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Abstract. The paper studies the greenhouse gas emission (GHG) development scenarios for the Repub-
lic of Azerbaijan in the XXI century. In this regard, the paper provides main definitions and characteris-
tics of some emission development scenarios and finds out the necessary economic and environmental
conditions, circumstances for the best scenario when the country achieves a net-zero emission level, i.e.
decarbonization scenario. Moreover, it analyzes a role and importance of low emission development
pathways in the environmental security of country and the whole South Caucasus region, as a key ele-
ment of the green economy transition.
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XXI century witnesses unprecedented global change in search of affordable and scalable solutions
to reduce the dependency on fossil fuels bearing the serious consequences for the environment and
climate. Actually, all oil-rich economies are coming under pressure to reduce the carbon footprint in
oil-gas industry and other spheres of economy.

Observations of the recent decades have shown that as a result of global climatic changes in various
regions of the globe, both the scale and intensity storms, mudflows, blizzards, floods, as well as
warm winds, hurricanes, and precipitation are increasing. This is evidenced only by large-scale for-
est fires in 2021-2022 in Turkey, Greece, Spain, Russia, USA, EU and other countries, as well as
heavy rains and floods in Pakistan, eastern Turkey and European countries etc. It is no coincidence
that the preliminary report released on August 9, 2021 (prepared by the First Working Group of the
IPCC) as part of the work on the preparation of the 6th Assessment Report (AR6) by the Intergov-
ernmental Panel on Climate Change (IPCC) emphasized that in XXI century, the average annual
temperature in the world could rise by at least 3° C, if states do not take concerted action to reduce
emissions. It is clear from this report that if the international community does not take serious and
effective measures to reduce greenhouse gas emissions, humanity will move from a temperature rise
of 4°C to 5°C, which could result in an apocalypse ([26]).

Moreover, according to the paragraph 19 of the Article 4 of the Paris Agreement, Parties should
strive to formulate and communicate long-term low greenhouse gas emission development strate-
gies (LT-LEDS). Taking into consideration this norm, Parties are invited to communicate these
strategies to the Secretariat of UNFCCC by 2020, according to the clause 35 of the decision 1/CP
21 of UNFCCC ([24]).

Another important article of the Paris Agreement is Article 13 establishing an Enhanced Trans-
parency Framework (ETF) designed to build trust and confidence that all countries are contrib-
uting their share to the global efforts. In fact, the Katowice Conference of Parties of UNFCCC
(COP24) that was held in 2018, outlined a new framework for all countries by adopting a detailed
set of modalities, procedures and guidelines (MPGs) that make it operational.

In the South Caucasus region, Azerbaijan is particularly vulnerable to climate change impacts. Ac-
cording to weekly drought monitoring data received from NASA from GRACE satellites, the coun-
try has been exposed to a sharp drought both in terms of underground water and terrestrial humidi-
ty. Moreover, according to the report of UNDP containing climate change impacts projection, as a
result of the drought caused by the climate change for the period 2021-2050, water supply of the
country will decrease by 23% ([18]).

As it mentioned above, the actual paper contains some results of the monograph “Low emission de-
velopment outlook and its role in the environmental security system of the Republic of Azerbaijan”
of the author ([14]), studying the greenhouse gas (GHG) emission development pathways, i.e. sce-
narios (projections) in Azerbaijan for the next decades, taking into account the current NDC goals,
on the base qualitative analyses, using of the special LEAP (Low Emissions Analysis Platform)
modelling technique ([34]) for evaluation of emission reduction effects of the relevant mitigation
policies and measures. Each scenario is based on corresponding to mitigation policies, measures, as
well as assumptions in the relevant sectors (corresponding to the 2006 IPCC Guidelines ([23])) of
reaching net-zero emission target. Moreover, there will be analyzed the mentioned scenarios in
terms of their role in the environmental security of the country.

In order to provide comparative analysis of all these GHG emissions development options there will
be presented three GHG emission development scenarios, namely — Business as Usual (BAU) Sce-
nario, Realistic Low Emission Development Scenario (RLEDS) and Best Low Emission De-
velopment Scenario (BLEDS). Let’s bring some definitions of these development scenarios:



Business as Usual (BAU) Scenario is a projection of the level of GHG emissions that would
result if future development trends follow those of the past and no change in climate change
mitigation policies and measures take place. The scenario assumes that there are no climate
change strategies, policies and measures being or to be implemented since 2021, no relevant
green transition changes in technology, economics etc. Business as Usual (BAU) Scenario is
used later on as benchmark for another scenarios here below and separate mitigation policies
and measures for qualitative assessment of their GHG reduction potential and effects. Here be-
low in the paper, in order to evaluate the GHG emissions reduction of mitigation actions or their
overall total effects within the Realistic Low Emission Development Scenario (RLEDS) or
within the Best Low Emission Development Scenario (RLEDS) we’ll provide a comparative
analysis of each mitigation action vis-a-vis the BAU Scenario on the base of LEAP calcula-
tions. Hence the BAU Scenario plays a benchmark in our modelling analysis and it’s elaborated
on the base of the official statistical and other available data for the past years till the first sce-
nario year — 2021. That’s why for the years following the first scenario years, BAU Scenario
corresponds to the development under the existing conditions, but without implementing any
mitigation policies and measures.

Realistic Low Emission Development Scenario (RLEDS) is a projection of the level of GHG
emissions in some separate sector or totally for all sectors (depending on assumptions in place), tak-
ing into account all mitigation policies and measures (sectoral or total) that have been formally (i.e.
legally) adopted (with finance allocation) and still having mitigation effect or being implemented
(it’s WM scenario in terms of definitions given in many sources related to the 2006
IPCC Guidelines ([35])) by 2021 (as a first scenario year), as well as those which have not yet been
formally adopted (without finance allocation) but have been agreed to be implemented in order to
comply with the country reduction commitments (it’s WAM scenario in terms of definitions given
in many sources related to the 2006 IPCC Guidelines). As it’s seen from the definition, RLEDS in
some sectors or in all sectors comprises both “with measures” (WM) and “with additional measure”
(WAM) scenarios corresponding the relevant policies and measures. Here’s the LEAP projection of
this scenario taking into account national circumstances and implemented mitigation actions which
are described in detail in the above-mentioned monograph ([14]).

Best Low Emission Development Scenario (BLEDS) is a projection of the level of GHG emis-
sions in some separate sector or totally in all sectors that takes into consideration all mitigation poli-
cies and measures of the RLEDS by 2021 (as a first scenario year), that is added with additional as-
sumptions in order to reach net-zero emission level by some year in the future. In fact, the scenario
is based on the necessary conditions and assumptions of reaching net-zero emission level in the fu-
ture. This scenario in some sectors or totally for all sectors (depending on assumptions in place)
should be considered the most needed and important pathway for each country in light of the Paris
Agreement and above-mentioned Conference of Parties decisions.

Best Low Emission Development (BLED) Scenario includes all the mitigation policies and
measures of the Realistic Low Emissions Development Scenario (RLEDS). Besides them, it com-
prises additional assumptions in each sector (Energy, IPPU, Agriculture, LULUCF, Waste Man-
agement ([23])). For example, the GHG reduction assumptions only in the Energy sector within the
BLED Scenario are following:

- Annual oil production reduction by 1% beginning from 2021 within the global trend on re-
duction of oil production;

- Annual wood consumptions decrease by 3% in the Commercial and Public sectors of the
country beginning from 2021;



- Natural gas production reduction by 1% beginning from 2021
- Natural gas leakages reduction up to 1% by 2050;
- Annual gas consumption decrease by 1% in the Household since 2021;

- Annual decrease of motor gasoline consumption by 1% in the Household, Agriculture (For-
estry, fishing) since 2021;

- Annual decrease by 5% of the thermal energy production and its gradually substitution by
renewable energy production according to the relevant state programs;

- Enlargement of renewable energy sources (RES) capacity in the electricity production up to
5,5 GW by 2050

All these assumptions are quite feasible due to the overarching policies and measures of greening of
economy (expanding use and production of renewable energy sources (RES), green hydrogen pro-
duction, energy effectiveness measures, climate smart technologies etc.) incorporated to the men-
tioned five national priorities of the “Azerbaijan 2030: National Priorities for Socio-Economic
Development” document approved by the relevant Order of the President of the Republic of
Azerbaijan issued on February 2, 2021.

In order to measure the overall total effect of mitigation policies and measures within Best Low
Emission Development Scenario (RLEDS) in the Energy sector we’ll provide comparative
analysis of the GHG emissions reduction generated during the BLEDS and the BAU Scenario via
LEAP modelling. For this purpose, all the above-mentioned assumptions and measures have been
analyzed and modelled in LEAP and included to BLED Scenario:
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The table corresponding to the mentioned Graph is following:

GHG 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032
Cco2 16.7 | 16.3 | 152 | 141 | 13.1 | 11.8 | 10.5 9.3 8.1 7.0 5.2 4.3
CH4 33.8 | 325 | 31.0 | 295 | 281 | 245 | 210 | 17.7 | 146 | 11.7 | 115 | 114
N20 2.0 2.0 1.9 1.8 1.8 1.7 1.6 1.6 1.5 14 14 1.5
Co2

eq. 1.8 1.8 1.8 1.8 1.9 1.9 1.9 1.9 2.0 2.0 2.0 2.0
TOTAL | 543 | 52.5 | 49.9 | 473 | 44.7 | 398 | 35.1 | 30.5 | 26.1 | 22.0 | 20.1 | 19.2
GHG [2033| 2034 | 2035 | 2036 | 2037 | 2038 | 2039 | 2040 | 2041 | 2042 | 2043 | 2044 | 2045
CcOo2 35| 28 | 21 15 0.9 03 |-03|-08]-13 -1.8 | -2.2 -2.6 -3.0
CH4 |113)11.2 |11.1 |11.1 |11.0 109 |10.8 | 10.8 |10.7 |10.6 |10.6 10.5 104
N20O 15| 15 | 16 1.6 1.6 16 | 1.7 1.7 | 1.7 1.8 | 1.8 1.8 1.9
CO2

eq. 20| 21 | 21 2.1 2.1 22 | 22 | 22| 22 22 | 23 2.3 2.3
TOTAL |18.3|17.6 169 |16.2 |15.6 |15.0 |14.4 |13.9|13.3 |12.8 (124 |12.0 |11.6
GHG | 2046 | 2047 | 2048 | 2049 | 2050 | 2051 | 2052 | 2053 | 2054 | 2055 | 2056 {2057 | 2058
CO2 3.4 -3.8 41 | 44 -46 | -5.0 | -5.3 |-5.6 -59 |-6.1 -6.4 |-6.7|-7.0
CH4 |10.4 |10.3 10.2 |10.2 |10.1 |10.0 [10.0 | 9.9 9.8 |97 9.6 9.6 | 9.5
N20O | 1.9 1.9 1.9 2.0 2.0 20 | 20 | 20 20 |20 2.0 20| 20
COo2

eg. 2.3 2.4 24 | 2.4 2.4 2.5 25 |25 2.6 2.6 2.6 26 | 2.7
TOTAL|11.2 |10.8 10.5 (10.2 9.9 96 | 9.2 | 8.8 85 | 8.1 7.8 75 | 7.2
GHG | 2059 | 2060 | 2061 (2062 | 2063 | 2064 | 2065 | 2066 | 2067 | 2068 | 2069 |2070| 2071
co2 (-7.2 |-75 |-7.7 |-79 |-82 |-84 |-86 |-88 |-9.0 |-9.2 |-94 |-9.6 |-9.8
CH4 |94 |93 9.3 9.2 | 91 9.0 9.0 89 | 8.8 8.8 8.7 8.6 | 8.6
N20O | 2.0 | 2.0 1.9 19 | 19 1.9 1.9 19 | 1.9 1.9 1.9 19 | 1.9
COo2

eg. 2.7 | 2.7 2.8 2.8 | 2.8 2.9 2.9 29 | 3.0 3.0 3.0 3.1 | 31
TOTAL | 6.9 | 6.6 6.3 6.0 | 5.7 5.5 5.2 5.0 | 4.7 4.5 4.3 4.1 | 3.8

GHG 2072 | 2073 | 2074 | 2075 | 2076 | 2077 | 2078 | 2079 | 2080 | 2081

CcOo2 | -9.9 -10.1 | -10.2 | -104 | -105 | -10.7 | -10.8 | -109 | -11.1 | -11.4

CH4 8.5 8.4 8.4 8.3 8.3 8.2 8.1 8.1 8.0 6.0

N20 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9

Cco2

eg. 3.2 3.2 3.2 3.3 3.3 3.4 3.4 3.4 3.5 3.5
TOTAL | 3.6 3.5 3.3 3.1 2.9 2.8 2.6 2.5 23 0.0

(million tons of CO2 equivalent)



As it’s seen from the last table corresponding to the Graph, i.e. the projection of the BLEDS, within
this scenario GHG emissions reaches net zero emission level in 2081, i.e. all emissions by sources
and removals by sinks become equal. For each country it’s extremely important to have a GHG
pathway bringing the country to the carbon neutrality. By the way, according to the relevant meth-
odology of calculation of total effects of above-mentioned mitigation policies, measures, as well as
assumptions within this pathway, the year of net zero emissions could be earlier or later than 2081,
depending on the relevant assumptions that could be strengthened or weakened dictated by the na-
tional circumstances of the socio-economic development.

Moreover, within the BLEDS pathway Azerbaijan could successfully reduce its emissions even up to
86% level by 2050 compared to the 1990 emissions, that is much more under the 2050s goal of 40%
reduction of emissions. “40% reduction” goal by 2050 has been included to the NDC2 of the country.
New NDC3 with more ambitious targets than in the previous NDCs will be also submitted to the Secre-
tariat of UNFCCC before COP29 that is going to be held in Baku on 11.11.-12.11.24.

As it’s indicated in the BLED Scenario assumptions, one of the efffective mitigation measures in
terms of GHG emissions reduction is enlargement of the share of RES in the total energy
production. In this regard, a huge contribution could be done by the relevant activities in the
liberated territories (Karabakh and Eastern Zangazur region), i.e. within “green” energy zone
project. These territories of Azerbaijan have the proven potential of 7200 megawatts (7.2 gw) of
solar energy and 2000 megawatts of wind energy. It proves that only solar energy potential is
approximately equal to the actual overall electricity production capacity of the country. The relevant
Decree of the President of Azerbaijan approved the order on "measures to establish a green energy
zone in these territories of the Republic of Azerbaijan” ([37]). Moreover, it should be noted that 25
percent of the country's water resources are located in the mentioned regions, which means 2.47-
2.56 billion cubic meters (or cubic km) of reserves per year. In this regard, Tartar, Bazarchay,
Hakari rivers and their tributaries, as the most abundant rivers, have a great potential for the
construction of network of hydropower plants.

Taking into account the mentioned capacities and circumstances, in recent years, strategically im-
portant steps have been taken up with some international energy companies for generation of large-
scale production capacities of renewable energy in Azerbaijan and green energy export. As a result,
the country is expected to become an important and reliable partner for EU and other regions, supply-
ing green energy on the base of renewable energy resources and hydrogen. All these steps enable
promotion of green energy transmission from the South Caucasus region to EU counties that was re-
flected in the “Agreement on a strategic partnership in the field of green energy development and
transmission between the Governments of the Republic of Azerbaijan, Georgia, Romania and Hun-
gary” which was signed on 17.12.22 in Bucharest ([38]). The agreement focuses mainly to integrate
a growing share of RES, stronger electricity interconnections between Romania, Georgia, and
Azerbaijan, i.e. electric cable will connect countries on both sides of the Black Sea and further to-
wards the Caspian Sea region and will help reinforce regional cooperation of countries, provide en-
vironmental, energy security issues of all parts of agreement, by bringing electricity from renewable
sources to the European Union via Romania and through Hungary.

29 n

These kind of projects aiming establishment of “green zones”, "net zero emission zones”,
“green corridors” of renewable energy production and transportation in the region will undoubtedly
push development of the regional RES market, entail upscaling of regional cooperation.
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MEJKIYHAPOJIHBII CEMUHAP
«COTPYJITHUYECTBO B OBJIACTU DHEPTETUKH
1 TEKAPEOHU3AIINS B IIEHTPAJILHO A3AN»

16-17 mas 2024

VJIK 620.9
A.T. Mup3saees,
KaHOuoam mexHu4ecKux Hayk, OOYeHm,
enaeuwlil oucnemuyep Koopounayuonnozo
oucnemuepcKozo yenmpa « SHepeusi»

COTPYJHHUYECTBO YHEPITOCUCTEM B PAMKAX OB BEJMHEHHOM
SHEPTOCHUCTEMBI HEHTPAJIBHOM A3

AHHoOTanus. B cratbe paccMaTpuBarOTCs COBpeMEHHOE cocTosiHne OObeANHEHHOW 3HeprocucteMsl LleH-
TpanbHON Asum (OOC L[A), a Tak’ke OCHOBHBIC HANPABIEHUS COTPYIHHYECTBA MEXKIY dHEPrOCHUCTEMaMHU.
BrImmoHEeH KpaTKHUid aHAIH3 110 MHTETPAIMH BO30OHOBISIEMBIX HCTOYHHKOB dHeprun (BUD) B aHeprocucre-
Max pervoHa M 3aJa4yd 10 OOECHEYEHHIO YCTOHYMBOCTH PabOTHl 3HeprocucreM. llpuBeneHbl akTyajabHbBIE
BONPOCHI, TpeOyIIre pelieHus B CBsI3U ¢ MacTaOHOi nHTerpanueii BUD n mnanupyemMbIM BBOJIOM PBIHKA
3JIEKTPUYECKON SHEPruU B sHEprocucreMax L{eHTpanbHOi A3uu B paMKax B3aHMHOIO COTPYJHUYECTBA.

KioueBbie cioBa: OObenuHeHHas >HeprocucreMa LleHTpanbHOM A3WM, COTPYJHHYECTBO, MHTETPALUS,
BO300HOBIISIEMbIE HCTOYHUKH SHEPTUH.

A.T. Mirzaev,
Candidate of Technical Sciences, Associate Professor
Chief Dispatcher of the Coordination Dispatch Center "Energia”

COOPERATION OF ENERGY SYSTEMS WITHIN THE FRAMEWORK
OF THE UNITED ENERGY SYSTEM OF CENTRAL ASIA

Abstract. The article discusses the current state of the United Energy System of Central Asia (UES CA) and
the main directions of cooperation between energy systems. A brief analysis of the integration of renewable
energy sources (RES) into the region's energy systems and the associated tasks for ensuring the stability of
energy system operations has been conducted. Current issues requiring resolution due to the large-scale
integration of RES and the planned introduction of the electricity market in the energy systems of Central
Asia, within the framework of mutual cooperation, are presented.

Keywords: United Energy System of Central Asia, cooperation, integration, renewable energy sources.

OObenuneHHas sHepreTrdeckast cuctema Llentpansaoii Azun (O9C 11A) dhopmupoBanacs Ha Tep-
PUTOPHUH YETBIPEX TOCynapcTB — Y30ekucrtana, Tapkukucrana, TypkMmeHucraHa, Keipreiscrana u
MpUJIeTaoMKX K HUM 1sith obacTsax FOra Kaszaxcrana.

Coznanne OOC Cpenneit Azuu Havanock B 1960 roay, korja Ha napajielbHyl0 padoTy MO JTHHU-
M asekTporepenayd HanpsbkenueM 110 n 220 kB ObumM mOIKITIOYEHBI Y30€KCKasi SHEprocucrema,
sHeprocucreMsl fOra Keipreizcrana, Cesepa Tamkukucrana u lllsivkentckuii y3zen OxHoro Ka-
3axcraHa [1].
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Ha nepuon cozmanust O/1Y Cpenneit Azun B O0benHEHHYIO SHEeprocucteMy CpemHeit A3uu BXo-
JIAJTIA YEThIPE YHEPTOCUCTEMBI C YCTaHOBIEHHOW MomHOCThIO Ha 01.01.1961 r. — 1157 MBT, mak-
cuMmyMoM Harpysku 921 MBT, rogoBoii BeipaboTkoii 6,5 mupa kBT-4. OO0beqnHeHne SHEPrOCUCTEM
PE3KO MOBBICUIIO HAJIEKHOCTh U KaueCTBO DJIEKTPOCHA0KEHUS MOTpeOuTeNel, Jal0 BO3MOKHOCTD
palMOHAILHO MCIIOIb30BaTh FHIPO- ¥ TOIUTMBHBIC pecypcsl [1].

Kongurypamus O9C LlentpanbHoit A3un NpoekTUpoBaIach Kak eIuHOE 1iesoe, 0e3 yyeTa Haluo-
HaJbHBIX T'PAaHUI] COIO3HBIX PECIyONuK, U padoTana, Kak U MHOTHE Jpyrue 3HeprooObeAUMHEHHUS,
n3onrpoBaHHo oT ExuHoit sneprocuctemsr Coerckoro Coroza [1].

B texymux pexxumax B coctae OObeTMHEHHOM 3HeprocucTeMsl LIeHTpanbHON A3uu napaniensHo
pabotator sHeprocuctembl Kaszaxcrana, Keipreicrana m Y3b6ekucrana. Jueprocuctembl OOC
Hentpansuoit A3um u FOra Kazaxacrana uepe3 anexrpuueckue cetu EDC Kazaxcrana rtaxke
pabotaror mapaiensHo ¢ EDC Poccuiickoit deneparyn. DHEprocuCTeMbl B OCHOBHOM CBSI3aHBI
Mexy coboit JIDII nanpsoxkennem 220-500 xkB. C nexabps 2009 roga Tapkukckas SHEProcucTeMa
pabotaet nzonupoBanHo ot ODC llenrpanpHoii A3un. B HacTosiee Bpemsi HIET MPOIECC BOCCTa-
HOBJICHHSI TTapauIeIbHON pabOThl Ta[KUKCKOW HeprocucreMbl. CocTaBieH ceTeBOl rpaduk MoA-
kimtoueHust K OOC LleHTpanbHO# A3uM ¢ 3aBepIICHHEM padOT B HIOHE MECSIIe TeKYIIero roa.

OCHOBHBIMU HaIlpaBJICHUAMU COTPYAHHUYCCTBA MCIKAY OHCProCUCTCMaMU L[eHTpaanoﬁ Aznn B
JTAaHHBIN nepuon sABJIAIOTCA:

® TOPIOBJIS AJIEKTPUYECKON IHEPTUEH;
® Pa3BUTHE MEKIOCYJAaPCTBEHHBIX JJIEKTPUUYECKUX CETEM;
® COBMECTHOE CTPOUTENBCTBO JIEKTPUUECKUX CTAHIINN;

® TUIAHUPOBAHUE COBMCCTHOI'O pa3BUTHA DOHEPICTUIYCCKUX CUCTEM

Oneprocucremsl OOC LlentpanbHoil A3un 1 TypkMeHHCTaHA B MOCIEAHUE T'OJIbI AKTUBHO COTPY-
HUYAIOT B c(hepe TOProBIIM AIEKTPUUECKON dHEPrueH U Mo OKa3aHUIO0 CUCTEMHBIX yclyT. TypKMeH-
CKasl DHEProCUCTEMA IKCIIOPTUPYET SIEKTPUUECKYIO SHEPIHIO NMPAKTHYECKU KPYIJIBIMA T'OJl, HO TaK
Kak oHa He paboraer mapamienbHo ¢ OOC llenTpansHoil A3UH, YHEPTOCUCTEMA OCYIIECTBIISET T10-
CTaBKHU BblAeNIeHHbIMU reHeparopaMu Ha Mapsl ['DC u JIe6ad ['DC, noaxiitoueHHbIE K CETSIM SHEP-
rOCUCTEMBI Y30€KHcTaHa. DKCHOPT OCYILECTBIsAETCS B 3HeprocucteMbl Kbiproictana u Y30eku-
cra”a. [Ipu mocraBke 2JIEKTPUUECKON DHEPTUU 4YEPE3 IEKTPUUECKHE CETH TPEThUX CTpaH 3aKIIIO-
YaTCS TaKXKe JOTOBOPHI HA TPAH3UT AIEKTPOIHEPIHH, B YACTHOCTH IPU UMIOpTe U3 TypKMmeHH-
ctaHa KbIpreI3cTaH 3akil04aeT J0roBop Ha TPAH3UT ¢ Y30€KHUCTaHOM.

Kpome Toro, sHeprocucremsl Tajxuknuctana U Y30eknucTaHa B LEISX PAalMOHAIBLHOTO MCIOIb30-
BaHUS BOJAHO-PHEPIE€TUYECKUX PECYPCOB €XKETOIHO 3aKIII0YAIOT JOIOBOPHI HA IOCTABKH JIEKTpHYE-
CKOI1 sHepruu B jJeTHee Bpems u3 TamkukucraHa B Y30ekuctad. [Ipu 5ToM MUHUMU3HUPYIOTCS XO-
nocteie copockl Boabl Ha ['DC Tamxkukucrana, a B 3HeprocucreMe ¥Y30eKHCcTaHa CHIKAETCS Pacxojl
TOIIMBA, a TAK)KE IMPOBOJUTCS] PEMOHTHAs KaMITIaHUS Ha TEIUIOBBIX AJIEKTPOCTAHLIUAX. B mocnennee
BpeMsI B OCEHHE-3UMHHUU MEPHO] OCYLIECTBIISIOTCS MOCTaBKHU AJeKTpudeckoi sneprun u3 Kazax-
cTaHa U Y30ekucrana B KeIprei3ctan B 1ensix coxpaHeHUs o0bema BoAbl B TOKTOTIyJIbCKOM BOJO-
xpaamwmie. C 3Tod Ke 1eNbl0 B TeKYIIUHA OCEHHE-3UMHUHN Meproi ObUTH TaKXe MOCTaBKH JJICK-
TposHepruun u3 Poccuiickoit @enepanyu B KbIpreIl3cTan TpaH3UTOM Yepe3 CETH Ka3axCKOW AHEpro-
cucteMbl. Kpome Toro, sHeprocucreMbl Y30ekucraHa, TaKUKUCTaHa W TypKMEHHUCTaHa OCy-
LIECTBJISIFOT TOCTABKU AJIEKTPOIHEPTUHU B dHEprocucteMy AdraHucraHa.

O4eHb BaXXHBIM U YyBCTBUTEIBHBIM BOIIPOCOM B PETHOHE SIBJISETCS UCIOJIb30BaHUE BOJHBIX pe-
CYpCOB JUIsl UPPUTALlMK M BBIPAOOTKH 3JeKTpHueckoi sHepruu. [lopoii 3Tu nBe 3a1aun BXOAAT B
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MPOTUBOpPEUNe, TaK Kak eciu 3HeprocucteMmbl Koipreizctana u Tamkukuctana Boay B OOIBIINH -
CTBE UCHOJIB3YIOT JUUIsl BRIPAOOTKH 3JIEKTpUUECKOil 3Hepruu, B Y30ekucrane u Kazaxcrane, rae
npeobnanaeT TemIoBas TeHepalus, Boja B OONbIIEH YaCTHU UCIOIb3YeTCs AN OXJIaKICHHS Te-
HEpaTOPOB U IMOJMBA CEIbX03yroauil. B HacTosIee BpemMs B JaHHOM BOIPOCE HAMETUIIHNCH I10-
JOKUTENIbHBIE TEHACHIMHU, HalpaBJICHHbIE Ha PALMOHAIBHOE MCIOJIB30BAHHE BOJHO-
SHEPreTUYECKUX SHEPropecypcoB B paMKax COTPYJIHHYECTBA B OOJACTH COBMECTHOTO CTPOH-
TEJIbCTBA THAPOIEKTPUUECKUX CTAaHIUH.

