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INTRODUCTION

The PSPP uses either a complex of generators and pumps, or reversible hydroelectric units that
are capable of operating both in the generator and pump mode.

During the nighttime power failure, the PSPP receives cheap electricity from the grid and spends
it on pumping water to the upstream (pumping mode).

During the morning and evening peaks of energy consumption, the PSPP discharges water from
the upstream to the lower one, while generating expensive peak electricity, which it gives to the
power grid (generator mode).

In large power systems, a large share can be made up of thermal and nuclear power plants, which
can not quickly reduce electricity generation with a night-time reduction in energy consumption
or do so with large losses.

This fact leads to the establishment of a significantly higher commercial cost of peak electricity
in the power system, compared to the cost of electricity generated during the night period.

Under such conditions, the use of PSPPs is cost-effective and increases both the efficiency of using
other capacities (including transport ones) and the reliability of power supply.

The first PSPPs in the early 20th century. they had an efficiency of no more than 40%, the
efficiency of modern PSPPs is 70-75%.

The efficiency of a PSPP depends on a set of main factors, including natural conditions (primarily
topogeological conditions of the site that determine the head, capacity, length of water pipes,
seismicity, etc.); the possibility of using existing reservoirs; placement of loads in the center of
the power system; types and parameters of power plants in the power system; availability of power
lines for power delivery; equipment parameters; CP.D. the accumulation cycle. The increase in
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pressure is generally a positive factor, allowing you to reduce the volume of reservoirs, the
dimensions of the PSPP building, but it can lead to lengthening of water pipelines. PSPPs are built
at both high and medium pressures. For example, the Grand Maison PSPP (France) with a capacity
of 1.8 million kW has a head of 905 m, and the PSPP Ludington (USA) with a capacity of 2.06
million kW — 107.7 m (Figure 4.53).

As a rule, modern PSPPs tend to be placed closer to the load center of the power system, in many
cases next to powerful thermal power plants and nuclear power plants, so that PSPPs become their
satellites. For example, Tashlyk PSPP is located next to the South Ukrainian NPP.

At PSPP, the upper and lower reservoirs are designed to accommodate a pumped storage tank. In
addition, in one of the reservoirs (usually located on a river), a tank is provided to compensate for
water losses due to evaporation and filtration from reservoirs.

In the PSPP building, with the help of hydraulic power, electrical, mechanical and auxiliary
equipment, control systems, the electric energy taken from the grid is converted into mechanical
water energy accumulated in the upper reservoir, and then the mechanical water energy is
converted back into electrical energy supplied to the power system to consumers.

PSPP buildings are constructed in the same way as hydroelectric power stations in the riverbed,
near-dam, onshore, open, underground and semi-underground, but they have distinctive features
related to the composition and type of the main hydraulic power equipment, which can be
performed according to two-car, three-car and four-car schemes.

PSPP buildings with reversible hydraulic units consisting of a pump-turbine and a motor-generator
(two-machine scheme) are most widely used. In such buildings, to ensure operation in pumping
mode, an increase in the negative suction height H S of the pump turbine is required, i.e. a greater
depth of the impeller under the level of the lower stream, which, when the building is open, leads
to the need for its additional deepening into the base and an increase in height, but practically does
not affect the design of the underground building.

Operation of PSPPs in power systems. The commissioning of powerful thermal power plants and
nuclear power plants to cover the basic part of the load schedule of power systems, the tendency
to decompression of load schedules and the growth of the peak part led to the widespread
construction of PSPPs in the second half of the twentieth century. Only PSPPs, due to their
inherent versatility, participating in capacity regulation, are able to increase the loads of thermal
power plants and nuclear power plants in the failed part of the daily load schedule, i.e. artificially
increase the basic part of the load schedule and reduce its unevenness, performing the function of
a consumer-regulator; cover the peak or half-peak part of the load schedule, serve as a high-speed
emergency and load reserve of the system. The phenomenon of a PSPP is that its regulating
capacity in the power system corresponds to the sum of installed capacities in the turbine and
pump modes, which makes up the power range of the station, i.e. the PSPP can carry out double
regulation.

The PSPP operation mode in the presence of a closed water circulation system between the upper
and lower reservoirs practically does not depend on the river flow.

