S

=
W’m i

OBOEe HaCquME'; NMUTUEBOTIO TréHp,a

‘AnekcaHgp bapckoB, Oupektop no |

-



1R NPUYUHBI MHUMOEHTOB B OATA-LIEHTPAX

. Power

Flre [ fire SECUFII}" related
suppressmn information

. Network IT systems Cooling
(hardware, software)

. Third-party provider Not known

% n152 =187)
0 0
13,«1, b, mz. D
| z.,fe.
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Uctounuk: Uptime Institute, 2023



IINERREREE] NPVYMHDBI MHUMOEHTOB B OATA-LEHTPAX

HcrouyHuk: Ponemon Institute, Vertiv

AKB — 0guH 13 OCHOBHbIX UCTOYHMKOB nepeboes u
He3annaHMpoBaHHbIX oTKNtoveHun B LIOdax




IHNIINNINND PBLIHOK AKB
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Uctounuk: Avicenne, 2021

CK AKB nugupytot no obwen emkoctu, JIN AKB -- no o6bemy npogax.
JT AKB 4acTto ncnonb3ytoT B npubopax obiToBon anekTpoHukn, a CK AKB — B «TakenbIx»
NPUNOXEHNAX: CTapToBble baTapen aBTOMOBUNEN, NPOMbILLIIEHHbLIE CUCTEMBI



I PLIHOK AKB (MEPCNEKTUBDI)
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Uctounuk: Avicenne, 2021




100NN OBNNACTU UCMONBb30OBAHUSA NN AKB

2000: < 2 I'BT'4 2020: > 230 I'BT-u4 2030: 1300 I'BT-u4

Auto, E-bus Excl, ,
Portable Phones ute {hi:: e Alito, E-bus China Auto, E-bus Excl. Auto, E-bus China

[:Ieclt?rl;:ics 17% 36% -\ 33% {hina 33%
47%

Pon:::: & Electronic Industrial, ESS

devices 5%
15% thers rs ]ﬂdUStriﬂlr ESS

11%
7% 3%

UctouHuk: Avicenne, 2021




I OMHAMUKA CTOUMOCTU NN AKB

Llena JIK AKB
\

\

Llena CKAKB (VRLA)

SneKTpuyeckne
aBTomobunu

TepmuHanbHble
yCTpoOIcTBa

1 0,00
2019 2020

Hctouynmku: CBIA, CAAM, Huawei

B 2020 r. Bloomberg New Energy Finance nporHosuposan, 4to k 2030 r. ueHa JIN AKB
ynaget ewe MuHumym Baeoe — Ao $0,6/BT*4. Ho Hayanncb «amepukaHcKmne ropkmy»




Il DQMHAMUKA CTOUMOCTU NNUTUA

Lithium Carbonate (CNY/T) 202500.0000000
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% of the Global production

30,0%

Jan 2020

Uctounuk: tradingeconomics.com

 EZE
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20,0%

10,0%

0,0%

@

UctouHuk: Avicenne, 2021

B Hos16pe 2022 1. nctopnyeckmin MakCMmym —
$595 500 3a TOHHY kapboHaTa NUTUS



Il oMHAMUKA CTOMMOCTU CBUHLA

Lead (USD/T) 2067.75 -38.75 (-1.84%)

2022 &

UctouHnk: tradingeconomics.com




TIRRIREREERERNNRERNNNINN CbIPBE ONA NN AKB

Intn » Kob6anbT

3anacbl ~80 MIH T. | _ 3anacbl ~12,7 MJIH T.

[obbiua ~80 TbiC. T s o Jobblua ~ 114 TbiC. T
(B roa) .S (BTOR)

60% - AscTpanus - LR

20% - Ynnm g S — : 65% - P KoHro

10% - KuTait : I 35% - ocTanbHble

7% - ApreHTunHa : C Aonen MeHee

3% - ocTanbHbIE 10%
90% npousBoAacCTBa B
NUTUEBLIX MPEKYpPCOpPOB iy Becb KOoHronescknm kobanbT
cocpenoTtoyeHo B Kutae O 97 nepeso3nTcsa B Kutam ans