Tak, Keipreizctan, Y36ekuctan u Kazaxctan nognucaid MEMOpPaHIyM O HaMEPEHHUHU MO MpPo-
ekTy cTtpoutenbcTBa Kambaparunckoit I'9C-1. Benércs pabora mo co3maHHI0O COBMECTHOTO
NpEeaNpUsTUs C yyacTueM cTOpoH. BengyTcs neperoBopsl Mexay TamKuKUCTaHOM U Y30eKu-
cTaHoM U Mexay TamxkukucraHoM u KazaxcTaHOM IO yCIOBHUSM IOCTABOK 3JIEKTPOIHEPTUU
¢ Porynckoit I'DC. Ilo nocnenneil nundpopmanuu y30ekckas U TaJUKMKCKas CTOpOHA MPULLIU
K COTJIAIIEHUIO MO TaHHOMY BOIIPOCY.

B nacrosimee Bpems Tamkukuctan v Y30€KUCTaH BEAYT COBMECTHYIO padOTy HaJl POEKTOM CTPO-
WUTEIBCTBA JIBYX THAPOAICKTPOCTaHIMKA oOmieit MontHocThio 320 MBT Ha peke 3apadman B Cor-
nurickor ob6nactu Pecny6imuku Tamkukuctan. B crpanax cozmano AO «TAY3 I'mupoy, 3aHnMaro-
1ieecs: yupaBJIeHUEM NPOEKTAMHU ISl ATUX LieJeH.

B pamkax KoopauHalMoHHOTo 3jeKTposHepreThdeckoro coera OObEIUHEHHOM SHEProCHUCTEMBI
LenTpanbHoil A3uu, YieHaMU KOTOPOro SBISIFOTCS CHCTEMHBIE ONepaTopbl HAlIMOHATIBHBIX YHEPTO-
cucreM, e HabmomareneM Takke ydactByeT AO «CO EDCy» Poccuiickoit denepariu, TpoBOAAT
COBMECTHYIO Pa0OTy MO OMPEACTICHUIO TIEPCIIEKTUB Pa3BUTHS HAITMOHAIBHBIX dHEprocucteM u OOC
LenTtpansHoit A3uu B ieoM. B pamkax takoro cotpyannuectsa B 2023 romy Oblia 3aBepiiieHa pas-
pabotka Konneniuu coBmecTHOro pazButus OObeauHeHHOW 3HeprocucteMbl LleHTpanbHOl A3un
(OBC HA) u Egunoii snepreruueckoii cuctemsl (EQC) Kazaxcrana. Konnenuus Opiia papaboTana
AJMaTUHCKUM YHHUBEPCUTETOM YHEPIETHKHU U CBSI3U COBMECTHO co cnermanuctamu KL « Queprus».
B nanHOi#l paboTte ObUTO MPOAHATU3UPOBAHO COBPEMEHHOE COCTOSIHHE YHEPrOCHUCTEM, BXOSAIINX B
ODC LA, onpeneneHsl y3Kkue MeCTa, MPETsITCTBYIONINE PA3BUTHIO TOPTOBJIH M 00ECTICYCHHUIO yCTOM-
YUBOCTH pabOTHI, PACCMOTPEHBI TUTAHBI PA3BUTHS HALIMOHATIBHBIX SHEPTOCUCTEM U BBIJIaHBI PEKOMEH-
JIAlUH [0 CTPYKTYPE TeHEpAIMU M Pa3BUTHIO ceTeld [2].

Onnum u3 BorpocoB coBMecTHOTO pa3BuTHst ODC LenTpanbHoil A3uu SBIISIETCS TAaK)KE PACCMOTPEHHE
BO3MOKHOCTH TMOJAKIIIOUEHUSI Ha MapaliesbHyto paboTy sHeprocucteMsl TypkmeHucTaHa. TypKkmeH-
CKasl PHEprocucTeMa B HacTosIIee BpeMs paboTaeT B MapajuiebHOM pekuMe ¢ MipaHom, a ¢ SHeprocu-
creMamu OOC LleHTpanbHOl A3UM — B «OCTPOBHOMY» PEKUME, C BBIICICHHBIMU I'€HEpaTopamu JUis
JKCHOpTa EKTprUUecKoi sHeprur. C y4eToM pa3BUTHS TOPTOBIIU AIEKTPUUECKON dHEpIrUeli ¢ 3Hepro-
cucreMamu OOC A TypkmeHucTaHy, Ha HaIll B3I, IesiecooOpa3Hee ObUTO OBl MepeTH Ha mapall-
nenbHyto padoty ¢ O9C LIA. Takas pabora ¢ O9C LIA no3BonuUT:

® JCIOJb30BaTh dHeprocucreMy TypKMEHHCTaHa Kak TPaH3UTHYIO M pacmuputh lleHTpanbHO-
A3WaTCKU pErMOH TOPTOBJIM AJIEKTPOIHEPTUEH, INIAaHUPYEeMbId K paciupenuto 10 FOxuol A3zun
(CASA-1000), mo 3anamnoii Asuu (Mpan, Typuus u npumbIkaromuye K HUM Apmenus u ['py3us);

® [IMPOKO MCTOJIb30BaTh 3(PPEKT 4acOBBIX MOSICOB BO BHYTPHUCYTOUHON TOPTOBJIE, & TAKKE CE30H-
HbIE B3aUMOOOMEHBI (3UMa-JIeTO) MEX/y pErHOHAMHU.

B nocnegnue roasr B sHeprocuctemax OOC llenTpansHoit A3un HapsIy C MOJEpHU3AIMEH U 00-
HOBJICHHEM TPaJAUIMOHHOTO T€HEPHUPYIOIIET0 000pYyI0BAaHUS C BBOJIOM BHICOKOA((EKTUBHBIX Ma-
pOTa30BBIX YCTAHOBOK U MOJEPHU3ALUEN THIPOTEHEPUPYIOIINX YCTAHOBOK HUIET MPOLIECC UHTETrpa-
MU B SHEPTOCUCTEMBI PETHOHA BO30OHOBIISIEMBIX HCTOYHUKOB SHEPTUU. B OCHOBHOM B 3KCILTyaTa-
IIUIO BBOJISITCS] COTHEUHBIC (DOTOIICKTPUUSCKUE CTAHIIMH U BETPOBBIC AJICKTPOCTAHITHH.

B sneprocucreme Kazaxcrana yxe ¢ynkuunonupyet (2023 r.) nmopsinka 2600 MBt BUD, u3 Hux
1202,6 ®35C u 1394,6 MBt BOC. MunucrepcTBO 3HEepreTuku anoncupyet Beog A0 2030 roaa mo-
psaaka 16 I'Bt renepanuun Ha ocHoBe BU1O.
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B V306ekucrane B Hacrosimee Bpems (2023 r.) paboraror DOC o0meld  MOIIHOCTBIO
1520 MBt u BOC 100 MBT. IIpu stom mnanupyercst BHeapenue 1o 2030 r. 8,64 I'Br ®3C un
17 I'Bt BOC, a Takke cUCTEMBI XpaHEHHUS SHEPTUU MOIIHOCThIO HAa 7 [' BT 4.

B sueprocuctemy Keoipreicrana miuaHupyercst B TedeHue 2-3 seT BHeApuTh BMD MolHOCTBIO
3-4 I'Br.

B Tamxuxucrane B 2024 roxy oxunaercsa BBoa AByx @IC obuiei mourHocThio 60 MBT.

MacmrabHoe BHeapenue BUD ¢ mepeMeHUnBBIM U NMPEPHIBUCTBIM XapaKTEPOM BbIPAOOTKHU 3JIEK-
TPOPHEPTUHU OKa3bIBAET CEPbE3HOE BIMSHUE HA CTAOMIIBHOCThH peKUMa paboThl 3HEprocucreM. Mu-
POBOI1 OTIBIT MOKA3BIBAET, YTO yBeIU4YeHHUE 1071 BUD, koTopsiM npucymm nepemeHunBocts (BOC,
®3C) u npepriBucTocTh (OIC), TpeOyeT NpUHATHS CIIELHUATIbHBIX MEp M0 KOMIIEHCAIlMU UX Heba-
naHcoB [3-6].

Hurerpamus BUD — 00bekTHBHAST HEOOXOAUMOCTD, HO ISl 9(PPEKTUBHON yIPABISIEMOCTH YHEPTO-
CHCTEMOI HEOOXOJMMO y4eCTh HECKOIbKO MOMEHTOB [3—6]:

a) [IpakTuKy 3amoHEHHS 0’KUAAEMOTO JIeHUINTA TEHEPUPYIOUINX MOITHOCTEH B OCHOBHOM 3a CYET
BUD crnenyer orpannunths (MacmrabHoe BHenpenue BHD 6e3 mpuHSATHS CHENMANIBHBIX Mep MO
00ECIEeUeHNIO PEe3ePBUPOBAHUS X BBIPAOOTKM MOXKET OTPULIATENIBHO CKa3aThCsl HA YCTONUMBOCTHU
paboThl PHEPTOCUCTEM ).

6) Heob6xoanmo u30erath KOHIEHTPUPOBAHHOTO CTPOUTEIHCTBA B OJHOM MECTE KPYIHBIX O0OBEK-
toB BUD, nenate 60b1mMil ynop Ha pacupeeleHHyo renepaiuto. Tak, miaHupyeMoe CTpOUTEb-
cTBO B Y30ekucrane Ycrtoprckoil BOC momHocthio 2,5 I'BT upeBato oHOBpEeMEHHOM MoTepeit
9TOM MOUIHOCTH IpH BeTpe Oosiee 25-30 M/c, 4TO MOKET MPUBECTH K CHUCTEMHOH aBapuu. To ke
kacaetcs KpynHbix ®OC.

B) BBog BUD 00s13aTenbHO JOKEH COMPOBOXKIATHCS CO3/IaHUEM HEOOXOIUMBIX PE3EPBOB M BBO-
JIOM HAaKOIIUTEIEH SHEPTHH:

- JINTHI-UOHHBIE HAKOTIUTEIN UMEIOT BBICOKYIO CKOPOCTh PEaKLUH, HO HE MOTYT BBIITOJIHATH (PYHK-
LIUI0 SHEProcHaOXeHUs Ha JAJIUTEbHbIHN, Oosee 1 yaca, mepuoa. MIx He0OXOAMMO CTPOUTH HA TOJ-
cranuuax CucremHoro omneparopa, a tTakxke nmpu @OC u BOC, u ucnonp3oBaTh 1Uisl IpOTUBOABA-
PUITHOTO yTIpaBlieHUs] M KOMIIEHcalnKu HebanaHcoB B sHeprocucteme (B HOC Y30ekucrana ranu-
pyetcs noctpouts 3500 MBT BOC Ha 7 I'B1-u);

- JUIs1 IepeHoca N30BITKOB SHEPTUU B IIMKOBBIE Yachl HArPY30K LI€JIECO00PAa3HO CTPOUTD:
e [TADC;
® T'paBUTAL[IOHHBIC HAKOIUTEIIH;

® KPHOT'CHHBIC TCXHOJIOTHHU HAKOILICHHA.

B cBs3u ¢ BbIcOKOi mmanupyemoi noneit BUD u obmum yBennuenuem Harpysku B Kazaxcrawne,
V36ekucrane, Koipreizcrane u Tamxukuctane OydyT yBeIHMUMBAThCS HeOATaHCHI MOIIHOCTH Ha
rpaaumax mexay EDC Kazaxcrana u OOC LA. [Ipu 5ToM B yCIOBHSX MapajuIeIbHOW paboThI C
EDC Poccun, xoTopasi oCyLIECTBISIET LIEHTpalIU30BaHHOE perynupoBaHue yactotel B EDC CHI,
Hebamancel OOC LIA O6yayT orpaxarbes Ha unTepdeiice E9C Kazaxcrana u ESC Poccun u moryT
neperpyxath Tpan3ut Cesep-lOr Kazaxcrana. Otkimouenue tpansuta Ceep-tOr Kazaxcrana npu
OompiIux HaOpocax MourHocTH co cTopoHbl ODC IIA, UTO HE UCKIIIOUYEHO MPU MacIITAOHOM BHEJ-
peranu BUD, moxet npusectu k yBenunueHuto aeuuuta B OOC LIA 1 HeIOmyCTUMOMY CHUKECHUIO
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YaCTOTBI, IPH KOTOPOM OyayT oTkItouaThesi 00bekThl BUD u III'Y. Jlns uckiItoueHus: OTKIIIOUEHUS
yKe MpeaenbHo 3arpykeHHoro Tpan3uta Cesep-tOr B sHeprocucreme Kazaxcrana npopabartbiBaeT-
Cs1 BOIIPOC CTPOMTEINIBCTBA JIMHUM MOCTOSTHHOTO ToKa oT DKI'POC-1 mo KamOsbiia.

C yueroMm macmtaOHOW mHTerpauun BUD u ninaHupyeMbIM BBOJOM pBIHKA 3JEKTPUUECKOM 3HEp-
ruu B sHeprocucreMax lleHTpanbHON A3unM HEOOXOJUMO yNEIUTh BHUMAHHUE CIEAYIOIIUM aKTy-
aJIbHBIM BOIIPOCAM:

1. Dueprocucremsr ODC A n EDC Kasaxcrana XapakTepU3yOTCs TPOTSKEHHBIMA KOMMYHH-
KallUsIMU U HEPAaBHOMEPHOCTBIO paclpe/iesieHnsl Harpy3KU U T'eHepaliu, YTo ONpeelisieT 0COOeH-
HocTu pexxuMoB OOC ¢ Touku 3peHus: npobiaem odecreueHus: yCTOHYUBOCTH, TEperpy3ku 0oopy-
noBaHus. B psje ciydaeB UMEIOT MECTO JUHAMHUYECKHE MEPEXOJIHBIE MPOLIECCH IIPU BOZHUKHOBE-
HUM aBapUiHBIX BO3MYIIECHUH C MOCIEAYIOIIMM OcllabiieHueM cuctemooOpasytomiei cetu. Heob-
XOJUMO CKOOPJUHHUPOBAThH YCUIIHS 110 PELICHUIO POOJIEMBI «Y3KUX)» MECT.

2. Jlna coxpaHeHHs YCTOHYMBOM pabOTBI HEOOXOAUMO OOECIEUHTh PEryIHPOBAHHME HEPETOKOB
MOIIHOCTH M YacCTOThl MEXJly CTpaHaMu co31aHueM L{eHTpann30BaHHON KOOPAMHUPYIOLIEH CUCTE-
MBI aBTOMaTU4YecKoro perynupoBanust 4actoTsl U mMouHocTH (UKC APYUM) B OOC LA (B KL
«OHeprusy) ¢ ModTamHbIM MaclITabupoBaHHeM B 3HeprocucreMmbl Kviprbi3ctaHa, Y30ekuctaHa u
Tamxukucrana.

3. Jlnsg obecnieyeHus ycTOHUMBOCTH paboThl 3HeprocucteM, a Takke ODC LA B uenom TpebyeTcs
CO3/IaHUE IICHTPAJTU30BAHHOW CHCTeMBbI mpoTuBoaBapuitHol aBTomaTuku (LICITA) LlenTpanbHOi
Azuu B KJIL[ «Dueprusy.

4. Tax xak KazaxcraH mepexoquT Ha OaJaHCHPYIOIIMH PBHIHOK 3JIEKTPOIHEPTUH M IIAHMPYETCS
MOATAITHBIN EPEeX0/l K PHIHKY 3JIEKTPOIHEPTUH B Y30EKUCTaHe, BOSHUKAET HEOOXOIMMOCTh CO3/1a-
HUS PETUOHATBHOM aBTOMATHU3MUPOBAHHOW CHUCTEMBI KOMMEPYECKOTo yueTa 3jekTpodnepruu (AC-
KV3) B K/ «Oneprus.
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MOJIEPHU3AIIMS SHEPTETUYECKOM OTPACJINA
N TVIOBAJIBHOE DOHEPT'ETUYECKOE YIIPABJIEHUE

AHHOTanus. B coBpeMEHHOM Mupe 3HEpreTudecKas OTpacilb UIPACT KIIOUEBYIO POJIb B PELIEHUH HEKOTO-
PBIX HACYUIHBIX MPoOJeM, ¢ KOTOPBIMH CTAJIKHUBAETCs deaoBedecTBO. MoaepHU3alusa 3TOro Ba)KHOTO CEKTO-
pa UMeeT KU3HEHHO BaKHOE 3HAYCHHE HE TOJBKO JUIS MOBBILIEHUS SHEPro3()(HEeKTUBHOCTH U yCTOWYUBOCTH,
HO W Ui YKPEIUIEHHs TJI00aNbHOTO SHEPreTUIECKOr0 YIPABICHHS, CIIOCOOHOTO YAOBIETBOPUTH Oy IyIIne
noTpeOHOCTH. B mpe3eHTannu paccMaTpuBaIOTCS KIIOYEBBIE MPOOJIEMBI TI00aJbHOTO HEPreTUYeCKOro
yIpaBleHHs, 3HaU€HHE MOJAEPHU3AIMM SHEPreTHKN M BIeYaTLIonmii nporpecc Kurast B mpeobpazoBanuu
CBOEI'0 SHEPreTHUECKOro JaHamadra.

KiroueBble cioBa: 3HEpProMojJepHU3aNys, 100aIbHOE YIPABICHUE B DHEPreTHKE, MHHOBALMM B YHCTOM
SHEPreTHKe, FJHepreTudeckasi 0e30IacHOCTb.

Bowei Guo,
Associate professor
Renmin University of China

ENERGY INDUSTRY MODERNIZATION AND GLOBAL ENERGY GOVERNANCE

Abstract. In today’s world, the energy industry plays a pivotal role in addressing some of the most pressing
challenges facing humanity. Modernizing this critical sector is not only vital for enhancing energy efficiency
and sustainability but also for fostering global energy governance capable of meeting future demands. This
presentation explores the key challenges of global energy governance, the significance of energy moderniza-
tion, and China's remarkable progress in transforming its energy landscape.

Keywords: Energy Modernization, Global Energy Governance, Clean Energy Innovation, Energy Security.

I. Key Challenges in Global Energy Governance

Global energy governance faces three interconnected challenges that require immediate and strate-
gic responses.

The first challenge is energy inequality and poverty. Energy inequality remains a significant
global issue, particularly in underdeveloped regions such as rural Africa, where access to sufficient
and affordable energy is limited. This lack of energy access hinders economic development, exac-
erbates poverty, and widens social disparities.
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The second challenge is energy security vulnerabilities. Energy security is increasingly under
threat, as evidenced by incidents like the Nord Stream pipeline sabotage in 2022. Such events reveal
the vulnerabilities of energy infrastructure and highlight the risks posed by geopolitical tensions,
emphasizing the need for more resilient and secure energy systems.

The third challenge is climate change and its impacts. The intensifying effects of climate
change, manifested in the form of frequent droughts, floods, and wildfires, disrupt energy systems
and underscore the urgent need for sustainable energy solutions. Addressing climate change re-
quires a governance framework that balances sustainability, equity, and economic stability.

These challenges necessitate a cohesive and inclusive approach to energy governance that empha-
sizes collaboration and innovation to achieve long-term solutions.

I1. The Importance of Energy Modernization

Energy modernization is a cornerstone of global efforts to address the aforementioned challenges. It
can be defined through three key dimensions.

The first dimension is stable energy. A stable energy supply ensures resilience against crises, such
as oil price fluctuations and geopolitical conflicts. Modernized energy infrastructure, such as ad-
vanced grid systems, enhances system reliability and minimizes the risks of large-scale disruptions.

The second dimension is affordable energy. Affordability involves adopting cost-effective tech-
nologies and improving energy efficiency to reduce production and consumption costs. By making
energy more accessible, particularly to underserved populations, modernization contributes to social
equity and economic growth.

The third dimension is sustainable energy. Sustainability focuses on deploying renewable energy
technologies, such as solar, wind, and electric vehicles, to reduce carbon emissions and transition to
a low-carbon economy. A sustainable energy system is critical for combating climate change and
achieving environmental goals.

By addressing stability, affordability, and sustainability, energy modernization aligns with the glob-
al objective of building an inclusive and resilient energy future.

I11. China’s Approach to Energy Modernization

China has emerged as a global leader in energy modernization, with notable progress in two key
areas: modernizing traditional energy sources and industrializing clean energy innovation.

1. Modernizing Traditional Energy Sources

China has invested heavily in renewing its energy infrastructure, with a particular focus on ultra-
high voltage (UHV) transmission lines. These advancements have significantly improved grid sta-
bility and enabled long-distance energy transfer.

Energy digitization has further enhanced operational efficiency through the adoption of big data an-
alytics, smart grids, and predictive technologies. These tools allow for real-time monitoring and op-
timization of energy systems, ensuring reliable and efficient energy delivery.

China’s commitment to decarbonization is another cornerstone of its modernization efforts. By
aligning with its dual carbon goals, China is transitioning toward a low-carbon energy system,
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which includes integrating renewable energy sources and implementing carbon trading mecha-
nisms.

2. Industrializing Clean Energy Innovation

China’s success in clean energy innovation is driven by a centralized R&D system, robust domestic
markets, and a focus on systematic competitiveness. The country’s “new national system” fosters
collaboration between government, industry, and academia, enabling rapid advancements in wind,
solar, and energy storage technologies.

China’s large domestic market also plays a critical role in scaling up new technologies. For in-
stance, the extensive adoption of electric vehicles (EVs) has driven down costs, making EVs more
accessible both domestically and globally. Additionally, a comprehensive supply chain system sup-
ports the industrialization of clean energy technologies, ensuring efficiency and cost-effectiveness.

IV. Implications for Global Energy Governance

China’s achievements in energy modernization have broader implications for global energy govern-
ance. The country’s strategic collaborations on international projects, such as the Sino-Russian
Yamal LNG initiative, demonstrate the potential of cooperative energy ventures. Harmonizing clean
energy policies across borders is essential for achieving global carbon reduction goals and fostering
sustainable development.

For other countries, such as Russia, adapting to the evolving energy landscape involves strengthening
strategic planning, promoting regional partnerships, and accelerating the digital transformation of their
energy sectors. Investments in clean energy, coupled with financial incentives and green finance initia-
tives, can enable countries to diversify their energy mix and reduce carbon intensity.

V. Conclusion

The modernization of the energy industry is essential for addressing global challenges such as cli-
mate change, energy inequality, and security vulnerabilities. By prioritizing stability, affordability,
and sustainability, modernized energy systems can pave the way for a more inclusive and resilient
future.

China’s systematic approaches, including its emphasis on clean energy innovation and international
cooperation, set a benchmark for global energy governance. These efforts highlight the importance
of shared goals and collaborative strategies in achieving a sustainable and interconnected energy
future. As nations work together to address common challenges, the path to a cleaner and more re-
silient world becomes increasingly attainable.

This presentation provides a comprehensive exploration of the topic, offering a roadmap for under-
standing the critical role of energy modernization in shaping global governance strategies.
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INPUMEHEHHME HCKYCCTBEHHOI'O HHTEJUIEKTA J1JIA SQHEPI'OCBEPEKEHUSA
N COKPALLEHUA BBIBPOCOB ITAPHUKOBBIX I'A30B: OIIBIT KUTASA

AnHoTanus. Kuraii, sBisisich KpynHeiiei S5KOHOMUKON MUPa, JIMAEPOM 10 00beMaM 3HEpronoTpedaeHus 1
BBIOPOCOB YIJIEKUCIIOTO Ta3a B atMoc(epy, B TO )K€ BpeMsl NPEACTaBIsAeT cOO0M KPYyMHEHIIYIO IUIOLIaIKy
MIPUMEHEHUS TEXHOJIOTHI NCKYCCTBEHHOTO MHTEJUIEKTA JIJIS alalTalliy HAIIHOHAIBHOTO SHEPTONoTpeOIeH s
u JnexapOoHu3anuu. B craThe mpeacTaBiieH aHamU3 paboTbl CBOEOOPAa3HOTo TUTAHTCKOTO MOJIMTOHA ISl UC-
MBITAHUN [IEPEIOBOTO OMbITA 10 CHCTEMHOMY NPUMEHEHUIO UCKYCCTBEHHOIO MHTEIUIEKTA B LIEJSIX AeKapOo-
HU3AIMU: BBIABISIIOTCS 3€JIE€HBIE, TO3UTUBHBIC, U KPACHBIE, HEraTUBHbIE, A(PQPEKThl SKCIUTyaTalliy aJIrOPUT-
moB U B 1iensx coxpaHeHus oKpyskarolei cpelibl. B 3akitoueHun mpUBOASTCA apTyMEHThI, Ha HACTOSIEM
JTane MpemnsTCTBYIONME MacmTadupoBanuio ycrnemHoro onsita KHP B mannoit cdepe B pamxax BPUKC.
[lpuHuMas Bo BHMMaHHE T'€ONOJIMTHYECKUH M reoskoHoMuueckuit macmrad BPUKC, moxHo mpenmnosno-
XKHUThb, YTO MPEOJOJICHUE 0003HAUYEHHBIX MPEISTCTBUI MO3BOJIUT KPaTHO HAPACTHUTH 3€leHBINH 3(deKT mpu-
MeHeHus: U B nensix nexapOoHU3aMy Ha TII00aJbHOM YPOBHE.

KaroueBsble ciioBa: VIcKyCcCTBEHHBIN MHTEIUICKT, IeKapOOHU3aIHsl, SHeprocoepekenue, Kurai.

Grigory Yarygin,

PhD, Associate Professor,
American Studies Department
Saint Petersburg State University
199034, Russia, Saint Petersburg
e-mail: g.yarygin@spbu.ru

ARTIFICIAL INTELLIGENCE APPLICATION FOR ENERGY CONSERVATION
AND GHG EMISSIONS REDUCTION: CHINESE PERSPECTIVE

Abstract. Being the largest economy in the world and the leader in energy consumption and carbon dioxide
emissions into the atmosphere, China, at the same time, represents the largest platform for the use of artifi-
cial intelligence technologies to adapt national energy consumption and decarbonization. The article presents
analysis of a giant ground for testing best practices for the systemic use of artificial intelligence for decar-
bonization: green, positive and red, negative effects of Al algorithms operation in order to preserve the envi-
ronment. In conclusion, arguments are presented that at the present stage impede the scaling of the successful
experience of China in this area within BRICS. Taking into account the geopolitical and geo-economic scale
of BRICS, overcoming of these obstacles will multiply the green effect of Al use for decarbonization on the
global level.

Keywords: Artificial Intelligence, decarbonisation, energy consumption, China.

Kwuraii, Oyayun ogHOM M3 KPyIMHEHIIIMX SKOHOMHUK MHUpPa, TAKXKE SBISCTCS JIUJIEPOM IO BBIOpOCaM
COz2 B atmocdepy. HeobxommMo KOHCTaTUPOBATh, YTO KUTACKask MOAENh SKOHOMHUYECKOTO Pa3BU-
TUS OPUEHTUPOBAaHA HE HA OTPaHHUYEHUE MOTEHIMANa Pa3BUTHUS U €r0 BO3ACHCTBUS Ha OKpYKaro-
Y0 Cpelly, a Ha aJanTalyio MOTeHIIMaNa Pa3BUTUS K BO3SMOXKHOMY CHIDKEHUIO HETaTUBHOTO BO3-
nercTBUs Ha okpy»karoyto cpeny. Ha nomo KHP npuxoautcs 1o 30% rio0anbHbIX BBIOPOCOB YT-
JeKucioro rasza B atmocepy. Kuraii peanusyer pazHooOpa3HbIe CTPATETUH MO COKPAIICHHUIO yTIie-
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POJHOrO cliefia CBOEr0 3KOHOMHYECKOTO pa3BuThsa. OHA U3 CTpATErvil CTPOUTCS Ha MPUMEHEHUHU
NN B nensx nekapOOHW3alUM, CO3JAHUS KIMMATHYECKUX MOJIETCH M BBIPAOOTKH TaKTHYECKUX
(emre He cTpaTErMUECKUX) PEKOMEH AU,

Ha nacrosmem srane UM uHTErpMpoBaH B aIMUHHUCTPUPOBAHUE DKOHOMHUYECKUX U XO3AMCTBEH-
HbIX TporieccoB. COop u ob6pabdorka mHPOpMaru 06 dddexTax Takoil NeATeIbHOCTH BCE yalle
IIPOMCXOAUT aBTOMATHYECKU U aBTOHOMHO Ha ocHOBe anroputmoB MU. IIponecc npunsaTtus penie-
HUW UCKYCCTBEHHBIM UHTEIIEKTOM IIPU 3TOM BCE €Ill€ KOHTPOJIUPYETCS ONEPaTOPOM.

