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MAXIMIZING THE PROFIT OF A HPP CASCADE CONSIDERING HYDRAULIC
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At the conditions of market relationships and economic and financial independence of power companies, these are
guided by the principle of achieving maximum efficiency in their actions. In the article is considered the problem
formulation of HPP cascade operational mode determination, ensuring maximum profit from the sales of the generated
electric power at the day-ahead market. Dynamic volumes of reservoirs are taken into account using the lag time
between the waves of HPP water flow. The problem solution using the method of statistical modelling is approbated on
the example of hypothetical cascade of three HPP. The results of the modelling of cascade operating regime are
illustrated graphically. References 5, figures 2, table 1.
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Introduction. Various forms of power economics management have used corresponding criteria for evaluating
their efficiency [1-5]. The present form of financial and economic independence of power generation facilities requires
review of new criteria for solving optimization problems and the most suitable solving methods, which take account of
the present-day possibilities of computer technology. The present study addresses the task of determining the operating
schedule of a cascade of HPPs that enables the sales of the electricity generated by it at a known price at the day-ahead
market for obtaining maximum profit from its operation. The dynamic volumes of the water reservoirs are viewed
considering the time of flow lag between the HPPs. The task is solved by means of statistical modelling. The proposed
algorithm can also be implemented for a cascade of HPPs with a weekly regulation cycle.

Task statement. In condition of limited hydro-resource and set capacities of HPP cascade is needed to find the
volume of energy deliveries at day-ahead market by providing maximal income from it sales according already known
price prediction and day regulation of reservoirs. As for the revenue, in this case it can be reflected by the function:
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where Az; is the duration of the calculation interval in hours; P; is the electric capacity (kW) of the j-th HPP in the i-th

interval; i is the number of intervals; j is the number of HPPs in the cascade; c; is the price of electricity in the i-th time
interval.
The capacity of the j-th HPP at any time moment t is determined by the formula

Pjt =9.81-1;-Q; - H ., (2)
where g = 9,81 m/s® is the gravity acceleration; Oy is the flow of water through the turbines of the HPP; H ;, is the
hydraulic head of the HPP, determined as the difference between the levels of the head race and the tail race, m; 7 RS

the efficiency of the HPP, in relative units.

The limitations of that type of problem are written in the form of equations and inequalities regarding the levels
of each water reservoir, regarding the volumes of each water reservoir, regarding the summary capacity of all the HPPs of
the cascade (the electric capacity generated by the cascade over every i—th time interval), which link the technological
limitations of the generated capacities of each HPP.

The equations include:

— the water-balance equations of every j-th HPP for any i-th time interval 4 ¢ of the form [3]
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where Qmpj[ is the water flow in the i-th interval for the j-th HPP; tg @ is the travel time of the water flow in the i-th

interval from the # -th (upstream) HPP located directly adjacent to the considered j-th HPP; Q. _ is the inflow of

inf low+, ij

the river to the j-th HPP in the i-th interval: if the j-th HPP is the uppermost one then the value of this inflow is a sum of
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everyday and side inflow (see Figure 1). Otherwise, it is equal to side inflow; Oy, s the average value of water flow

over the i-th interval into the tail race for the j-th HPP, determined by the expression [3]
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i i
where Q,; is the average water flow from the water reservoir of the j-th HPP over time interval ;

— limitations regarding the set filling volumes of the HPP water reservoirs at the end of the regulation period

n .
2 Qy :(Vo_/ _Vend _/')(Ati) >
i=1
where Voj is the volume of the water reservoir of the j-th HPP at the beginning of the regulation cycle; Ven i is the

j=lm, (5)

same, at the end of the regulation cycle.

Experimental part. The approbation of the algorithm for obtaining maximum profit from a HPP cascade in
the considered formulation of the problem was performed on the basis of a hypothetical cascade consisting of three
HPPs. The initial data for this cascade are presented in Table. An electricity price schedule at the Nord Pool Spot
exchange with hourly data over a 24-hour period and the operating mode of each HPP of the considered hypothetical
cascade are shown on Figure 1 and Figure 2. The same figure illustrates the results of the optimization of the operating
regime of each HPP of the considered hypothetical cascade.

Parameters | 1 1
1. Installed active power, MW 893.5 266 402
2. Water level restriction from the top, m 37.5 24 12.9
3. Water level restriction from the bottom, m 34 22 10.7
4. The area of our reservoirs S, m’ 35000000 | 24900000 | 35800000
5. Efficiency 0.98 0.975 0.975
6. Water throughput through the turbine
; §hp g ’ 2900 2188 3642
m’/sec
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Conclusion.

The proposed model of optimizing the operating mode of a cascade of HPPs, considering the hydraulic link
between them at a 24-hour regulation cycle enables determination of the hourly amounts of sales of electricity generated
by each HPP of the cascade ensuring them the maximum profit by selling it at the market (exchange). Using a statistic
modelling method (Monte-Carlo) ensures simplicity in the implementation of the optimization algorithm in the presence
of a large number of limitations.
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B ycrosusix puinounvix omuoulenutl, X03UCMEEHHOU U (PUHAHCOBOU CAMOCMOAMENLHOCHU IHEPLEMUYECKUX NPeOnpu-
smuil, ROCIeOHUe PYKOBOOCMBYIOMCSL NPUHYUNOM OOCHUICEHUSE MAKCUMYMA IKOHOMUYECKOU d¢hhekmusnocmu om c60-
eil dessmenvHocmu. B cmamve paccmompena nocmanoska sadayu onpedenenus epaguxa pabomoer xackaoa I'OC,
obecneuugaiowe2o NOIyYeHue MAKCUMAIbHO20 00X00d OM NPOOAdCU BbIPAOOMAHHOL UM JJIEKMPOIHEPSUU HA PbIHKE
«Ha cymku enepedy. JJunamuyeckue 00vembl 6000XPAHULUL YYUMBIBAIOMCA C NOMOWDLIO BpeMeHU 000e2aHust GOJHbL
pacxo0006 800vl meacdy I'IC. Pewenue 3a0auu Memooom CMamucmuieckozo MooeIuposanius anpooupoeano Ha npu-
Mepe eunomemuieckoeo kackaoa uz mpex 1 9C. Pesynomamosl Mooenuposanus pexcuma pabomsi paccmampusaemozo
kackada I'OC unnrocmpupyromes epaguuecku. bubn. 5, puc. 2, tabdmn. 1.
Key words. kackaa ruIpo3JIeKTpOCTaHIHH, PEXKUM, MOLIIHOCTb, YPOBEHb Obeda, BpeMs JoOeraHus..
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DPYIOMbCA NPUHYUNOM OOCACHEHHS MAKCUMYMY eKOHOMIUHOI egexmugHocmi 8i0 ceo€i disanvbHocmi. Y cmammi pos-
2NAIHYMO NOCMAHOBKY 3a0ayi 8usHauents epagixy pooomu xackaoa I'EC, wo 3ab6e3neuye 00epiHcanus MaKkCuMaibHO20
00x00y 8i0 NPoOAx}Cy 8UPOOIEHOI HUM elleKmpoeHepeii Ha PUHKY «Ha 000y eénepedy. [[unamiuni 0b'emu 8odocxosuuy
8PAX0BYIOMbCA 3a O0NOMO2010 Yacy «0obizanHsa xeuniy eumpam oou mixc I'EC. Po3e'izyeanns 3aoaui memooom
CMamucmuyHo20 MoOe08anHsa anpoboeano Ha npuknadi cinomemuunozo kackady 3 mpvox I'EC. Pe3zyrbmamu mo-
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