G ey AanbHenwen o6paboTkn um
R STE  oboralueHus

AR/ Lindbeig]
KpaTHoe yBenuyeHne o60poToB Cbipbsi, Heobxoaumoro ansi npomssoactea AKB,
MOXET CNpOBOLMPOBaTb AeUUMT npeanoxeHns (kobanesra, NnTna n rpaguTa)




TIRRIRERENRERNNRERNNNINN CbIPBE ANA NU AKB
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TIRRIREREERERNNRERNNNINN CbIPBE ONA NN AKB

C 1941 no 1997 rr. B KpacHOSApCKOM
Kpae paboTtan eAUMHCTBEHHbIN

B Poccumn nutneBbin pyaHUK
(3aBUTMHCKOE MeCTopoXAeHME).
KoHueHTpaT nepepabaTtbiBancs
KpaCHOSApPCKNUM XMMUKO-
MeTa/Nlyprmyeckmm 3aB0o40M.

B coBeTckue roabl otpaboTtanu
40%0 3anacoB MeCTOPOXAEHMS,

a B 1997 r. ero 3akoHcepsunpoBasu.

Bonble 20 net Poccus He agobbIBana nuTun,
npeanoyutas dbonee geweBbIM UMMNOPT




TIRRIREREERERNNRERNNNINN CbIPBE ONA NN AKB

B deBpane 2022 r. «aznpom», «NpKyTckas HedTAHas
KOMMaHus» 1 MMHOPOMTOPr NMOANMUCann «4OPOXHYIO KapTy»
Nno peannsaummn npoekTa rno rnMpon3BoACTBY COeAUHEHUIN NNTUS
N3 MMHEpasin3oBaHHbIX NMoA3eMHbIX Bog KOBbIKTUHCKOIO
ra3soKOHA€HCaTHOro MecTopoXxaeHusa «lasnpoma»
(MpkyTCckas 06n.)

B anpene 2022 r. «HopHukenb» 06bABMI 0 HAMEPEHUN
co3gatb CI ¢ «PocaToOMOM» MO OCBOEHUIO JINTUEBOIO
MmecTtopoXkaeHmna Konmosepckoe (MypmaHckasa 061.) u
AanbHenwen rnybokon nepepaboTke NMTUEBOrO CbipbS.

O HamepeHun opraHusoBaTb NMPOM3BOACTBA KapboHaTa NnTna 06bABUI MUHUCTP
NpombiWNeHHOCTH [larectaHa Husam Xanunos. OH ckasan, 4YTo B pecnybnmke ecTb

3 KPYNHbIX MECTOPOXXAEHUSA JINTUSA, HA caMOM 60/1bLIOM M3 HUX, KOXKHO-CyXOKYMCKOM
MOXXHO A06bIBaTb 5-6 TbIC. TOHH COeAUHEHUN NTNTUSA B ro4.

MpoekTbl He MoryT ObITb peanu3oBaHbl ObICTPo. Heobxoaumbl pa3paboTka TeXHONOrMn
nepepaboTku NMTMEBOro CbipbA, CTPOUTENILCTBO FNOPHO-A400bIBaOWMX NPeanpusaTun,
TPaHCNOPTHOM U IHEpPreTM4eckon UH(pPacTpPyKTypbI




THIRERRRARRARNARRNNNENNE TMNbI U AKB

YaenbHaa 3HeproeMKocTb G @ {:fla E:’ E-B

NCA
LCO
NMC
LMO
LFP
LTO
NiMH
NiCd
CK AKB

YpnenoHas |YpgenoHas |Besonac- |[MpousBo- |Cpok CtouMocTb

_ 250 3Heproem- |MOLLHOCTb |HOCTb AuTenb- Cny)l(&bl

KOCTb HOCTb

— 20 0 HauBbicwas BblcoKas

- 000 -
- 140

Hauesbicwan

- 80 Hawuebiclwana Hauebicluaa Bbicokas Hauebiclwana

i e T
I 62

Hauebicwan Hawuebicwas Hauebicwan Hauebicwasn
40 BT-u/kr

HcToynuk: batteryuniversity.com WeToyHuk: batteryuniversity.com

Mo coBokynHocTu xapaktepuctuk ana KT Hannyywure BapmnaHThl:
NMC — nutuin-Hmnkenb-mapraHeu-kobansToBbIe
LFP — nutun-xeneso-gocoatHble