[Ipumenenne N B Kutae B Hactosiiee Bpems peryaupyerca «BpemMeHHbIMU MepaMu 1O yIipaBJe-
HUIO yCITyraMy TeHepaTHBHOTO MCKYCCTBEHHOTO MHTeNIeKTay ot 2023 rl.

KiroueByro 3kcnepTHyr0 poib Ui oOecredeHus Mmpolecca MPUHATUS PEeleHUH IMpPaBUTEIbLCTBOM
Kuras urpaer Kuraiickas akanemusi ”HPOPMALIMOHHBIX U KOMMYHHUKAIIMOHHBIX TE€XHOJIOTHH, ad-
¢bwinpoBaHHasi ¢ MUHHUCTEPCTBOM MPOMBIIIJIEHHOCTH M KOMMYHUKAIIMOHHBIX TEXHOJIOTUH.

B 2022 r. Akanemus pazpabotana benyro KHUTY O KOHTEHTE, T€HEPUPYEMOM HCKYCCTBEHHBIM HH-
TEUIEKTOM?, DTOT JIOKYMEHT PAacKphIBaeT MPEHMyILECTBa IPUMEHeHUs TexHonoruit MU st pas-
AMYHBIX chep oOpalieHuss TEKCTOBBIX, ayAHO-, BUAEOMATEpHUaTOB (MPEHUMYIIECTBEHHO C]ephl
CpeACTB MaccoBOM MHGOpMaLMK U COLMATIBHBIX Meaua). OqHako Haubojee BaXKHBIM MPEICTaBIIsA-
€TCsl, YTO JaHHBIA JOKYMEHT COAEPKUT CIELUAIbHBINA Pa3les O PUCKaX NMPUMEHEHMsI TEXHOJIOTUI
NW n noreHalIbHOM 3710HAMEPEHHOM MCIOJIb30BaHUM TEXHOJIOTUI UCKYCCTBEHHOTO MHTEIUIEKTA.

B Tekymmx TEXHOJIIOTUYECKUX U MOJIMTHUECKUX peanusx Kurail sBisieTcss BTOpOil CTpaHOW B MUpE
nociie CIIIA mo ypoBHIO pa3BUTHS UCCIIEIOBaHUI 1 MaciTabam npumenenus NN,

HpI/IMeHeHI/Ie TEXHOJIOTHI HCKYCCTBCHHOI'O MHTCIIJICKTA B LCIIAX YIPABJICHUA U COXPAaHCHUA OKPY-
)KaIOIL[eI‘;I Cpcabl UMECT NO3UTUBHBIC U HCTATUBHLIC 3(1)(I)CKTBI.

Kpacnoie (necamuenuie) r¢ppexmor UH :

CoBpemennslie TexHosoruu MM HaxonsaTcs Ha paHHEH cTaauu WHPOPMAIIMOHHOTO U TEXHOJIOTHYE-
CKOTO Pa3BUTHSI U MPEICTABISAIOT COOOM 0UEHb PECYPCOEMKHI HHCTPYMEHTapUH.

1) OG6yuenue VM kpaitHe 5HeprosaTpaTHo U TpeOyeT 3HAUUTENLHBIX PECYPCOB BOIBL.
2) OO6yuenue U sBnseTcs QIUTETLHBIM PECYPCOEMKHM MPOIECCOM.

3) Ucnons3osanne MU sneprosarpatHo. Maciitabbl MpUMEHEHHS JEMOHCTPHPYIOT BOCXOIAIIYIO
TEHJICHIIMIO: KOJMYECTBO ONepaluii pacTeT, KOJIWYECTBO UTEPALU pacTeT, 00beM MOTpelIsieMbIX
pecypcoB st 00ecTieueHus dTUX OTepaIiuii U UX UTepalliid pacTeT.

Tak, Hanmpumep, oxHa ureparus moaenu MU no 30 cexyna moTpeOisieT pecypc SHEpruu, PaBHBIN
3aTparaM SHEpPruM Juisi ObICTpOM 3apsiaku cMapTdoHa cpenHed momHoctd, U 200 M BOJBL
ChatGPT exenneBno nmotpebiser 500 Toic. KBT 4.

[IpencraBnsieTcs BaXXHBIM MOJYEPKHYTh, YTO CETOJHs MpUMeHeHHe TexHoioruid MU He Tonpko He
COKpaIaeT BHIOPOCHI MAPHUKOBBIX T'a30B, HO Ja)K€ HE KOMIIEHCUPYET BHIOPOCHI, CBSI3aHHBIC HETIO-
cpeacTtBeHHO ¢ pabotoii M. Anroputmbl Hen30exkHO cTaHyT Oojee 3(p(PEeKTUBHBIMHU, a TEXHOJO-

A T EBEIRS EIEE1T/ME https://www.cac.gov.cn/2023-07/13/c_1690898327029107.htm ([{ata
obpamenus: 4.11.2024)

PAIEREAERAS (AIGC) B K hitps://www.caict.ac.cn/english/research/whitepapers/202211/
P020221111501862950279.pdf (data oOpamenus: 4.11.2024); https://interpret.csis.org/translations/
artificial-intelligence-generated-content-aigc-white-paper-excerpt/ (Jlara oopamenus: 4.11.2024)
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ruu, o0ecreynBaroIye paboTy aaropuTMoB, 60j1ee SKOHOMUYHBIMU, MEHEE PECYPCOEMKHUMH, OTHA-
KO 3TO MOTpeOyeT HEeONpeIeICHHOTO BPEMEHH, B TeYEHHE KOTOPOro (heHOMEH HCKYCCTBEHHOTO HH-
TEJIJIEKTa HEe OyIeT «3€JICHBIMY.

HudpoBuzamust B 1EIOM HMEET 3HAYUTEIBHBIN SKOJOTWYECKHNA CIIEI: pacTeT JOTOJHUTEILHOE
SHEepronoTpediieHue, MPOUCXOIUT TEXHOJIOTHUECKOE 3arps3HEHUE OKpYXKaroleil cpeibl (3arps3He-
HHUE SIEKTPOHHBIM MYCOPOM) H TIp.

OGecneuunBaromue nudpoBusamnuio neHTpsl 0opadorku ganusix (ILIO]) (cepBepsl, ceTeBoe 000-
pyJIoBaHuE) NOTPEOIISIIOT B 3HAUUTENBHBIX 00beMax dHEpPruio u Boay. Kommnanuu, TpaguiinoHHO
paspabaTsiBaromue MUGPOBBIE TEXHOJIOTHH, & CETOJHS OOpaTHBIINECS K UCKYCCTBEHHOMY WH-
TEJUIEKTY, JJI CHI)KEHHMs] (DMHAHCOBBIX M PECYpPCHBIX H3JIEPIKEK, CBSI3aHHBIX C peajau3anuen
CBOMX IIPOEKTOB, BCE Yalle MPUOETAIOT K MAJIOW aTOMHON YHEPreTHKe U CHOPMHUPOBATH 3HAUH-
TeJIbHBIA OMBIT Ha 3TOM myTu. Tak, psaa kpynHeix komnanuu CIIA, paGoTarommx B CeKTOpe
texuoaoruit UM (Amazon, Microsoft, Google u nHexoTopsie apyrue), s MOCTAaBOK «Oe3yTiie-
POJHOI» 3JIEKTPO’IHEPTrUU CBOMM JaTa-LEHTpaM MPUOETraloT MMEHHO K SJIEpHOM IHEpreTuke
(0ObIYHO peyb MAET O MajblX MOAYJbHBIX peakTopax (SMR), takux kak X-Energy u Kairos.
BmecTo Boabl B KauecTBe TemIoHocuTens Kairos ucnosiab3yeT paciiiaBieHHYy0 coib, X-Energy
WCIIOJIB3YET Teuil. APXUTEKTypa TaKHMX PEKTOPOB HE MOJpPa3yMeBaeT MCIOJIb30BAHIE HACOCOB
JUISL UMPKYJISIIUU XJ1agareHta. Takum o0pa3oM, ycTpaHseTcs OAMH M3 (AaKTOPOB aBapUMHOCTH,
KOTOPBIN i1l pEaKTOPOB JPYTUX MOJEINEH SBISETCS KIIOYEBBIM. B peakTopax 3TOro BHAa HE
IIPUMEHSIOTCS CTEPKHH AJEpPHOTO TOMNMBA. VX 3aMEHUIN THICAYU TOIIMBHBIX «KPHCTAJLIOBY 2,
Masple MOAYJBHBIE PEAKTOPHI MOTYT OBITh MOOWJIBHBIMH, pa3MemaThCsi Ha IUIaThopMax,
TPaHCIOPTUPYEMBIX TPYy30BUKAMHM, U pacroiaraTtecs B Mectax crpoutenbcrBa L{O/loB 6e3 nmon-
KITFOUEHUS MTOCIIETHAX K CYIIECTBYIOIIUM 3JIEKTPOCETSIM.

[TpuMepoB aTOMHBIX SHEPreTHYSCKHX KOMIAHHWW, 3aHUMAIOIIUXCS pa3paboTkamu B chepe maioi
SIEPHON DHEPTETUKH, W YK€ CETOJIHS BBIMOHSIOMNUX 00ECIeYNBAIONIYI0 POJIb Ui 00ECTICUCHUS
OecniepeboitHOi pa3paboTKN W NMpuMeHeHus TexHojorui MU, nqoctatogHo MHOTO, UMHU SIBIISTIOTCS
amepukanckue: Constellation Energy, Oklo, NuScale Power, X-Energy Reactor Company, TAE
Technologies, Kairos Power, Uranium Energy, Energy Fuels, BWX Technologies u Centrus
Energy, a Takxe kaHaackas komnanus General Fusion®,

Takas mpaxTuka nosydnia pacupoctpanenue B CIIA, no Menbuieit mepe, ¢ 2017 r. BeposiTHO, oHa
HaXOJAUT cBoe NpuMeHeHue u B Kutae, ogHako, B aHrnosi3ei4HOM cerMmeHTe CMU BBISIBUTH 110100-
Hbl€ YIIOMUHAHUS 3aTPYIHUTENIBHO.

3enenvie ynkuuu, 6vinoaHAEMble UCKYCCHIBEHHLIM UHMEIEKMOM, 6 UeNaX OeKap-
oonuzayuu.

1. MOHMTOPHUHT KauecTBa OKpYyXKaromel cpebl (CocTaBa BO3AYIIHBIX MacC, pa3MEpOB JIECHBIX Mac-
CHBOB) U BBISIBJIEHNE NCTOYHUKOB BEIOPOCOB.

2. OnTuMu3anms IMPOU3BOJACTBA SOHCPIrUU:

A) VU mo3BosisieT mOCTPOUTh MU(PPON TBONHUK MPAKTHUUYECKU JIFOOOTO MPOM3BOACTBA DHEPTHH C
OLIEHKOM €ro 3KOJIOTUYECKOTO CIe/1a.

! dpwirun T'.0. Dxonoruzanus mudposusamuy // Poccuiickuii coBeT M0 MeXIyHapoIHbIM AernaMm. — 2022, —
15 nexabps. https://russiancouncil.ru/analytics-and-comments/analytics/ekologizatsiya-tsifrovizatsii/
2 SinepHble PeakTOPHl M HEHPOCETH: KAK aTOMHAs YHEprHs momoraeT passutuio M. Mumyctpus 4.0. (Jlata
g)6pameﬂna: 21.11.2024) https://trends.rbe.ru/trends/industry/673ee1529a7947¢461336917

Tam xe.
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b) 1 B pexume peasbHOrO BPEMEHHM OCYILECTBIIIET MOHHTOPUHT M Y4eT BBIOPOCOB YIJIepoAa,
CBSI3aHHBIX C IPOM3BOJICTBOM OIPENIEIIEHHOrO BUAA SHEPruU. Tak Kak 3TH MPOLEcchl OOBIYHO JIH-
Heitabl, UM BhIpabaThIBaeT CTpaTeruyl MO0 ONTUMHU3AIMH [TPOU3BOJICTBA HE TOJBKO C TOYKU 3KOHO-
MUYECKH 00OCHOBAaHHOT'O XO3SHCTBEHHOTrO IPOLIECCA, HO U B IIENAX COKPALIeHUs BBIOPOCOB yrie-
BoZOpoJa. BakHeIM acmekToM sBISETCs HacTpoiika anroputma MU s ompenenenust Oamanca
JIBYX 0003HAYEHHBIX UMIIEPATUBOB.

3. OnTumu3aiust TPaHCIIOPTUPOBKH SHEPTUU: YNPABICHHE YHEPTreTHUYECKHUMH CETSMHU, ONTUMHU3A-
uus ux padotrel. UM orcnexuBaer, olleHUBAET, IPOrHO3UPYET CIPOC Ha 3eKkTposHepruto. Ha oc-
HOBE 3TUX JIaHHBIX YIIPABJISET MOIIHOCTSAMH.

Ha ocHoBe 3Tux ke nanubix MM GanaHcupyeT TpPaHCIOPT SHEPTUU, TEHEPUPYEMO BO300OHOB-
JASi€MbIMU MCTOYHUKAMU HEPTUM U TPAJULIMOHHBIMU 3JIEKTpOocTaHIUsAMU. Takum obpasom, M1
MO03BOJISIET MUHUMH3UPOBATh HCIOJIb30BAaHUE HMCKOIAeMOro TOIJIMBA U COKPATHTh OO0BEMBI
SMHUCCHH.

4. OnTumu3zanus NOTpeOJICHUs SHEPTHH.
4.1. Co3nanne nu¢poBHIX TBOMHUKOB OOBEKTOB, MOTPEOISIOMNUX IHEPTHUIO.

4.2. llucdpoBble TBOMHUKU 3/1aHHUH: MPOMBILIUICHHBIX U HEMPOMBIIIICHHBIX. ONTUMU3AIMS TeMIIe-
paTypHBIX PEXUMOB (OTOIUICHHSI/OXJIAXKACHUS), PEKUMOB OCBEILLEHUS, PEKUMOB PaOOThI IEKTPO-
prOopoB (OBITOBOI M OPIrTEXHUKH, HACOCOB, TU(TOBOr0 00OpyaoBaHus U T.A.) OnTuMu3anus Ha
OCHOBE pekuMa paboTHI 31aHUH, a TaKKe Ha OCHOBE ITOTO/IHBIX YCIOBHI.

4.3. ludposeie ABOMHUKHN HUPPOBOK HHPPACTPYKTYpHI MPOMBINUICHHBIX 00bekTOB. I onpenens-
€T ONTHUMAJIbHBIC MEPUOIBI 111 OOHOBJICHHS IPOTPAMMHOTO OOECTICUeHUsI, TPOBEICHUS MPpOoduIaK-
TUYECKUX paboT, mepeBoAa 00OpYyIOBaHUS B PEKUM MOHMKEHHOTO HSHEPronoTpeOieHus sl CHU-
KEHUS SHEPTro3aTpar TaKUX 0OHEKTOB.

4.4. Ilndpposble TBOHHUKH TPAHCTIOPTHON MHPPACTPyKTYpbl. ONTHMH3AIMS SMUCCHH, CBSI3aHHON C TIPO-
W3BOJICTBOM U MaTepHaiaMy HH(PPaCTPyKTypbl, 00CTyKUBaHUEM 1 OOHOBJICHUEM HH(PACTPYKTYPBI

4.5. lludposbie TBOMHUKHN TpaHCIIOpTa. MapiipyTu3ais, TMHAMUYHAS MapIIpyTU3AlHs B PEKUME
pEeaNbHOTO BPEMEHU C LIEIbI0 COKpAIllEeHUsI BpeMEeHHU MpeObIBaHMUs TPaHCIIOpTa Ha Jopore ¢ paboTa-
IOIIUM JIBUTATENIeM, ONTUMU3AIMU CKOPOCTH MEPEMENICHUsI TPAHCIIOpTa MO J0poraM. AJantauus
PACIIOIOKEHHUS 3apSTHBIX CTAHIUK JIJIS AJIEKTPOTPAHCIIOPTA, ONTUMHU3AIUS SHEPTOHATPY3KU IS
TaKUX CTAHLIUN B TEUEHHE JHEBHOIO LIUKIIA.

5. OrieHKa HEraTUBHOTO BO3JICMCTBHMS Ha COCTOSIHME OKpyskarouieh cpenbl. Texnomorun MU nHe-
MPEIB3ATO U B PEKUME PEATLHOIO BPEMEHU MPOU3BOAAT OLIEHKY HETaTUBHOIO BO3/ICMCTBUS aHTPO-
TIOT€HHOM JIESITETbHOCTH Ha OKPYXAIOI[YI0 cpeAy. B JaHHOM KOHTEKCTE Ba)KHBIM IMPEICTABIISIETCS
Ha0op IIEHHOCTEH W MPUOPHUTETOB, 3aJI0KEHHBIX B anroputM M. HecmoTps Ha To, uto U B nan-
HOM CJTy4ae BBIMOJHSET TOJbKO aJIMHHUCTPUPYIONIYIO (DYHKIIHIO TI0 OIIEPaTUBHOMY COOPY M OIICH-
K€ JIaHHBIX, BBICOKOE 3HaU€HHEe OyIyT UMETh pekoMeHaanuu, kotopsle UM pazpaboraeT Ha ocHOBe
TOJIYYCHHBIX JIAHHBIX ISl JIUL, IPUHAMAIONIMX PEIICHUS] B OTHOIICHUW TOW WM WHOW aHTPOIMO-
Te€HHOH NeITeNLHOCTH.

OmnbiT Kutasi B npumenennu MU i nekapOooHu3anum.

KoopauHupyomum 1eHTpoM 1Mo pa3padboTke KOHIETIINA TPUMEHEHHUS! HCKYCCTBEHHOTO MHTEIIEK-
Ta B DHEPreTUYECKHX IEISX B HAIIMOHAJILHBIX MaciTadax sBisieTcs JlemapTaMeHT HOBOUM SHEPTHH
HammonaneHOro 3HEPreTHYECKOTO yIIPaBICHHS MPU NOAIEPKKE MUHUCTEPCTBA 110 HAYKE U TEXHO-
JIOTHSIM.
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Ha nacrosimiem stane B8 KHP texnomorun MU B niensax nekapOOHU3AUN MPUMEHSIOTCS B CIEAYIO-
IMX 00/IacTsIX:

PeryiupoBaHue SMHCCHM YIJIEKHCJIOT0 ra3a ropoCKMX MoceJIeHuni:

B kpymHBIX rOpoaax 3HEpronoTrpeOIeHWe W 3MHUCCHS MPHUXOIUTCS Ha CICAYIOUIHMEe WUCTOYHUKU:
1) sHepromnoTpebaeHne TpaHcopTa, 2) sHepronorpednenue 3aanusamu (10 60%).

OpuuM u3 HauboJiee YCHEIIHbIX KUTAMCKUX MPOEKTOB MPUMEHEHUS MCKYCCTBEHHOTO HWHTEIUIEKTa
JUIs IIPOM3BOJICTBA YUCTOW HEPruM Ha ocHoBe BMD, nmocnenyromero ananusa u ajanTaluy SHEp-
rONnoTpeOJIeHNs. YUCTOM SHEPruu ropojaMi, MepeHanpaBIeHUs] YUCTOW IHEPrHH, MPOU3BEIECHHOM
CBEpPX HYXX] TOPOJIOB MOTPEOUTENIEH K APYTHM rOopofaM MOTPeOUTENsIM, SBISETCS UCIOIb30BAHNE
U B CunbisH-Yiirypckom aBToHoMHOM paiione (CYAP). Ha npotsbkennn Heckonbkux jiet MU B
Macitabax 0JJHOro aBTOHOMHOTO pailoHa «00ydJalcs» Ha OCHOBE JIaHHBIX 00 00beMax MPOU3BOIH-
Mo# uucToi sHeprun BUD, TpeOyromuxcs o0bemMax HEPrUH, peKUMax ee MoTpeOJICHHs, Harpy3-
Kax Ha INepearomue 3Hepruu cetd u ap. K Hacrosmemy Bpemenu aannas mozens MU crocobna
YIPABJIATH IPOU3BOACTBOM YUCTOM SHEPTUU B aBTOHOMHOM paiOHE, YIOBJIETBOPSIOIIUM HE TOJIBKO
BHYTPEHHHUH CIIPOC, HO U 00ECTIEUNBAIOIINN «IKCIIOPT» YUCTON IHEPTHU B SHEProie(UIIUTHBIE TO-
poja 3a npenenamu paioHa.

YMuLIe ceTn

[lonasistomas yacTe reHepanuy Ha ocHoBe BD HaxonuTcs B «Tpéx ceBepHBIX palioHax» Kuras,
Ha HUX, Hanpumep, npuxoautcs A0 80% BbIpaOOTKHU BETpsiHON sHEepruu. Jlugepom B KCIOIB30BaA-
HUU HOBBIX MCTOYHMKOB JHEPrUM SBIAETCS YNOMSIHYThIM paHee CHHBL3SIH-YUTYPCKUN aBTOHOM-
HBIH paiioH. BeipaboTka snextpuuectBa B CY AP npoucxoauT HEpaBHOMEPHO, U3IUIIKU SHEPTUH B
TpeOyromuxcs oobeMax rnepeHamnpanisatorcs B Ilekun, Tsaubizunb, X305H, [lansayH, BocTouno-
Kuraiickyto sHeprocucremy u LleHTpanbHyio KuTalicKyto 3Heprocuctemy. Pexkomennanuu no o0b-
€MaM I[IPOU3BOJICTBA, HAKOIUICHMs, SKCIIOPTA U TPAHCIIOPTA, B 3aBUCHUMOCTU OT Harpy3Kd Ha CETH
TPaJMIIMOHHO MPOU3BEAEeHHON >Hepruu BblpabaTsiBaeT M. Takue pekomenmanuu paspadaThiBa-
IOTCS HE TOJIBKO B PEXUME PEANIbHOIO BPEMEHH, HO Ha IEPCIEKTUBY, TaK KaK IIPUMEHAEMas MOJEIb
WU n3yunna He TONBKO HUKINYHBINA JHEBHOM-HOYHOM M CE30HHBIN CIPOC, HO U BKJIKOYAET B MOJICIIb
pacyeToB BBOJAMMBIE B CTPON MOIIIHOCTH YHEPTONOTpeOIeH s (TOCIeAHUI TE3UC B HACTOSIIIEE Bpe-
Mst OTHOCHUTCS ToJIbKO K CYAP).

Bcero B 18 pernonax npoBHHIIMAILHOTO YPOBHS (IPOBUHILMHU U aBTOHOMHBIE OKpyra) Kuras B no-
CTaTOYHO OOJIBIINX HACEJEHHBIX ITyHKTAaX YPOBHA ropoja ACUCTBYIOT YMHBIE JIEKTPUUECKUE CETH,
koropsle ynpasisatores M. NN pacnipenenser 3MeKTpOIHEPIHIO 10 CETIM PallOHOB, MUHUMU3HPY-
€T IIOTEpHU.

Kuraiickas xommnanus Arup paspabotana texHonoruto MU nns ynpasienus sHeproodecnede-
HUEM OTHEeNbHBIX 3/1aHui B ['oHkoHre. CeroiHs OHa MPUMEHSETCS YK€ JUIsl YIpaBJIeHUS KBap-
TaJaMH.

KaprupoBaHue JieCHbIX MaCCHBOB

NN npumensieTcs B LENsAX I€ONPOCTPAHCTBEHHOTO KapTtupoBaHusa Teppuropun KHP Ha ocHoBe
CIIYTHUKOBBIX CHUMKOB TEPPUTOPHH C LIEJIbIO0 COCTABICHHS MOAPOOHON BUAOBON KapThl JIECHBIX
YTOJuH, a TaK’Ke OTCIIC)KUBAHUS X U3MEHEHMI B KBapTaJlIbHOM AuHamMuke. Ha ocHOBe moiyyaeMbIx
TaHHBIX anroputMamu MU mpou3BOIUTCS MOHUTOPUHT MOTJIOMIAIONICH CIIOCOOHOCTH JIECOB, aHAIIN3
TEMIIOB CBEJICHUS JIECOB, MIPOU3BOJUTCS pacueT M OIeHKa HeraTUBHOro 3¢ ¢ekra BhIpyOKH Jeca.
[TonyuaeMble JaHHBIE BKIIOYAIOTCA B IMHAMHYECKOE M3MEPEHUE TEKYIIETO YPOBHS YIJIEpOJa, €ro
roJIOBBIX (IIyKTyalnuii B HAIIMOHAJILHOM MacIiTabe.
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HNannas mogens MU npumensiercss MunuctepctBom npupoHbix pecypcos KHP, kotopoe B 2023 1.
o0HOBMIIO Teorpaduueckue kapTel Kurtas Ha ocHOBE paboThI ATOM Moaenu M.

Haoaronenne 3a norogHbIMH YCJIOBUSIMU

Anroputmbl  MIM, oOpaOaTbIBaroiye MeTEOJaHHbIe, MPUMEHSIOTCS Ul ONpEJeNIeHUs] IHKOB
Harpy3ku Ha 3HEproceTd, 00beMOB NOTPEOJIEHHUS U BUIOB SHEPruu (reHepupyeMoil U3 TpaJuLuoOH-
HBIX UCTOYHMKOB Wiu BUD) B nmepuoab! pa3HbIX NOTOJHBIX IIUKIOB. DTO MO3BOJISET U30EKATh Jie-
¢unuTa dHEeprocHaOXeHMs, a TaKKe MUHUMU3HPOBATh YIIEpO SHEProcucTeMaM OT KPUTHUECKHX
MOTOJHBIX TPOSBICHUNA WIN CTUXUHHBIX OencTBuil. CorjacHO MyOJUKAalMsIM B aHIJIOSA3BIYHBIX
CMMU, Kuraiickoe METeOpoJOoru4ecKkoe yrnpasieHue mMacitabHo tectupyetr moaenu MU nns mpo-
THO3UPOBaHUs 1MOro/ibl. BeposTHO, peub uaer o coOOCTBEHHOM BEJOMCTBEHHOM pa3pabOTKe TEXHO-
norun M. Cucrema nomyumna HazBanue ®supy. Ha coBpemeHHOM 3Tarme cucteMa CriocoOHa 3a
JECATKU CEKYHJ COCTABJISATh BBICOKOTOYHBIM MPOTHO3 MOrojbl Ha Onmxaiimue 10 aHelt u nocro-
BEpHBIN ITporuo3 Ha nocienyronme 10 nuei. llpumenenne moaenn M ®@sHpy 1103BOJISET HE TOMb-
KO YNpaBJIATh T€HEPALMENd SHEPTUH, ONPENEIATh HAMITYUIINE JOCTYIIHbIE NIEPUOB] JUIsl IPUMEHE-
Hus onpeneneHHbix BHD, HO 1 TOBBICUTH TOTOBHOCTh K YXYIUICHUIO MOTOIHBIX YCIOBUN, CHU3UTH
U3JICPKKH, CBSI3aHHBIE C MOBPEXJICHHEM HH(QPACTPYKTYPBl U IOCIEAYIOIIMM BOCCTAHOBIICHUEM,
HMMEIOLIUM HEU30€KHO MOBBIILIEHHBIN YTIEepOAHbIN ClIe.

YMHasi npoMbIIVIEHHAS HHPPACTPYKTYpa

Ha ocnoBe ananuza mozeneil uudpoBbIX ABOWHUKOB anroputMmbl UM uHTErpupyrorcs B aAMHHU-
CTPUPOBAHUE TEXHOJIOTMUECKUX MPOIIECCOB MPOU3BOICTBEHHBIX KOMILJICKCOB.

