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OHepreTnyeckaa 6€30nacHoOCTb

«JHepreTnyeckaa 6e30MacHOCTb — 3TO HenpepbiBHOE Hain4yue
3HEepPreTUYecKnX Pecypcos No AOCTYNHOMN LieHe»

https://www.iea.org/topics/energy-security

e OT Yyero 3aBUCUT 3TO HaNn4ume?
* Y10 TaKoe AOCTYNHbIE LUEHbI?


https://www.iea.org/topics/energy-security

KoHeuyHoe mupoBoe noTpebneHmne saHepruu,

1973-2019

Share of world total final consumption by source, 1973

Morld total final energy consumption 184 EJ

Other: 1.7%

Electricity: 9.5% X

-

Coal: 13.6%

Biofuels and waste: 12.6%

Natural gas: 14.1%
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Share of world total final consumption by source, 2019

World total final energy consumption 418 EJ

Other: 3.6%

Biofuels and waste: 10.4%

Matural gas: 16.4%

Coal: 9.5%

Open &

Qil: 40.4%

IEA. Licence: CC BY 4.0

McmoyHuk: iea.org



[1lona aneKTposaHeprnm

Share of electricity in total final energy consumption - 1990 Share of electricity in total final energy consumption - 2022
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PaKTOpbl 3HEPreTUYECKON
6e3onacHocTn (Hann4ne pecypcosn)
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Hanuyune pecypcos

[Jobblya

MepepaboTka: HedTb, ras, ypaH
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KpaTkocpoYHble  BanaHc cnpoca u npeanoXeHus [lnBepcudrKaums UCTOHHNKOB
(HageXxHoCTb)

«KoKTennb» NOCTaBLMKOB
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TpeHabl

[MapeHne 4oNM NCKONAemoro TBEPAOOro TOMN/JiInBa

PocT 401 BO30HHOBASIEMbIX PECYPCOB

Gross available energy, EU, 1990-2021 (5]
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nepBl/ILIHbIe NCTOYHUKN

B EBpone €CTb NnNo4Tn BCE€ BAbl NEPBUYHbIX 3HEPIreTU4eCKNX peCypcCoB.
UTo ABNXET N3MEHEHNAMKN?



OHepreTn4Yecknin Nnepexon: yxop, ot yrns

® POLAND ® GERMANY ® CZECHIA ® SPAIN ® FRANCE

ec.europa.eu/eurostati
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KUCNOTHbIE O0XAOU

[IpnymnHa

11



YpaH - HYyBCTBUTEJIBHOCTb K UMIOPTY

World uranium mining

Uzbekistan

Other countries
Other in Africa Other countries in Asia
countries

2,248 tons

5,753 tons

4,693 tons

4,192 tons

KURSIV

21,819 wns

World enrichment capacity — operational in 2020 and planned

Capacity (thousand SWU/yr)
Operator

2020 2025 2030
CNNC 6300 11,000 17,000
Orano 7500 7500 7500
Rosatom 27,700 26,200 24,800
Urenco 18600 17,300 16,300
Other 66 375 525

Total 60,166 62375 66,125

Source: World Nuclear Association Nuclear Fuel Report 2021 and company websites

EC He nmeeTt cobCTBEHHbIX
3HaAUUTENbHbIX 3aNacoB ypaHa, HO
obnapgaeTt 60nbWMMN MOLLHOCTAMU
no ero oboraLleHunto

12



Hanuyune pecypcos

,D,OJ'II'OCpOLIHbIe rlepBI/I‘-IHble MCTOYHUKN [obbiua
MepepaboTka: HedTb, ras, ypaH
MazonpoBoabl
Mopckue nopTbl
TexHonornm MponssoacTso
YnpaBneHue
JloctaBka [0 Toyek noTpebneHus l'asonposoas!
nekTpoceTtu
KpaTKocpouHble  BanaHc crnipoca u npeanoxexuns [IBEpCUDIKALIMA UCTOUHVKOB
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HakonneHusa
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[TyTn poctaBku:.
DHepreTnyeckaa Xaptua, 1991

JoroBop (BcTynua B cuny B
1998 r.)