HIRERERNNNE NN AKB vs CK AKB

MaccorabapuTHble XapaKkTepUCTUKH
BEC MeHbLUE NPMMEPHO BABOE,
3aHumaemas nnowagb — Ha 70%

JkoHomuaA nnowaaun 70%, pononHutenbHo 14 UT-ctoek

CKAKBE 11,2 kB. M NN AKB 3,06 kB. M

Harpy3ka 800 kBt, BpeMsi aBTOHOMUN 15 MuH




HIRERERNNNE NN AKB vs CK AKB

Cpok cnyx6bl
KpaTHO 6onbLue -- cnocobHbl Yepe3 15 net coxpaHutb 6onee 70% cBoen eMkocTn (Npu

259C u HenpepbiBHOM noasapsaae JIN AKB). Ana CK AKB atoT nokasatens — 7-10 neT
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HIRERERNNNE NN AKB vs CK AKB

Lmknuyeckun pecypc
4YMCNO LUMKMNOB paspsaa-3apsaa donblie npumepHo B 20 pas (npu rmybuHe paspsga 100%)

. 15850

Konuuecteo UMKNOB
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50% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
TnybuHa pa3pasa TnybuHa pa3paga
NN AKB CK AKB




HIRERERNNNE NN AKB vs CK AKB

BenununHa camopa3spsaga
OTOT nokasartesb XxapaktepuayeT paspsg 6atapeu, korga oHa He ucnoneayetcs. [ns JN
AKB oH cocTtaBnsieT 1-2%, a y CBMHLIOBO-KUCNOTHbIX MOXET AoxoanTb A0 5% B Mecsy

Bpemsa 3apspa

JIntun-noHHble AKB 3apsikatotcs He 6ornee 3 4. [1ns CBUHLIOBO-KUCIIOTHbIX BaTapen aToT
nokasarenb goxoauT 4o 15 4. MeHblUee BpeMsi 3apsiga UrpaeT BaXkHYHO porb B criyvae
YyacTbIx c60EB ANEKTPONUTAHUS.




HIRERERNNNE NN AKB vs CK AKB

TemnepaTypHbIA PEXUM 3KCNyaTaLum
MeHee cTporun (npuemnema temnepatypa ot 0 o 40 rpaa. C)

Ons npumeHenna B LIONax BaxHoe
3HavyeHne UMeeT TennosbigeneHne
akkymynatopoB. Cpeam Bcex Tunos J1A
AKB HanmeHblLee TennoBblaeneHmne
NMeroT akkymynatopsl LFP

-
i sl ol

200 250
Temneparypa (°C)

MouwHocTs TennoBbigenenun (Br)
L e
Sl il

Ucmouruk: P. Peng, F. Jiang // Thermal safety of lithium-ion
batteries with various cathode materials: A numerical study //
International Journal of Heat and Mass Transfer. 103 (2016)

1008-1016 Temnepatypa (°C)




HIRERERNNNE NN AKB vs CK AKB

MOHUTOPUHI COCTOAHUA
obsazatenbHasn pyHkuusa (ana CK AKB — gononHutensHasa onums)




I NPEUMMYLLECTBA N AKB ONA uon

YcTaHOBKa B HE6OMbLUMX MO

YcTaHoBKaA B HEBOMbLUNX
naowaan n Hecneumann3npoBaH-

BbirogHsbl 7
AHble e MO YMeHbLUeHNe pa3Mepa MNoOMEeLWEeHNn  MoayNnsax
mMaccorabapuTHble nog AKBb - yBenunuyeHue nnowaamn
XapaKTEPUCTUKMU MaLUWHHbLIX 3a/10B Mpowe
P P MpoLlie TpaHCNOpTUPOBaTb U poLu
TPaHCMopTUpOBaTb

YCTaHaBJ/INBaTb

Ynyywenne TCO
Ynyywenne TCO
BOMbLLUNA CPOK CyX6bl  YMeHblIaeT Heo6X0AMMOCTb Ynyduwenune TCO