Hanpumep, Baidu ucnonszyer UM-cuctemsl a1 onTUMU3aluU NPOU3BOACTBEHHBIX MTPOLECCOB HA
cBoux (pabpukax. [Ipu 3TOM CHOBa BCTaeT BOIPOC O TE€X LIEHHOCTSIX M NMPUOPHUTETaX, KOTOPBIE 3a-
KJIaJIbIBAIOTCSI pa3paboTurKamMu B IpuMeHsiemble Mojenu 1MU.

[IpoGeMbl 3aKITI0YAIOTCS B CIEAYIOMINUX ACTIEKTaX:
1) onpenenenue 6anaHca peHTa0EILHOCTH MTPOU3BOJICTBA U COKPAIIEHUS BEIOPOCOB yTiiepoaa;

2) CIIOKHOCTh C ONTHUMM3ALKEH U KOOpAuHaLuel paboThl KHOepOe30MacHOCTH U CUCTEM OOHOBIIE-
HUS IPOTPAMMHOT0 obecrieueHusi, KoTopble aaroputMbl MM B 0OBIYHBIX YCIOBUSX CTPEMSTCS MPO-
W3BOJUTH B HOUHBIE NIEPUOABI, KOI/Ia HArpy3Ka HAa YHEPrOCUCTEMY NPEANPUATHS HUKE, KOTJa TeX-
HOJIOTUYECKUE IPOLIECChl MOTYT HE BBIMONHATHCS. OAHAKO TakoW MOAXOA K OOHOBJIEHHUIO IPO-
IrpPaMMHOI0 00ecredeHusl He MPUMEHUM JUI NPEANpUsaTHs 24-4acoBOr0 pabovero UK.

Heaponoab3oBanue

Kuraiickass HanmonansHas HedterasoBas kopmnoparus (CNPC — China National Petroleum
Corporation), Kuraiickas HedTsHas u xumudeckas kopmopanus (Sinopec — China Petroleum
and Chemical Corporation), Kwuraiickas HanuoHalbHas Mopckas He(TsHas KOPIOpaius
(CNOOC - China National Offshore Qil Corporation), a takke KpymHble HehTECEPBUCHBIE
komnanuu AntonOIL, Kerui u Jereh B mapTHepcTBEe ¢ BBICOKOTEXHOJOTHYHBIMU KOMITAHUSIMHU
pa3paboTanu W MPUMEHSIOT WHIWBUIYyaJbHbIE KOMMEPUYECKH OpHEHTHpOBaHHbIe Moaenu U ¢
pa3sHo0OpasHEIM (yHKIHOHanoM 1. Tak, Hampumep, Kuraiickas HarmoHambHas HedTerasopas
KOpPIIOpalus B COTPYIHUYECTBE ¢ KOMIaHuel XyaBe#l co3mana miatGopMy s KOTHUTHBHBIX

! MickyccrBennslii mHTeNeKT B HedyTerasoBoit mamyctpun Kutas / Hedrerasosas seprukanb. — 2024, —
Ne 10. https://ngv.ru/articles/iskusstvennyy-intellekt-v-neftegazovoy-industrii-kitaya/ (lara oOpamuenus:
5.11.2024).
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BbIuncieHni «E8», o0ecrneunBaronyo aHanu3 JaHHBIX JJI pa3BeJKU U A00bIUM He(TH, a TaKKe
JUISl yTIIPABJICHUS IPOU3BOICTBOM.

JHepreTuyeckas nn DOYyHKUUOHAJ
KOMITaHHS
CNPC E8 [udpoBbie TBOWHUKHY.

praBHeHI/Ie IMPOU3BOJICTBOM.

Sinopec Oilfield Smart Cloud In- [{udpoBsie TBORHHUKH.

dustrial Internet Platform VripaBiieHue IPOH3BOICTBOM.

CNOOC YrpasneHue JaHHBIMH IS Pa3BEIIKH U
pa3paboTKu.

JUis MHTepIpeTaluy CeHCMUYECKUX JaHHBIX, 11 OypeHHs U 3aKauMBaHUsl CKBAaXXUH, UH-
TEJUIEKTyaJbHON pa3pabOTKu IiacTa, pa3pabOTKU KOJUIEKTOPOB KUTaNHCKUE KOMIAHUU IpUMeE-
HAIOT pazHooOpas3Hbie HeilpoHHble ceTu (CNN), pekyppenTHbie HeliporHsie cetu (RNN), Bepo-
aTHOocTHble HelpoHHble cetu (PNN), rioybokue Heiponnble cetu (DNN), renepaTtuBHO-
cocts3aTenbHyto ceTh (GAN) s wiaccudukauum M pacrno3HaBaHUs (GopMm celCMHUYECKHX
BOJIH»!, 4acTo 3amajHBIX KOMOAHMIA.

IIpo6saemsbl pacnpocTpanenus onbiTa Kutas B crpanax BPUKC.

MacmrabupoBaTh NpakTUKU puMeHeHus Texnosorud MU s nexkapOonuzauuu Ha AaH-
HBI MOMEHT 3aTPYAHUTEIBHO 110 CIACAYIOIHUM IPUYUHAM:

1) Texnonorun VU / anropuT™sl SBISIOTCS KOMMEPYECKMM IPOLYKTOM, 0OECIEeUHBar0-
IIMM PbIHOYHBIE IpenumyliecTBa. KoMnaHuu-BiIanenblibl, AeHCTBYS B KOHKYPEHTHOM cpene, OyayT
CTPEMHUTBCS K COXPAHEHHIO CBOErO IIPEBOCXO/CTBA.

2) Mogemn MU 06ydaroTcs Ha OCHOBE JAHHEIX, KOTOPHIE MO YMOTYAHHIO OTHOCSTCS K
CBEICHMSIM, OTHOCSIIMMCS K TOCYAapCTBEHHOW TaliHe (T.€. IPU PACKPBITUM KOJla 3HAHUE AJTOPUT-
MOB U pe3yJbTaTOB UX PaOOTHI O3BOJISIET BOCCTAHOBUTH UCXO/IHbIE TaHHBIE).

3) Kwuraii HomYepKHBAET, YTO MCKYCCTBEHHBIH HHTEIIIEKT SABIISETCS TEXHONOTHEH JBOHHOrO
Ha3Ha4eHUs. PaHHee pacKphITHE TEXHOJIIOTUN U NIPUMEHsEMBIX anroputMoB M B Takoi 4yBCTBUTEIb-
HOM c(epe, Kak dHEPreTHKa, CO3/1aeT MoJie i 3MoHamepeHHoro npuMeHenuss UM nenoOpoxemnarerns-
mu. Kutaii siBisieTcst OHON M3 NMEPBBIX CTPaH MHpPa, KOTOPasi B OPUIIATBHBIX JOKYMEHTaX yKa3bIBacT
HE TOJIbKO Ha TEOPETUUECKHE BO3MOKHOCTH HerpaBoMepHoro npumenenus MU, Ho o6o3HavaeT Tako-
BBIE KaK y)Ke CyIIECTBYIONINE yTPO3bI HAMOHATBHOI 6€30MACHOCTH TOCY1apCTBaZ,

4) OTcyTcTBUE MPABOBOM BO3MOKHOCTH KOOPJAMHHUPOBATH puMeHeHue M B ctonp mac-
mrabHoM o0benuHenuu, kak BPUKC, npo0iemMaTudyHo B yCIOBHSIX OTCYTCTBHUSI MEXIyHApOIHOTO
HOPMaTUBHO-TIPABOBOTO peryinpoBanus NH.

5) B cuny reononutnueckux npuuuH Kutail (HapacTaromero TOProBoro, SKOHOMHYECKO-
ro, TexHojoruueckoro nporuBoctosHus ¢ CIA) Hayam NpUMEHSTH CBOJ MPaBUJI 3KCIOPTHOIO
KOHTPOJISI, OXBATHIBAIOIINI MHOTHE XMMHUYECKHE BEIIECTBA, ChIpbe, 000PYI0BaHHE U METAIIbI, KO-
TOpbIE OOBIYHO MCTOJB3YIOTCS B II100aJBHOM 1IETI0YKE MOCTAaBOK TEXHOJIOTUH, 000OPOHHOTO 000pYy-

! MickyccrBennslii uHTeNeKT B HedyTerasoBoit mamyctpun Kutas // Hedrerasosas seprukanb. — 2024, —
Ne 10. https://ngv.ru/articles/iskusstvennyy-intellekt-v-neftegazovoy-industrii-kitaya/ (data oOpamienust:
5.11.2024).
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JIOBAaHUS, aBUAIINY U KOCMMUYECKUX aNTNapaToB U T.1.1 Mephl SKCIIOPTHOTO KOHTPOJIS BO3MOKHO Pe-
TyJIMPOBaTh U BBIBECTH M3-TIOJ WX aecTBus kommanuu ctpad BPUKC, onnako macmrabnas peanu-
3alMsl TAKOW BO3MOKHOCTH MPEACTABISECTCS MaJTOBEPOATHOM.

KwuTaiickyro Mozenp MPUMEHEHHs] HCKYCCTBEHHOTO WHTEIUICKTA ISl YHEProcOepexeHus u
COKpaIlCHUS BHIOPOCOB MAPHUKOBBIX Ia30B MOYKHO OXapaKTEPU30BaTh Kak ycnenHyw. OgHako co-
BpEMEHHbIE OOIIEMUPOBBIC YCIOBUS HcIonb3oBaHus MU monmpazymeBaroT ¢parMeHTapHOCTh €ro
npuMeHeHus. @parMeHTapHOCTh MPOSIBISETCA B MPABOBBIX, MOJIUTUYECKUX, SKOHOMUYECKHUX, ITH-
YECKMX M, KaK CIIeJICTBUE, reorpaduuecKux OrpaHuueHusX npuMeHenuss MW s coxpaHeHus
OKpykaroriei cpensl. [1o 3Toi mpuuuHe KUTalcKasi MOJIeTh HE MOXKET OBITh NIEPEHECEHA U TIPUMeE-
HeHa B Apyrux opucaukiusax bPUKC, Ho MokeT ObITh BOCIIPOM3BEICHA, YTO, HEM30€KHO, ClIeIaeT
3TOT Tporiecc 6oiee JOPOTOCTOSIIMM U JJTUTEITBHBIM.
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HHOJIMTUKA JEKAPBOHU3AIIUU PECITYBJIMKHN KA3AXCTAH:
OCOBEHHOCTH, BO3MO>KHOCTH U BbI3OBbI

AnHoTaums. B cTtaThe paccMOTpeHBI 0COOCHHOCTH, BBI30BBI I BO3MOXKHOCTH, CBS3aHHBIC C JIEKapOOHU3aIIN-
el skoHoMuKH Ka3zaxcraHa B KOHTEKCTE IIOOAIbHBIX YCHIIMH 10 OophOe ¢ m3aMeHeHueM kimMmata. Ocoboe
BHUMAaHHE aBTOPOM YJEJSIETCS MPOIECCY NOCTHKEHUS YIriepoaHoi HeitpansHocTU K 2060 romy, BKiIodast
IIETTH TI0 COKPAIIICHUIO BEIOPOCOB MAPHUKOBBIX Ta30B, MEPEX0y Ha BO30OHOBISIEMbIC HCTOYHUKA SHEPTHH U
Pa3BUTHIO BOJOPOIHOM 3HEpreTHKU. KazaxcTaH akTHMBHO Y4YacTBYET B MEKIYHAPOIHBIX KIMMATHUECKHX
COTJIAIICHUSIX, TakuX Kak Ilapmkckoe cornamenue. ABropoM nposeaeH SWOT-aHanus, KOTOpPbIA BBISBISET
KIIFOYEBBIE CHIIbHBIE W CJIa0ble CTOPOHBI, & TAKXKE YIpO3bl M BO3MOXHOCTH B 001acTH AekapOoHM3anuu. B
KadeCcTBE OCHOBHBIX MPOOJIEM aBTOP yKa3hbIBaeT HA 3aBUCUMOCTH OT yTJIEBOJOPOIOB, HEXBATKY (PUHAHCHPO-
BaHUS U TEXHOJOTHI.
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Abstract. This article addresses the features, challenges and opportunities related to the decarbonization of the
Kazakhstan economy in the context of global efforts to combat climate change. The special focus is made on the

! China to tighten export curbs on critical metals ahead of Trump's return. November 16, 2024.
https://asia.nikkei.com/Spotlight/Supply-Chain/China-to-tighten-export-curbs-on-critical-metals-ahead-of-
Trump-s-return ([lata obpamenus: 19.11.2024)
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process of achieving carbon neutrality by 2060, including goals for reducing greenhouse gas emissions, switching
to renewable energy sources and developing hydrogen energy. Kazakhstan widely participates in international
climate agreements such as the Paris Agreement. The author conducted a SWOT analysis that identifies key
strengths and weaknesses, as well as threats and opportunities in decarbonization. The author underlines the main
problems, which are: the dependence on hydrocarbons, lack of funding and technology.

Keywords: decarbonisation, sustainable development, energy security, hydrogen energy, Kazakhstan.

CoBpeMeHHbII MUp Bce 00JIbIIE 3aBUCUT OT PUCKOB, CPEIU KOTOPBIX U3MEHEHHE KJIMMaTa U SHep-
reTuyeckas 0e30MacHOCTh OCTAIOTCs Hanbojee BaXKHbIMH. be3yCllOBHO, SK3HCTEHIMAIbHAS yrpo3a
M3MEHEHHUs KJIMMaTa SIBJISETCS OCHOBHBIM (PAKTOPOM MOBOPOTA INI0OATBHOM KOHOMHUKHU K JeKap-
OoHM3alMU. B 4acTHOCTH, «HEraTUBHBIC MOCIEACTBUS U3MEHEHUs KIMMaTa OCOOEHHO OCTPO OILy-
matorca B LleHTpanbHO A3um u3-3a Apanbckoil Tparenuu. IloBelmieHne TemiiepaTypbl BO3ayxa
B HallleM PErvMoHE BIBOE INPEBBIMIAET CPEJHUI MHPOBOM IoKa3arenb. KoindecTBo 4pe3BbIYaiiHO
XKapKUX JHEH yBeIMUYMIOCH B IBa pasa, pacrasja TPeTb MaCCUBOB JIETHUKOBY [1].

VYka3aHHbIE pacTyIlIUe PUCKHU IS YEIOBEYECTBA, CBSI3aHHBIE C U3MEHSIOIMIMMCS KIMMAaToOM, 00ycI0-
BHJIM HEOOXOAMMOCTH Jiisi KazaxcraHa BHECTH CBOH BKJIQ/ B YCHIIUS MEXKIYHAPOIHOTO COOOIIEeCTBA
Y TIOCTETNIEHHO MEePEXOAUTh Ha HU3KOYTJIEPOIHOE U, B UTOTE, Ha YIIIePOJAHO-HEUTpaIbHOE pa3BUTHE.

Otmeuas 70-t0 ropoBmuny co3fanus OOH, B centsOpe 2015 roma Ha ouepenHoit ceccun I'ene-
panbHOM AccamOien MexAayHapoIHOE COOOILECTBO yKa3ajlo Ha B3aMMOCBSA3b MEXKIY SKOJIOTHYe-
CKOM, COLUMaJbHOW M SKOHOMUYECKOH YCTOHYMBOCTBIO OyIyliero pasBUTHA. 25 CEHTAOps
2015 rona mpunsita pe3omorus «I[IpeodbpazoBanue Hamero mupa: [loBectka aHs B 00JaCTH YCTOM-
yuBoro paszsutusa 10 2030 roxa». CoryacHo naHHoM pesonmonui, 193 rocynapersa — unena OOH
00s13a/IMCh pa3BUBATh IJI00ANbHBIE YCUIIUS, YTOOBI 00ECTIEYUTh YCTONYMBBIN, BCEOXBATHBIM U IO-
CTYINATENbHBINA POCT, COLMAIBHYI0O MHTEIPALUIO U 3aLIUTY OKPY>KaIOLIEH Cpelbl B yCIOBUAX IapT-
HepcTBa U mupa. B [loBecTke mHA B 007aCTH YCTOWYMBOTO pa3BuThs Ha nepuoj a0 2030 roga us-
J0XeHbl 17 MHTEerpupOBaHHBIX Lesel B 0biactu ycroituuBoro pa3sutus (L{YP), obecneunBaronx
OaJlaHC MEX]ly COIMAIbHOM, SKOHOMUYECKON U IKOJOTUYECKON yCTOMUMUBOCTHIO. Llenu kmumaTuye-
ckux jaeiictBuil mponucanbl B [{YP 13, Ho oM Takxke cBsizaHbl cO MHOTUMU Jpyrumu [IYP, Takumu
kak Xoporiee 310poBbe U Onarononyuue (LIYP 3), Hocrynnas u uucras sueprus (L{IYP 7), Ho-
cToiHas padota u s3xoHOMHUYeckuii poct (I[YP 8), YcroitunBoe pa3BuTre ropogoB U HACEIEHHBIX
nyHkToB (I[YP 11) u OtBeTcTBeHHOE MOTpedIeHue 1 mpousBoacTBo (L[YP 12) [2].

be3yciioBHO, Ba)XKHBIM IIAroOM B HAIIPaBIECHUN K YCTOWYMBOMY PA3BUTHIO CTAJO MOJINUCAHUE CO-
TJIAIIEHUS 110 KIUMaTy BO Bpems 25-it koH(pepenun cropon Pamounoit Kousenuun OOH no u3-
MeHeHusM knumara B [lapuwxke 12 nexabpst 2015 r. Ha ceroansiiinuit nens k [lapuxckomy corna-
HICHUIO IpucoeTMHUINCh 194 rocynapcersa [3].

Hens ITapuxckoro cornameHus — OrpaHUYHUTh MOBBIIMICHHE TJI00ATBHOTO YPOBHS TEMIIEPATYPhI 110
1,5 °C no 2100 rona, cokpaTUTh BBIOPOCH MapHUKOBBIX ra3oB Ha 43% k 2030 roxy. Kaxkgas ctpana
JIOJDKHA CaMOCTOSITENIBHO ONPEIENSITh CBOK IMOJMTUKY MOCPEACTBOM pealu3alii ONpeeIieMbIX
Ha HallMOHAIBHOM ypoBHe BkiazoB (OHYB) [3].

B IMapmxckom cornamenun Obiia chOpMUpOBaHA OCHOBA AJISL Pa3BUTHSI MEXaHU3MOB IKCTEPPUTO-
pHaIbHOIrO COKpameHus BeIOpocoB. CTaTbs 6 coriamieHuss 0003Ha4aeT COBMECTHBIE «IKCTEPPUTO-
pHaNbHBIE)» MOJIXO/bI, KOTOPIM MOTYT CII€0BaTh CTPaHBI-yYaCTHHUIIbI, YTOOBI PAaCIIUPUTh OXBAaT
CBOMX NOJUTHUYECKUX PEUICHUH MO KJIMMAaTy 3a Mpenesbl HallMOHAIbHBIX IpaHull. [IpuMepoM aaH-
HOTo mojxoja siBisercs To, uto 16 mas 2023 r. B Eponeiickom Coroze (EC) Bctynui B cuity Me-
XaHW3M TPAaHCTPAHUYHOI'O yriiepoaHoro peryiaupoanus (CBAM).

CornacHo »ToMy periennto, 10 1 ssaBapst 2026 rona OyAeT JIUTHCS TIEPEXOHBIA TIEPUO, BO BpeMs
KOTOpOTro UMIIOPTCPOB O651)ICYT mogaBaTb OTUYETHI O KOJIHUYCCTBE BI:I6pOCOB IMapHUKOBBIX T'a30B IIpHU
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pou3BoICcTBE UX mpoaykuuu [4]. Haunnas ¢ 1 suBapst 2026 roga B EC OyneT B3UMaThCs MOILIHHA
Ha UMIOPT OTAETBHBIX BUIOB MPOAYKLIUHU, COPa3MEpHasi CTETIEH!, B KOTOPOH BBHIOPOCHI IMAPHUKOBBIX
ra30B OT UX MPOU3BOCTBA MPEBHINIAIOT YCTAHOBICHHYIO HOpMY. B kauecTBe uHankaropa OyneT cuu-
TaThCsi 00beM BBIOpOocOB 10% kommanuii EC, Benymux AesaTeTbHOCTh B ONPEACICHHOW OTPACciu, C
HanOOJIBIIINM YPOBHEM BBIOPOCOB Ha €IMHUILY IPOAYKIIUN COTTIACHO OTYETHBIM JaHHBIM. CBAM no-
nosasier Cuctemy Toprosiau kBotamu Ha BbIOpockl (ETS) EC, koropas HareneHa Ha COKpalleHUe
BbIOpocoB yriepoga B crpaHax EC nHa 55% x 2030 rogy mo CpaBHEHMIO C YpPOBHEM
1990 roxa ¥ B KOHEYHOM UTOT€ TOCTIKEHUE HYJICBOTO YpOoBHS BEIOpocoB k 2050 romy [5].

Pecniy6nuka Kazaxcran noanucana Ilapmwkckoe cornamenue 2 aBrycra 2016 rona u patudummpo-
Baia ero 6 nexadbps 2016 roxa. Ilepen odunmansueiM nmoamucanueM CorjameHus B CEHTIOpe
2015 roga Kazaxcran nmpoAaeMOHCTPUPOBA CBOIO MPUBEPKEHHOCTH 1eau Ilapuxkckoro cormarie-
Hus, npencrasu ceoii OHYB B PKMK OOH. B wactHocTH, Kazaxcran mianupyer o0ecneuuTsb yr-
JEPOJIHYI0 HEUTpalbHOCTh K 2060 romy.

OHYVYB Ka3zaxcrana npeanojaaracT CJICAYOMXE HCJIN 10 COKPAILICHUTO BLI6p0COB IapHUKOBBIX I'a30B:

» BesycnosHoe cokpamienue BbiOpocoB I Ha 15% k npexaOpro 2030 roma mo CpaBHEHHIO C
1990 rogom;

» Coxkparenue BoiOpocoB 1IN Ha 25% x mexabpro 2030 roga mo cpaBHenuoo ¢ 1990 rogom mpu
YCJIOBHH JOTOJHUTEIBHBIX MEXKIYHAPOIHBIX MHBECTULIUN, TOCTyNa K MEXaHU3MY Mepe/layd HU3-
KOYTJIEPOJHBIX TEXHOJOTUH, CPEJCTB 3€JICHOr0 KIMMAaTUYeCKOro GoH1a U THOKOr0 MeXaHu3Ma st
CTpaH C MEePEXOAHON IKOHOMHKOM.

Ha cerogusimmauii neHp HaOMIOAAeTCs YCTOMYMBAs TEHICHIIUS K CHHKEHHUIO BEIOpocoB 117 B cdepe
SHEPreTUKHU U B CEIbCKOM X03siiicTBe Kazaxcrana (Tadu. 1)

Tabmuua 1. I3menenue o6bemoB BoiOpocos 11" B Kazaxcrane B pazouBke
1o cektopam 3KoHOMUKHU B 1990 u 2020 rogax, mutH ToHH CO2-3KB.

oo oot | g | o | Mo,
DHEPreTHUECKUil CEKTOP 316,92 272,50 -14,02
CellbCKO€e X03SHCTBO 44,74 40,72 -8,98
[TpoMEITIIIEHHOCTH 19,29 22,29 + 15,54
z:;l/l(ieBl':)OHLSOBaHI/Ie 1 JIECHOE XO- 301 8,38 +314.30
OTx0abI 4,65 7,35 +58,17
Bcero 381,69 351,24 -7,98

[Ipumeudanue: cOCTAaBICHO COMIACHO UCTOYHHKY [6]

[TockonbKy PHEpPreTUYeCKUi CEKTOp ABISETCS MCTOYHMKOM HauOOJBIIEro KOJIWYecTBa BHIOPOCOB
I1I" B Kazaxcrane, MO>KHO 3aMETUTb, YTO B PECITYOIUKE aKTUBHO MOAJICPKUBAIOTCS HHUIIMATUBBI MO
TUBEpCUPUKAIIIN YHEPTeTUYECKUX MPOEKTOB JJIsl YCHIICHUS Mepexo/ia K HU3KOYTJIepOIHOM IHepre-
THKE B nepcrektuse. U ecnu yTouHuTh, uTo Ha 2022 roa okoso 80% BceX €KeroAHbIX BHIOPOCOB
II" B KazaxcTaHe CBSI3aHbI C JHEPIE€TUYECKUM CEKTOPOM, a B €ro paMmkax 87% BbIOPOCOB IHEPreTH-
YECKOI0 CEKTOpa IMPUXOIATCS Ha YTOJbHBIE 3JEKTPOCTAHIMM, CIEN0BATENBHO, EPEX0]] C YISl Ha
MPUPOJHBIN Ta3 UM BO30OHOBIISIEMbIE UCTOUHMKHM 3HEPIUM B cepe MPOU3BOJCTBA IEKTPOIHEP-
T'MH TIOBJIEUET 3a c000ii cymecTBeHHOe cHIKeHne BbiOpocos I B snepreruke Kazaxcrana.
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Baxusim npencrasinsiercs, uto 2 ¢espans 2023 rona B Kazaxcrane npunsata Ctparerus A0CTHKe-
HUSA yriiepoaHoi HenTpanpHocTu Pecy6muku Kazaxcran mo 2060 romxa [6].

Ona npeaycMarpuBacT ,Z[eKap6OHI/ISaLII/IIO MMPOMBIINIJICHHBIX MPOUECCOB IIYTEM:

» WUCIOJb30BaHUs aJbTEPHATUBHBIX CTPOMTENBHBIX MATEPHAIOB BMECTO LIEMEHTA, CTaJH, aJFOMH-
HUS C MEHbILIEH WIN HYJIEBOI MHTEHCUBHOCTHIO BBIOpOCcoB I117;

» yBeJMUYeHHs: 00bEMOB TIEPEPabOTKH OTXOIOB JIJIsl CHUKEHHUsI IOTPEOHOCTH B NEPEPAOOTKE CHIPH
KaK OCHOBHOT'O HCTOYHHUKA BEIOPOCOB OT CEKTOPA;

» BHEJPEHMs HOBBIX TEXHOJIOTHI MIPOU3BOJICTBA C HYJIEBBIM YpoBHEM BBIOpocoB [1I7 B coueTanuu ¢
yJIaBJIMBAaHUEM U XPAaHEHHUEM YIJIEPOAA;

Kpowme Toro, B nexabpe 2023 rona Kazaxcran npucoenunuics k [obanbHoMy 0053aTeNbCTBY 1O
cokparieHunio BeioOpocoB Merana (Global Methane Pledge) [7]. MaunuupoBannoe CIIA u EC I'no-
6anbHOE 0053aTENIbCTBO CTABUT LIEJIBIO COKPAILEHHE aHTPOIOI€HHOIO0 BHIOpPOCA METaHa He MEHee
yeM Ha 30% x 2030 romy mo cpaBHeHuto ¢ ypoBHeM 2020 roma. Bemomnenne GMP mo3Bomut
npenorBpatuth noremienue Ha 0,2°C k 2050 roay, a TakkKe COXpPaHUTh MPEEbl pOcTa I100aIbHO-
ro MOTerieHus1 Ha ypoBHe He Oonee 1,5 °C.

Crnenyetr otmeTuth, yTo Kazaxcran paccmaTpuBaeT Kak OAMH M3 BaXXHBIX KOMIIOHEHTOB CBOETO 0y-
IAyniero sHeproOanaHca aTOMHYIO 3HepreTuky. CuuTaercs, YTO pa3BUTHE aTOMHON SHEPreTUKU
MO3BOJIUT JOCTUYB YIJIEPOJHON HEUTpabHOCTH K 2060 TOy, YBEIUYUTh MO0 YUCTHIX UCTOYHHU-
KOB SHEPrHH U 00eCIeYnTh HaJie)kHOE dHeprocHadkenue [8]. Kasaxcran npucoeauHmics K JeKia-
pamu OOH 1o TpéxkpaTHOMY yBEJIMYEHHUIO UCTIOIb30BaHUS ATOMHOM SHEPTUU.

