ISSN 2224-5278 Series of Geology and Technical Sciences. 3. 2019

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 3, Number 435 (2019), 219 — 224 https://doi.org/10.32014/2019.2518-170X.88

UDC621.311.21:628
M. Zh. Zhurinov', Zh. K. Kassymbekov’, G. Zh. Kassymbekov’

"ROO "National Academy of Sciences of Kazakhstan", Almaty, Kazakhstan,
“Kazakh National Research Technical University named after K. I. Satpayev, Almaty, Kazakhstan,
*«Kazhydro» LLC, Almaty, Kazakhstan.
E-mail: nanrk.mzh@mail.ru, jkk2004 (@ mail.ru, a_k-82@mail.ru

MASTERING AND DEVELOPMENT HYDROPOWER
IN KAZAKHSTAN

Abstract. The power characteristics of the constructed and operated hydroelectric power plants in Kazakhstan
are given. It is shown that the share of electricity generated at hydropower plants in the total volume of electricity
production in the country is still insignificant (8.4%, a), and the total installed capacity is only 2580 MW. Existing
technological schemes of small hydropower plants require further improvements and new approaches in a con-
structive solution. It is indicated that the results of 80-85% of the research work performed are limited to the study of
the parameters of prototypes or prototypes of improved and new HPP designs.

Existing promising domestic developments can serve as basic solutions for mastering them in production. It has
been proposed to update the previously developed “Development Schemes for Small Hydroelectric Power Stations in
Kazakhstan” on the basis of a feasibility study and an order of relations with local administrations for water use and
land acquisition.
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As you know, hydropower is the most common in practice and technologically mature industry in
comparison with other known sources of renewable energy sources|1- 4]. This is due to the fact that du-
ring the construction and operation of a particularly small and mini hydroelectric station, the natural
landscape is preserved, in many cases there is practically no stress on the ecosystem.

Hydroelectric power stations built in the hydropower system of Kazakhstan are mainly concentrated
in the East Kazakhstan (East Kazakhstan), Almaty, Zhambyl and Turkestan regions of the republic [35, 6].

The East Kazakhstan region has the Shulbinsk Hydroelectric Power Station (702 Mw), the Ust-
Kamenogorsk Hydroelectric Power Station (331 Mw), and the Leninogorsk cascade of hydroelectric po-
wer stations. MW), as well as a series of mini-hydropower plants: Aksu HPP-1 (1.9 Mw), Issyk HPP-2
and 3 (6.1 Mw), Karatal HPP-2, 3, 4 (11.9 Mw), Sarkand HPPs (0.5 Mw), Antonovskaya HPP-3 (1.6 Mw),
Uspenovskaya HPP-4 (2.5 Mw), Intalinskaya HPP-5 (0.6 Mw). In the Zhambyl region there are Merke
power stations-1, 2, 3 (3.6 Mw), Karakystakskaya HPP (2.1 Mw), Taso Keli HPP (9.2 Mw).

The installed capacity of the Shardara hydroelectric station, located in the Turkestan Oblast, is 100 Mw.
It is currently being upgraded, according to the results of which the capacity should increase to 126 Mw.

At the same time, the Almaty region is considered one of the main producers of renewable energy
sources from water resources, where by 2020 it is planned to develop 11 new projects, including a cascade
of hydroelectric power plants with a total capacity of 42 Mw on the Koksu River and a single hydro-
electric station with a capacity of 60.8 Mw on the Chilik River.

Since all hydropower plants of Kazakhstan have a relatively small capacity, their task is to regulate
the load schedule, fulfilling the classic function of maneuverable power and “closing” consumption peaks.
In such a configuration, the role of important elements of the power system, but not determining its deve-
lopment, remains behind the hydropower plants. Despite the fact that over the past 25-30 years, the total
capacity of Kazakhstan's hydropower plants has grown, the overall level of electricity consumption
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produced on their turbines, according to BP Energy Outlook, by the mid-2010s after decades of ups and
downs returned to the values of the late 1980s.

However, the share of electricity generated at hydropower plants in the total volume of electricity
production in the country is still insignificant (8.4%, a), and the total installed capacity is only 2580 Mw,
while in Tajikistan it is equal to 5190 Mw (figure 1).

Source: World Bank (2012)
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Figure 1 — The share of electricity generated at hydropower plants
in the total volume of electricity production in countries,% (a) and the total installed capacity, Mw (b)

As can be seen from these diagrams, these indicators are significantly inferior to the developed
volume of energy of water resources of the countries of Central Asia [7].

The main problem in relations between the countries of Central Asia is the unbalanced system of
water resources exploitation in the hydropower regime, during which winter floods are replaced by water
shortages during the growing season of the main crops.