¢ 3alLMTa M NooLLpeEHne
WHBECTULINI B SHEPTETUKY

e CB06OAa TpaH3UTa SHeprum
no Tpybonposoaam,
3N1EKTPOCETAM U C
MCNONb30BaHNEM UHbIX

CpeacTs TPAHCMOPTUPOBKM.

CopeiicTBME NOBbLIWEHMUIO
3Heproap¢eKTUBHOCTU U

CTpeMIeHMe CBeCTH K
MWHUMYMY BO34eNCTBUE
Nnpou3BoACTBaA U
MCMNONb30BAHMNA SHEPTUN Ha
OKpYy)KatoLLyto cpeay.
MexaHW3Mm pa3peLleHus
CNOpPOB MeXay
rocy4apcTBaMm, a TaKKe
MeXAay rocygapcTsamm m
MHBECTOPaMMU.




[[a30BbIN Kpu3nc 2022 roga

* BbiCcTpOE CTPOUTENLCTBO TEPMUHANOB U
perasndukatopos ATI1

* [lepexBaT ynpaBAeHMA Haa XPaHUAULLAMMU rasa

* CHUKeHune notpebneHuna KpynHbiMmm notpebutenamm
rasa U HaceneHmem

* MNoaaep*Ka anbTepPHaTUBHbIX NOCTABLLMKOB
* BpemeHHOEe BOCCTaHOBNEHUE YIro/IbHOM reHepaLmnm
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HakonneHusa
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TexHonornn nNpomn3BoacTBa

MNepBuyHbIE

pecypcbl

leoTepmanbHaa un

Yronb las YpaH f'mapo Betep ConHue npoume

AnoHcKue,

Andritz,
Wasserkraft Volk,
Voit, Alstom etc.

Enel, Orkuveita
Reykjavikur,
Ormat etc

Alstom

Wacker, Siemens,
RECOM etc

MNpoussogutenei

Siemens, Alstom, Kopeickue,
NoYTH He ocTanoch Ansaldo etc. aMepUKaHCKKe,
KUTaCKme

Enercon, Nordex,

Orano etc. Vestas
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Hanuyune pecypcos

,D,OJ'II'OCpOLIHbIe rlemequle NCTOYHUKHA [obbiua
MepepaboTka: HedTb, ras, ypaH
JlocTaBKa [0 TOUYEeK Mpon3BOACTBa [ @a30nposoas
Mopckue nopTbl
TexHonornm MponssoacTso
YnpaBneHue
["azonpoBoabl
nekTpoceTtu
KpaTKocpouHble  BanaHc crnipoca u npeanoxexuns [IBEpCUDIKALIMA UCTOUHVKOB
(HageXxHoCTb)

Pe3epsbl

«KoKTennb» NOCTaBLMKOB

HakonneHusa

OxwupatoLme pesepsbl
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3-1 aHepreTnyeckun naket, 2009

PedbopmunpoBaHume
BEPTUKA/IbHO-
PerynaTtopsl CuctemHble onepaTopsbl
MHTErPMPOBAHHbIX
KOMMNaHUM
e AreHTCTBO KOoonepaLuuu e European Network of e OnepaTop C pasgeneHmem

JHepreTUYeCcKnx Transmission System cobcTBEHHOCTH
perynatopos (European Operators for Electricity e He3aBUCMMBIN CUCTEMHbIM
Agency for the Cooperation (ENTSO-E) onepaTtop
OfEnergy Regulators e European Network of e He3zasucumbin onepaTop

(ACER)) Transmission System nepeaaum
Operators for Gas
(ENTSOG)

19



Pa3sutune ceteun

IO UL

?

<Z50hertz

GRID DEVELOPMENT PLAN '\
2023

"”h Optimisation of existing routes

& New AC lines: 3,400 km
Reinforcement of AC lines: 1,000 km
- Conversion to DC circuit: 300 km

Grid expansion in new routes

New routes: 1,700 km
4 DC corridors
- transmission capacity: 12 GW
- construction of

new DC routes: 2,100 km

Investment volume:
approx. 21 billion €
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Hanuyune pecypcos

[lonrocpoyHble

[MepBUYHbIE UCTOYHUKMN
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HakonneHusa
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3apgava 3HeprocucTeMsbI - Bceraa
BblpaBHMBATb CMPOC U NPON3BOACTBO
9NEeKTPO3HEPrun

: Verbrauch / L" \ Prnduktion/

‘\Io‘f

Dampfung durch in Generatoren und Motoren gespeicherte Energie

Axel Griineberg - Tennet



Kak paboTtaeT aHeprocucrema c
6onbluon gonen BU3S (n cyuwiecTByeT nu
«ba3oBas reHepauusa»)?