[Ipemmaraemerii Hmxke SWOT-ananmu3 nporeccoB nexkapoonm3anuu Kaszaxcrana (tadi. 2) mokasbl-
BaeT TeKyulee nojoxenne Kazaxcrana B mporecce 1ekapOOHU3aINY U BBISABISET KIIOYEBBIE 001a-
CTH JUIS TajbHEHIIero pa3BUTUS U yIyUIlIeHHUS.

Tabmuua 2. SWOT-ananu3 nporecco nexkapOonnsanuu Kazaxcrana

Strengths Weaknesses

1. 3amace! conHeuHO#, BEeTpOBO# U ruaposHepre- | 1. 3aBUCHMOCTh OT TPaJAMIMOHHBIX BHIOB SHEPrHU
THKH, YTO OTKPBIBACT MIMPOKUE BO3MOXKHOCTHU 1Isl | (HETH, ra3a W yIiisi) AeiaeT Nepexol CIOKHBIM U

nepexo/ia Ha BO30OHOBIIsIEMbIE UCTOUHUKHN HEP- | PUCKOBAHHBIM.

THH. 2. TIpobnembl ¢ GpuUHAHCHPOBAHUEM B cepe IUCTOl
2. Hannuwue cTpareruii ¥ mporpamMm Mo yCTOWYH- | SHEPTHH.

BOMY Pa3BUTHUIO U JeKapOOHU3ALUH. 3. HexBarka COBPEMEHHBIX TEXHOJIOTHIL.

3. Vyactue B MEXIyHAPOIHBIX COTIAIICHUSX. 4. HexBarka KBaJU(pUIMPOBAHHBIX KaJIPOB B 001aCTH

4. Hannuue pOeKTOB MO CTPOUTENILCTBY HOBBIX 3€JIEHBIX TEXHOJIOTUH U YCTOMYMBOIO pa3BUTHSL.
00BEKTOB BO30OHOBJIAEMBIX HCTOYHUKOB SHEPTUH. | 5. ['eononmMTudecKue 1 re09KOHOMUYECKHME PHCKH.

Opportunities Threats

1. BO3SMOKHOCTb NPUBJIECYEHUS] WHBECTULUHA B 1. KoHKypeHLHs CO CTOPOHBI IPYTUX CTPaH, CTPEMSI-
MIPOEKTHI TIO BO30OHOBIIIEMOI YHEPTETHKE. IIAXCS K JINIEPCTBY B OOJNACTH «3EJICHO) SHEPTHH.
2. Pa3BuThe HOBBIX TexXHOJIOrHWit: Bosmoxuoctr | 2. POCT colManbHOM HAaNps)KeHHOCTH KaK peaKluu
IUIs BHEIPEHMS HMHHOBALMOHHBIX TEXHOJIOIWM B | HACENICHHS HA M3MCHEHHS B YTOJBHOU U HE(PTIAHOM
«3EJICHYI0» DKOHOMUKY. oTpaciX.

3. COTpyIHHYECTBO C MEKIyHAPOAHBIMU HHCTH- 3. BonmarrmiisHOCTS MUPOBBIX PHIHKOB MOYKET TTOBIIH-

TyTaMH TS TIOJTyYeHHs TIOMOIIM U KOHCYIbTanuii, | ATk Ha (puHanCHMpOBaHKME HHUIIMATHB TI0 1EKAPOOHHU-
3aLMH.
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Kak MOXHO BHUJIeTh, HOBbIE BOBMOKHOCTH JJIsi CTPAHBbI OTKPBIBAIOTCS B 00JaCTH MPUBIICUYCHUS «3€-
JeHbIX» (UHAHCOB, TpaHCc(epa Oe3yriIepoaHbIX TEXHOJIOTUN, MHTETPAallid B MUPOBOW YTJIEPOIHBIH
PBIHOK, peanu3aly yIriepoAHbIX U KIMMAaTHYECKUX IMPOEKTOB oA arujou Ilapukckoro cornamie-
HUS, a TAKKE€ YYacTUsl B HOBBIX MEXKIYHApPOJIHBIX PBIHKAX «3€JEHBIX» YHEPropecypcoB U MHHOBA-
LIUOHHBIX TEXHOJOTHH. Yl MMEIOTCS MO3UTUBHBIE CIIBUTH, B YaCTHOCTH, Pa3BUTHE BO30OHOBIISEMBIX
HMCTOYHUKOB 3Hepruu B Kazaxcrane HaxoauTCs Ha CTaguu akTUBHOTO pocta. Kak ormeuaercs, Pec-
ny6muka Kazaxcran «oOmagaer OrpoMHBIM MOTEHIMAJIOM Ui Pa3BUTHA BETPOBOM M CONHEUHOU
SHEPreTHKH, a TAaKXKe Ul MPOU3BOCTBA «3€IEHOr0» Boaopoaa» [1], 0coOeHHO B FOKHBIX U 3amaj-
HBIX PETUOHAX.

[lo Hamemy mMHeHMto, Kazaxcran umeeT JOCTaTOYHBIE IIPEUMYILECTBA JIsl Pa3BUTHSI BCEX 3BEHBEB
LENOYKH J00aBICHHON CTOMMOCTH B BOJOPOJHON dHEPreTHUKE: HAYYHO-HCCIIe0BaTEIbCKUE pa-
00TBI — MMPOU3BOICTBO BOJOPOA — TPAHCIIOPTUPOBKA — HCTIOJIb30BaHKe. Oco00 3HAYMMO TO 00CTO-
ATEeNbCTBO, YTO KaszaxcraH, obnajgaer 3amacamMu MPUPOJHOTO T'a3a — OCHOBBI B MPOM3BOJACTBE «TO-
JTy00ro» BOAOpOJa — M, CIEI0BAaTEIbHO UMEET MOTEHIMAN JJIs €ro MPOU3BOJICTBA, a TaKkke HH(ppa-
CTPYKTYpYy IUIsl €r0 TPAaHCHOPTHUPOBKHU U XpaHeHusa. M, ctoutr ormeruth, uyto B Kazaxcrane uuaer
(hopMHpOBaHHE TIPEIIOCEUIOK PAa3BUTHS BOAOPOTHON YIKOHOMUKH. BoIen B CHITy HOBBIM KOJIOTH-
yeckuit Kogekc PK, cooTBeTCTBYIOMINI MUPOBBIM CTaHAAPTaM B IUIAHE PA3BUTHS 3€JICHOW DHEpre-
THKH, a TAK)KE CPaBHUTEIHHO HEAaBHO OblIa yTBeprkaeHa KoHnenuus pa3BuTHs BOJOPOAHOM dHEp-
retuku B Pecnyonuke Kazaxcran g0 2040 roxa [10].

OpHako MOXHO YyTBEpXKAaTh, 4YTO J0Jsi BO30OHOBISEMBIX HCTOYHHKOB »dHepruu B Kazax-
CTaHE 3HAYUTEIBLHO HUKE, 9YeM B CPEIHEM IO MHUPY, U COCTaBIIICT HE3HAYUTEIBHYIO 9acTh OT 00-
uiero sHeprodananca. B ocHoBHOM, sHepreTrka Ka3zaxcrana 6asupyercs Ha HCKOMAeMOM TOIUTHBE.
Xots Kazaxcran oOnagaeT 3HAYMTEIBHBIM TOTCHIIMAJIOM JIJISl Pa3BUTHS BO30OHOBIISIEMBIX HCTOY-
HUKOB DHEPIHH, POCT MX JOCTATOYHO MeIJIEHHBIH (10 6% B sHeprobanaHce CTpaHbl), U PUHAHCH-
poBaHue (Kak OJHA W3 TJIABHBIX MPOOJIEM OTPACiIH), OCTACTCS B MPOIEHTHOM COOTHOIICHHH BCE
emre HU3KUM (MeHee 5%) [6]. CoxpaHsromascs 3aBUCUMOCTh OT TPAJAUIIMOHHBIX UCTOYHUKOB YHEP-
ruu (HedTH, raza u yris) JejaeT, TaKUM 00pa3oM, SHEPTronepexo/] J0CTATOYHO CI0KHBIM.

Hemano u npyrux BbI30BOB Ha IyTH Oe3yriiepogHoro pa3zsutus. Ha nam B3rsin, BBeneHue EBpo-
neiickuM Coro30M MEXaHHW3Ma TPaHCIPAaHWYHOIO YIIEepoAHOro peryiaupoBaHus 16 mas 2023 r.,
MEXAyHapOAHOE PacHpOCTpaHEHHE MEXaHU3MOB IIEHOOOpa30BaHUS Ha BBHIOPOCHI MAPHUKOBBIX Ta-
30B, BBIBOJ] MHBECTULIMI U3 NIPOEKTOB M aKTHBOB, CBA3aHHBIX C UCKONAEMBIM TOILUIMBOM, — BCE ITH
(akTopbl JOHKHBI OBITH YUTEHBI MpU pa3paboTKe W peali3alliyd HalMOHAJIBHBIX U OTPACIEBBIX
TUTAHOB JIOCTHXKEHHUS YTIEPOJHONH HEHTPaTbHOCTH, YTOOBI CHU3UTHh PUCKH M TOBBICUTH NMPHUBJIEKA-
TENBHOCTh SKOHOMUKHM Ka3zaxcraHa.

[IpencraBnsercs oyeBHIHBIM, YTO TIITyOOKas jaekapOoHu3alMs 3KOHOMUKM KazaxcraHa MOXET OBITH
JIOCTUTHYTa TOJBKO IPU YCIOBHM CEPhE3HBIX MPeoOpa3oBaHMi B MHCTUTYLIMOHAIBHOW M TPaBOBOU
cpene, pIHOYHBIX, HHPPACTPYKTYPHBIX, TEXHOJIOTUICCKUX M COIMATBHBIX m3MeHeHui [10]. B ckiazpl-
BAIOIIEHCS CUTYalMH TOCYAAPCTBY HYKHO ITPOAEMOHCTPUPOBATh, YTO CTPAHA PACIONAraeT «BbITOHbI-
MU pecypcamu, pazpadoTKa, 100bIYa U TPAHCTIOPTHPOBKA KOTOPHIX BO3MOXKHA MO0 OTHOCUTENTFHO HU3-
KOH IIeHE U C HE3HAYUTENIbHBIM YIJIEPOAHBIM CIIEJIOM, CO3JaTh YETKYI0 HOPMATUBHYIO CpPELy M, 4TO
HEMaJIOBa)KHO, 00ECTIEYNTh CBOEBPEMEHHOE MPUHSITHE PELICHHUH, Kacaroencs: 3TUX BompocoB. Mmen-
HO 3TH ()aKTOPBI CMOTYT TIOMOYb CO3/IaTh YCJIOBUSI IJIsl BHEIITHETO MHBECTUPOBAHMSI.

Pestomupysi, MOKHO yKa3aTh, YTO MOJUTHKA JAEKAPOOHU3AIIUU — ITO, 0€3YCIOBHO, CIIOKHBIM MPO-
1IeCC, KOTOPBIN TpeOdyeT KapANHATBHBIX IEPEMEH B UCMOIB30BaHUU YHEPTOPECYPCOB U TEXHOIOTHIA.
HecmoTps Ha omnpeneneHHble CI0KHOCTH, Ka3axcTaH CBOEW MOJIMTUKON IMOKAa3bIBAET AKTHBHYIO
poiib B TNIOOANBHBIX NEHUCTBUAX MO OoprOe ¢ m3MeHeHWeM kiaumaTa. Camoe ompezensroiiee, B
CTpaHC CYIIECTBYCT YCTKOC MIOHMUMAHUC, YTO [[eKap6OHI/I3aIII/I$I YKOHOMHKH MOKET OBITH AOCTUTHYTa
TOJILKO TIPU YCIIOBUU MOCJEI0BATEIbHBIX TPE0Opa30BaHUM.
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TURKIYE’S GAS MARKET AND HUB ASPIRATIONS
IN THE EVOLVING EURASIAN ENERGY LANDSCAPE

Strategic Role of Natural Gas in Tiirkiye’s Energy Balance

Tiirkiye is the fourth largest gas market in Europe and plays a critical role in the region's energy
landscape. It handles approximately 10% of the European Union's gas imports through transit and
serves as a key LNG enabler for Eastern Europe. With an estimated spare import capacity of 25-30
billion cubic metres per year, it supplies LNG, Azerbaijani gas, and Russian gas to neighbouring
countries. The country's strategic ambition is to become the Eastern equivalent of the TTF, position-
ing itself as a regional gas pricing hub.

Top-10 natural gas consumers in Europe
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Natural gas plays an important role in Tiirkiye's energy mix, accounting for 26.2% of total primary
energy consumption — just behind oil (30%) and ahead of coal (25%). It is vital for residential heat-
ing, power generation, and as a feedstock in industrial processes such as the production of chemi-
cals and plastics.

Structure of natural gas consumption
in Turkiye
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In 2023, total gas imports reached 50 bcm, with pipeline imports making up 73%. Key pipeline
suppliers included Russia (20.5 bcm), Azerbaijan (10.3 bcm) and Iran (5.4 becm).

In recent years, the LNG segment of the market has undergone notable developments:

e LNG Market Dynamics 2023: LNG demand fell, largely due to the economic impact of the
February 2023 earthquake and unseasonably mild winter conditions. Nevertheless, Turkey commis-
sioned a new FSRU terminal at Saros, improving its import flexibility.

e LNG Market Dynamics 2024: During the peak winter months, Tirkiye’s LNG imports surged
43% year-on-year to 26 Mtpa, briefly making it the world’s fourth-largest LNG importer after Ja-
pan, China, and South Korea. This increase was driven by a 68% year-on-year jJump in winter gas-
for-power demand and regulated retail pricing that insulated consumers from global price spikes.

Algeria emerged as the top LNG supplier (42% of Turkiye’s LNG imports), followed by the U.S.
(28%), while Russia increased its share from 3% to 11%.

Domestic natural gas prices, particularly for the residential sector, remain heavily regulated. In
Winter 2024, BOTAS sold gas at prices closer to Henry Hub benchmarks than to European TTF
levels. This policy led to a surge in downstream demand while shielding consumers from interna-
tional volatility.

Tiirkiye's Gas Hub Aspirations: Regional Context and Constraints

Tiirkiye envisions transforming itself into a regional energy hub, leveraging its extensive pipeline
infrastructure and LNG terminals to serve as a conduit between suppliers in the Middle East, Rus-
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sia, the Caucasus, and European markets. The country already supplies gas to Hungary, Bulgaria,
Romania, and Serbia and aims to expand its role to include pricing and trading — akin to Europe’s
TTF platform in the Netherlands.

Minister Alparslan Bayraktar underscored this ambition in 2024: “We aim to become not only a gas
hub where prices are formed, but also a physical export centre delivering gas to buyers in Europe.”

However, the EU’s evolving regulatory stance poses challenges. On May 6, 2025, the European
Commission published a Roadmap to End Dependency on Russian Energy, proposing to:

e Ban all new contracts and spot purchases of Russian gas by the end of 2025.
e Phase out Russian gas imports entirely by 2027.

e Increase traceability and transparency in gas origin across EU markets.

These policies aim to prevent Russian gas from entering European markets via indirect channels,
including potential re-exports from Tiirkiye.

If Russian pipeline imports to Tiirkiye do not exceed its domestic demand, Tiirkiye could argue that
onward exports to Europe originate from non-Russian sources.

Currently, Russia supplies over 42% of Turkiye’s gas imports.

Russia's supplies within the structure of Turkiye's natural gas imports
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Despite Tiirkiye’s deep links with Russia, including a co-sponsored trading platform at the Istanbul
Financial Centre, gas volumes can be ‘anonymised’ at the hub level. This could enable Tiirkiye to
maintain volumes to Europe while formally complying with EU rules, provided physical flows and
contractual structures are sufficiently separated.

Turkey’s legal and market frameworks also align with European models. The natural gas market is
liberalised, with over 40 licensed wholesale suppliers and a balancing regime that the 1EA (2021)
described as “fully compliant with EU norms.” However, BOTAS retains a dominant role, and
third-party access, while nominally open, remains limited in practice.
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Strategic Choices: LNG, Energy Infrastructure, and the Clean Transition

Looking forward, Ankara faces a strategic choice: pursue its gas hub vision in the face of tightening Eu-
ropean regulation, or pivot towards clean energy leadership in the Eastern Mediterranean.

Any pipeline options from the Middle East face substantial challenged of political and security na-
ture. Thus, the choice of LNG seems like a more viable option which offers flexibility and access to
a variety of geographical sources.

However, the problem is sendout pipeline capacity in the Western direction remains a key bottle-
neck in any of the strategic choices regarding natural gas (pipeline or LNG).

Tiirkiye is also poised to become a regional clean energy connector:

e |t could anchor a broader Eastern Mediterranean power grid, integrating existing projects like
the Egypt—Saudi interconnector, and the Greece—Cyprus—Israel "Great Sea Interconnector”.

e Tiirkish—Syrian grid integration could become a new node in this system, supporting renewable
energy penetration and regional stability.

These developments could allow Tirkiye to redefine its energy leadership not only as a fossil fuel
transit state but as a key player in the clean energy transition.

Conclusion: Tiirkiye at a Crossroads

Tiirkiye’s ambition to become a gas hub is supported by physical infrastructure, regulatory conver-
gence with the EU, and strategic location. However, the initiative faces political and commercial
uncertainty, particularly amid EU moves to decouple from Russian gas. Going forward, Tirkiye’s
dual strategy — enhancing its LNG and pipeline capacities while investing in regional power con-
nectivity and clean energy — could offer a more resilient path to long-term energy relevance.

As Tiirkiye recalibrates its energy diplomacy, the question is no longer ""whose side is Tiirkiye
on?", but rather ""how can Tiirkiye best serve its own interests in a changing energy world?*
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BPUKC: OBMEH OIIBITOM

AnHoTanus. B cTaTtbe paccMaTpuBarOTCS MEPCHEKTUBBI YTIyOICHUS HEPTETUYECKOTO COTPYIHHYE-
ctBa ctpad bPUKC B koHTEKCTEe peanu3anuu 00513aTeIbCTB M0 IeKapOOHU3AIUY U JOCTHUIKEHHIO YIJIe-
pomHOW HeHTpanbHOCTH. [IpOBeeH CpaBHHUTEIBHBIN aHATWU3 CTPYKTYPHl dHEPTETHUYCCKUX OalaHCOB,
YpOBHEH 3HEProo0ecnedeHHOCTH M HaIlMOHAIBHBIX CTPATeTUH Mepexo/la K HU3KOYTIEPOTHONH IKOHO-
MHKE, YTO IO3BOJISET BBISIBUTH BO3MOXKHOCTH TpaHcdepa TEXHOJOTHH W JYUIIUX YIPaBICHUYECKUX
IIpaKTHUK. Ocoboe BHUMaHHUE YACHACTCA MHCTUTYUUOHAJIBHBIM MEXaHU3MaM oOMeHa OIbITOM, pa3BHU-
TUIO TIPUHIUIIOB HHpKy.]BIpHOﬁ OKOHOMMKH, BKJIIOYasAd IMOBTOPHOEC HCIOJLB30BaHUE IMPOMBIIIICHHBIX
PECYypCcOB M OTXOJOB, a TaKK€ BHEAPCHHIO HU(PPOBBIX U MPEIAUKTUBHBIX PEUICHUN M MOBBIIICHUS
HAJIe)KHOCTH JHEpreTuueckod mHppacTpykTyphl. [loka3aHo, YTO CHCTEMHAas KOOPJIWUHAIMS M OOMEH
3HAaHUSIMU CIIOCOOHBI YCKOPUTH YCTOWYMBYIO M CHPaBEJIMBYIO TPaHC(HOPMALHIO IHEPreTUYECKUX CH-
CTEM rOCyJapCTB-YUYaCTHUKOB.

KuaroueBnie caoBa: BPUKC; sHepretmyeckuii mepexoi; AcKapOOHW3ANHS, YTJIEpOAHAs HEHTPaIbHOCTD,
MEXIyHAPOIHOE IHEPTeTHUYECKOe COTPYIHHUECTBO; OOMEH TEeXHOJOTHUSMHU M 3HAHUSAMH; IUPKYISIPHAS KO-
HOMUKA; ITOBTOPHOE HCIIOIH30BAHUE PECYPCOB M OTXOJIOB; pecypcHast YO PEeKTUBHOCTh; MPETUKTUBHAS THA-
THOCTHKA 000PY/IOBaHUSI.
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BRICS: Lessons to be Learned From Each Other

Abstract. This paper examines the prospects for enhanced energy cooperation among BRICS countries in
the context of decarbonization commitments and long-term carbon neutrality targets. A comparative analysis
of energy balances, levels of energy self-sufficiency, and national transition strategies identifies opportuni-
ties for technology transfer and the dissemination of best practices. Particular attention is given to institu-
tional mechanisms that enable knowledge exchange, the advancement of circular economy principles, in-
cluding industrial waste reutilization and waste-to-resource strategies, and the deployment of digital and pre-
dictive solutions to improve infrastructure reliability. The study demonstrates that structured cooperation and
systematic experience sharing can accelerate a just and sustainable transformation of energy systems across
member states.

Keywords: BRICS; energy transition; decarbonization; carbon neutrality; international energy cooperation;
technology and knowledge exchange; circular economy; waste-to-resource strategies; resource efficiency;
predictive diagnostics.

The leaders' summit in South Africa in 2023 resulted in a decision to expened the size of
BRICS, and the practical implementation of this decision took place in 2024 during the Russian
presidency.

Such a large-scale expansion naturally creates prerequisites for cooperation in a number of are-
as. The geographical distance between some BRICS member states imposes limitations on the
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interaction within the energy sector. At the same time, this diversity fosters a collaborative en-
vironment where members can share their experiences and collectively achieve the goals of de-
carbonization.

BRICS countries have different levels of energy self-sufficiency, fuel and energy balance structures,
energy infrastructure, and domestic energy market operation models. The same goes for Nationally
Determined Contributions, or NDCs, under the Paris Agreement. Obviously, as all members agree,
the goal of achieving these targets should align with the principles of a just transition. This means
not only reaching a sustainable, net-zero economy, but also ensuring that the path to this goal is fair
and inclusive for everyone involved.

All BRICS countries have formally committed to achieving carbon neutrality. Brazil, Ethiopia,
South Africa, and the UAE aim to achieve this target by 2050, while China, Russia, Saudi Arabia
and Indonesia have set a deadline of 2060, and India has set a target year of 2070.

For most of these countries, the energy sector plays a vital role in the transition to a low-carbon
economy and in the achievement of the carbon neutrality commitments.

Brazil has a high share of electricity generation from renewable energy sources, primarily hydro-
power as well as focusing on biofuels. Brazil's 10-Year Energy Expansion Plan (MME, 2022) in-
cludes the construction of additional nuclear power plants.

Russia has plans to pursue low-carbon energy further. Its development initiatives include the con-
struction of generating capacity based on renewable energy sources, such as solar, wind, and hydro
power.

India intends to diversify its energy portfolio by incorporating a range of non-fossil fuel sources,
including renewables, biomass, nuclear energy, and hydropower.

By the end of 2023, China's cumulative installed capacity reached approximately 2,900 GW, mark-
ing a year-over-year increase of 14%. In 2023, the total energy output was nearly 9,500 TWh, mark-
ing a 7% increase compared to 2022. Cumulative installed capacity of renewables reached 1,500
GW, including hydropower, wind power, and solar power, accounting for more than 50% of the to-
tal installed capacity.

South Africa has announced its plans to diversify its energy generation, with a strategy that incorpo-
rates a mix of both renewable and non-renewable sources, including abatement technologies.

Egypt is committed to scale up low-carbon energy production. The country aims to increase the
supply of electricity generated from renewable sources, diversify its energy mix, and attract direct
investment to provide a range of fossil fuels, renewable energy, and nuclear technologies.

The UAE aims to diversify its energy portfolio by leveraging natural gas, solar, and nuclear energy.

Ethiopia has set ambitious targets in its 10-Year Perspective Plan (2021-2030) to promote the ener-
gy transition. The country is planning to diversify and increase its power generation capacity to
more than 17 GW from various renewable energy sources by 2030.

These goals are ambitious. In many of the areas mentioned above, the BRICS countries are recog-
nized leaders both in terms of technological expertise and know-how, as well as in the implementa-
tion of energy projects leveraging these advancements.

A crucial enabler in achieving carbon neutrality could be various platforms dedicated to sharing ex-
periences and expertise.
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One effective approach to facilitate this exchange is through business communities, associations,
and similar entities. BRICS Business Council serves as a consultative body within the wider BRICS
organization. It comprises national secretariats from member countries and several specialized
working groups, which include leading companies from their respective sectors. One of these
groups is the Working Group on Energy, Green Economy and Climate.

As an advisory body, its primary responsibility is to prepare recommendations and proposals for the
leaders of the BRICS countries.

These recommendations and proposals are intended either to address some of the existing global
challenges from the perspective of the Working Group's profile, or to develop proposals or initia-
tives related to some of the promising areas.

While all recommendations and initiatives are publicly available in the BRICS Annual Report, there
are a few worthy of a particular mention here. One, is the Working Group’s BRICS Energy Cooper-
ation Forum. Two forums have already taken place, at which participants exchanged experience and
proposed new solutions that could be scaled up. This mechanism can be regarded as an enabler for a
fair energy transition and achieving decarbonization goals.

In order to underline the value of information exchange and the visibility of important achieve-
ments, this thesis should be backed up with practical examples.

A number of BRICS countries have coal-generation as part of their energy mix. As a result of coal-
powered power plant operation, ash and slag waste is generated. While often regarded as waste, in
reality, it is a resource for a whole range of industries. This channeling of waste from one sector in-
to production of another is fully in line with the concept of circular economy and resource reuse.

For instance, China produced 396-420 million tonnes of ash and slag waste in 2023. But the key
indicator in this case is not the amount of waste produced, but that the degree of recycling was close
to 90% and as previously noted, it serves as a resource for several sectors, such as for cement pro-
duction; production of building materials: bricks and concrete; road construction and land reclama-
tion.

India has also achieved good results. Their utilization rate is around 67%. Where 25% goes to ce-
ment production, 9% to brick production and the same amount to road construction. These exam-
ples show the huge unrealized potential in this industry for Russian companies as the current share
of utilization is about 6-8%.

From a business perspective, knowledge exchange plays a vital role, with many initiatives benefit-
ing from the best practices shared by BRICS partners. Considering this through the lens of practical
experience, at En+ Group we recognize the significant economic and environmental potential and
are committed to contributing to the circular economy by carefully evaluating our partners' experi-
ences, engaging in stakeholder dialogues as well as in other relevant activities.

For example, we already have successful cases in Siberia, in the region where we are present. One
of the promising and already tested directions is the use of ash and slag in concrete for road con-
struction, which allows to reduce the need for primary raw materials.

Another example — the study and scale up of ash utilization in production of building materials:
concrete, aerated concrete, and cement.

BRICS through various mechanisms and platforms also allows to showcase strong projects as best
practice for others’ implementation.
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For example, an Automated Predictive Diagnostic System implemented across our power genera-
tion sites.

Equipment failures at hydropower plants can result in significant financial losses, production
shutdowns, increased repair costs, and other potentially harmful effects, including environmen-
tal ones. Conventional maintenance methods that are based on schedules or a reactive approach
often prove to be ineffective. These methods prioritize responding to malfunctions rather than
preventing them.

Our solution is an automated predictive diagnostic system that uses nonparametric modeling meth-
ods to compare the current state of the equipment with reference values of each asset's technical pa-
rameters. The system utilizes data from the asset's sensors and employs a set of specific algorithms
to detect deviations. This allows for the identification of signs of wear or malfunction before they
develop into critical conditions.