PSPs perform regulatory functions in the power system in the broadest sense, with maximum use
of their advantages of speed and high readiness for start-up. Therefore, they are operated in various
modes with multiple starts and stops during the day, performing the role of maneuvering power at
the entrance and exit of peaks, reactive power compensator, means of filling night dips, emergency
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and frequency reserve. So, taking into account modern requirements to ensure stable operation of
the power system, the estimated number of starts at the Blenheim Cilboa PSPP with a capacity of
1.04 million kW (USA) is 6000 per year. In real-world operating conditions during the most
stressful periods, for example, at the Zagorskaya PSPP (Russia) with a capacity of 1.2 million kW,
the number of starts per day reached 30 without taking into account starts in the synchronous
compensator mode.

The use of the PSPP as an emergency and frequency reserve of the power system is becoming one
of its most important functions. In the event of an accident in a power system with large generating
sources or power lines, fast switching of the PSPP to turbine mode or switching of the PSPP from
pump mode to turbine mode will compensate for the power lost by the power system and allow to
exclude an emergency shutdown of consumers. It is the PSPP, together with the HPP, that largely
prevents the "collapse™ of the power system in severe emergency situations.

At a number of PSPPs in the upper reservoirs, an emergency water supply is additionally reserved,
designed to operate for 1.5-3 hours.

When the PSPP operates in the weekly regulation mode on weekends, when the load decreases,
and the TPP and NPP are forced to reduce capacity, due to the PSPP operation in the pump mode,
the unloading of the TPP and NPP can be reduced. The additional volume of water pumped by the
PSPP into the upper reservoir on weekends is used on working days to cover the peak part of the
load schedule.

The use of Zagorsk PSPP on weekends allows to increase the level of weekly regulation at the
HPP Volzhskokamsky cascade, providing an increase in their output on working days.

The nature of PSPP operation modes changes throughout the year, based on changes in the daily
load schedules of the power system in different seasons of the year. As an example, Figure 2.15
shows the operating schedules of the Zagorsk PSPP.

High economic efficiency, increased reliability of power systems when using PSPPs, including
ensuring regulatory requirements for the quality of electricity (frequency, voltage), and preventing
emergency disconnection of consumers, served as the basis for their widespread construction.

In the last decade, many countries (USA, Canada, Western Europe, etc.) have liberalized the
electricity market. At the same time, the role of PSPPs in ensuring the stability of power systems
is increasing due to power redundancy, frequency and voltage regulation.

Long-term operation of PSPPs has shown their high reliability and efficiency in combined power
systems, which are based on the basic capacity of large thermal power plants and NPPs. PSPPs
become constant satellites of such power plants, and when placed in close proximity, they increase
the reliability and efficiency of NPP and TPP operations, as well as reduce power transmission
line costs and electricity losses. Placing the PSPP near the NPP allows it to be used as an additional
reserve of power supply for the NPP's own needs in emergency situations to improve the safety of
the NPP.

In a number of countries (Japan, Italy), the capacity of PSPPs in the power systems is more than
10% of the installed capacity of all power plants.

3|Page


https://scientifictrends.org/index.php/ijst

International Journal of Scientific Trends- (1JST)

ISSN: 2980-4299

Volume 2, Issue 5, May, 2023

Website: https://scientifictrends.org/index.php/ijst

Open Access, Peer Reviewed, Scientific Journal

Literatures

1. G. I. Krivchenko, E. L. Mityurev, I. E. Mikhailov, V. A. Orlov, A. |. Popov. Operating
principleHydroelectric power stations:

2. A.Soodullaev, B.A.Narimonov — Scientific and Practical Ways, 2017 — elibrary.ru.ru

3. GENERATING ELECTRICITY WITH WATERBANarimonov, TMSadullaev-SISTEM |
FIZIKO, 2020 - aeterna-ufa.ru

4, Soodullaev, A. S., and B. A.Narimonov. "FROM THE HISTORY OF ELECTRICAL
WORK."Scientific and practical ways to improve environmental sustainability and socio-
economic support of agricultural production. 2017.

5. Narimanov B. A., Arzikulov F. F. [Renewable energy sources, issues of sustainability and
mitigation of climate change consequences] Universum: electron. scientific. journal. 2020. 10
(79). URL.: https://7universum.com/ru/tech/archive/item/10841 (accessed on 11.02.2021).

6. Absalamovich N. B. Research on the use of alternative energy sources in Uzbekistan: Problems
and prospects //ACADEMICIA: An International Multidisciplinary Research Journal. — 2020. —
T. 10. —Ne. 11. — Pp. 763-768.