3aMeHbl, C/TOXXHOM B 0UCHbIX

30aHNAX
bonee npoctoe

B manbix UOdax, ons
obecneyeHne B ueHTpe ropoaa n B LOAax; A

KOTOpbIX YCTaHoBKa AIY
OJINTENIbHOrO BpEMEHM UCTOPUYECKNX 34aHUSX, rae

SKOHOMUYECKU
aBToHoOMuKM 6e3 ArY CJ/TIOXXHO ycTaHoBuTb AIY

HeonpaBAaHHa

NUCTaH
BcTpoeHHasa cucrtema AP M I
Xopouwas yrnpaBissieMoCTb Xopouwas yrnpas/igseMoCcTb 3KCnayaTayms

MOHUTOPUHra




TIRRNRNRNENN AKE 1 ABAPUM

2022 .
LOA SK Group (KO. Kopes)

Moxxap Havanca B koMHaTte AKB, 3aTtem
pacnpocTpaHuaca Ha Bce 3gaHue. MNMoXxXapHbIM
notpeboBanocb 8 4, 4To6bI B3ATb NaaMs nog
KOHTPOJib.

ABapus BbiBena U3 CTPOS AECATKU TbiCAY
cepBepoB, BKYasa cucrembl SK Group,
MecceHaxepa KakaoTalk n obnayHoro ruraHTa

Naver («oxHoKkopelickmnii Google» )

CosfgaHue Hal. LeneBo rpynmbl no
npeaoTBpaLLeHNIo aBapuin U KaTacTpod ¢ y4acTUeM
BOEHHbIX W HaLl. pa3Be/blBaTENbHOMO yrpaBreHus

CneumnanbHoe 3asBneHue npesngeHTta ctpaHbl KOH
Cok Enb (noo6GeLian npoBecTn TwaTensHoe
paccnegoBaHue NpUYnH noxapa)

XoTAa npuYMHbI psiga KpynHbix noxapos B LlO[lax CMU cea3sbiBaloT ¢
JIN AKB, y Hac HeT noATBePXAEHHbIX AAaHHbIX HAa 3TOT CYeT

2021 r. P T
LIOZl OVHcloud fE SR =i
(Ctpac6ypr, FESERL el
dpaHums) ‘ 8 | 2. 00

®oto DNA.FR / Jean-Christophe DORN

B nHumaeHTe nocrpaganun okono 65 000 knmneHTOB,
MHOIMe U3 HUX NOTePSIN CBOWN AAHHbIE

MNpeanonaraeTcs, 4TO NpMYNHA MoXxapa -- cMcTteMa
6ecnepeboMHOro NUTaHMS.

Mo gaHHbIM ®paHuy3ckoro 61opo paccneaoBaHUn U aHanusa

npomblLeHHbIX puckoB (BEA-RI), pacnpocTpaHeHuto noxapa
cnoco6CcTBOBANoO OTCYTCTBME aBTOMAaTMYECKON CUCTEMbI OTHETYLLEHUS,
HecBOEBpPEMEHHOE OTKIIOYEHME aneKTpuyecTBa 1 0CO6EHHOCTH

KOHCTPYKUMU 30aHUA.



1IHII0000RINE KPYMHEWULLUE ABAPUU 2022-23

KomnaHus/opraHusaumsa

Federal Aviation Administration (US)

CreneHb
CEepPbEe3HOCTH

log, (kBapTan)

2023 (Q1)

MpnymHa

KoHourypauma NO /ownbKa B B/

Kakao (South Korea)

2022 (Q4)

Moxap B 6aTapeliHOM KOMHaTe

KDDI (Japan)

2022 (Q3)

CeTeBan nHdpacTpykTypa / owmbKa B KOHPUrypaumm

Google (global)

2022 (Q3)

Mpobnema npu obHoBAEHUM 10

CommonSpirit Health (US)

2022 (Q4)

Knbepataka

Amazon Web Services (US)

2022 (Q3)

MoTeps anekTponuTaHMA / aBapua nepekaoyaTenn
(transfer switch)

National Health Service (UK)

2022 (Q3)

Meperpes/ aBapusa CUCTEMbI OXNaAXKAEHUSA

Microsoft (Europe/global)

2022 (Q3)

MoTeps aneKkTponuTaHua / aBapua nepekntoyatens
(switchover)

UcTtouyHnk: Uptime Institute, 2023




NN se3onacHocTe @)