Nanusa, Energinet, 4/9/2021




Pa3Hnua mexay cnpocom 1 reHepaumen
Ha B3O nokpbiBaeTca MaHEBPEHHOM
reHepaunen

Nanusa, Energinet, 4/9/2021
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Ecnu 661 BMecTo BAD pabotana AJSC,
Npon3BoadALLasl POBHO CTOJIbKO Xe
dHepruun, ckonobko BNO ...

Nanusa, Energinet, 4/9/2021
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.. TO NOTPeBbHOCTN B perynmpoBaHnmn ons
obounx cnyyaes 6biIK 661 MPUMEPHO
OVHAKOBbI

Nanusa, Energinet, 4/9/2021
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LleHbl

[lnBepcudurKaLMA Ha Karkaom 3Tane NPon3BOACTBA U pacnpeseneHuns

SHEepPrnum, KOHTPOAb Hajd HaIMYMEM KOHKYPEHTHOM cpeapbl

e JHepreTnyeckaa XapTuA

e 3-/1 SHEPreTUYeCcKmni nakeT

e AHTUMOHOMNO/IbHOE 3aKOHO4ATEeNbCTBO
e [1paBunna pbiHKa

e CeTeBble KOAEKChI

ObecneyeHune n3bbiTKa NPeaNoKeHMA, B TOM YNCE Yepes

rocnoanepxKky

* [lpAamble gotaumn ana BN

* Pa3BUTUE CETEN U HOBbIX PbIHKOB A5 UMMIEMEHTAUMKN 60bLLIOro 06bema
BO30OHOBNAEMOM SHEPTrETUKN
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EXHOJ10I'nH

Selected renewable energy generation technologies are cost-competitive with conventional generation technologies under certain circumstances

Solar PV-Roofiop Residential $147 _ $221

Solar PV-Community

Solar PV~Cry stalline Uity Scale "

Renewable

Sergy Solar PV-Thin Film Utilty Scale ™

Solar Thermal Tower with
Storage

Geothermal

Wind

Gas Peaking®™

Nuclear ¥
Conventional
Coal®®
Gas Combined Cycle ¥ & 51299
§0 $25 $50 $75 $100 $125 $150 $175 $200 $225 $250 $275

Levelized Cost ($/MWh)

Sowrce Larard asbmles
Nots Here and throug hout thes prasentation. Unless otharmsa Indic
sensifivites These resulls are not imended to represent any
(1) Unless oherwise |

2. the analyes assumes 800 dabit & B% interest rate and 40% equity at 12%
y parficuar geography Please see page Sthed *Solar PV versus Gas Peaking and
sled harain, the low case represants a sing le-®is racking system and the high case reprecants a fed-tiit system

cost Please see page ttled “Lewelized Cost of Energy Comparison—Sensitivty to Cost of Capital® for cost of captal
Wind versus CCGT--Global Markeets”™ for regional sensitivities 1o selected technologies

(2) Represents the estimated implied midpont of he LCOE of offshore wend, assurmsng a capitad cost range of approsmately $2 500 - £3 600N

(3 The fusl cost assumplion for Liccard's globel, unsubsidized anafysis for gas-fired ganeration resources is 33 45MMBTU

(4) Jriess otharwise incicated. the analyss heroen doas not reflect decommissionng costs, ongomng mantenance-rofated capital ependitures or e poterdal economic impacts of fedaral loan guarantess or other subsides

(S) Represents the midpaint of the marginal cost of operating Rlly depreciated gas combined cycle, coaf and nuclear facilibes, inclusive of deconmissioning costs for nuclesr facilities Analysis assumes that the salage value for a decommssioned gas combined