The Automated Predictive Diagnostic System is designed for and could be applied within a wide
range of industrial enterprises where continuity of processes and minimization of equipment down-
time is essential.

These include: Manufacturing enterprises (power plants and other enterprises where the uninter-
rupted operation of equipment is critically important for production); Companies with a large fleet
of equipment; and Industries with high safety requirements (chemical, nuclear, or food industries,
where equipment failure can have serious consequences).

We would be pleased to share our experience in this area with all interested partners from the
BRICS countries. Notably, this solution has been shortlisted for the final phase of the 2025 BRICS
Solutions Awards, which is held alongside annual BRICS Business Forum.

This competition is not merely a contest across various categories but also serves as a showcase of
the best projects and practices recognized by a distinguished expert community.

The examples presented highlight new opportunities that emerge from reviewing international best
practices, as well as the platforms and channels through which expertise can be shared. And the
scope of such exchanges is virtually unlimited, reflecting the extensive scale at which these insights
may be applied.

BRICS partnership in the energy sector exemplifies how diversity can be leveraged for collective
progress. Each member country brings unique strengths, which, when combined, create opportuni-
ties for shared growth and resilience.

Through structured cooperation, BRICS nations are advancing technological solutions such as bio-
fuels, hydro, wind, and solar power, among others, while also exchanging best practices and sup-
porting one another in the transition to sustainable energy systems. Their collaborative platforms
promote research, policy exchange, and the development of new energy sources, while addressing
critical issues such as energy access and security.

The key takeaway is clear: by sharing expertise, investing in innovation, and respecting each na-
tion’s unique context, BRICS countries can accelerate the global transition to clean energy and en-
sure affordable, reliable power for all.
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ENERGY TRANSITION AND POTENTIAL FOR COOPERATION
ON RENEWABLES AND GAS AMONGST THE BRICS COUNTRIES

Introduction

The global energy system is structured around fossil fuels, which are the main source of greenhouse
gas emissions. Decarbonization and global warming mitigation efforts focus primarily on restructur-
ing countries' energy mixes and necessarily involve energy policies that support the diffusion of
clean energy sources. Currently, more than 150 countries have adopted some form of incentive for
renewables. These transformations involve many possibilities regarding their nature and pace, given
that the challenges posed by the energy transition and the strategies adopted by each country are
heterogeneous, considering economic, institutional and energy mix differences. Each experience
has its own specific objectives and the energy policy instruments are diverse.

The BRICS, group of developing countries, are markedly characterized by very different energy
systems, socioeconomic structures and institutional frameworks, which points to particular trends in
energy transition. On the other hand, the group shares objectives around sustainable development,
aiming at opportunities for complementarity and cooperation in the energy area. The presentation
aimed to present the main policies for the dissemination of renewable sources and natural gas in the
five countries that formed the BRICS before the 2024 expansion and to evaluate the initiatives and
opportunities for cooperation in the energy sector.

Diffusion of renewable sources and natural gas in the BRICS

The BRICS are large consumers of energy, having demanded around 40% of the world total. The
group's energy consumption grew at a rate of 3.3% per year (p.a.) in the last decade, well above the
world average of 1.9%. This consumption dynamic is led by China and India.

The BRICS countries have a highly concentrated primary energy consumption in fossil fuels. Fossil
fuels are the main energy source, with coal predominating in China, India and South Africa and
natural gas in Russia. Brazil has a more diversified fossil fuel consumption, including oil and deriv-
atives, gas and coal, which account for 49% of the total. The diversity and abundance of energy
sources, as well as the high share of renewable sources in the electricity system and in the transport
sector, distinguish the Brazilian case (Figure 2).

The BRICS electricity systems are equally concentrated in fossil fuels, with the exception of Brazil
due to the predominant use of hydroelectricity, in addition to sugarcane products and wind energy
(Figure 3). In this scenario, natural gas plays an important role in the BRICS decarbonization poli-
cies, as it replaces more polluting sources and offers reliability and flexibility to the electricity sys-
tems in the face of the penetration of renewable energy.
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Figure 1 — Evolution of primary energy consumption of BRICS, 2000-2023 — TWh

80,000

70,000
60,000
50,000
40,000
30,000
20,000
10,000

0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

W Brazi mChina ®India MWRussia M SouthAfrica

Source: Energy Institute — Statistical Review of World Energy (2024) / Our world in data

Figure 2 — Final primary energy consumption of BRICS — 2023
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Figure 3 — Electricity Generating Mix in BRICS - 2023
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The decarbonization of the energy sector via the electrification of end uses is one of the main ener-
gy transition strategies of the BRICS, which have a growing share in the global renewable genera-
tion capacity, especially China, India and Brazil, which are among the main demanders of these
technologies.

Cooperation for the dissemination of renewable sources and natural gas in the BRICS

Three key factors structure the energy cooperation of the BRICS: support for the development of
national energy systems, technological cooperation and better conditions for investment in energy.

In the area of Research, Development and Innovation (R&D, 1), intra-BRICS cooperation gradually
gains emphasis through specialized training, consultancy, knowledge exchange and technology
transfers. In 2018, the BRICS created the Energy Research Cooperation Platform, which brings to-
gether experts, companies and research institutes with the aim of coordinating the common interests
of the BRICS in promising areas of R&D, new technologies and innovation policies.

The BRICS bring together emerging economies that, as a rule, have fewer technological and finan-
cial resources and face the challenge of expanding infrastructure and access to energy while imple-
menting new low-carbon economic models, placing financing as a critical point in the energy transi-
tion. In 2014, the BRICS launched the New Development Bank (NDB) as a cooperation mechanism
to finance infrastructure projects and promote development. The financing system is also supported
by the BRICS Interbank Cooperation Mechanism, which brings together the financial institutions of
the five countries to mobilize private investment in infrastructure projects.

Intra-BRICS cooperation also occurs within the scope of bilateral trade and investment relations,
where energy complementarities present several possibilities for collaboration.

China is the largest investor and has strong technological capacity in low-carbon energy, generating
broad potential for technological cooperation, especially in the fields of battery storage, photovolta-
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ic solar panels, electric vehicles, routes for hydrogen production and digitalization of electricity in-
stallations. China is also a large energy consumer, which allows trade agreements with producing
countries in the group, such as Russia and Brazil.

Hydrogen has the potential to become an important axis of integration and energy cooperation
in the BRICS, in which countries with more developed technological bases, such as China and
Russia, can play the role of technology suppliers, while Brazil, South Africa and India can be-
come exporters of clean hydrogen with the development of integrated renewable generation and
electrolyzer projects. In other words, a collaborative approach to hydrogen in the BRICS could
complement national initiatives, allowing countries to capture complementarities in demand and
production patterns and unlock synergies in the use and development of infrastructure, poten-
tially making electricity a commodity traded by distant countries, beyond the limits of transmis-
sion networks. In addition, countries can unlock public and private funds for R&D and promote
financing projects in hydrogen technology routes, in addition to increasing the focus on cross-
cutting research areas.

Conclusions

The BRICS have a high share of global energy consumption and production, especially from fossil
fuels, but have been expanding their commitment to reducing CO2 emissions, albeit late in relation
to OECD countries. It is worth noting that natural gas could represent an important step in the
BRICS decarbonization process. Despite the peculiarities present in national energy transition pro-
cesses, the BRICS demonstrate the strengthening of international cooperation in energy as a funda-
mental mechanism for expanding investments and developing new sustainable processes and tech-
nologies, improving policies and programs, and exploiting trade gains, contributing to sustainable
development.
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(UN)INTENDED CONSEQUENCE OF EXTREME HEATWAVES
ON AIR POLLUTION AND ITS SOCIAL COST:
EVIDENCE FROM THE POWER SECTOR IN CHINA

The intensifying effects of climate change are bringing more frequent and severe extreme
weather events with significant implications for air quality and public health.! Recent projec-
tions further indicate a dramatic rise in lifetime exposure to unprecedented climate extremes
among younger generations worldwide, underscoring the escalating global threat. Among these
risks, extreme heatwaves can influence the efficiency of energy use in fossil fuel-intensive sec-
tors. This is particularly critical in the power sector, where fossil fuel power plants — especially
prevalent in developing countries—remain the backbone of electricity supply. In 2024, thermal
power generation accounted for 58.7% of global electricity production, with coal-fired genera-
tion plants contributing 34.5% (IEA, 2025). China, the world’s largest electricity producer and
consumer, relies heavily on thermal power, which constituted 61.6% of its total generation in
2024 — 58.4% of which came from coal-fired generation plants. Similar patterns prevail in other
developing economies: coal-fired generation shares reached 84.1% in South Africa, 73.4% in
India, and 66% in Indonesia (World Bank, 2024). These countries’ energy security and industri-
alization are deeply intertwined with coal dependence, while escalating heatwaves amplify their
environmental and health costs. But few researchers have studied its true impact as well as the
accompanied social cost. A notable exception is Liu et al. (2024), who employed satellite re-
mote sensing to detect elevated pollutant concentrations near coal-fired generation plants during
heatwaves. However, one particularly underexamined consequence of extreme heat is its impact
on the operational efficiency of fossil fuel-based energy systems.

The efficiency degradation of power generation units under extreme heatwaves through two prima-
ry mechanisms. First, cooling system inefficiency: elevated ambient temperatures reduce cooling
water effectiveness, increasing fuel consumption per unit of electricity generated and conse-
quently raising pollutant emissions. Second, altered aerothermal dynamics: the increase of ambient
temperature will lead to the decrease of air density, and then reduce the oxygen content in unit vol-
ume of air. The relatively insufficient oxygen supply leads to insufficient fuel combustion, which
not only reduces the combustion efficiency of the boiler and requires more fuel to generate the same
heat, but also significantly increases the generation and emission of pollutants.

In this study, therefore, we aim to quantify the extent to which extreme heatwaves affect air pollu-
tion by degrading energy use efficiency in the power sector. Specifically, we address two key ques-
tions: (1) To what extent do extreme heatwaves increase emissions from the power sector through
efficiency losses? (2) What are the resulting social costs of this additional pollution?

! The IPCC Sixth Assessment Report shows that global surface temperatures have risen by 1.09° C compared
to pre industrial levels from 2011 to 2020, with the probability and intensity of extreme events increasing by
about five times.

44



To investigate these questions, we begin by developing a theoretical framework that outlines the
potential channels through which extreme heatwaves can influence pollutant emissions from power
plants. This model guides our empirical strategy for isolating the impact of heatwaves on air pollu-
tion via the energy efficiency loss channel. In the empirical analysis, we exploit regional and tem-
poral variation associated with an extreme heatwave event that hit Guangzhou, China, in 2022. We
combine this event with high-frequency, plant-level data on temperature, electricity generation,
emissions, and air quality. Our findings reveal that, even after accounting for the effect of increased
electricity demand, extreme heatwaves still contribute to a 41.6% rise in PM2.5 due to efficiency
losses in power generation. To validate these results, we examine other pollutants such as sulfates
(SO+>") and nitrates (NOs"), finding consistent evidence of heatwave-induced pollution increases.
Furthermore, we document heterogeneous effects by fuel type: coal-fired generation plants suffer
significantly greater efficiency losses than gas-fired generation plants resulting in an additional
20.2% increase in PM;5 emissions.

Finally, we, using exposure-response function and statistical lifetime value model, estimate that
the additional social cost attributable to heatwave-induced pollution from the power sector
could reach 73.7 billion yuan annually, or approximately 67.2 yuan per MWh. Internalizing this
cost would raise fossil fuel power generation costs by 18.5%. A hypothetical transition from
coal- to gas-fired generation plants would reduce these social costs by 56.6 billion yuan—
roughly 76.8% of the total. These findings underscore the urgent need for policymakers to in-
corporate heatwave- related pollution costs into power dispatch decisions and to accelerate the
development of pollution pricing mechanisms such as emissions trading markets, as advocated
by Greenstone et al. (2025).

Overall, this study makes three key contributions to the understanding of the potential impacts
of climate change on environmental and energy systems. First, it uncovers a previously over-
looked mechanism by which extreme heatwaves worsen air pollution—through reductions in
energy use efficiency during power generation, rather than solely through increased electricity
demand as emphasized in prior research. Second, using high-frequency, plant-level operational
data combined with granular weather and emissions information across China, the study pro-
vides robust causal evidence that extreme heat leads to significant increases in PM, s and other

pollutants, with coal- fired generation plants experiencing substantially greater efficiency losses
than gas-fired generation plants. Third, it quantifies the resulting social cost of this pollution—
estimated at 73.7 billion yuan annually—and shows that a shift from coal- to gas-fired genera-
tion plants could reduce these costs by over 75%, offering actionable insights for climate-
resilient power system management and the design of pollution pricing mechanisms such as
emissions trading schemes.

Additionally, our findings also delivers two key policy recommendations. First, promoting a transi-
tion from coal- to gas-fired generation plants can yield substantial benefits: a full replacement scenar-
i0 in Guangdong could reduce social costs by 76.8%, or 32.6 billion yuan. Policymakers are advised
to support this transition through electricity pricing reforms, carbon credit allocations, and optimized
dispatch systems that prioritize gas-fired generation plants during extreme heatwave periods. Sec-
ond, we advocate for the development of regional emissions trading systems that internalize exter-
nalities and guide firms to reduce marginal emissions during heatwaves—drawing on the success of
experimental programs like those documented in Greenstone et al. (2025).

Sources:

1. Greenstone, M., Pande, R., Ryan, N., & Sudarshan, A. (2025). Can Pollution Markets Work in
Developing Countries? Experimental Evidence from India. The Quarterly Journal of Economics,
140(2), 1003-1060.
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2. IEA (2025), Global Energy Review 2025, IEA, Paris https://www.iea.org/reports/global-energy-
review- 2025, Licence: CC BY 4.0

3. Liu, S, Shu, L., Zhu, L., Song, Y., Sun, W., Chen, Y., Wang, D., Pu, D., Li, X., Sun, S., Li, J.,
Zuo, X., Fu, W,, Yang, X., & Fu, T. (2024). Underappreciated emission spikes from power plants
during heatwaves observed from space: Case studies in India and China. Earth’s Future, 12(2),
e2023EF003937.

4. World-Bank (WB), & Institute for Health Metrics and Evaluation (IHME). (2016). The cost of
air pollution: Strengthening the economic case for action.
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CARBON CREDITS MARKET IN INDIA

1. The Carbon Credit Market in India: Pioneering a Market-Driven Path to Net Zero

India has entered a defining phase in its climate journey with the establishment of the Indian Carbon
Market (ICM) — a unified, transparent, and science-based framework designed to drive cost-effective
decarbonization across sectors. Through the Carbon Credit Trading Scheme (CCTS) notified in
June 2023 under the amended Energy Conservation Act (2001), India has officially transitioned
from policy-led efforts to a market-led approach to achieving its climate goals.

2. Why Carbon Markets Matter

Global carbon markets are essential tools in the fight against climate change. Over 70 countries al-
ready operate or are developing Emission Trading Systems (ETS), covering nearly one-fourth of
global greenhouse gas (GHG) emissions.

By putting a price on carbon, these systems reward low emitters, penalize inefficiency, and stimu-
late innovation. India — the world’s third-largest emitter — recognizes that sustainable growth re-
quires a strong carbon pricing mechanism aligned with its Nationally Determined Contributions
(NDCs) and Net Zero 2070 goal.

3. India’s Climate Commitments and Market Response

India’s NDCs include:
e Reducing emission intensity by 45% from 2005 levels by 2030.

e Achieving 50% of installed power capacity from non-fossil fuel sources.
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e Creating a carbon sink of 2.5-3 billion tonnes CO: through increased forest and tree cover.

The ICM supports these targets by transforming emission reductions into tradable economic val-
ue, thereby integrating sustainability with competitiveness.

4. How the ICM Works

The ICM functions through two interlinked components:

e Compliance Market: For obligated sectors with GHG intensity reduction targets such as power,
steel, cement, and refineries.

e \oluntary Market: For entities voluntarily reducing or offsetting emissions to meet their ESG or
Net-Zero goals.

Emission reductions are verified under robust MRV (Monitoring, Reporting, Verification) protocols
and issued as Carbon Credit Certificates (CCCs).

These credits are traded on power exchanges (IEX, PXIL) under CERC regulation and recorded in
the ICM Registry, managed by Grid-India.

5. Institutional Framework: Governance and Oversight

The Bureau of Energy Efficiency (BEE) acts as the ICM Administrator, developing methodolo-
gies, accrediting verifiers, and managing baselines.

The CERC regulates trading, ensuring fairness and transparency, while the Grid Controller of In-
dia maintains the registry of all credits.

Accredited Carbon Verifiers (ACVs) ensure independent, third-party verification — building mar-
ket credibility.

! A . ICM Trading Regulator

Technical ICM Administrator Central Electricity Regulatory Commission

Committees Bureau of Energy Efficiency
_
ICM Registry
Accredited Grid Controller of India
Carbon
Verifiers Registered Entities
Power
Obligated Entities
[Compliance Mechanism|] Exc}]ange(s)
Non-Obligated Entities

6. Green Credit Programme (GCP): Complementary, Not Competing

The Green Credit Programme (GCP), launched by the Ministry of Environment, Forest and
Climate Change (MoEFCC), complements the ICM by rewarding non-carbon environmental
actions like afforestation, water conservation, and waste management.
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While both operate as market mechanisms, their focus and legal basis differ — ICM is rooted in
carbon reduction, while GCP incentivizes wider sustainability outcomes.

Both frameworks are expected to interlink under a National Framework for Carbon and Green
Credit Markets, ensuring transparency and avoiding double counting.

7. Key Developments Since 2023

e June 2023: CCTS officially notified under the Energy Conservation Act.

e 2024: Draft operational guidelines released; stakeholder consultations initiated.
e 2024-25: Carbon Credit Registry under Grid-India established and tested.

e Verifier Accreditation Framework launched by BEE with NABCB.

e Pilot Sectors (2025): Steel, Cement, Thermal Power, and Refineries identified.

e Integration of RECs and ESCerts planned under a unified digital registry.
8. Path Forward

Between 2025-26, India will launch pilot trading of Carbon Credit Certificates, expanding to
more sectors and voluntary projects by 2026-27. From 2027 onwards, the ICM aims to align with
Article 6 of the Paris Agreement, enabling cross-border carbon trade.

The BEE is strengthening digital MRV systems, capacity building, and alignment with 1SO 14064
and UNFCCC transparency standards. The goal is clear — a robust, high-integrity market that
drives decarbonization and attracts climate finance.

9. Conclusion: India’s Market-Driven Climate Transition

The Indian Carbon Market marks a decisive step in India’s low-carbon transformation. It shifts
climate action from policy obligation to economic opportunity, empowering industries through
innovation, flexibility, and transparency. Anchored in strong governance and science-based targets,
the ICM creates a unified ecosystem where compliance, voluntary action, and finance converge.

India’s path to Net-Zero by 2070 will be powered not just by policies, but by markets that reward
sustainability and accountability. The ICM is the bridge between ambition and action — turning eve-
ry tonne of reduced carbon into measurable economic and environmental value.

About Earthood

Earthood is a pioneering force in the carbon offset verification industry with a reputation as an in-
ternationally acclaimed auditing & certification firm, providing strategic support and services in the
realm of Climate Change, Net Zero, Sustainability, and Agriculture. Earthood is widely regarded as
the top choice for clients seeking solutions to the most complex and ground-breaking projects, re-
gardless of their location worldwide. Our outstanding reputation is backed by our accreditations
from more than 21 leading organizations such as the United Nations (UN), VERRA, Gold Standard,
Global Carbon Council & Social Carbon Standard, to name a few.
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OVERVIEW OF TRENDS IN VOLUNTARY CARBON
UNIT MARKETS

Abstract. The article examines key trends in voluntary carbon unit markets, the reasons for the declin-
ing interest on the part of companies in buying carbon units, and the growth factors of future demand for
carbon units.

Keywords: carbon units, voluntary carbon unit markets, climate agenda, greenhouse gases.

B pamkax MexayHapOAHBIX COTJIAIIEHUH MO JOCTHKEHUIO LEIHU COKPALIEHUsS] BHIOPOCOB MAapHUKO-
BbIX ra3oB (nanee — III') [1], pazpaGoranbl pa3zivyHblE WHCTPYMEHTHI, MMO3BOJSIONIME CTPaHaM U
OT/IeJIbHBIM KOMITAaHUSIM CHU)KATh CBOU BBIOPOCHI ITAPHUKOBBIX I'a30B.

[TomMumoO mpsIMOTO COKpallleHUs: BHIOPOCOB, CYLIECTBYET PBIHOYHBIM MEXaHU3M — J10OpPOBOJIBHBIN
yrJIepoJHbIN peIHOK. OH MO3BOJISIET 3aMHTEPECOBAHHBIM CTOPOHAM KOMIIEHCHPOBATh CBOU BBIOPOCHI
MAPHUKOBBIX T'a30B, (PUHAHCUPYS MPOEKTHI O CHUKEHUIO SMUCCUH WM YBEJIIMUYECHUIO MOTIIOUICHHUS
[IAPHUKOBBIX I'a30B, pEaIU3yEMBIE 10 BCEMY MUDY.

VYuyactue B IIO6pOBOJIBHI>IX YIJIICPOAHBIX PBIHKAX ITO3BOJISACT KOMIIAHUAM:
— J0CTHYb CBOUX KOPIIOPATUBHBIX ueneﬁ WU 00s13aTENbHBIX Tpe6OBaHI/II>'I 110 CHIDKCHHUIO BBI6pOCOB HF,
— YBCIIUMYNUTH NHBCCTUIIMOHHYIO IMPUBJICKATCIIBHOCTD 3a CUCT COOTBCTCTBUA IMTOBCCTKCE.

HauGonpiryto momyasspHOCTh Y KOMIAHUNA UMEIOT CIEAYOIINE JOOPOBOJIBHBIE PHIHKH YTIIEPOIHBIX
enunul (manee — YE): Verra (VCS — verified carbon standard), Gold Standard (GS), ACR (Ameri-
can Carbon Registry), GCC (Global Carbon Council) — nanHbie peecTpbl IPHHUMAIOT TPOCKTHI B
paMKax CBOUX MCTOI[OJ'IOI‘I/II71 u MeTOILOJ'IOI‘I/Iﬁ MCXaHU3Ma YUCTOT'O pa3BUTUSA [2]

BrlimenpuBeieHHbIE 10OPOBOJIBHBIE PHIHKH YTIEPOAHBIX E€IMHHI] BHITYCKAIOT YIJIEPOJHbIE €AMHU-
LBl OT PA3JIUYHBIX TUIIOB MPOEKTOB, OCHOBHBIMU TUIIAMU MTPOEKTOB SIBJISIOTCS:

— Nature Restoration (BoccTaHOBICHHE MPUPOJIHBIX pecypcoB). [IpoekTsl, HCIOMB3yIOMKe TOIX0-
161, yBeIU4KBarole yposens norioienus [1I° B Ouocdepe 3a cuer BoccTaHOBIECHUS KUBOW OHO-
MAaccChl ¥ HapyIICHHBIX MIOYB.
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— REDD+ — cokparmienre BEIOPOCOB YITICKUCIOTO ra3a 3a CUeT MPeJOTBpAIEeHHs KaK 3aIlulaHUupo-
BAaHHOM, TaK W HE3aIUTAHUPOBAHHOW BBHIPYOKH JIECOB.

— Non-CO2 Gases (camxenue BeiopocoB I1I', He oTHocsammxces k CO2). Bece mpoeKThl, CBA3aHHBIE C
cokpaiieHrueM BoiOpocos [1I', OTIIMYHBIX OT YIJIEKUCIIOTO rasa.

— Energy Efficiency (3nepros¢dexruBrocts). CokparieHne BbIOPOCOB MapHUKOBBIX T'a30B 33 CUET
NOBbIIIEHUS 3()(HEKTUBHOCTH HCIOIb30BAHUS SHEPTUHM MPOMBIIIICHHBIM U OBITOBBIM 000pY/10Ba-
HUEM, SJHEPTOCUCTEMAMHU U YHEPreTUUECKUMHU YCTaHOBKAMHU.

— Renewable Energy (Bo3oOHOBIsieMble MCTOYHUKH SHepruu (naiee — BUD)). Co3nanue HOBBIX
MOIIHOCTEH MO BBIPAOOTKE IEKTPOIHEPTUU U3 MPUPOTHBIX HCTOYHUKOB (OMO’HEpPreTHKA, TeoTep-
MaJIbHasl SHEPreTUKA, THIPOIHEPIeTHKA, COTHEYHASI SHEPTeTHKA, BETPSIHASL SHEPTeTHKA, OMOTOILIH-
BO U T.I.).

Ha pucynke 1 mpeacraBieHa TuHAMHKa 00beMa TOPTOBJIHM YTIEPOAHBIMU €IUHUIIAMHU Ha JT0OpO-
BOJIBHBIX YTJIEPOAHBIX PhIHKAX [3]
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I O6bem Toprosiau YE B rog CymmapHslii 00beM Toprosian YE

Puc. 1. O6bem Toprosnu YE Ha 100pOBONBHBIX YTIAEPOIHBIX PHIHKAX [3]

Kak cnenyet u3 rpaduka, B 11e10M 10OpPOBOJIBHBIE PHIHKU YITIEPOIHBIX €UHHI] MOKA3BIBAIOT CIIajl
TpeTHuil roj nojpsi, nocie pocra B 2021 roay. IMnynbcoM K MajieHUIO CTaJIM TPOMKHE CKaHIAIbI U
pa3zobnavyeHus, MOJOPBABIINE JOBEpPHE K KAUeCTBY KIMMATHYECKHX MPOEKTOB U COOTBETCTBEHHO
YIJIEPOJIHBIX €IUHUI] OT HUX.

OTO MOATBEPKIAETCSI MHOTOUYHUCIEHHBIMU MCCIIE0BAHUSAMHU, KOTOPbIE NTOKA3ajlH, YTO YacTh IPOEK-
TOB NepeolieHuBaIN 3(p(eKT cokpaleHus: BHIOPOCOB WIM MUHUMU3UPOBAIN IPUYHUHAEMBIN yIiepo
OT HUX.
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C 1enpio yXecTo4eHus: TpeOOBaHMI 1 BO3BPALICHHUS JIOSUIBHOCTH NMOTPEOUTENCH MHOTHE peecTphl
MEPECMOTPEIIN CBOU CTaHIAPTHI U TPEOOBAHUS, B TOM YHCJIC YTOUHWIN CIIUCKU TPUHUMAEMBIX TPO-
extoB. OqHuM U3 Takux cranaaptoB sisisercs Core Carbon Principles (CCP), paspabortannas Vol-
untary carbon Markets Integrity Initiative (VCMI) [4]. Ha pucynke 2 npeacrasiens! 10 kputepues
COOTBETCTBUSA JAHHOMY CTaHIAPTY, KaK PEECTPOB, TAK U METOAOJIOTUN ITPOECKTOB.

GOVERNANCE

Effective governance

Tracking

Transparency

Robust independent third-party validation and verification

THE CORE CARBON EMISSIONS IMPACT

5. Additionality
PHINCIPLES 6. Permanence
7. Robust quantification of emission reductions and removals
8. No double counting

The CCPs set a glebal benchmark
to ensure integrity in-the voluntary
carbon market.

SUSTAINABLE DEVELOPMENT

Sustainable development benefits and safeguards
Contribution to net zero transition

Puc. 2. Kputepuu cootBetctBus cranaapty Core Carbon Principles [4]

B 2023 rony nauanach ceptuduxanus JOOPOBOJIBHBIX YIJIEPOJIHBIX PEECTPOB HAa COOTBETCTBHE
tpeboBanusmM CCP. Ha cerogusimauii 1eHp Takyro ceprudukanuio nmomyywnu Gold Standard, Cli-
mate Action Reserve, American Carbon Registry u Verified Carbon Standard. B 2024 roxy coor-
BercTBUE NpoeKToB npuHiunamM CCP cTano KiIroueBbIM MHIMKATOPOM KadecTBa YIIEPOAHBIX €IU-
HUIL.

