium %4 companiies;Sregions, KNRTU, KSPEU, ITMO, I0GP RAS, RUCT

3 ministries named after D. |. Mendeleev, UFU, FRCCP,

KBSU, TSC, IHCE SB RAS, MISiS, MIPT

April 15, 2021 April 7, 2021 March 24-31, 2021

Consortium Industrial Consortium Invol of 20 comp

Partners Board Coordinating Board in the Industrial Partners Board

20+ participants

16+ participants

>

April 16, 2021

>

>

October 2021

>

May — December 2021

May 1 —June 15, 2021 May — September 2021

Supervisory Board  Identifying gaps in Work groups on technological Leadinginternational Integrated research program
interaction between barriers conference in Russia  Coordinated implementation
stakeholders Synchronization of companies' Publicreport of pilotindustrial projects

hydrogen strategies

Vision of the Consortium work stages

Te::hnolozitf:aL FORMATION STORAGE AND TRANSPORT USAGE
ti t
:;:s:::iz:n ¢ 30+ developments 10+ developments 15+ developments
members Including the related purification/
preparation technologies
2020 2021 2022 - 2023 2024 - 2029 2030

> >

> >

Network architecture of the
Consortium.
Goals and objectives

Joint research and pilot industrial
Hydrogen

Transition to MRL and CRL.
Formation of sustainable
hydrogen value chains.

proj

design.

v Consortium establishment / Regulation [ Launch of a network Master’s program  Creation of a unified digital
agreement v New members of the Consortium and additional ial educational i for hydrogen sy
/ First Conference e Governing bodies services for companies design (companies —universities —
. 1 Selection of sites for pilot projects research institutes)
v Competency Map Development O International conference of the

(energetics, industry, transport)

[ Export of technological solutions

Consortium (in October)
[ Work groups on technical barriers
3 Public report

Consortium Common goals along with
organizational and financial

autonomy

principles

[ Launch of a network research program [ Best Practices Transfer

[ Participation in large-scale infrastructure
projects

Permanent verification of
competencies and technologies
Complementarity

No leaders (egalitarian and
meritocratic management model)
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lll TOMSK
D POLYTECHNIC
OL] uNIVERSITY

DEVELOPMENT OF HYDROGEN
TECHNOLOGIES AT TOMSK
POLYTECHNIC UNIVERSITY

Andrei Lider,

Professor, Manager, TPU Division for Experimental Physics

ACHIEVEMENTS OF TOMSK POLYTECHNIC UNIVERSITY IN
HYDROGEN TECHNOLOGIES (150 researchers and engineers)

using sunlight (photonics and plasmonics);

catalysts for electrolytic production of hydrogen;
from natural gas without carbon dioxide emissions;
by gasification with released carbon dioxide disposal;

by processing biomass and waste (including plastic)
into hydrogen;
electrophysical shale conversion.

+ using composite materials based on porous ceramics with
a metal layer to create membrane elements of selective
filters for deep hydrogen purification;

» using compounds based on hydride-forming metals,
carbon nanomaterials and organometallic structures for
hydrogen storage;

« development of software and hardware systems
for certification of hydrogen storage materials
characteristics.

new construction materials resistant to hydrogen,
technologies of non-destructive testing and low-
temperature removal of hydrogen;

technologies for creating thin-film electrolytes for fuel
cells of solid oxide fuel cells;

composite polymer materials for fuel cells based on
fluoropolymers;

technologies for creating hydrogen fuel cells based on
polymer membranes;

» hybrid models of modern power systems elements
with hydrogen as an energy storage device using an
all-mode real-time modeling complex of electric power
systems;
integration of renewable energy sources, hybrid
autonomous power supply systems with production
and use of hydrogen, including for remote hard-to-
reach areas.