Cycla or coal asset 15 aqunalent 10 IS JecoMMESIONING &nd SIt6 resiorson COSIS INELRS &Ne 0erived from @ ban
Basod on uppor- and |ower axtile estimates derived from Lazard' s reses
(8) High end incorporales 90% carbon capture and storage. Does not inciuoe cost and siorage
ts the LCOE of the observed high case gas combaned cycle inputs using 3 1of ‘Blue” hydrogen. (1 8. hydrogen produced from a steam-mathane reformer. using natural gas a5 @ feedsiock and sequestering the resuting CO; i & nearty saline
are assumed bayond a 2% adjustment to the plant's heat rate. The corresponding fuel cost is $5 20MMBTU, assuming §1.39%g for Biue hykogen
8 Represents the LCOE of the obteaned high case gas combingd cycle inputs using & 20°% blend of “Green’ hydrogen, (| 8., iydrogen produced from an slectrolyzer powerad by 3 mixof wind and solar generation and stored in @ nearby salt cavern), No plant
modifications are assumed beyond a 2% adusimant (o the plant's heat rale The corresponding fued cost is $10 06MMBTU . assuming $4 15%g for Green hydragen

chmark of oparaiing gas combingd cycla, coal and nucleer assats across tha U.S. Cs factors. fusl, varable and foid oparating &Qanses ae
Ploase soe page Stled “Lowlized Cost of Energy Comparison—Renewable Energy versus Marginal Cost of Selected Exising Comantional Generation” for addtional details

UcmoyHuk: lazard.com




eHa: reHepauua unm cetun?

If Europe stopped investing With an expanded
in the grid after 2025 grid after 2025
Today's power system

35 GW of cross-border capacity increases With 50 GW of capacity increase after 2025
in constructio 20: >
representing a cost of 1.3 bn € per yeat

: ! ! 1
o b ety . A~ 3 (€1 A~ @ (€ ]
49 591 51 28 630 48
TWh/year Mton/year  bn €/year TWh/year Mton/year  bn €/year

¥ of capacity increase after 2025 2
: genecation cotd

1.3bn € per year

- [ ¢ | i (€ ]
591 51 28 63 48
Mton/year  bn €/year TWh/year  Mton/year  bn €/year

curtaled enrgy s OAMNLLONS penetation cos? curtaiird emergy J; M

With 93 GW of capacity increase aller 2025,
representing a cost of 3.4 bn € per year

wiith 93 GW of capacity increase after 2025,
representing a cost of 3.4 bn € per year

65 39 55

el ! -

Mlo?/:ul bn €/year Twhzxear Mton/year  bn €/year 2048 . /l\ . :

S ' : SR 244 446 65 134 N 55
TWh/year Mton/year  bn €/year TWh/year Mton/year  bn €/year

P a A - a [
4
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Ka3axcTaH

DNIeKTPO3HepPreTuKa



[lepBUYHbIE MCTOYHUKK SHEPTMK B Ka3zaxcTaHe
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UcmoyHuK: stat.gov.kz

3/IEHTPO3HEPIMA
B GHOTONAMED/ OTXO4bI
M COMHeYHaA IHEePTUA
N rugpo
M raz NnpMpoaHbIiA
B HedTb 1 HedTenpoayKTbI

M yronb

31



EOC KasaxcraHa

KapTta-cxema EE-)C KasaxcraHa no 2025 ropa

Sagd])

PoccuAa

......

ﬁﬁﬁﬁ

Y3BEEKUCTAH

KbPTBIBCTAH

} TYRPKMEHUCTAH
e~

KEGOC

KasaxcTaH:

* MHoro reHepaummn Ha cesepe
* Cnpoc pacTeT Ha tore
 [ona yrna 6onee 70%

Yto penatb? Moryt am BUD
nokpbIiTb BECb 6yaywun cnpoc
Ha 3/IEKTPO3HEPIUID?



Hanuyune pecypcos

LonrocpoyHble  MepBUYHbIE UCTOYHUKM [o6biua
MNMepepaboTka: HedTb, ras, ypaH
JlocTaBKa [0 TOYEeK MPOn3BOACTBa [ a30npoBoas
Mopckune nopThl
TexHonorum Mpon3soacTeo
YnpaBneHue
JlocTaBKa [0 ToUeK notpebnerHna  asonposoas
AnekTpoceTn
KpaTKoCpoYHble  BanaHc cnpoca 1 NpeanoXeHus [IBEpCUUKALIA NCTOUHNKOB
(HageXxHocTb)