OnmHUM U3 npaliBepoB OyIyIIEro CIpoca Ha YIIIEPOJHBIC SAWHUIIBI B paMKaxX JTOOPOBOJBHBIX pe-
ecTpoB MokeT ctaTh Mexanu3m Carbon Offsetting and Reduction Scheme for International Aviation
(CORSIA) [5]. NanubIii MexaHU3M OXBAThIBACT aBUAIIMOHHYIO OTpAacib M MPEAyCMAaTPUBACT CHH-
JKEHHE BBIOPOCOB aBHAKOMITAHWH 3a CUET UCTOJIh30BAHUS aBUAIIMOHHOTO TOTUIMBA CO CHMKEHHBIM
yraepoanbiM crnefomM, Takoro kak LCAF (Lower Carbon Aviation Fuels), SAF (Sustainable
Aviation Fuels), a Takxe u 3a cuet yrinepoanasix equautl (YE).

3/1ech Takke HEOOXOAMMO YYUTHIBaTh, 4To He Bce YE momxomsar moj tpeboanus CORSIA, mo-
CKOJIbKY €€ TpeOOBaHHUS K peecTpaM, IPOeKTaM U METOAOJIOTHAM OoJiee )KECTKHE M BKIIOYAIOT BCe-
CTOPOHHIOIO OLIEHKY MpoekToB. IloaTomy xecTkue TpeboBaHHs B OyAylIeM BBI3OBYT Je(ULIUT
npennoxxenuss YE Ha phIHKe M3-32 BBICOKOTO CIIPOCA, Ia)K€ HECMOTPSI Ha pOCT 00bemMa JOOPOBOJIb-
HOTO PhIHKA YTJICPOIHBIX €THHHIL.

BriBoabl

JI0OpOBONIBHBIE PBIHKU YTJIEPOJIHBIX €IUHUI] — OJWH M3 LIUPOKO MPUMEHSIEMBIX WHCTPYMEHTOB
CHIDKCHHS BBIOPOCOB TAPHUKOBBIX Ta30B M JIOCTIDKEHUS KIIMMATHYEeCKUX 1eiiel. OHU TO3BOJISIOT
KOMITaHUSIM KOMITEHCHUPOBaTh cBOM BBIOpOCH! I, hmHAHCUPYS MPOEKTHI MO CHHKEHUIO YMHCCUU
win yBenmdeHuto noromenus 17, peanu3yemsle mo Bcemy mupy. B pabote oTmedeHo, 9To M3-32a
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OTPHILIATEIIFHOTO OIBITA B YaCTH HEKOPPEKTHOCTHU pacueTa cokparieHui Boiopocos I1I" mpu moaro-
TOBKE KJIMMAaTUYECKUX MPOEKTOB 3aMHTEPECOBAHHOCTb CO CTOPOHBI OM3HECA CHU3MWIACh HAUMHAs C
2022 r. C uenbio BO3BpaTa JOBEPHs 3aMHTEPECOBAHHBIX CTOPOH K JOOPOBOJIBHBIM YTJIEPOIHBIM
pBIHKaM pa3pabaThiBatoTCsl 0o0Jiee JKECTKUE CTaHAApThl K pa3pabOTKe KIMMATHYECKHX IPOEKTOB.
JlaHHBIE CTaHIAPTHI CIIOCOOCTBYIOT MPO3PAYHOCTH M KOPPEKTHOCTH JIEHCTBUM, CBSI3aHHBIX C yIJe-
POIHBIMM €JUHULIAMM.
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K/IIOYEBAS POJIb I/IHBECTI/I];[I/Iﬁ B TPAAUIIMOHHYIO DQHEPTETHUKY
JJIAA YCTOUYNBOI'O PABBUTUA

AHHOTanus. XOTs B MUpPE TOJ AaBJICHUEM «3€JICHOI» MOBECTKH TPATUTCS Bce OOJbIle W OOJbIlE CPEeCTB
Ha BBOJI M MHTETPAIHIO B OOIIYIO CeTh 00BEKTOB BETPOBOI M COJHEYHOH I'eHepanny, TI00aIbHbIH SHepreTH-
YyecKuil OanaHc ocTaercs TpaauuuOHHBIM. Okono 87% moTpeOHOCTel YeoBeYeCcTBa B SJHEPTUN YOBIETBO-
psIOTCA 3a c4eT He()TH, IPUPOIHOIO ra3a U yris. B 3TUX yCIOBHSIX MUTHOPUPOBATH NOTPEOHOCTH 3THX CEK-
TOPOB B CTAOMIIBHBIX HHBECTHIUSIX — OTO HE MPOCTO UICOJIOTHYecKas ONIMOKa, a HACTOsIIEe MPECTYIUICHUE
MIPOTHUB YCTOWYHNBOTO OYIyIIIETO.

KuroueBnble cjioBa: sHepreTruka, nasecturnu, MOA, BUD, npuponssrii ras, HedTh

Alexey Grivach,
Deputy Director General
National Energy Security Fund

KEY ROLE OF TRADITIONAL ENERGY INVESTMENTS
IN GLOBAL SUSTAINABILITY

Abstract. Despite and even in spite the fact that, under pressure from the "green" agenda, the world is spend-
ing ever more funds on commissioning and integrating wind and solar power facilities into the grid, the
global energy balance remains traditional. Approximately 87% of planet’s energy needs are met by oil, natu-
ral gas, and coal. Under these circumstances, ignoring those sectors' need for stable investment is not just an
ideological error, but a real crime against the sustainable future.

Keywords: energy, investment, IEA, RES, natural gas, oil.

Ecnu mkonpHUKY MOKa3aTh MHPOBOW HSHepreTHUeckuil OanaHc, a oH Ha 87% obecrneunBaercs
He(PTHIO, YIJIEM M TPUPOJHBIM Ta30M, a TaK Ha3bIBaeMble HOBBIE BO30OHOBISIEMBIE MCTOYHUKH
SHEPTUU — BETEP, CONHIIE U MOJIHAsl Ouomacca ¢ OMOTOIIIMBOM — BCEro JHIb 5%, TO Jake OH CKa-
KET, YTO UHBECTULIUU B YTIIEBOAOPObl — KPUTHUYECKH BAKHBI JJI1 YCTOWYMBOCTU SHEPTrOCHAOMKe-
HUSL MUPOBOI 3KOHOMUKH U JIOJIEN Ha IJIaHETE 3eMIIsl.

[ToaTomy 5 31€chk BeICTyHaro B poiu KanuTaHa O4YeBUIHOCTh U3 CTApBIX MHTEpHET-MeMOB. C npy-
IO CTOPOHBI, MEXIYHAPOAHAs, U IPEKIAE BCEro 3alajHas, UHIYCTPUs aHAJIA3a U IIPOrHO3UPOBa-
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HUS, a2 TOYHEE MPOrPaMMHUPOBAHUS PA3BUTHUSL DHEPTETUKH, MHOTHUE TOABl U JaXKE JCCATUIICTHS
HAXOJUTCS TOJ BIUSHUEM (DAKTUYECKH PEITUTHO3HON KOHIICTIIIUM — YTO YTJIEBOJOPOBI 3TO abCco-
JFOTHOE 3JI0, OHU TPEIOT BO3YX M BOOOIIE BOT-BOT 3aKOHYATCSI, IO3TOMY MX HY)KHO «OTMEHHTBY, a
T€X, Y KOTO OHU OCTaJINCh, O0JIOKUTH IKCTEPPUTOPUATHHBIMUA HAJIOTAMU 32 TO, YTO MyTAOTCS MO
HOTaMH M MEIIAIT OeKaTh Ha BCTPEUY OBICTPO MPHOIIIKAIOIIEMYCS ITOE3/1y MPEKPACHOTO «3EICHO-
ro» OyIyIiero.

[ToaTOMy, BBIMONHSSI POJb BAIETO KMy, MOMPOOYI0 OOBSACHUTH CUTYAIMIO0 C MHBECTHIMSIMH B
SHEPreTHKY Ha MajbliaX, a TOyHee Ha Hudpax, KOTOPHIMU JFOOE3HO NenuTcs MeXIyHapoIHOoe
SHEPTETUYECKOE areHTCTBO, €IIe B HEJaBHEM IMPOIIIIOM OCCKOMIIPOMHUCCHBIN XeajiaiiHep 00pbObI ¢
HUCKOITaCMBbIMH UCTOYHUKAMHU SHCPIUH.

Opnako mocie npuxoja aiMuHucTpauuu Tpamma u pecnyOnukaHckoro OonpimnHcTBa B KoHrpec-
ce, 000eMIaBIIer0 MPUKPHITh (PMHAHCUPOBAHKUE 3TOW OpPTraHU3aAIMH, PyKOBOACTBO MDA ObICTpO
CKOPPEKTHUPOBAJIO CBOIO MO3MILHMIO U TElEepb ropaszo TIIAaTelbHee BHIOMPAET BBIPAXKEHUS B OTHO-
LIEHUH YIJIEBOJAOPOJOB M T'€HEpUpPYET 00jiee KOHCEPBATUBHBIE NMPOTHO3bI B OTHOIIEHUU Pa3BUTHUS
TPaJAULMOHHON SHEPTrEeTHUKHU.

XoTs He OyeM OTKa3bIBaTh ATHM JIIOJISIM B IOCIIEIHEM I1aHce. MOoKeT, OHU BCe e MPUCTYLIAINCh
K Tojocy pa3dyma. Bens, kak nucan 3urmynn @peiin B cBoeli padore «byayiiee oqHON WILTIO3UNY,
roJIoC pa3yma 3By4YHUT THUXO, HO OH HE YCIIOKauBaeTCs 0 TeX MOp, OKa €ro He YCIbIIIAT.

Hrtax IRENA — MexnyHapoaHOEe areHTCTBO MO BO300HOBIISIEMOI AHEPrUM —I10JaraeT, 4To Tak
Ha3bIBAEMBI SHEPreTUUECKUM MEepeXo] OT HbIHEUIHEW CTPYKTYpPbl SHEPIeTHKH, TJ€ OYEBUIHO JO-
MHUHHPYIOT He(Th, Ta3 U yroib, K ocHOBaHHON Ha BUD sneprocucreme k 2050 roy, KOTOPBIHA SIKO-
Obl TO3BOJIUT OTPAaHUUUTH «IJ100abHOE NoTerienue» 1,5 rpagycamu Llenbcus, norpedyer HU MHO-
ro Hu Masio 150 TpuimoHoB gosutapoB 3a 27 net. He cioHO mojcuuTarh, 4TO peyub UIET B Cpe-
HEM 0 5,5 TPUJUIMOHOB JIOJIJIAPOB €XKETOHBIX BIOKeHUI. COBEpIIEHHO OYEBUIHO, YTO HHU(pa 3a-
HIKEHHasl, HO JlaKe OHa B JIBa pa3a BbIIIE CPEIHEro MoKa3aTelsls HHBECTUIMI B MUPOBYIO SHEpre-
TUKY, CJIeJIaHHbIX 3a nocyeanue 10 ner.

ITo onerxkam MDA, oHU cocTaBWIIM OKOJIO 26 TPUIITMOHOB nojapoB. OOpamaeT Ha ceOs BHU-
MaHue TOT (PaKT, 9TO 3TH MHBECTHIMH 3aMeTHO mananu ¢ 2015 mo 2020 roxa. Ha 17%, unu Ha
460 MuITHApIOB JOJIJIAPOB, a 3aTeM Hadalld OBICTPO PacTH U 3a Mocjieayromue 4 rojaa moJcKo-
YUJIM TOYTH Ha | TPUIUIMOH W cocTaBuiau 3,23 TpUIJIMOHA JoJjaapoB B IeHax 2024 ropa.
ATEHTCTBO € PaJioCThIO AOKJIAAbIBAIO, YTO HHBECTULIMU B TaK Ha3bIBAEMbI€ YUCTHIE MCTOUYHUKU
sHepruu yxe B 2016 rogy mpeB3olLIN BI0OXKEHUS B UCKOMAeMble BUABI TOIUIMBA, a ¢ 2020 roxa
pa3pbIB CTaJl PaCTU CTPEMUTENHHO, U 10 UTOTaM MPOILIOrO rojia HHBECTUIIMU B «YUCTHIE» HC-
TOYHUKHU cocTtaBuiu 63% or obmiero o0bemMa W MPEBBICWIN 2 TPWUIMOHA A0J1apoB. PocT 3a
10 net coctaBun 67%. B To Bpems Kak MHBECTHULMU B YIJIEBOJOPOJbI, TPAJAUIIMOHHBIE BUABI
sHeprum ynaiu Ha 20% 3a TOT ke nepuoJ.

Takum obpazom, u3 5550 Dx3amKkomneil mepBUIHON YHEPTHH (JaHHBIE U3 CTATHCTUYECKOTO 0030pa
El Statistical Review of World Energy 2025), kotopbie uenoBe4ecTBO MOTPEOMIO 32 MUHYBIIIUE
10 net 88% moKphITHI 3a cueT HedTH, Ta3a U YT, HA YTO MOTPeOOBAIOCh MeHee 12 TPUIIITMOHOB
noJutapoB BioxeHuil. A 12% u3 atoma, rugposHepretiku 1 BUD «cbenn» 6e3 manoro 15 tpumnum-
OHOB JoJu1apoB. [Ipu 3TOM ¢ ydeTom pocTa moTpeOsIeHUs] SHEPTUHU J10JIs1 YIiieBo1opo1oB 3a 10 et
cokparuiack Bcero Ha 2% myHkra. C 89% B 2015 1o 87% B 2024 rony.

MoHO TIpeACTaBUTh, BO CKOJBKO OOOWIYTCS OCTABIIMECS 10 LEIEBOT0 MOKA3aTels MPOILEHT-
HbIE MMYHKTHI U3MEHEHUH r100anbHOT0 YHEprodananca B paaukaibHbIX ciieHapusax «Net Zeroy» k
2050 romy.

55



Ha camowm nene B onenkax MDA nocrarouno pomymenuid. K mpumepy, 6osbline TpeTu BIOKEHUN B
«YUCTYI0» PHEPTUI0 — 3TO YHEProd(PPeKTUBHOCTh U KOHEYHOE norpebienue. YTo ¢ umerommmces
9HEeprodaJaHCcoOM B 3HAUUTENBHOW CTENEHH OyAeT OTHOCHUTHCA M K JOCTHKECHUSM TPaJUIIMOHHOU
SHEPIeTUKU.

Ho u 6e3 atoro cermenra BioxxeHus B BUD kojoccanbHbl, 0COOCHHO MO CPAaBHEHHUIO C UX peallb-
HBIM BKJI3JIOM B OOecIiedeHHe YelloBedecTBa dHeprueit. 3a 10 JieT Ha CTPOUTENHCTBO HOBBIX MOIII-
HOCTE BO30OHOBIISIEMOU 3JIEKTPOIHEPTETUKHU — COJIHIIE, BETEp U TUAPO ObLIO MoTpaueHo 6e3 mano-
ro 5 TpaH poyuapos (B meHax 2024 roxa). U emie 3,5 TpaH q0iIapoB YIIIO HA PaCHIMPEHHUE CETEH,
B OCHOBHOM TOJ 3TH HOBBIe MoniHocTH BUD. Bceero 3a 310 Bpemsi B Mupe ObUIO BBEACHO OKOJIO
3,5 TBt sueprorenepanuu. M3 HUX Moyt nojoBUHA — COJHIE, eie 20% — Betep u 7% — ruapo.

To ecTp, Kak MUHUMYM 7,5 TpiH J0JJIapOB BJIOKEHUN — 3TO UCKIIOYMTEIHLHO BO300HOBIIsIEMast
JIEKTPOIHEpreTuka. B oTHOCUTENBHBIX IIU(pax Bce MaclITaOHO, COTHEYHAs TeHepalus BbIpOCIia 3a
10 et B 7 pa3, Betep — B 3 pasza. ['uapo, mpasaa, Bcero Ha 15%. Ho mipu sTom B 2024 roxy oHu Ha
Tpoux aanu Bcero 9 teicsid TBT 4, TO ecTh MeHbIIE, YEM Yrojib. YTOJIbHAS M T'a30Basi TeHepanys 3a
oTueTHBIN nepuoA Beipociau Ha 1,2 Teicsiu TBT 4 u 1,4 Teicsy TBT 4 npu Ha NOPSIIOK MEHBIIIEM UH-
BECTULIMOHHOM peCypce.

3a 10 neT B rino0aibHYIO Ta30BYI0 OTPAcibh — OT JOOBIYH JO KOHEYHOTO MOTPEOICHUS KaXKIOro KYy-
O6omeTpa — ObLII0O HHBECTUPOBAHO MEHbILE 3,5 TPJIH J0JUIAPOB, a B YIojb — 4yTh Oojiee 2 MiIpA JOJLI.
He 3Haro, kakas 5KOHOMHMKAa CMOXET BBIJIEp)KaTh Takoi mepexoc. Tem Oosee mepekoc, KOTOPBIN
JIOJKEH MPOJOJDKATh PACTH B apu(METHUECKON IIPOTrPECCU.

B 3axitouenue xoren OTMETUTH €lIe HECKOJIBKO TPEBOXKHBIX TCHIEHIUHI, CBA3aHHBIX UMEHHO C CH-
Tyalued ¢ UHBECTULUAMU B TPAJIULUOHHYIO SHEPTE€TUKY, OT KOTOPOU MUP 3aBUCUT KPUTUYECKH.

Bo-nepBbix, 3a nocneanue 10 et Oosee yeM Ha YE€TBEPTh CHU3WIMCH UHBECTHLIMU B HEPTSIHYIO U
ra3oByto ctepy. [lepBas norepsuia 6onee 200 mupa goiut. Bioxkenwuid, raz — 90 mupa gomn. ['ae-to
3TO CBSA3aHO C Pa3BUTHEM TEXHOJIOTWH M ONTHUMH3alMEl 3aTpaTr, HO B IIEJIOM — C Y4E€TOM pOCTa
CIpoca Ha dHEPIHUI0, TO €CTh OTPACIIM OCTAKOTCS UICKYCCTBEHHO HEIOMHBECTUPOBAaHHBIMU. CiieoBa-
TEJIbHO, BEPOSTHOCTh TOTO, YTO B CPETHECPOUHON MEPCIEKTUBE HAC MOTYT KJAaTh HOBBIE TOIIMB-
HbIE KPU3HCHI — OUEHb BBICOKAS.

Bo-BTOpBIX, MHBECTULIMU B YTOJb OCTAIOTCS Ha CTAOMIBLHOM ypOBHE, a B 2024 Toy MOApOCH TO-
yti Ha 10% 10 cpaBHeHuro ¢ 2015 rogom. [ToHATHO, YTO MCIIONMB30BaHKUE Ta3a B Pa3bl JydIlle IS
KauecTBa BO3/AyXa, 4eM cxkuranue yris. Ho peanbHOCTH TpeOyeT mojjaep:kaHus Oolee JIeneBoi
YroJIbHOM TreHepaluy B OeIHbIX CTpaHax, B TO BpeMs Kak Oorarble TpaTAT TPUUIMOHBI HA CyOCHANH
s BUD. B pesynbrare B EBporie yroib BEITECHsSIETCS BO30OHOBISIEMBIMA HCTOYHUKAMH BMECTE C
ra3zom, B CIIIA mpocTo 3amerniaercs ra3oM, HO B pa3BUBAIOLINXCS CTpaHaX OH, HAIIPOTHUB, OCTAeTCs
U YKpeIuisieTcss B KauecTBe MPUOPUTETHOTO BBHIOOPA, UTO, MATKO TOBOPS, HE COOTBETCTBYET ITyO-
JUYHBIM HappaTHBaM 3€J€HOW MOBECTKH. A C y4ETOM pa3MepOB 3TOr0 CaMOI'0 PAa3BHBAKOLIETOCH
MHpa U MaclITabOB €ro SHEPreTUIeCKol OeTHOCTH KapTUHA M BOBCE CTAHOBUTCS MyTAIOIIEH.

HcTouHnku
1. 74th edition, Statistical Review of World Energy, Energy Institute, London, 2025.
2. US Energy Information Administration Data (https://www.eia.gov/, nara o6pamienus: 9.11.2025)

3. IEA World Energy Investments, 10th edition, IEA Pupblications, 2025. (https://www.iea.org/
reports/world-energy-investment-2025, nara obparenus: 9.11.2025).
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BJIMAHUE U3MEHEHMS KJIUMATA Y KOJEBAHUM TEMIIEPATYPHI:
JOKA3ATEJIbCTBA U OBIIUE ITEPCIIEKTHUBbBI
B IO’KHOM NIOJYIIAPUH

AHHoTanmsa. B wuccieqoBaHWM M3ydaeTcs MOJNTOCPOYHAs TUHAMHKA KinMata B HOKHOM Tomymiapuu
(c 1880 r. mo HacrosIIee BpeMsi) C TIOMOIIIBIO aHATN3a TeMIIEpaTypPHBIX aHOMaui u pocTa conepxkanus CO2
B atMocdepe. OcHOBOH uccnenoBanus sABistorcs: naHable HACA o temneparype u JaHHBIE 00cepBaTOPUH
Maymna-Jloa o xormenTpanuu CO: B atMochepe, 00paboTaHHBIE ¢ UCTIOIH30BAHUEM CTATHCTHYECKOTO aHa-
nm3a B Stata.

[Tomy4yeHHBIe MaHHBIC TTOKA3BIBAIOT YCTOWIHUBOE MTOTEIUICHNE, KOTOPOE CTAI0 OCOOSHHO OYeBUIHBIM B 1970—
1980-x romax, ¢ HauboJee 3aMETHBIM KOJIEOaHUEM CpPEIHUX MOKa3aTelel B JICTHUH MEPHOJI, YeM CpPETHEero-
IOBBIX.

YpoBens CO:2 HEYKIIOHHO YBEIHMYUBAECTCS C CE30HHBIMH KOJICOAHUSAMH, YTO TOAIEPKUBAET HHTEPIIPETAIIIO
TECHOM CBSI3U MEX]y YBEJINYEHHEM NapHUKOBBIX Ta30B U MOBBILIEHHUEM PETHOHAIBHBIX TEMIIEPaTyp.

B cratbe ocBeIaOTCs 3HAYUTENIBHBIE 3KOJIOTHYECKUE M COLMAIbHO-D)KOHOMUYECKUE PUCKH, TaKHE KaK He-
XBaTKa BOJBI, CEIbCKOXO03SICTBEHHBIA CTPECC M BBI3BAHHAS KIIMMAaTOM MUTPAIHS; JAeTaeTcs akIeHT Ha pea-
JU3aUY [TOJIMTUKU CMSITYeHHs MOCIEACTBUN M aJanTaluu, opueHTupoBaHHON Ha YUunu u Bcé HOxkHOE mo-
Jylapue.

KiroueBbie ciioBa: M3MEHEHHE KIMMaTa, KojieOaHHe TeMIeparypbl, BEIOPOCH! yrIIeKUCIOro rasa, KOxHoe
MoJTymapue
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IMPACT OF CLIMATE CHANGE AND TEMPERATURE VARIATION: EVIDENCE
AND GENERAL PERSPECTIVES IN THE SOUTHERN HEMISPHERE

Abstract. The study examines long-term climate dynamics in the Southern Hemisphere (1880-present) by
analyzing temperature anomalies along with the growth of atmospheric COs. It is based on temperature data
from NASA and CO- records from the Mauna Loa Observatory, processed using statistical routines in Stata.

The findings show sustained warming that has become particularly evident since the 1970s-1980s, with more
marked variability in summer averages than in annual averages.

CO: increases steadily with seasonal oscillations, which supports the interpretation of a close link between
the increase in greenhouse gases and the increase in regional temperatures.
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The article highlights significant ecological and socioeconomic risks such as water scarcity, agricultural
stress and climate-induced migration and calls for the implementation of mitigation and adaptation policies
focused on Chile and the entire Southern Hemisphere.

Keywords: climate change; temperature variation; carbon dioxide emissions, Southern Hemisphere

1. Introduction and Scope of the Study

This summary condenses the main ideas of the article “Impact of Climate Change and Temperature
Variation, Evidence and General Perspectives in the Southern Hemisphere™ and its related presentation.
Both documents analyse how climate change is modifying temperature patterns in the Southern Hemi-
sphere and how these physical changes translate into environmental, social and economic risks.

The core problem addressed is the persistent increase in global temperature driven by anthropogenic
greenhouse gas emissions since the Industrial Revolution. Although the phenomenon is global, the
Southern Hemisphere presents specific vulnerabilities: Antarctic and Andean ecosystems, extensive
coastal areas, and densely populated cities subject to droughts, heatwaves, wildfires and water
stress. These impacts affect agriculture, water availability, energy systems, housing, infrastructure
and public health.

The study argues that governments, firms and communities in the Southern Hemisphere require ro-
bust, long-term evidence on regional warming in order to design realistic mitigation and adaptation
strategies. For this reason, the article focuses on the evolution of surface temperature anomalies and
their relationship with atmospheric carbon dioxide (CO:), linking the physical trends to climate
risks and policy challenges.

2. Objectives and Conceptual Background

The overarching objective is to characterise long-term temperature variation in the Southern Hemi-
sphere and relate it to the evolution of atmospheric CO: concentrations. More specifically, the work
seeks to: (i) document the historical trajectory of temperature anomalies from 1880 onwards; (ii)
examine seasonal and monthly patterns, with special emphasis on summer; (iii) analyse CO- dy-
namics using the Mauna Loa series; and (iv) discuss the implications of these trends for climate
risk, governance and territorial planning in countries such as Chile and South Africa.

Conceptually, the article is framed by the contemporary climate-science consensus reflected in
IPCC reports. Global warming is considered unequivocal, and the increase in mean temperature
since the mid-twentieth century is attributed mainly to human emissions of greenhouse gases. At the
regional level, the Southern Hemisphere has experienced persistent droughts, record heatwaves,
forest fires, glacier retreat and coastal impacts, all of which interact with socio-economic structures
and institutional capacities.

The presentation complements the written article by summarising climate risks in a synthetic table.
It links typical hazards (water scarcity, desertification, wildfires, flooding, biodiversity loss) with
exposed sectors (agriculture, forestry, energy, housing and transport) and macroeconomic effects
(lower productivity, higher adaptation costs and potential increases in inequality). In this way, the
study connects physical climate indicators with concrete development challenges.

3. Data, Methods and Use of Software

Empirically, the analysis relies on two main data sources. First, it uses the NASA GISS Surface
Temperature Analysis (GISTEMP v4), which provides homogenised global series of surface tem-
perature anomalies from 1880, including a specific series for the Southern Hemisphere. Second, it
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incorporates atmospheric CO: concentration data from the Mauna Loa Observatory in Hawaii, one
of the longest continuous instrumental records of global CO., beginning in 1960.

The methodological approach is descriptive but rigorous. Using Stata, the authors import and organ-
ise annual, seasonal and monthly temperature-anomaly series; construct graphs relative to the 1951—
1980 climatological baseline; and disaggregate results by seasons and key months such as January
and July. This allows the identification of turning points in the series, especially the transition from
relatively stable values to persistent positive anomalies from the 1970s and 1980s onwards.

For CO., the Mauna Loa series is processed to estimate trend lines and interpolate intermediate val-
ues, highlighting both the long-term upward trajectory and the characteristic seasonal oscillation.
Although no formal econometric models are estimated, the combined use of trends and interpolation
helps distinguish short-term variability from structural change. Taken together, the temperature and
CO: curves show an internally consistent narrative: human activities have pushed the climate sys-
tem into a new warming regime that departs from historical norms.