'
Electrolysis catalysts (School of Energy & Power Engineerin;
Absence of a reference
bench for testing

TRLI TRL4.
Development in terms of increasing
pressure, ammonia formation is needed

Fuelcells and for
green hydrogen production

(Schoni of Nuclear Science & Engineering)

| Solid- omde fuel cells {School of Nuclear Science & Enimeelmg)

Dlnma (School of Nuclear Science & Engineering) QB

Plasma technologies for

conversion Electmn beam (Schuol of Advanced Manufacturing Technologies)
TRL3 TRLA <P
of Advanced s Absence of full case study on production-
Solid fuel processing f TRL3 ) TRLA ) | =2l transportation and storage, technologies are

technologies based on membrane separation

Gasification (School of Energy & Power Engineering)

Membrane-based methods of based methads, incl.

gas separation TRLS TRL4 Low readiness to
| d b
Synthesis catalysts (School of Chemistry & Applied Blomedical Sciences) ;:O:’;:::' o
. TR TRUA
€02 utilization : .
02 utilization (School of Earth Sciences & Engineering)
TR TRLA

Hydride storage and transportation (School of Nuclear Science & Engineering)
TRLS| TRLA

Hydrogen storage and
transportation

Absence of understanding of the main method
for hydrogen transport and setting a unified

Resistance (School of Nuclear Science & Engineering)
TRLE

TRL3

vector of development

The engagement of industrial partners and deter of market develog

development of the most promising technologies

vectors will give a start to the

TECHNOLOGIES OF HYDROGEN ENERGY IN TPU
METHODS OF HYDROGEN PRODUCTION

LEGEND
Types of Hydrogen:

Green
Blue

Turquoise

Grey

Brown

Immediate breakthrough
High priority

Support technology

PRODUCTION OF HYDROGEN

(IN H,SO, SOLUTION):

Development of co-catalyst for water electrolysis in order to reduce
the cost of commercial platinum catalysts. Production of cubic
tungsten carbite WC1-x. Doping of 1% Pt significantly improves
electrocatalytic activity, and addition of 10 % Pt allows to achieve
characteristics almost similar to commercial platinum samples.

C(-): 4H*+ 4e> H,
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A(+): 2H,0 - 0+ 4H'+ 4e-




TECHNOLOGIES OF HYDROGEN ENERGY IN TPU
METHODS OF HYDROGEN PRODUCTION

Simplification of synthesis
process of molybdenum carbide
based catalysts for hydrogen
production by electrolysis (to
replace platinum catalysts);

Molybdenum carbide obtained,
catalytic activity confirmed
experimentally;

LABORATORY UNIT FOR CONVERSION OF HYDR
GASES USING MICROWAVE ENERGY INTO CARB
NANOMATERIAL AND HYDROGEN

The main characteristics of the unit:
Gas capacity - up to 0.8 m* /

Carbon material process capacity - up to 60 g/hour;
Operating mode - periodic;

Overall reactor dimensions -2 x 1.5 x 1 m
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OCARBON
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The technology is based on
the effect of a non-equilibrium
low-temperature microwave
discharge plasma on
hydrocarbon gas molecules;

As a result of exposure,

gas molecules are excited,
unsaturated hydrocarbons
(ethylene, acetylene, etc.) are
formed, and the gas is finally
decomposed into hydrogen and
nanostructured carbon material;

Conversion of hydrocarbon gas
occurs in confined flow-type
plasma-chemical reactor without
oxygen and at atmospheric
pressure;

In the process, in addition to
gas, no additional sources of
raw materials and energy are
required.




TECHNOLOGIES OF HYDROGEN ENERGY IN TPU
METHODS OF HYDROGEN PRODUCTION

« Implementation of non-oxidative, carbon » Obtaining experimental data on the composition of
dioxide, steam, oxidative and mixed methane reaction products, their energy yields and optimal flow
conversion initiated by pulsed electron beam; conditions to determine optimal parameters for practical

application of the method.

TECHNOLOGIES OF HYDROGEN ENERGY IN TPU
METHODS OF HYDROGEN PRODUCTION

UNDERGROUND COAL
GASIFICATION

HIGH VOLTAGE APPLICATION

PARTIAL DISCHARGES AND TRACKING

INITIATION OF BREAKDOWN PATH

FORMATION HEATING WITH
JOULE HEAT

PYROLYSIS OF ROCK WITH
FORMATION OF LIQUID AND
GASEOUS PRODUCTS




UNDERGROUND COAL GASIFICATION

- without slag disposal - environmental safety;

« possibility to develop thin reservoirs.

FIELD TESTS (Bogatyr coal mine,
Ekibastuz, Kazakhstan)
DEMONSTRATED:

» Possibility and safety of using the technology in
the field;

» Scalability of the method.