At present, Kazakhstan’s hydropower potential is estimated at 170 billion kWh hours per year.
According to experts, in the South it is possible to cover the shortage of ¢lectricity by building a cascade
of environmentally friendly micro and mini hydropower plants, since the potential under consideration in
this zone is estimated to be no less than 4 GW of power. Due to this, the share of development of available
potential hydro resources in Kazakhstan, compared with the countries of Central Asia, increased slightly
(figure 2, a) [8].

In 2017, the capacity of small hydropower plants in Kazakhstan increased by 30 MW due to the wide
placement of numerous private power plants, such as Mankenskaya HPP (2.5 MW, 283 million tenge) in
the Turkestan region (figure 2, b).
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Figure 2 — Share of the use of potential hydro resources in the countries of Central Asia (a)
and production of electricity based on renewable energy sources in Kazakhstan

By 2020, Kazakhstan plans to build 41 small hydropower plants with a total capacity of 539 Mw,
which will provide 17.6% of the total potential of renewable energy sources in Kazakhstan [9].
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The feasibility of developing small hydropower industry in the republic is confirmed by the current
trend in global hydro-construction experience. Due to the competitive price for electricity generated at
small hydropower plants, they currently represent a very attractive business for investors.

The promising development of a small hydropower plant provides not only a reduction of the
negative impact on nature, but also the full realization of positive factors, including integrated develop-
ment of construction areas, regulation of weaving, creation of recreation areas, etc. from the mode of
operation of the power system.

In this regard, in 2005, the Government of Kazakhstan developed and adopted a concept for the
extensive construction of a small HPP with an annual electricity output of 4.8 billion kWh. The Law of the
Republic of Kazakhstan “On Supporting the Use of Renewable Energy Sources” No. 165-1V of July 4,
2009 provides for the creation of favorable conditions for the construction and operation of facilities for
the use of renewable energy sources.

The existing technological schemes of a small hydroelectric station with reference to the conditions
of their use require further improvement and new approaches in a constructive solution[10-14].

In Kazakhstan, the development and design of hydropower plants began to be closely pursued in the
40s of the last century. This was facilitated by the demand for small hydropower in general and the crea-
tion of a branch of the All-Union design organization "Hydroproject” in Kazakhstan [6].

As a result, improved versions of the Almaty cascades of a small hydropower plant were developed
and built, and successful work was continued on the efficient use of energy of water resources, especially
South-East Kazakhstan.

Currently, more than 10 scientific organizations and educational institutions are involved in the deve-
lopment and research of small and mini hydropower plants. The leading ones are the Kazakh Research
Institute of Energy, the KI Kazakh National Research Technical University. Satpayev, Institute of Energy
and Communications, M.-H. Dulati Taraz State University, National Engineering Academy of the Repub-
lic of Kazakhstan.

The available groundwork on the subject matter of the research and technological areas is charac-
terized as follows. Since 2010, on the basis of budget financing, 8 research projects have been carried out
and innovative patents have been received for more than 40 inventions in the design of a hydroelectric
power station, hydraulic units and for improving the methods of building and operating small hydropower
plants. The results of 80-85% of the research work carried out are limited to studying the parameters of
prototypes or prototypes of improved and new designs of hydroelectric power plants and hydraulic units in
the laboratory.

Some designs have passed production tests. The derivational rotor mini hydroelectric station tested
on the Turgen River (V.M. Nizovkin) with a rated power of 3 kW, with a head H =20 m and a flow rate of
301/ s with a pipeline length of 500 m showed the prospects of the chosen direction both in terms of costs
and energy efficiency. It is focused on mountainous and foothill areas of the republic with river slopes of
more than 50. According to the authors' calculated data, the development will reduce the cost of hydro-
electric power plants from 350-700 US dollars / kW to 100-250 US dollars / kW at a cost price of 1 kW /h
of electricity 0.05 - 0.4 US cents.

The following two developments with the name "Small diversion hydroelectric station" (Ne25130
RK, 2014, KazNRTU named after K.I. Satpayev) [15] and "Autonomous low-pressure mini-hydroelectric
station with direct-flow turbine" (Nel3064 RK, 2003, KazNllenergy) " [16] were studied under the
program “Development of clean energy sources of the Republic of Kazakhstan for 2013-2017 within the
framework of EXPO-2017" and their operating models were demonstrated at the exhibition EXPO-2017
and received positive feedback from experts from leading countries.

This first technical solution was also awarded the certificate and medal of the World Intellectual
Property Organization (WIPQO), as the best invention of 2012. The novelty lies in the improvement of the
water supply unit of the existing small hydroelectric power plants using hydrocyclone grit catchers of
intensive operation of a simplified design, which reduces the cost of building a water treatment unit from
30% (existing) to 7%.

