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High Voltage Direct Current (HVDC) technologies play a pivotal role in modern power systems
by enabling efficient long-distance electricity transmission with minimal losses. This article
explores the fundamental operating principles of HVDC systems, analyzes global implementation
practices, and evaluates the prospects for deploying HVDC technologies in Qazagstan. It highlights
key technological trends, the advantages of HVDC over conventional alternating current (HVAC)
systems, as well as the challenges associated with deployment. Drawing on the conducted analysis,
this paper provides recommendations for integrating HVDC into Qazaqgstan’s power system,
considering technical feasibility, economic viability, and environmental sustainability.
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Introduction

High Voltage Direct Current (HVDC) transmission lines are gaining prominence due to their high energy
efficiency and reliability [1]. Unlike traditional Alternating Current (HVAC) lines, HVDC systems enable
long-distance power transmission with lower losses and facilitate the integration of renewable energy sources
[2].

The application of HVDC is particularly relevant for countries with vast territories and remote generation
sources, such as Qazagstan. In recent years, Qazagstan has been actively developing its energy infrastructure,
aiming to enhance transmission efficiency and reduce its carbon footprint [3]. With the increasing penetration
of renewable energy sources (RES), such as solar and wind power plants, HVDC presents an optimal solution
for integrating them into the national power grid [4].

Moreover, Qazagstan occupies a strategically important position between Europe, Russia, and China,
making it a potential hub for cross-border energy projects based on HVDC technology [5]. Globally, major
international HVDC interconnectors have already been implemented, ensuring power system stability and
enabling electricity trade between countries [6]. Qazaqgstan can draw upon this experience to strengthen its
energy security and expand electricity exports.

The purpose of this paper is to review the operating principles of HVDC systems, examine global
implementation practices, and assess the prospects for adopting this technology in Qazagstan. The article
discusses the advantages of HVDC over HVAC, the technological aspects of their deployment, as well as
potential challenges related to financing and infrastructure development.

Methods and Materials
This study is based on an analysis of scientific publications dedicated to HVDC, including comparative
studies on the efficiency of HVAC and HVDC systems [3, 5]. Materials from international organizations

specializing in energy technologies were utilized, along with data on existing HVDC projects [4, 7].

Results and Discussion
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HVDC systems are designed for electric power transmission via direct current, which minimizes losses
over long distances and enhances control over power flows [6]. The basic operating principle of HVDC
involves converting alternating current (AC) into direct current (DC) at the sending end, transmitting it through
the line, and then reconverting it into AC at the receiving end.

There are two main types of HVDC systems:

1. Line Commutated Converters (LCC-HVDC): These use thyristors that require a strong AC system for
commutation. LCC-HVDC is widely used for interregional connections and long-distance bulk power
transmission [8].

2. Voltage Source Converters (VSC-HVDC): These utilize insulated-gate bipolar transistors (IGBTs) or
similar semiconductor switches, allowing them to operate without a strong AC grid. VSC technology provides
more flexible power control and is commonly used for integrating renewable energy sources and linking power
systems with different characteristics [9].

The key advantages of HVDC over traditional AC transmission:

— Reduced transmission losses over long distance.

— Independence from frequency synchronization between power systems.

— Capability to control power flow direction and volume.

— Enhanced power system stability due to rapid response to load changes [10].

HVDC technologies are currently being widely deployed across many countries, demonstrating their
effectiveness in addressing long-distance transmission and renewable energy integration challenges. One of
the global leaders in this area is China, which has implemented some of the world’s largest HVDC lines
connecting remote hydropower plants in the western regions to industrial hubs in the east. A notable example
is the Ultra High Voltage Direct Current (UHVDC) project, capable of transmitting up to 12 GW of power
over distances exceeding 3,000 km.

In Europe, HVDC is actively used to interconnect national power systems and ensure secure electricity
supply. For instance, the NordLink project connects Germany and Norway, enabling bidirectional energy
exchange between Norway’s hydropower and Germany’s wind energy. Such projects help balance the grid
and mitigate fluctuations in renewable generation.

In North America, HVDC is applied in interstate energy corridors, such as the Pacific DC Intertie in the
U.S, which links hydropower stations in the Northwest to major load centers in California. This project has
significantly reduced dependence on conventional generation and improved power supply reliability.

HVDC is also employed in submarine interconnectors that link the power systems of different countries.
Examples include the BritNed interconnector between the United Kingdom and the Netherlands, and the Baltic
Cable between Sweden and Germany, demonstrating how HVDC enhances reliability and efficiency in
international electricity trade.

Thus, global experience shows that HVDC technologies provide effective solutions for enhancing power
system reliability, integrating renewable energy sources, and transmitting electricity over long distances.
Qazagstan can leverage these examples to develop its own HVDC implementation strategy.

Qazagstan has significant potential for HVDC development due to its vast territory and large generation
facilities [13]. The deployment of HVDC could facilitate the integration of renewable energy sources such as
solar and wind power [14]. This technology would help reduce electricity losses during long-distance
transmission and improve the reliability of power supply in remote regions.