7.Yangibayevich, Altinbek Abdullayev, Abduraxim Pardaboev, and Narimanov Baxodir
Absalomovich. "Issues of modeling the perspective development of cattle breeding.” South Asian
Journal of Marketing & Management Research 10.6 (2020): 89-96.

8. Shamahmudova, A. F. (2020). Interrogative Forms as an agent of Politeness Strategy.
JournalNX, 6(06), 170-175.

9. lamaxmymosa, A. (2017). 3amMoHaBUN THIIIYHOCIWKAAa OUIBOCHTAIMK Ba MMILTUIIUTINK

TylryH4anapu. IHocTpaHHas GHII0Iorus: sI3bIK, TUTEpaTypa, oopasosanue, 2(1 (62)), 86-90.

10. IIMTamaxmynoBa, A. (2017). bunBocuTra HYTKMI aKTIapHM TaJKUH STHII TaMOWHIUIapH
(atHOTIparmMatuk ommiap). Muoctpannas Quionorus: s3wIK, JUTEparypa, odpasoBanue, 2(4
(65)), 83-87.

11. Hlamaxmymosa, A. @. (2021). JUHI'BUCTUYECKAS CTPATET S BEXXKJIMBOCTU KAK
PETYJIATOP BEPBAJIBHbBIX B3AMMOJIEMCTBHUIA. BectHuk YensOuHCKOTO
roCyJIapCTBEHHOT0 YHUBepcuTera, (7 (453)), 159-167.

12 Furkatovna, S. A., & Gazanfarovna, B. D. (2022). VERBAL POLITENESS AS A STRATEGY
OF APPROACH. Journal of Positive School Psychology, 1593-1599.

13. Dilmurodovich, A. D., Bahodirovich, G. Y., Dustqobilovich, A. K., & Uchqun o’g’li, B. S.
(2021). Comparative Features of Breast Cancer in Patients with and Non-Suffering with Type 2
Diabetes Mellitus. European Journal of Life Safety and Stability (2660-9630), 12, 68-70.

14. Annaesa, M. XK., & Aumnos, JI. JI. (2018). OLIEHKA XPOHUYECKOM TOKCUYHOCTH
«OUTOAUABETOJI». TOM VIII, 33.

15.AnnaeBa, M. XK., Auunos, /1. JI., Maxmapaumos, l11. T., HermaroBa, M. V., & AmoHnosa, 3. X.
(2022). U3BYUYEHU A BJIIMAHUA « DUTOAUABETOJIA» HA APTEPUAJIBHOE JJABJIEHUE
U IbIXAHUE. Eurasian Journal of Medical and Natural Sciences, 2(2), 88-91.

16. Camurosa, H. P., Illepkysuesa, I'. @., Aunios, [I. [I., & Bo6oépos, C. V. V. (2021, October).
Ouenka Ycnosui Tpyaa Ilo ITokazarenam Tsoxectn M1 Hanpsokennoctu Tpyaosoro Iponecca
Pa6ounx Cranuu Asparun. In " ONLINE-CONFERENCES" PLATFORM (pp. 324-325).

4|Page


https://scientifictrends.org/index.php/ijst

International Journal of Scientific Trends- (1JST)
ISSN: 2980-4299

Volume 2, Issue 5, May, 2023

Website: https://scientifictrends.org/index.php/ijst

Open Access, Peer Reviewed, Scientific Journal

17. Camurosa, H. P., lllepky3uesa, I'. @., Auunos, J. /., & bo6oépos, C. V. V. (2021). OHEHKA
YCJIOBUH TPYJIA PABOTHUKOB ITPOM3BOJICTBA KEPAMMWYECKUX IIJIMTOK.
Scientific progress, 2(6), 1586-1591.

18. MUNIRA, A., ACHILOV, D., SHARAFIDDIN, M., OLGA, Z., & Munirakhon, M. (2019).
Study of acute and subchronic toxicity of" phytodiabetol. International Journal of Pharmaceutical
Research, 11(4), 641-648.

19. Annaesa, M. XK., Ackapos, O. O., & Knsipausizosa, C. A. (2017). The study of hypoglycemic
effect of dry extract of chicory. buonorus u uarerpatuBHast MeaunuHa, (3), 184-191.