«KoKTennb» nocTtaBLLMKOB

HakonneHusa

Oxupatowme pesepsbl
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HapexHocTtb BUD

Mpumep:
50 ctaHumn mowHocTbio 100 MBT ¢ paBHOMEPHbIM
HopmanbHoe pacnpegeneHue pacnpegeneHuem Bbl4aBaeMoi MOLLHOCTM

Ecaun BbINO/IHEHDI cheayroume ycnosua:

* Bce cTaHUUM MMEIOT PaBHYIO
MaKCMMaIbHYO MOLLHOCTb

* CraHuuu PacCrnonoXeHbl AaneKko Apyr oT 34.1% 34.1%
Apyra
TO B TAKOM C/Qly4ae CyMMapHaAa reHepauuna

MOLWHOCTU reHepaunn NMMeeT T.H. -816 -612 -408  -204 612 816

CTaHLUUN, MMEOLWMX CIYY4AUHbIN XapaKTep ~36¢ -20 -lo 1o 20 30
I 204 408
HOpMa/ibHOe pacnpeaeneHne BepoaTHOCTH \

Y
CTaHAapTHOE OTK/NIOHEHMWe Pesepser 2200 MBT

¢ CI'IyLIal‘/JIHaﬂ BE/INYUNHA XaPaAKTEPUN3YETCA 1 0682689492137
cpeaHUM 3HAYEHUEM U CTaHOAPTHbLIM
OTKNOHeHuemM. CTaHAAPTHOE OTK/IOHEHME
XapaKTepu3yeT BEPOATHOCTb OTKNOHEHMUA
C/Iy4aMHOW BENIMYUHbLI OT CpeaHero
3HaYeHuA,

0,954499736104
0,997300203937

| L3 M

0,999936657516



EOC KasaxcraHa

KapTta-cxema EE-)C KasaxcraHa no 2025 ropa

PoccuAa
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Y3BEKUCTAH

KbPTbIBCTAH

TYPKMEHUCTAH.

.
KEGOC

KasaxcraH:

* Passutne BU3 Ha tore
CHU3NUT
TepputopuanbHble
ancnponopumnmn

* CHuXKeHue gonu yrna
BeAeT HAC K yrnepoaHoun
HENTPaSIbHOCTU

* BW3 - camana HepgoporaAa
Ha CerofHA aHeprma Ha
PbIHKE



KomMneHcaLuusa HoYHOro nposana
COJTHEYHOUN reHepaLunn
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Hanus, Energinet, 4/9/2021
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— C1POC CoNHue B3

HouyHOWM npoBan conHe4YyHOM reHepauum B LEe/10M COBMNAAAET C HOYHbIM
npoBasiom notpebneHuna. Heobxoanmo NPOCTO OrpaHNUYNBaTL AO/IO
COJIHEYHOM reHepaLnm NPONoPLUNOHAIbHO HOYHOMY NPOBany.
YTO KacaeTcA yTpeHHero 1 Be4yepHero NMKoOB CNpoca Ha
91eKTPOIHEPrno — TO 3TO AABHO U3BECTHAA IHEepProcncTemMam 3agavda.
OHa pewaeTcs 06bl4HO co3aaHnem AC ¢ BoaoxpaHUAMLLaAMM
CYTOYHOIO PEryJIMpoBaHUA AU TMAPOAKKYMYINPYIOLWLNX CTaHUMN
(FASC). B nocnegHee Bpemsa K HUM Ao06aBUINCL KPyMHble
AKKYMYNATOPHbIE XpaHUANLLA.

Kpome Toro, B CyTO4HOM perynmMpoBaHMn 3a4eMCTBOBAHbI
MaHeBpEeHHble rasoBble CTaHLUUMN.

AC cyTouHOro perynmpoBaHua

B HalLeM peruoHe
MoWwHaKkckasa C — 300 MBT
TokTorynbckaa NC — 1200 MBT

byxTtapmuHckaa 9C — 675 MsT
bpatckaa IC —4500 MBT

lNpoekTupyembie

Kanyaraickas AC (nocne
CTPOUTENbCTBA
KOHTpperynstopa) — 300 MBT

LUynb6uHckaa NC (nocne
CTPOMTENbCTBA
KOHTpperynsaTopa) — 700 MBT



3SMMHNN NpoBan CoNHeYHoON reHepaunm

CHUXXeHue nHconAaunn B smmHee spemsa gocturaet 75%. [oatomy
nona C3C B aHeprobanaHce Aon*KHa b6bITb OrpaHnyeHa. Ho oHa u
TaK orpaHuU4eHa 13-3a HOYHOro nposana.