TECHNOLOGIES OF HYDROGEN ENERGY
IN TPU METHODS OF HYDROGEN PRODUCTION

INFRASTRUCTURE OF "EKOENERGETIKA 4.0" CENTER:

Test stand of comprehensive tests - Generation of electricity from generator gas
for technologies: based on gas turbine engine;
+ Gasification of solid fuels in the fuel and energy industry; . Coal chemistry - production of hydrogen,

- Purification of generator gas (use for further combustion methane, carbon, liquid fuels of various
or gas chemistry); fractions.

Solid fuel gasification laboratory in the university campus - the main elements of
process cycle for fundamental and exploratory interdisciplinary research in new resource-efficient and
environmentally friendly technologies for modern energy, from fuel preparation to ash plasma disposal.
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TECHNOLOGIES OF HYDROGEN ENERGY IN TPU
METHODS OF HYDROGEN PRODUCTION

Development of hydrogen storage materials with
high sorption capacity and resistance to multiple
hydrogenation/dehydrogenation cycles

« Synthesis of compounds and their composites based on:
- hydride-forming metals
- carbon nanomaterials
- organometallic structures
» Development of recommendations to select hydrogen storage

materials with high sorption capacity and resistance to
multiple hydrogenation/dehydrogenation cycles.

TECHNOLOGIES OF HYDROGEN ENERGY IN TPU
METHODS OF HYDROGEN PRODUCTION

PRECURSORS FOR LUBRICANTS
(LOW-TEMPERATURE MATERIALS
FOR THE FAR NORTH, SPACE):

- fluorinated polymethylene oxide (CF,0)n
« polyethylene oxide (C,F,0)n

+ polypropylene oxide (C,F O)n.

FLUORINATED ORGANIC FLUORINATED MEMBRANES:
COMPOUNDS:

« Radiopharmaceuticals

» Membranes in terms of hydrogen energy

« Membrane gas separation (separation of hydrogen-
- PET diagnostics, etc. containing mixtures, HF, technogenic gases, etc.)
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TECHNOLOGIES OF HYDROGEN ENERGY IN TPU
USE AND TRANSPORTATION OF HYDROGEN

Development of import-substituting scalable technology
for development of proton-conducting polymer membranes
combining high mechanical, electrophysical and chemical
properties for use in fuel cells.

RESULTS:

¥ Technology of producing composite membranes
with content of proton-conducting polymers
of Nafion type up to 70% has been developed.

M Methods of controlling structure and morphology
of composites have been tested.

Technological production parameters are optimized.

TECHNOLOGIES OF HYDROGEN ENERGY IN TPU
USE AND TRANSPORTATION OF HYDROGEN

Technologies for production and modification of materials resistant to prolonged
exposure to hydrogen

» Theoretical and experimental study of the modification of structural materials by ion-plasma treatment
methods in order to increase the hydrogen resistance of elements of systems for the production and use
of hydrogen.

» Development of recommendations for improving hydrogen resistance of structural materials by ion-plasma
treatment methods for complex synthesis gas production plants and solid oxide fuel cells.




TECHNOLOGIES OF HYDROGEN ENERGY IN TPU
USE AND TRANSPORTATION OF HYDROGEN

Development and creation of hybrid
models of elements of modern power
systems with hydrogen as energy
storage using an all-mode real-time
modeling complex of electric power
systems, creation of self-diagnosis
system of the energy complex;

Integration of renewable energy
sources, hybrid autonomous power
supply systems with production and
use of hydrogen, including for remote
hard-to-reach areas.
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Carbon neutrality in Sakhalin in 2025 3\

THE RUSSIAN FEDERATION WILL ACHIEVE CARBON )!
NEUTRALITY BY 2060 ‘ ‘

114
I will add that Russia in practice strives for

carbon neutrality of its economy. And we
are setting a specific benchmark - not later
than 2060 4y

Russian Energy week-2021

* The Government of the Russian Federation is
developinga strategy for low-emission economic
development - 2021

* Pilot projects (experiments) to achieve carbon
neutrality will be carried out at the regional level - from
2022
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SAKHALIN IS THE FIRST RUSSIAN REGION AIMING TO g
BE CARBON NEUTRAL IN 2025 i - ‘

Oil and gas industries play an important role in
the regional economy - up to 60% RDP.

Energy sector is a key source of GHG emissions in
Sakhalin - 95% (in Russia-84%).