20. Kyp6anosa, III. ., Camurosa, H. P., & OpnabaeBa, A. C. (2016). 3HaueHue WU3y4YCHHS
COCTOSIHUSI 3pUTEILHOT0 aHAITM3aTOPa KaK BO3MOKHOTO MTPO(ECCHOHALHOTO PUCKA JIJIsI 370POBbS

npenoaaBaresnieil HayalbHBIX KJIacCOB 0011e00pa30BaTeIbHBIX HIKOJI. M0JI010H yueHsli, (2), 355-
357.

21. llepky3suesa, I'. ®., Xeraii, JI. H., Camurosa, H. P., AsuzoBa, ®@. JI., & Kyp6anoga, I1I. U.
(2020). PesynbraThl H3y4eHHs OCTPOM TOKCHMYHOCTH muIieBoiicMecu “Memna Kpyaccan™.
XKypnan//Bectnuk, (1), 188-189.

22. KypOanoBa, II. M. (2009). OueHka TSHKECTH U HANpPSHDKEHHOCTH TPYyJa OCHOBHBIX
npoeCCHOHATBHBIX TPYHI PaOOTHUKOB TOPOJCKOTO MACCAKUPCKOTO aBTOTpaHCHopTa. Bpau-
acriapast, 36(9), 773-779.

23. KOcynoga, B. K., & Kypb6anona, III. 1. (2016). Ananu3 3aboneBaeMOCTH pabOTAIOMINX C
BPEMEHHOMN yTpaTol TpyAocrnocooHocTu. Monoaoi yuensiid, (11), 1195-1198.

24. Kypbanosa, 1. 1., & Paxmonbepnuen, A. A. (2016). O3nopoBieHue yciaoBUi Tpyna
pPabOTHUKOB FOPOJICKOTO MACCAKUPCKOTo aBToTpaHcnopra. Monozaoii y4ensiii, (8-6), 8-10.

25. Kyp6anoga, I11. U. (2016). XponomeTpaxxk pabo4ero IHS U TMTUEHUYECKAsl XapaKTePUCTUKA
TPYIOBOTO Ipoliecca pabOTHUKOB (paOpUKH rOJOBHBIX YOOpOB. Mosooii y4ueHsii, (8-6), 6-8.
26. Kyp6anona, III. U., & Mymunona, 3. A. (2022). INTACTMACCA MAXCVIJIOTJIAP
UIIJIAF YMKAPHUII KOPXOHACHJIA ACOCHMI KACBJIAPJIA HIJIOBUMUJIAPJIA
IOPAK KOH-TOMUP TU3SUMMJIA BYJIAJIUTAH ®U3UOJIOTUK V3T APUIIIIAP.
INNOVATION IN THE MODERN EDUCATION SYSTEM, 3(25), 129-132.

26. Shaykhova, G. I., Ermatov, N. J., & Abdullaeva, D. G. (2021). To the problem of fungal
pathology in the hot climate in children and adults. International Journal of Pharmaceutical
Research and entitled, 13(1), 2319-2322.

27. Allaeva, M. Z., Dzhanaev, G. Y., Khudoiberdiev, K. I., Mamadzhanova, M. A., & Mustanov,
T. B. (2020). Influence of lesbochol dry extract on the current of experimental nervo-reflective
gastric ultra. European Journal of Molecular and Clinical Medicine, 7(3), 2749-2753.

28. AmmaeBa, M. XK., & Auunos, /1. 1. (2018). OLIEHKA XPOHUYECKOM TOKCUYHOCTU
«O®UTOJUABETOJI». TOM VIII, 33.

29. AmnmaeBa, M. XK., ®aiizueBa, 3. T., & Ammen, X. V. (2008). Brnusnue mymué wu
[NIMKOpa3MyJIMHa Ha ToKa3arenu KpoBu. [Ipaktuueckas ¢purorepanus, (4), 12-15.

30. PaBmanosa, C. 2., & IOnycoga, X. M. (2019). UccnenoBanue B 001acTH pa3pabOTKH TecTa
pactBopeHue TabieTok" Anandenon". MaTepHayka, (11), 29-31.

31. Paxanos, A. XK. A. XK., & Amaesa, M. XK. (2022). YCUMJIUKJIAPU ACOCUJIA
OJIMHT' AH SSHI' MMFMAHMHI AHEMUST A TABCUPUHU YPTAHMIIL. Eurasian Journal
of Academic Research, 2(6), 910-914.