4. Main Empirical Findings

The results for the Southern Hemisphere reveal a clear warming signal. When anomalies are meas-
ured relative to the 1951-1980 period, annual values remain close to zero during the first half of the
twentieth century but rise steadily in the decades that follow. From the 1970s onward, positive
anomalies become frequent, and from the 1990s they intensify, reflecting a consolidated long-term
warming trend.

Seasonal analysis shows that summer months display stronger anomalies and greater volatility than
the annual average. This is crucial from a risk perspective because summer is the period in which
droughts, heatwaves and wildfires are most likely to occur. Winter and transitional seasons also
contribute to the overall warming pattern, influencing snowpack, glacier mass balance and river
flows, but summer behaviour is particularly relevant for water management, energy planning and
ecosystem resilience.

The Mauna Loa CO: series indicates a continuous rise from around 315 ppm in 1960 to approxi-
mately 420 ppm in recent years. The trend is not only upward but accelerating, and the seasonal
“sawtooth” pattern — linked to the uptake and release of CO: by terrestrial vegetation — is superim-
posed on this clear increase. The fact that concentrations have long exceeded 350 ppm and are ap-
proaching 450 ppm is interpreted as a warning sign of growing probability of crossing dangerous
climate thresholds. The temporal correspondence between sustained CO2 growth and the warming
of the Southern Hemisphere supports the interpretation that human-induced emissions are the prin-
cipal driver of the observed changes.

5. Climate Risks, Case Studies and Governance Challenges

On the basis of these trends, the article and presentation discuss multiple climate risks. Water stress
and drought are central: reduced precipitation and higher temperatures intensify competition for wa-
ter among households, agriculture, industry and ecosystems. The prolonged “megadrought” affect-
ing central Chile is cited as an emblematic case, with significant effects on rural livelihoods, reser-
voirs, hydropower generation and urban supply.

Wildfires and heatwaves represent another critical risk. Higher temperatures and longer dry seasons
increase the probability and intensity of large forest fires, as seen in Chile and Australia. These
events cause human and economic losses, damage biodiversity and generate severe air-quality prob-
lems. In parallel, glacier retreat and snowpack reduction in mountain regions compromise long-term
water security and hydropower potential.
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To illustrate how climate risks interact with governance, the study analyses the water crisis in Cape
Town, South Africa. Between 2015 and 2018, extreme drought brought the city close to “Day Ze-
ro,” when the municipal supply would have been cut. The local government responded with pro-
gressive tariffs, strict consumption limits, public-awareness campaigns and investment in alternative
sources. The case shows both the vulnerability of metropolitan areas and the capacity of institutions
and citizens to adapt rapidly when faced with imminent scarcity.

6. Policy Implications, Strategic Responses and Future Research

The analysis leads to several strategic conclusions. First, countries in the Southern Hemisphere
should adopt an anticipatory approach to climate governance. Planning based exclusively on past
climate conditions is no longer adequate. Instead, infrastructure design, land-use regulation, build-
ing codes and water-management policies must incorporate scenarios of higher temperatures and
more variable precipitation.

Second, mitigation policies need to be deepened. The study highlights the importance of stricter en-
vironmental regulation for highly polluting activities, economic instruments such as carbon taxes or
emissions trading, and explicit incentives for renewable energy and energy efficiency. Supporting
technological innovation and low-carbon investment in transport, industry, agriculture and buildings
is essential for aligning development with climate objectives.

Third, adaptation strategies must prioritise vulnerable territories and social groups. Programmes to
secure drinking water in rural and peri-urban areas, support climate-resilient agriculture and invest
in green infrastructure can reduce exposure and sensitivity to climate hazards. Social policy design
should explicitly consider climate risks, given that climate shocks tend to magnify pre-existing ine-
qualities and can undermine progress towards the Sustainable Development Goals.

Finally, the study underlines the need to strengthen climate-information systems and scientific col-
laboration. Long time-series, systematic monitoring and interdisciplinary research are indispensable
for evidence-based decisions. The authors advocate greater interaction between scientists, policy-
makers, private actors and civil society to co-produce knowledge and co-design realistic, con-
text-sensitive solutions.

In conclusion, the article and its presentation show that the Southern Hemisphere is already im-
mersed in a sustained warming process closely associated with the rapid rise in atmospheric CO..
The empirical evidence supports the global scientific consensus on climate change and underscores
the urgency of accelerating both mitigation and adaptation. Future research could deepen the spatial
detail of analyses, quantify sector-specific impacts through econometric models, and compare resil-
ience strategies across countries. Overall, the message is clear: climate change is a present and in-
tensifying reality, and inclusive, evidence-based responses are urgently required.
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COJIHEYHAS SDHEPT'ETUKA HA KPEMHUMU:
OCHOBHBIE TPEH/AbI PA3BUTUSA

AnHoranus. CojiHeUHasi SHEPTEeTUKA — OJTHO U3 HauboJiee MEePCICKTUBHBIX HANPAaBICHUN Pa3BUTHS BO300-
HOBJIIEMBIX MCTOYHHKOB 3Hepruu. [lo omenkam skcneproB, k 2100 roxy coiHIle CTaHET TOMHHHPYIOIIUM
HWCTOYHUKOM SHEPTHH Ha IiaHeTe. Bo MHOTHX CTpaHax COJHEYHAs dHEPreTHKa MOMydnsia aKTUBHYIO TOCY-
JAPCTBEHHYIO MTOJJIEPKKY U CTPEMHUTEIEHO pPa3BUBAETCSI.

Ki1roueBble cji0Ba: cCoIHEUHAs OHEPIreTUKa, KPEMHUCBBIC COJTHCUHBIC 3JICMCHTHI, IICPCIICKTHUBbLI PA3BUTHUA.
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SOLAR ENERGY BASED ON SILICON:
KEY DEVELOPMENT TRENDS.

Annotation. Solar energy is one of the most promising areas for the development of renewable energy
sources. According to experts, by 2100, the sun will become the dominant source of energy on the planet. In
many countries, solar energy has received active government support and is rapidly developing.

Keywords: solar energy, silicon solar cells, development prospects.
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KonuuecTBO coHeYHOM 3HEpPruM, NoCTynaroueid Ha 3eMIIt0, IPEBBIIIAET YHEPTUIO BCEX MHUPOBBIX
3amacoB He(pTH, raza, yris U APYTUX dHEPreTUYECKUX PECYpPCOB, B TOM UHCJIE€ BO30OHOBIISIEMbIX.
Ncnons3oBanue Beero yminb 0,0125% conHeyHOW 3HEPTUH MOTIIO ObI 00ECIIEYUTh BCE CErOHSIIII-
HUE MOTPEOHOCTH MUPOBOM 3HEPTETUKH, a ucrnoib3oBanue 0,5% — MoJIHOCThIO MOKPHITh MOTPEOHO-
ctu B Oynymiem. [lonHas ycTaHOBJICHHAass MOIIHOCTH COJIHEYHBIX OaTapeld B MHpEe K Havdaly
2024 rona mpeseicwiia 1624 I'Bt ¢ romoBeiM mpupoctoMm B 2023 romy 447 I'Bt (puc. 1).Takoii
OBICTPBIN POCT COJNIHEYHOU (POTOIHEPreTUKU OOBSICHICTCS B OCHOBHOM YJICHICBICHUEM CE0ECTOU-
MOCTH IPOU3BOACTBA (HOTOINEKTpUUECKUX Moayiel. biarogapst 3 ToMy coslHeYHast SHepreTHKa J0-
CTHTJIa B PSIJIE «COTHEYHBIX» PETHOHOB MUPA KOHKYPEHTOCIIOCOOHOCTH (TTAPUTETA) C CETEBOU dJIEK-
TpOdHEprueil 6e3 JOMOIHUTEIBHBIX MEP TOCYIaPCTBEHHOMN MOIEPKKH.
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Puc. 1. CymmapHble MOIIIHOCTH COJHEYHBIX AJIEKTPOCTaHLUH, ycraHoBIeHHbIX B 2008—-2023 ronmax
B yKazaHHbIX pernoHax mupa: Kutaii, APAC (Azuarcko-Tuxookeanckuii pernon), AMER (Awme-
pukaHckuii koHTuHeHT), EBponia 1 MEA (bmmkuuit Boctok n Adpuka)

Ha ceropHsimHul T€Hb CYNMIECTBYET HECKOJIBKO TEXHOJOTHUH CO3/IaHUS COJHEYHBIX AJIEMEHTOB
(C2) na 6a3ze pa3nMUHBIX MOJYIPOBOJHUKOB B KauecTBe (poToakTMBHOrO Marepuana. Kak mpa-
BUJIO, OHM JIEJISITCS Ha Ba OCHOBHBIX Kiacca: 1) torkomieHounsie (thin film) u 2) na ocHose
kpeMuueBbix wiactul (wafer type). K toukomrenounsiMm @DOIT/ODOM 0THOCITCS MOAYJIH Ha OC-
HOBE TOHKHX IUICHOK amopdHoro kpemuus (a-Si), temnypuna kaamus (CdTe), nuceneHuna uH-
nus-rausi-menu (C1GS) u paznuunbix nepoBckuToB [1]. TonmuHa NMIeHOK BapbUPYyeTCS OT
HECKOJBbKHUX HAHOMETPOB (HM) /10 HECKOJIBKHUX MHUKPOMETPOB (MKM), YTO HAMHOTO TOHBIIIE, YEM
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y ®OII Ha ocHOBE KPUCTAUIMYECKOIO KPEMHHMS, B KOTOPBIX MCIOJIB3YIOTCSI KPEMHUEBBIE IIA-
CTUHBI TOMIIMHONW 10180 MKM. DTO MO3BOJIIET TOHKOIUIEHOYHBIM COJIHEYHBIM MOAYJSM OBITh
rMOKUMU U UMETh MeHbIIMHA Bec. C Apyroi CTOPOHBI, YMEHbIIEHUE TOIIIUHBI (POTOAKTUBHOTO
CJIOSl TIO3BOJISIET CO3[aBaTh MOJYNPO3pPAvYHbIE TOHKOIUICHOYHBIE MOAYJIH, KOTOPHIE MOTYT OBITh
UHTErpUPOBAHbl B 3JIEMEHTHI 31aHui. HecMOTpst Ha AaHHBIE MPEUMMYIIECTBA, CYIIECTBEHHBIM
HEJ0CTaTKOM TOHKOIUIEHOYHBIX MOJYJIEH IO CPAaBHEHUIO CO CTaHJIAPTHBIMU KPEMHUEBBIMHU MO-
OyJISIMU SIBIII€TCS UX HU3Kasg 3ddexkTuBHOCTh npeodpazoBanus sHeprun (KIIJ) nmopsiaxa 10—
14% B 3aBUCHUMOCTH OT IPUMEHIEMOI0 MaTEpHAIIA.

HecMoTpst Ha pemeBU3HY MO CPAaBHEHHIO ¢ KPUCTAUIMYECKUM KPEMHHUEM, PBIHOYHAS JOJsl TOH-
KOIJIECHOYHBIX COJIHEUHBIX MOJYyJeH HUKOrAa He npesbiimana 20% 3a nociegHue ABa AecsTuie-
TUS U B TOCJEAHUE TOAbl CHU3WIACh NMpUMepHO 10 5%. OctanbHble 95% pbIHKA COJHEYHOU
SHEPTreTUKH 3aHUMAIOT MOJYJIH HA OCHOBE MOHOKPHUCTAUNIMYECKUX KPEMHHUEBBIX TUIACTHH, KOTO-
peie obnanaroT Oosiee BeicokuMH mokazarensmu KIII (Gomee 25%). coorBeTcTBeHHO. M3Ha-
4aabHO KpeMHHeBble CD M3roTaBIMBAINUCH C UCIOIB30BAHUEM KPEMHHEBBIX TUIACTHUH P-THUIIA 1O
cTaHJapTHON IU(Py3MOHHONW TEXHOJOTMHM IMYTEM BXKUTaHUS cepeOpsiHON (PpPOHTaNbHOW KOH-
TAKTHOH CETKH U CIUIOIIHOTO aJIOMUHHEBOIO THUIBHOTO KOHTAKTa MPU BBICOKOW TeMIiepaType
(> 700 °C). Ilpu >ToM HaNMYKUE HETMOCPEICTBEHHOTO CIUIOIIHOTO KOHTAKTa MEXIYy KPEeMHUEM U
METaJIJIOM Ha THUIBHOW CTOPOHE MPUBOJUIO K OOJBIIUM PEKOMOMHALMOHHBIM IOTEPSAM, YTO
orpannuuBaio KIIJ[ na ypoBue 17%. Pemenue gannoi npo6sieMsl npou3onuio B KoHie 1980-x ro-
1oB, Korjaa npodeccop MapTun ['puH mpeasioKua UCIOIb30BaTh MACCUBAINIO THUIBHOM CTOPO-
HbI OKCHUJIOM KPEMHHUS ISl CHUKEHUSI pPeKOMOMHALMOHHBIX MOTepb. Tak MmosBUIICS MEPBbIH Ja-
oopatopusiii PERC (Passivated Emitter and Rear Cell) CD ¢ KII/I nopsiaka 23% Ha miaacTHHAX
MOHOKpHUCTAIIn4eckoro kpemuusi p-tumna [2]. [MapannensHo ¢ TexHonorueir PERC Ttakxke pas-
BUBAJIKCH JAPYTrue BbHICOKOA((PEKTUBHBIE TEXHOJOTUH HAa OCHOBE MOHOKPUCTAINIMYECKOTO KPEeM-
HUS Ha TOJUIOXKKE N-THIa, Takhue Kak ogHocTtopoHHHe KpemuueBbie CO (Interdigitated Back
Contact (IBC) Cells), B koTopbix 00a N- U P-KOHTAKTa PACIOIO0KEHBI C THIILHON CTOPOHBI, YTO
MO3BOJISIET M30€XKaTh ONTUYECKUX MOTEPHh OT 3aTeHEHUs] (PPOHTATHLHON KOHTAKTHOW CETKH. DTOT
mar no3Bonus yBenuuuth KIIJ{ 1o 25%. B xauectBe nanpHeiimieit 6osee BbICOKOI(PHEKTUBHON
anprepHatuBel PERC TtexHomorum, paccmaTpuBaeTcsl HCIOJib30BaHHe TexHojoruun TOPCon
(Tunnel Oxide Passivated Contact) uwiu xe SHJ (Silicon Heterojunction) texuomoruu. Ecnu
TOPCon TtexHOJOTHS OCHOBaHA Ha BBHICOKOTEMIIEpAaTypHOI maccuBaiuu noBepxHoctu CD TyH-
HEJBHBIM OKCHJIOM JUISI CHYDKCHHSI peKOMOWHAIMOHHBIX MOTEPh, TO SHJ-TexHomorus sBiseTcs
HU3KOTEMIIEpAaTypHOH U 0a3upyeTCcs Ha MacCUBAIMK MOBEPXHOCTH KPEMHHUEBBIX IUIACTUH C TIO-
MOIIBI0O TOHKHX CJO€B THJIPOTEHE3UPOBAHHOTO amopdHOro kpemuus. s 060MX TeXHOIOTUU
obmn gocturayTsl KIIJI > 27% nHa monHopa3mepHbIX KpeMHHEBBIX COD B 1a00OpaTOpPHBIX yCIo-
BUSIX, TOT/Ia KaK B YCJIOBHUSIX MaccoBoro nmpousBojacTBa cpeauuii KITJ[ coctaBmsier 25% [3, 4].

B oamHOYKy comHeuHas SHEpreTHKa BpsiA JU CMOXKET 3aMEHUTHh yroyib, HeTh U ra3. B To ke
BpeMs, B coueTaHuu ¢ Apyrumu BUD, oHa BmoJHE cIOCOOHA B OTHOCUTEIHHO HEJAIeKOM Oy-
nyiieM yopaTh ¢ MUPOBOW apeHbl YIIIEBOJAOPOABL. B HacTosIiee BpeMs B paMKax 3e€JIEHOH IMo-
BECTKM MHOTHE CTPaHbl UMEIOT JOCTaTOYHO aMOUIIMO3HbBIE IJIaHBI MO JaJIbHEHIIEMY Pa3BUTHIO
BUD, Bkawouas comHeuHyro »Hepretuky. [lo omHoMy wu3 cueHapueB MexIyHapOIHOTO
areHTcTBa mo Bo3oOHOBIsiemoi sHepretuke (IRENA) [5], panee BechbMa KOHCEPBATUBHOTO B
Bonpocax BUD, conneunas snepretuka k 2050 r. cTaHET HOMEPOM OJIMH B MUPE — Ha €€ JI0JII0
npunercs 27% MUpOBOro NpOU3BOACTBA IIEKTPOIHEPTUU.

Hpyrumu cioamu, k 2050 r. o6muii 006éM PV uncTammsnuii npesbicut 8,5 TBT (puc. 2). [Iporxo-
3UpYyeTCs, YTO COJTHEYHAask U BETPSHAs SHEPreTHKa BMECTE CTaHyT INIABHBIMH HCTOYHUKAMHU YHEPTHH
B MHpE, U UX JIOJII B MEPOBOM JHEPreTHYECKOM OanaHce OyIeT MPeBOCXOAMTH JOJIU YTIIEBOIOPO-
JIOB BMECTE B3STHIC.

64



TBT u/r rer

60000 20000
17500
50000 6 0 44
15000
40000
12500
30000 4 &:1533 10000
RE
7500
20000
10000
2500
S~ S—
2016 20320 2040 2050 2016 2050
rog roa
fsnepHas CcornHe4yHas reorepmMmanbHas
. yronb WSS snepretuka 3HepreTuka aHepreTuka
. HedTH mm "MAPO csp Aapyrve
3HepreTuka A

NPUPOAHBLIN ras M 6uo3HepreTuka W  BeTpsHble TYPOUHbI

Puc. 2. [Iporuo3 no mupoBomy sHepretuueckomy Oanancy. IRENA [5]

Crnenyer, OgHAaKO, OTMETUTh, YTO IMPOU3BOJACTBO COJHEYHBIX JJEKTPOCTAHIMNA Ha TEPaBaTTHOM
YpOBHE SIBIISIETCS JIOCTATOYHO 3aTpPaTHBIM Kak B ()MHAHCOBOM, TaK U B MaTepHAIbLHOM IuiaHe. Te-
KyIIAHA POCT CTOMMOCTH MAaTepHaioB (DOTORIEKTPHUYECKUX CHUCTeM (Kene30, aTfOMHHHN, Melb
Y T.J.) YBEIMYMBAET pacxoibl B AaHHOU obmacTtu. J{ns kpemuueBbix CO Haubonee nehUIIUTHBIM
MaTepHaIIOM SIBJSIETCS cepedpo, KOTOPOE UCIONB3yeTCsl MpH (OPMHUPOBAHUN KOHTAKTHOW CETKH.
s BeicokoaddextuBabix TOPCon u SHJ CD pacxon cepedpa mpumepro Ha 50% u 100% Bbitire,
yem i1 PERC siaeek. Poct 11eH Ha cepebpo MoxkeT 3ameuTh poriece nmepexoaa ot PERC TexHo-
noruu Kk TOPCon wnmu SHJ-texnonoruu. MHauit (MCMONb3yeMBbIil TSl CO3aHuUs TPO3PAUHBIX TPO-
BOAAIINX clioeB B SHJ-sueiikax) sBiseTcs emie 0ojiee KPUTUYHBIM B 3TOM IIJIaHE MaTEPHAIIOM JIS
pacuupenus npoussoactsa SHJ CD [6]. [TosTromy npu MaccoBOM pacHIMPEeHHUH MPOHU3BOJCTBA 10
TBT-ro ypoBHS B OyaynieM HEOOXOIMMO OYyIET COKpamaTh YAETbHBIH PacXoi JaHHBIX KPUTHYE-
CKHUX MaTepHUajoB W/WIM pa3padoTaTh TEXHOJOTHH, KOTOPBIC 3aMEHST ATH PEIKHE MaTepUaibl Ha
Oomnee moctynHbie. He cTouT Taxke 3a0bIBaTh 0 MpOOIEMe YTHIM3AIUKA TaKOTo OOJIBIIOTO 00BbEMa
COJTHEYHBIX MOJIYJICH MOCIIe OKOHYAHHS CPOKA MX IKCIUTyaTaI[|H.
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TECHNOLOGICAL INNOVATIONS
FOR HYDROPOWER SECTOR ADAPTATION TO CLIMATE CHANGE

Abstract. The article examines how technological innovation underpins hydropower sector adaptation to
climate change, linking global trends in hydropower deployment with growing climate-induced hydrological
risks and their operational implications. It highlights case studies from hydropower plants in the Asia-Pacific
region and their approaches to adaptation.
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Hydropower remains a cornerstone of the global clean power system, generating almost as
much electricity as all other renewables combined and accounting for about 14.3% of global
power production. In 2024, conventional hydropower capacity grew by roughly 1%, with
16.2 GW added worldwide, bringing installed capacity to about 1,254 GW. China dominates
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new additions, commissioning 14.4 GW in 2024, thus embracing 6.66 GW of conventional hy-
dropower and 7.75 GW of pumped-storage hydropower (PSH)?!, and underlining hydropower’s
flexibility value in systems with high variable renewables.

Climate change is altering hydrological regimes through higher temperatures, shifts in precipitation
patterns, glacier melt, and more frequent extremes such as floods and droughts. According to the
World Meteorological Organization data, in Asia? the average temperature in 2024 was about
1.04°C above the 1991-2020 average®, with warming nearly at twice the global average and record
marine and land heatwaves.

Case studies of number of Chinese hydropower plants effectively illustrate these impacts in opera-
tional terms. At Guipitan HPP (the installed capacity of 3 GW) on the Wujiang River, lower water
inflows have forced operation well below design capacity, cutting electricity generation to around
10% of normal output during extreme dry periods. At Longtan HPP (the installed capacity of
4.9 GW) on the Hongshui River, persistent low rainfall and mid-2020s drought caused notable de-
clines in inflows to the reservoir and in hydroelectric output, raising reliance on supplementary en-
ergy sources.

Consequently, adaptation strategies in the hydropower sector in the Asia-Pacific region are priori-
tizing: enhanced early-warning systems for floods and droughts, building on evidence that timely
alerts significantly reduce losses, and greater integration of climate projections into planning of new
hydropower plants and modernization of existing assets, especially in high-mountain and mon-
soon-dependent basins.

The sector is moving towards systematic climate resilience frameworks that embed climate science
across the project lifecycle. The Hydropower Sector Climate Resilience Guide* has become a gold-
en standard for the hydropower industry to become more resilient to climate change. It offers a
framework for hydropower projects to identify, assess, and manage climate change risks, moving
beyond historical data to use climate modeling for planning, design, and operations across all pro-
ject stages, ensuring long-term viability against threats like floods and droughts through phased
screening, stress testing, and adaptation strategies®. The developers and operators actively rely on
this guide to structure adaptation to climate change around five stages for both existing and future
projects.

A practical example of how it could work is the project launched by En+ Group in 2022 focusing
on Angara HPP cascade (Irkutsk, Bratsk and Ust-1limsk HPPs on the Angara River) adaptation to
climate change®.

1 2025 World Hydropower Outlook https://www.hydropower.org/publications/2025-world-hydropower-
outlook

2 Please note that according to WMO terminology the Asia region spans various sub-regions like the Middle
East, Central Asia, and East Asia, and features a wide range of climates and geographies. At the same time,
according to WMO, there is South-West Pacific Region which is a vast area that includes part of Southeast
Asia, Australia, New Zealand and the Pacific, encompassing 24 WMO Members that fall within the scope of
the WMO Regional Office for Asia and the South-West Pacific.

$World Meteorological Organization’s State of the Climate in Asia 2024 https://wmo.int/news/media-
centre/rising-temperatures-and-extreme-weather-hit-asia-hard

* Initially developed by the International Hydropower Association (IHA) in 2019. https://www.hydropower.
org/publications/hydropower-sector-climate-resilience-guide

® Tam xe.

® En+ Group Consolidated Report 2023 https://www.enplusgroup.com/upload/iblock/b49/eniob7vn7a8
vdlbs6j0z9422ieovavyo/AR_full ENG_06_25.pdf
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Historical climate change data was assessed and key trends that have the potential to magnify risk
were identified. For the selected climate scenarios — the most probable (SSP2-4.5) and stressful
(SSP5-8.5) — the main climate risk factors (changes in temperature, precipitation and humidity)
were determined over three planning horizons — 2030, 2050, 2100, Based on this data, a detailed
register of physical climate risks was compiled. A hydrological model of the river flow in the Lake
Baikal basin and the Angara river to the Ust-l1limsk HPP was set. It was used to calculate scenario-
based forecasts of the useful water inflow into the cascade reservoirs for the specified planning ho-
rizons?. The assessment resulted in measures being developed to adapt to climate change for the
specified planning horizons. The measures varied from reforestation and forest protection to the
adoption of new technologies for water inflow forecasting®.

Digital innovation is one of the most powerful tools for hydropower climate adaptation, since it en-
hances assets’ reliability under more volatile operating conditions. A prominent example is the de-
ployment of Automated Predictive Analytics System (APAS) based on machine-learning algo-
rithms and high-frequency sensor data. Such systems employ Al-driven algorithms trained on his-
torical operating data and failure histories, allowing pattern recognition that goes beyond traditional
threshold alarms.

Thus, the sensors are deployed at 12 out of 18 hydraulic units of Bratsk HPP. The APAS analyses
data on the parameters and operational conditions of hydraulic units through machine learning algo-
rithms predicting equipment malfunctions in advance and promptly alerting plant staff. Due to the
APAS, En+ Group prevented 24 emergency shutdowns of equipment since the system launch

in 2024%.

Beyond APAS, the broader digitalization of existing hydropower plants is highlighted as a
“game-changer” for climate resilience. Digitally enabled hydropower plants can integrate advanced
data analytics to optimize dispatch under variable inflows, reservoir levels, and can use automated
control systems that balance turbine loading and spillway use to minimize both flood and drought
damages. These capabilities underpin hydropower’s role as a stabilizing resource in power systems
facing both demand-side electrification and supply-side climate volatility.

A central emerging tool is the use of digital twins of a catchment basin and hydroelectric power
plant cascade. These virtual replicas combine hydrological models, infrastructure data, real-time
monitoring networks, and climate projections to simulate water system behavior.

Digital twins can test alternative operating rules under projected climate scenarios, including
extreme drought sequences or compound flood events, and can support multi-objective optimi-
zation across power generation, flood protection, and environmental flow maintenance. By
grounding hydropower decisions in these dynamic models, operators can better anticipate
changes in inflow regimes, adjust storage strategies, and coordinate HPPs cascades over sea-
sonal and inter-annual timescales.

Looking ahead, several innovation pathways stand out for strengthening hydropower adaptation to
climate change:

e Deeper digitalization: Expanded use of data analytics based on advanced tech like Al, and pre-
dictive algorithms for condition monitoring, reservoir optimization, and system-wide dispatch.

! Based on the data disclosed in En+ Group Consolidated Report 2023 https://www.enplusgroup.com/
upload/iblock/b49/eniob7vn7a8vdlbs6j0z9422ieovavyo/AR_full_ENG_06_25.pdf

2 TaMm xe.

% Based on the data disclosed in En+ Group Consolidated Report 2024 https://www.enplusgroup.com/upload/
iblock/be0/k909geay9grnnwx66vIif0i09gf4ab8y/EN_AR2024_ENG_book_26.06.pdf

4 Tam xe.
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e Enhanced predictive maintenance: Scaling APAS-type systems across HPPs “fleet” to move
toward condition-based asset management, reducing forced outage risks under more demanding op-
erating profiles.

e Advanced water management systems: Development of modern, integrated water-resources
management platforms grounded in digital twins and informed by the latest climate science.

e International cooperation: Systematic exchange of methodologies, tools, and case studies with
partners in leading hydropower and water-management countries, to accelerate adoption of best
practices.

Sources

1. En+ Group Consolidated Report, 2023.
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3. Hydropower Sector Climate Resilience Guide.
4. World Hydropower Outlook, 2025.
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