B 3MuMHMIN Nnepuoa BpeMeHM 3HAaUYMUTEIbHO BbipacTaeT
npon3BoAcTBo Tenaa (B AamaTtbl — B WecTb pa3). [loaTomy Ha Bcex
TOU (KoreHepauua Tenaa U 3NEKTPO3HEPTNM) PACTET NPOU3BOACTBO
3/1eKTPO3HEPTIUn

3amelleHune BbiNagatoLLEeN COTHEYHOM reHepaUmnmn Ha reHepauuto
T3l — cyeTHana 3apga4va. He gonkHbl ctpoutca TIL, 6e3
KoreHepauunmn tensa n anektTposHeprmn. B EC no atomy nosoay
NPUHATA cneunanbHaa ANPEKTUBA

https://energy.ec.europa.eu/topics/energy-efficiency/cogeneration-heat-and-
power en#:~:text=With%20the%20Energy%20Efficiency%20Directive%2C%20EU%20countries%20ar
e%20required%20to,proved%20with%20guarantees%200f%20origin.
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MaHeBpeHHaa reHepauua n

TennocHabXxeHue

MaHeBpeHHanA reHepauma 06a3aHa
KOMMEeHCMPOBaTb BONATU/IbHOCTb KaK
notpebneHun, Tak U reHepauum

¢ [3C, Hakonutenu (batapen, TA3C, MpaBUTALMOHHbIE
1 npou.), FNa3oBble cTaHUUKU

lFa3oBble cTaHUUKU BMecCTe C I'EHeanMeﬁ
ANNEKTPO3HEpPrmn Mmoryrt obecneuuntb
TennocHab)keHue B ropogax, sameilan
yrosibHblie CTaHUUu

e EC ANPEKTMBHO 3anpeTua CTPOUTENLCTBO ra3oBbixX
cTaHumn BE3 KoreHepauuu.

e TypkectaHckaa TILU, 3annaHnpoBaHa MOLHOCTbIO
900 MBT 6e3 coOTBETCTBYIOLLEN KOreHepaLUuu.
TakKe He UMeeT KoreHepaunmn NAaHUpPYoLWAnCca
AnmaTtuHcKana T3LU-3 mowHocTtbto 400 MBT

Takum obpasom, 6aurkaiee gecarunerme
pa3BUTUE SIHEPTreTUKU A0/1XKHO ONUPaTbCA Ha
BWU3 u rasosble cTaHUUU

Yenosnbie 0603HauCHNA:

(ACTAHA

KaszaxcmaH

CXEMA MAT'HCTPAJIBHBIX I'A30ITPOBOJOB PK

Poccus

h

Utorn 2022 r.

[Nobblya rasa
Mpon3BOACTBO TOBAPHOIO rasa
BHyTpeHHee noTpebneHue

JKcnopT

53,3 mapa. Kyb.m.
27,8 mnpa,. Ky6.m.
19,3 mapa. Kyb6.m.

4,6 mnpa. Ky6.m.




3eneHbin Boaopo.,

Negative prices on 24 March 2019
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Source: National Grid balancing reports

MNoTpebutensmm Bogopoaa CTaHyT

 ABTOMOOWAM HA TON/INBHbIX
3/1eMeHTax

* Mopckue cyqa

* Camonersl

B yacbl n36bITKa cCoNHUA M BeTpa
LLeHbl HQ SN1EKTPO3HEPIULo
CTAaHOBATCA OTPULLATE/IbHbIMM.
JTO NO3BOMIAAET CAeNaTb
Npou3BoOACTBO BOAOPOAA
3/1EKTPONN30M NPUOBbBINBbHBIM

,,,,, N Ol
(xucnopoa) __‘ TONAMBHBIA

1 anemenT

anekTponus *

H,0

®DW



Cnacmbo 3a BHMMaHue!

AceT Haypbi3baes, asset.nauryzbayev@gmail.com
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