One of the most promising areas is the creation of HVDC lines connecting major renewable energy
clusters, such as those in the Zhambyl and Mangystau regions, with industrial centers in the central and eastern
parts of the country. This would allow Qazagstan not only to optimize domestic energy supply, but also to
strengthen its position as an electricity exporter to Central Asian countries and China [15].

Another promising direction is the development of cross-border HVDC interconnectors. Qazaqstan could
play a key role in establishing an energy corridor between Europe and Asia, linking the power systems of
Russia and China via high-voltage direct current lines. This would expand electricity trade volumes and
enhance the resilience of the national power system to external fluctuations [16].

However, successful HVDC implementation requires significant financing, infrastructure development,
and training of qualified personnel. Government support programs and international investment will play a
crucial role in this process. Qazaqstan has already launched several projects to modernize its energy system,
and HVDC integration could become a pivotal step toward a more sustainable and efficient energy future [17].
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Conclusion

HVDC technologies represent a critical area in the development of modern power systems, offering
high transmission efficiency and reduced energy losses. The implementation of HVDC in Qazagstan would
enable the integration of renewable energy sources, enhance the reliability of power supply, and strengthen
the country’s position in international energy trade. However, the successful realization of HVDC projects
requires substantial investments, infrastructure modernization, and active involvement from both public and
private sectors. If these conditions are met, Qazaqgstan stands to significantly enhance its energy security and
the resilience of its power system.
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A.B. Hukynemmn, E.B. KyaTym

HVDC texnosiorusjiappl: ;KyMbIC icTey NPpHHIHNTEPI, d1eMAiIK TIxKipuOe kone Kazakcranaa
€HTi3y nepcneKTHBAJAPbI

YKorapsl kepHeyi TypakThl Tok (HVDC) TexHonorusiapbl 3amMaHayu dSHEpPreTHKaja MaHbI3IbI
pen arkapazel, cebebi onap SNEKTP SHEPrHsAChIH ajblc KaIIBIKTHIKTApFa THIMAI JKOHE a3
LIBIFBIHMEH JKeTKi3yre MyMkiHIik Oepeni. byn makanaga HVDC xylenepiHiH Heri3ri »xyMbic
icTey MPUHLMITEPI KapacThIpblIabl, SJeMIIK eHri3y Taxipubeci TanaaHasl xxaHe Kazakcranna
HVDC TexHonorusmapelH AaMbITy MepcrieKTHBaNapbl OaranaHanbl. Herisri TeXHOMOTHSIIBIK
ypaictep, TYpakThl TOKTHIH gdcTypni aiinbiManbl Tok (HVAC) kyiienepiHe KaparaHaa
apTHIKLIBUIBIKTAPbI JKOHE eHTi3y OaphiChIHAAFbl Macesesep cunaTtranaabl. JKypriziareH tangay
HoTwkeciHae KazakcraHHbiH 5SHepreTukanblk kydecinge HVDC-Hbl konpgaHy OolibiHIna
TEXHUKAJIBIK, SKOHOMHUKAJIBIK OHE SKOJIOTHSUIBIK ACMEKTUIEepAi €CKepe OTBIPbIN YCbIHbICTap
a3ipJieH i,

Tytiinoi cez0ep: HVDC, anekTp sHepruschiH KeTKizy, dHepreTuka, Kazakcran, TexHojIorusmiap,
WHHOBAIIUAIAD, SNEMIIK TOKIprOe, THIMALTIK.

A.B. Huxynemmn, E.B. KyaTym

Texnosornu HVDC: npunuune! padoTsbl, MEpOBasi NPaKTHKA H NePCHEeKTHBDI
BHeaApenus B Kazaxcrane

TexHonoruu BeIcOkoBOJIBTHOTO Mpsimoro Toka (HVDC) urparoT kiitoueByro posib B COBPEMEHHOM
sHepreTHke, obecrieunBas 3G dekTHBHYIO Niepeiady 3J1eKTPOIHEPTHH Ha OOJIbIINE PACCTOSHUS C
MUHUMAJIbHBIMU TIOTepsAMH. B JaHHOW cTaThe paccMaTpuBaIOTCS OCHOBHBIE MPHUHLIUAIIBI PAOOTHI
HVDC, ananu3upyeTcs MHUPOBOI OMNBIT BHEAPEHHWS, a Takke OLIEHMBAIOTCS MEPCHIEKTHUBBI
paszeutus HVDC-texHonoruii B Kazaxctane. PaccmarpuBaloTcs K/tOueBble TEXHOJIOIMUYECKUE
TeHneHuuy, npeumyuiectea HVDC nepen TpaaMUMOHHBIMHU CHCTEMaMHM MEPEMEHHOro TOKa
(HVAC), a takxke npobieMbl BHeApeHHs. B pe3ynbrare MpoBeeHHOTO aHalv3a MpeiiosKeHbl
pexomeHnauuu no npumenennto HVDC B sHeprermueckoii cucteme KaszaxcraHa c ydeTrom
TEXHUYECKUX, DKOHOMUYECKUX U IKOJIOTHYECKMX acleKTOB.

Kouegvie cnosa: HVDC, nepenaua 3ieKTposHepruM, SHepreTvka, KazaxcraH, TeXHOJOTHH,
WHHOBAIIMU, MUPOBAas MPaKTHKA, 3PPEKTUBHOCTD.
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