A prototype of a hydrocyclone with a diameter of 700 mm was tested under production conditions
and it showed the degree of water purification from mechanical impurities up to 96-98%. The installed
capacity of one used hydro-cyclone hydroelectric station is 3-10 MW. The calculated annual electricity
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generation reaches 4.0-5.0 million kWh.Due to the protection of the turbine against abrasive wear, its
service life is significantly increased [17-19].

The advantage of the second development is to simplify the design and increase the reliability of
operation of the unit operating as part of a small hydroelectric station. This is achieved due to the presence
of a turbine, which is made of a cylindrical tube, inside which there are plates with the possibility of a
smooth flow around it. The design feature of the blades of the water turbine contributes to the production
of energy with a small flow of water, and also eliminates uneven rotation and vibration. There is no need
for the construction of pressure structures.

In Kazakhstan, an invention was also developed with the name “Circulating mini-hydroelectric power
station” [innovation patent KZ No. 29169.28.08.2013, TarGU after M.- H Dulati] [20], characterized in
that in the bottom of the cylindrical container there is an opening with a shell, in front of which is arranged
a nano-scavenging galera, the output part of which passes under the bottom of the cylindrical container. At
the same time, the supply of sediment in the annular sedimentation galarium is carried out tangentially.

However, in our opinion, the implementation of the water intake basin of the circulating action in the
form of a cylinder to a certain extent reduces its separation capacity of sand from the incoming water and
complicates the accumulation and removal of entrained mechanical impurities into the dump. The
presence of a rectangular cross, on which the turbine is mounted, prevents rotation of the flow inside the
cylindrical basin.

A new technical solution developed in the National Academy of Sciences of the Republic of Kazakh-
stan under the name “Hydroelectric power station of hydrocyclone type™ (figure 3) increases the efficiency
of the hydraulic unit, improves the power characteristics of the unit to 15-20% [21]. The degree of water
purification in hydrocyclones when operating in pressure mode reaches 95-97%.
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Figure 3 — General types of layout hydro hydroelectric mini hydroelectric type (a)
and hydro turbines in a hydro cyclone body (b)

The simplicity of the design of the hydroelectric station and the technological layout design reduces
manufacturing costs by up to 20%.

Here protection of the turbine against abrasive wear is achieved by the station’s water intake being
made in the form of a cylindro-conical hydrocyclone capsule, inside of which a lobed hydroturbine with a
smaller diameter is located coaxially with a smaller diameter, the axis of the turbine is attached to the
capsule by a discontinuous partition of curved plates spins of water tangentially supplied to the water
intake.

This technical solution allows, in contrast to existing analogues, to use mini hydroelectric power
plants in a capsule version and to master the hydrocyclone effect for separating the solid phase from the
liquid when the water turbine is supplied.

The above improvement in power characteristics by 15-20% is achieved through the interaction of
two surface swirling threads.

Conclusion. The generated capacity of hydroelectric power plants capable of covering peak loads is
about 4% of the installed capacity of all hydroelectric power plants or about 5% of the capacity currently
used. This proportion is not enough to cover peakloads.
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Available promising domestic technical developments to a certain extent can serve as basic solutions
for their development in the production. The introduction of such technological schemes, taking into
account design features, will significantly increase the degree of development of economically justified
hydropower resources in the Republic of Kazakhstan, which currently stands at 26 %.

This figure in economically developed countries ranges from 50-90% ( in the US and Canada -
50-55 %, in Western Europe and Japan from 60 to 90 %).

It is necessary to update the previously developed "Scheme of development of small hydropower
plants in Kazakhstan» on the basis of a feasibility study and the order of relations with local admini-
strations on water use and land allotment. It is necessary to conduct a large-scale survey of existing and
decommissioned small hydropower plants, develop recommendations to improve their performance and
efficiency, reduce the cost of construction and operation. It is advisable to perform the optimization of the
layout design of small hydropower plants considering the eco-geographical and economic factors.

The article is based on the results of the target program "Creation of the basis of serial production of
renewable energy sources of Kazakhstan of world level” (BR05236263, NAS RK, 2018-2020).
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KA3AKCTAHJIAFBI THAPOOHEPTETHKAHEIH KOJJIAHY KAFJAEI )KOHE JAMYBI

Annoramust. Kazakctanga TYPFBI3BUIFAH KOHE HICPLIIN KATKAH THAPO3ICKTPOCTAHIMSIAPALIH KyaTThIK CH-
marraManapsl keatipinreH. EmiMizae eHAIPINETIH 3ICKTP SHEPTHACHIHBIH JKANIBI KOJIEMIHEC IMAKKAHAAFBI THIPO-
ANCKTPOCTAHIUIAIAPAA OHIIPLICTIH 3NICKTP SHCPTHACHIHBIH YIICCi OYPBHIHFBICHIHINA TOMCH nacHreiine (8,4%) »xoHe
Kbl OSNTITEHTeH KyaTThUIbIFS! 2580 MBT-TEH aclaiThIHBI KOPCETIITCH.