CoBepLUEeHCTBOBaHNE XNM. COCTaBa, MaTtepuanoB, NpoLeccoB pa3paboTku, NPON3BOACTBA U
TECTMPOBAHUSA

[MaccmBHbIN cnon BHYTPU SAYENKM OCTaHaBIMBAET XUM. peakuunio npn KpuTM4ECKOM Harpese

BCTpOGHHaFI arnnapartHad 3alinTa OT nepe3apdana — Korga HanpsaxeHume rnpesblillaeT
KpUtnveckoe 3HaveHune, Uuerb pa3dMbIKaeTCA U npouecc 3apAaakm oCTaHaBITMBAETCA

BcTpoeHHble npegoxpaHnTenm

Mpw pasnoxeHun LFP He BbigensaeTca O,, UTo 3HaUYMTENBHO CHUMKAET BEPOATHOCTb B3PbiBa

3apaaka
LiFEPO4 - FEP04
. 3apaaxa .
L|Mn204 ——- LIan204
3apaaka

LiCOOZ ——— Lio‘scooz ——— LiCOOZ + C0304 + 021‘

3apaaxa

Lic01/3Ni1/3Mn1/302 ———- COOZ +Ni02 - Niox + Mn30 + 02*

a

HopmanbHan 3apagKa Mepe3apaa/TennoBoi pa3roH

Hetounnk: Huawei




NI BAPLEPbLI O5NA 11K AKB

Boicoknin CAPEX + cTpeMuTenbHbIN pocT (pe3koe
kKonebaHne) LeH Ha OCHOBHOe cbipbe ansa JIN AKB

Pe3koe cy>xeHne KOHKYpPEeHTHOro rnoJsisi B
Poccun!l!l

®obuun, cBa3aHHbIe ¢ be3onacHoCTbIO (cnabasd
MHMOPMMNPOBAHHOCTb O peleHnn 3TuX npobnem)

OnaceHnd, cBA3aHHbIe C OrpaHUYeHHbIMK 3anacamMmu
(AOCTYNHOCTbIO) OCHOBHbIX MaTepunasnos,
ncnonb3dyembix B JIN AKB

OTCYTCTBMG BbICTpOEHHOVI CNCTEMbI YTUITN3aALU NN




Il NEPCNEKTUBLI NN AKB B OATA-LUEHTPAX

il (:;;>
PocT cnpoca YMeHbLLeH1e 3aBUCUMOCTH
Ha HaKOMUTeNW 3Heprum OT TPAAMLNOHHBIX 1Y

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

B CKAKbB NN AKB

Wetounuk: no gaHHbiM Bloomberg New Energy Finance

x

PazBuTue edge-uHppa-
CTPYKTYpbI

HanbHeWlwee CHMXeHne
ctoumocTun JIN AKB

Li lon, 38.5

ead Acid,
61.5%

2025

UcTtouyHunk: Frost & Sullivan




11111 BO3MOXHbIE BAPUAHTDI

10 Bt

1Bt TA3C

P2G
MHeBmaTU-
100 MBT Yyeckui

aKKymynatop A K 5

10 MBT

1 MBT

CynepkoHaeHcaTopbl

MowHocTb

g
5
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-
©
o
I
()
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x

MaxoBuK

100 kBT

MaxoBUKM

10 kBT

1 kBT

UctouHnk: ROLAND BERGER GMBH (2017). R. Berger,
“Business models in energy storage — Energy Storage can
bring utilities back into the game

0 kBTt !

CeKyHAabl
Ce30HHO

FASC -- rmapoakKyMyanpyroLyasl 371eKTPOCTaHUUs
P2G -- Power-to-Gas — npeobpa3oBaHue 3/1eKTpn4ecTsa B
raszoobpa3sHoe TornimBo (Harnpumep, BoAOPOA WM METaH)