Forests cover about 70% of the territory and
ensure high share of carbon sinks in the regional
GHG balance.

There are various options for energy transition:
all types of renewable energy sources - wind,
solar, tidal and geothermal are presented in the
region.

High potential for hydrogen production,
including green hydrogen.

Presence of global (oil and gas) companies
exploring options for minimizing their carbon
footprint, including by emissions offsets.

OBJECTIVES OF THE CARBON REGULATION PILOT 5
PROJECT 1211

¢ Stimulatingthe implementation of
technologies aimed to reduce greenhouse gas
emissions and to increase their absorption;

* Establishment of a system for independent
verification of information on greenhouse gas
emissions and uptake;

* Creation of carbon market or a system for
circulation of varioustypes of carbon units.
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THE DEMAND FOR VOLUNTARY CARBON UNITS IN THE
WORLD IS PROJECTED TO GROW IN ORDER TO FULFILL i 2}
CLIMATE COMMITMENTS ‘

Voluntary demand scenarios for carbon credits, gigatons per year

Up to 100x
<70-13.0

W Commitments to date

M TSVCM? survey

W NGFS® scenarios

M NGFS ‘immediate action® 15°C pathway

with carbon-dioxide removal
The increase in the volume of
voluntary carbon units up to 100
times by 2050 to cover increased
- s demand will lead to the importance of
= the market
~15-2.0 20
10
o 2 Il
2020 2030 2050
Source: https://www.mckinsey.com, 2021
5
ENERGY IS THE MAJOR SOURCE OF ANTROPOGENIC ¢
EMISSIONS IN SAKHALIN REGION ‘

GHG emissiondecomposition, %
3

\

* Basedon IPCC sectors
classification
* Datafrom 2019 Inventory

= Energy = Industry = Agriculture = Waste

Source Thousand tones
CO2-eq
GHG Emissions 12333
GHG Absorptionin LULUCF -11 068 —
LULUCF absorbs
GHG Net emissions 1265 90% of GHG emissions
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SAKHALIN IS THE FIRST RUSSIAN REGION THAT SET
CARBON NEUTRALITY GOAL FOR 2025

B

o,
A}

2

o

How to reach the Goal:

ETS - pilot cap and trade a in 2022-2025

Realization of various regional programmes, including but not limited to:

*  Fuel switching from coal to natural gas
Clean transportation/ electrification
Hydrogen production and export

Increasing share of renewables
Sustainable forest management

12,3
coen

11,1
cOr-eq

2019

Emissions = Removals by sinks

=

2021
Sakhalin GHG balance ]

() GHG Emissions

2025
@ Removals by sinks
— (LULUCF)

KEY REGIONAL PROGRAMMES FOR GHG REDUCTION iHi
£l

Projects Expected reduction in GHG emissions
in 2025 comparedto 2019
(tons of CO2-eq)
Energy Efficiency 115000
Fuel switching from coal to natural gas 429000
Clean transportation/ electrification 18 000
Renewable energy 517000
Landfill gas disposal 134000
Total: 1213000

113



(as in the draft law)

KEY ELEMENTS OF THE SAKHALIN ETS iHi
£l

Regulated organizations s

Government

reports

Pl

Annual verified
reports

The list to be set by the !
regional government
upon certain criteria

With a threshold of 20 000 tones Enitslons traing. o
of CO2-eq/year about 20
organizations from Energy, %

Transportation, Fishery Sectors
would be regulated

M d by th =
anaged by the /‘1l

Authority under !
Sakhalin Y

Registry for GHG

Managed by the
e = g Operator
/‘" a3 | designated by the

. Russian
Government

Registry for

RS 2 v
= Emission Units
operations

k.

amn
B mmm
Offsets ) )
No limitationon Climate Projects
offsets for
compliance

List of regulated organization
Emission quotation
Emission trading

« Firstverifiedreports
* Adoption of all required

* Reportto theRussian
Governmentabout
the pilot projectand
results achieved

methodologies
o Penalties
,L Climate projects
2022 2023

2025 2026

NEW OPPORUTINIES FOR BILATERAL COOPERATION

o

i

Reducing carbon footprint

Offsetting unavoidable GHG emissions

Access to green finances — national and international
Cooperation with various stakeholders

Rising competence on carbon regulation

Ability to contribute to new educational products

114
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