5|Page


https://scientifictrends.org/index.php/ijst

International Journal of Scientific Trends- (1JST)
ISSN: 2980-4299

Volume 2, Issue 5, May, 2023

Website: https://scientifictrends.org/index.php/ijst

Open Access, Peer Reviewed, Scientific Journal

32. AnnaeBa, M. XK., Auunos, /. [., Maxmapaumos, I1I. T., Hermarosa, M. V., & AmoHoBa, 3.
X. (2022). U3YYEHUA BIJIMAHUA «DOUTOJUABETOJIA» HA APTEPUAJIBHOE
JTABJIEHUE U JIbIXAHUE. Eurasian Journal of Medical and Natural Sciences, 2(2), 88-91.

33. Ammaesa, M. XK., & MT, M. (2021, May). GALEGA OFFICINALIS L. YCUMIJIUTU
OKCTPAKTUHUHI TUITOJIMTTM UMUK XAMJIA TUTIOXOJIECTEPUHEMUK TABCUP
CAMAPAJIOPJIUTU. In Il MexnyHapoaHas OHJIAH Hay4HO-TIpaKTHYECKash KOH(EpeHIs
«AKTYAJIBHBIE BOITPOCBI ®APMAKOJIOTUU: OT PABPABOTKU JIEKAPCTB 10 UX
PAIITMOHAJIBHOI'O ITPUMEHEHUM1» CBOPHUK TE3UCOB (p. 21). Universidade Federal
do Mato Grosso do Sul.

34. Kepumbaena, 3. A., Axmanuena, K. E., Annaesa, M. XK., Meip3axan, H. M., Hemarymnnaes, b.
M., & HOnpamesa, 1. M. (2020). M3y4yenue BOmpocoB MH(GOPMALKMOHHOTO COMPOBOKICHUS
dapmakorepanuu. Journal of Health Development, (1 (35)), 38-42.

35. Tursynbaevich, A. B., Kizi, U. A. S., & Kizi, A. G. B. (2022). Wind Mill and Solar Energy.
Texas Journal of Engineering and Technology, 15, 178-180.

36. Awmeros, b. T. (2021). Bosnuknosenue M Pacunpoctpanenue Y napHoii Bonusl B Tsepaom
Tene. ITIMOIY FANLARDA INNOVASIYA ONLAYN ILMIY JURNALLI, 1(6), 42-44.

37. Awmeros, b. T., Cynranbaes, A. Il., & XKanrabaes, A. K. (2021). BOSBMOXHOCTU 1
I[MTPOBJIEMbI UCTIOJIbB3OBAHMA BO3OBHOBJISIEMbBIX MCTOYHUKOB DHEPI'UU. In
KOHKYPC MOJIOAbIX YUEHBIX (pp. 72-74).

38. Apsukynos, @., Mycradakynos, A. A., & bonraes, 111. (2020). ['naBa 9. Poct kpucrannos
KBapIla Ha HEUTPOHHO-00MyueHHbIX 3aTpaBkax. BBK 60, (I175), 139.

39. Mustafakulov, A., Ahmadjonova, U., Jo'raeva, N., & Arzikulov, F. (2021). CsoiictBa
CUHTETHUYECKUX KPUCTAUIOB KBapia. PU3NKO-TEXHOIOIMYECKOro oopasoBanue, (3).

40. Akhmedovich, M. A., & Fazliddin, A. (2020). Current State Of Wind Power Industry. The
American Journal of Engineering and Technology, 2(09), 32-36.

41. Dilmurod, R., & Fazliddin, A. (2021). Prospects for the introduction of artificial intelligence
technologies in higher education. ACADEMICIA: an international multidisciplinary research
journal, 11(2), 929-934.

42. Mycradakynos, A. A., & J[IxymanoB, A. (2020). Mcnonp3oBaHHME ajbTepHATHBHBIX
UCTOYHHKOB SHEPIHH B TOPHBIX paliOHaxX JKU3aKCKOM oOiacTu y3oekucraHa. IHTepHayka, (41-
1), 73-76.

43. Hapumanos, b. A., & Ap3ukynos, @. ®@. V. (2020). Bo3oOHOBIsIeMble HCTOUHUKH HEPTUH,
BOIPOCHl yCTOMYMBOCTH M CMATYEHUS TMOCIEACTBUM H3MeHeHusl kiauMmaTta. Universum:
texundeckue Hayku, (10-3 (79)), 66-70.

6|Page


https://scientifictrends.org/index.php/ijst