[NafiramaHpICTaFbl MIAFBIH THAPOIICKTPOCTAHIMSUIAPABIH KA3Ipri TEXHOJNOTHSUIBIK CYJI0Aanaphl »KaHA SKETLIIi-
pynepai KaxeT ereni. Foumbivu 3eprrey sKyMbICTapbIHBIH 80-85%-bI ykaKcapThIIFaH koHE xKaHA [ IC mxo0arapbIHbIH
TOKIPUOCTIK YATLIEPIHIH IAapaMeTplepiH aHBIKTAYMECH FaHA IICKTeNreH. /KaHAZAaH >KACANFAH TCPCIECKTHBAIBIK
OTAHIBIK TCXHHUKAJBIK MMCIIIMACH ONAPIbl OHIIPICTE KCH KOJICMAC MalmajgaHyFra MyMKIHIIK Oepe amaasl. Byperars
Kazakcranna azipnenres «Ilarsmi ['OC-Tepai JaMbITy CXeMaJapbIin» >KAHAPTYIBI TEXHUKAIBIK-IKOHOMUKAIIBIK THIM-
JIUTITIH 5KOHE CYIbI AHIANaHy, KYPBIIBICKA XKEPl ajly YIUIH KEPTiMiKTI SKIMINTKTEPMEH 63apa IC-KUMBLT TOPTIOIHIH
HCTi31HAC KalTa OPBIHAAY YCHIHBLIFAH.

TyiiiH ce3aep: THAPOIHCPTCTHKA, THAPOITCKTPOCTAHIIMAIAD, JAMBITY, 931pIICY, CHTI3Y, YCBIHBICTAP.
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OCBOEHME U PA3BBUTHE T'HJPOJIHEPTETUKH B KASAXCTAHE

AHHOTaHI/Iﬂ. HpI/IBGI[eHI)I MOIMHOCTHEBIC XAPAKTCPHUCTHKH NMOCTPOCHHBIX H OKCILTYATHPYCMBIX THAPOIJICKIPO-
cranmun B Kazaxcrane. [TokazaHa,uto T0J 3ICKTPOdHEprun, BeipadareiBacMol Ha I'2C B 00meM o0beMe MPOH3-
BOJCTBA MICKTPOIHCPTHH B CTpaHE ¢me HelHaunTenbHA (8,4%), a COBOKYMHOCTh YCTAHOBJICHHOW MOIIMHOCTH CO-
crasaeT Beero 2580 Mpr. CymecTBYONNE TEXHOIOTHUCCKHS cxeMbl Mamoii ['OC TpeOyrOT JaTbHCHIICTO YCOBEP-
MICHCTBOBAHUS W HOBBIX IOIXOJ0B B KOHCTPYKTHBHOM PCUICHUM. YKA3aHBLUTO pe3yasTarsl 80-85% BHIMOIHEHHBIX
HAY'YHO-HUCCIICOBATEIbCKUX pabOT OTPAHMYCHBI H3YUCHHEM ITAPAMETPOB MAKETHBIX HJIH OIBITHBIX 00PA3LOB YCOBEP-
MICHCTBOBAHHBIX W HOBBIX KOHCTpykumm ['3C. Mmerommuecss MepCIEKTHBHBIE OTCUCCTBECHHBIC PAa3pabOTKH MOTYT
CIy>XHT 0A30BBIMH PEIICHHUSMH JJI1 OCBOCHH MX HA IMPOM3BOACTBE. [IpeniioskeH0 OOHOBHUTH paHee Pa3padOTaHHBIC
«Cxemspr pazeutmst Manbix ['OC B Kazaxcrane» Ha OCHOBE TEXHHKO-IKOHOMHHECKOTO OOOCHOBAHWS W TOPSIIKA
B3aUMOOTHOIICHUH C MECTHBIMH aIMHHUCTPALMSIMH II0 BOAOTIOIB30BAHHIO M OTBOAA 3EMEIb.

KimioueBbie ci0Ba: rHAPOSHEPTETHKA, THAPOIICKTPOCTAHINY, PA3BUTHE, Pa3pabOTKa, BHEAPCHUE, PEKOMCH-
JAITHH.
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