MuKpoceKyHAbI




1111l ANLTEPHATUBHBIE BAPUAHTDI

48-62
-40
+75 (80)
bonee 1 MNH
5-20
1-10
1000-10 000
>08
CeKkyHAabl NN MUHYTHI

12-24
-20
+40
300

0,5-5

100-290
100-1000
~70

YHachbl

12-24
-20
+45

10 TbIC.
3-10
250-650
850-3000
80-90
YHachbl

HcroyHuk: Eaton



1111l ANLTEPHATUBHBIE BAPUAHTDI

570 to 360

-40 to +65

300

1.39

20
62 x 85 x 213

550

*skcnnyataums npy temnepatype +28°C

538 to 410

+18 to +28

150

32.6

15
65 x 60 x 229

550

520 to 400

-10 to +40

300

1.67

20
76 x 76 x 187

760

UctoyHuk: Eaton




1111l ANLTEPHATUBHBIE BAPUAHTDI

$700,000.00

$600,000.00

$500,000.00

$400,000.00
Total Efficiency Cost for 15 Years
$300,000.00 B Total Maintenance Cost for 15 Years
M Total Capital Expediture
$200,000.00
$100,000.00 I I
5' T T T T T T T 1

VLRA Li-ion Flywheels XLM-62
Supercaps

UctoyHuk: Eaton




I TCO. TUNMUYHbLIN KOPM. LOA

P

Mol HoCcTb Harpy3ku 200 kBT
(40 cToek no 5 kBT)

~
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BpemMst aBToHOMUM oT AKB — 10 MuH

T

CTOMMOCTb apeH/ibl MOMeLLEHNS
3a 10 net — 1000 S/kB. M.

T AKB CK AKb

m CAPEX wm OPEX CToMMOCTb rapaHTUmn

UcToyHmnk: iKS-Consulting, Huawei




1111l ANBLTEPHATUBHbIE BAPUAHTbI: NI-ZN

Hukenb-uymHkosbie (Ni-Zn) AKB B cpaBHEHUMN CO CBUHLIOBbIMU ;
 [lo 63% MeHbLUEe 3aHMaemas rnjolyasb v Harpy3Kka Ha rosi -
I

* [o 197% (194%) BbillE yAe/IbHAas MOLHOCTb 10 BECY (06bemy) |l

—
Bbicokas HageXHocCTb. Bbixoa 13 ctpos anemenTa J1I nnn CK AKB Hlf‘lli“llh‘JIH:‘!HIM‘!H
NPVBOAUT K pa3pbIBy Lienu, cnabas sueiika 6atapen Ni-Zn octaercs ‘St
POBOAALEY bt I
OnuTenbHBLIA CPOK CRYXO6bI, NpocToe 06CNyXMBaHUA i:iii:'i:i:i
dkonoruyHocTk U 6esonacHocTk. He ropst. B cocTaBe HeT onacHbix [

enon i Teee e
fin

A dhekTMBHO paboTatoT B AnanasoHe Temnepatyp: ot -40 go +43 °C —
R
i IR

mm HepoctaTok — NoBbllWEHHAss CKOPOCTb camopa3spsiaa
nocne 30-50 ymknos (bbiBKE B akcnnyaTtauun AKB He gepxat
3apsig Tak 4onro, Kak HOBbIE) UcTodrmK: ZincFive




1111l ANBTEPHATUBHbBIE BAPUAHTbI: SIB/NIB

HaTtpuit -- nepcneKTMBHas 3aMeHa JIMTUIo

Cxoacteo npuHumnos pabotel HU v JIN AKB no3sonseTt
3a1eNCTBOBATb CyLLEeCTBYOLWME NTMHUM NPON3BOACTBA

Paspabotka HUN AKB Takxe Ha4yanacb B 70-e roabl, HO
KOMM. nepcnekTusbl nydwe sbirnggenn y Ji AKb

Korga J1IM AKB Havana akTMBHO NMpUMeHATb AN4
dHeproeMkux npunoxenun (3-mobunmn, CblN n CX3),
CTaNo SICHO: HYXHa bonee aewesBas anbTepHaTUBa C
AOCTYNMHOM 6a30M NMCXOAHOro CbipbA.

Xota HN AKB pewesBne JIN, no MmaccorabapuTHbIM
XapaKTepucTukaM yctynarT nociegHMMm

HaTtpnn-noHHbin AKbB --
sodium-ion battery (NIB or
SIB)

a1 s 20235

RESEARCH MILLION

$996.8 CcAGR
MILLION W,51%

Global
Sodium-lon Battery
Market

2023-2030
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