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ABSTRACT

The liberalization of the electricity market in Ukraine and the increasing share of renewable
energy sources have significantly changed the operating conditions for hydropower plants (HPPs). In
this context, effective participation of HPPs in competitive market segments requires the adoption of
advanced strategic management approaches that account for market volatility, regulatory constraints,
and the inherent flexibility of hydropower generation. This study investigates strategic management
frameworks for optimizing the participation of hydropower plants in the Ukrainian electricity market.
The proposed approach integrates market price analysis, operational constraints of hydropower units,
and water resource management considerations to support informed decision-making across different
market segments, including the day-ahead, intraday, and balancing markets. Attention is given to the
role of hydropower plants in enhancing system flexibility, mitigating imbalance risks, and supporting
grid stability under conditions of growing variable+ renewable generation. The results demonstrate that
strategic coordination of bidding, generation scheduling, and reservoir operation can improve economic
performance while maintaining compliance with technical and environmental constraints.

KEYWORDS: hydropower plants, electricity market, strategic management, market
participation, generation scheduling
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1 INTRODUCTION & REFERENCE BACKGROUND

The ongoing liberalization of the Ukrainian electricity market has fundamentally
transformed the operational and economic environment for power generation companies. The
transition from a centrally regulated system to a competitive market structure, comprising day-
ahead, intraday, and balancing markets, has introduced price volatility, increased uncertainty,
and stricter requirements for forecasting and operational discipline. Within this evolving
framework, hydropower plants occupy a unique position due to their high operational
flexibility, fast ramping capability, and ability to provide ancillary services. However, the
absence of well-defined strategic management frameworks tailored to hydropower
participation in competitive markets limits the full realization of these advantages.

Hydropower plants in Ukraine are increasingly required to balance multiple, and often
conflicting, objectives. In addition to maximizing economic returns from market participation,
operators must comply with technical constraints of hydraulic units, water resource availability,
reservoir operating rules, and environmental regulations. Furthermore, hydropower assets play
a critical role in maintaining power system reliability, particularly in mitigating imbalances
caused by the growing penetration of variable renewable energy sources such as wind and solar
power. These conditions necessitate integrated decision-making approaches that align market
bidding strategies with physical and regulatory constraints.

From an analytical perspective, strategic management of hydropower market
participation requires the coordinated optimization of bidding behavior, generation scheduling,
and reservoir operation across multiple market segments and time horizons. Traditional
operational planning methods, which focus primarily on short-term dispatch or static tarift-
based operation, are insufficient under competitive and highly dynamic market conditions.
Advanced strategic approaches that incorporate market price signals, uncertainty, and system
flexibility are therefore essential for improving both economic efficiency and system-level
performance.

The actuality of this research is underscored by Ukraine’s ongoing energy sector reforms,
increasing integration of renewable generation, and the need to enhance power system
resilience under stressed operating conditions. Developing and implementing strategic
management frameworks for hydropower plant participation directly supports national energy
security objectives, market efficiency, and the sustainable use of water resources.
Consequently, this research addresses a timely and practical challenge, offering valuable
insights for hydropower operators, system planners, and policymakers involved in the further
development of the Ukrainian electricity market.

2 METHODS AND METHODOLOGY FOR RESEARCH ON HYDROPOWER PLANT
MANAGEMENT

The research methodology is based on a systematic analytical framework that combines
market analysis, operational modeling, and strategic decision-making principles to assess the
participation of hydropower plants in the Ukrainian electricity market. The study begins with
a structural analysis of the market architecture, including the day-ahead, intraday, and
balancing markets, as well as applicable regulatory and technical requirements. Historical
market price data, generation volumes, and imbalance indicators are analyzed to identify price
patterns, volatility characteristics, and potential revenue opportunities relevant to hydropower
operation.
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To model hydropower plant behavior, the research employs an optimization-based
approach that integrates generation scheduling, bidding strategies, and water resource
management. The model incorporates key operational constraints, such as turbine capacity
limits, ramping rates, reservoir storage bounds, and water inflow dynamics, along with market-
related constraints and settlement rules. Scenario analysis is applied to reflect different
hydrological conditions, renewable energy penetration levels, and market price uncertainties,
allowing the evaluation of strategic decisions under varying system states.

The effectiveness of the proposed strategic management framework is evaluated through
comparative simulations of alternative participation strategies across multiple market
segments. Performance indicators include economic outcomes, imbalance reduction, flexibility
provision, and compliance with technical and environmental constraints. Sensitivity analysis
is conducted to assess the robustness of the results with respect to key parameters, such as price
volatility and inflow variability. This methodological approach ensures the reproducibility of
results and provides a transparent basis for practical implementation by hydropower operators
and system planners in the Ukrainian electricity market.

3 FINDINGS AND DISCUSSION ON THE MANAGEMENT OF HYDROPOWER
PLANTS

The objective function for optimizing the allocation of hydro resources by hydropower
plant (HPP) generators was formulated as the difference between the profit from electricity
sales and the costs associated with purchasing electricity to cover the plant’s own consumption
needs. Given that the Ukrainian electricity market, particularly the day-ahead market (DAM),
operates on an hourly pricing basis, the calculation of profit and cost differences was performed
separately for each hour. Profits from electricity sales is primarily determined by the volume
of electricity sold and the actual market price received, while the costs reflect both the purchase
price of electricity for internal consumption and applicable market and transmission tariffs.

The calculation of revenues considers the predicted marginal price in the DAM, market
operator tariffs, and transmission system operator tariffs, ensuring a more precise estimation of
financial results. In linear generator models, where costs per unit of electricity are independent
of the generator load, these tariffs have minimal impact on the optimal allocation of hydro
resources by hour. Conversely, for nonlinear models, where costs vary with load, including
tariffs, allows the objective function to more accurately reflect the economic trade-offs of
operating at different load levels. This distinction underscores the importance of properly
modeling electricity consumption for internal needs, which exhibits nonlinear behavior due to
increasing losses at higher generator loads.

The study differentiates between constant and variable components of electricity
consumption for HPP operation. Constant consumption does not influence the allocation of
resources and is therefore excluded from optimization. Variable consumption, however,
depends on the load level of hydro-generating units and can be modeled linearly or
quadratically. While linear models simplify computation, they introduce methodological
errors. Quadratic models better approximate actual losses, promoting more uniform daily load
schedules across hours with similar market prices. This adjustment reduces the need for
additional optimization based on non-price criteria, demonstrating the practical relevance of
nonlinear modeling for HPP management.

The system of constraints applied to the optimization problem ensures compliance with
operational and environmental requirements. These include minimum and maximum load
limits for HPP generators, water balance constraints in reservoirs, and the total hydro resource

| Inzynieria Mineralna — Styczen - Czerwiec 2026  January - June Journal of the Polish Mineral Engineering Society ‘




balance over the day. Additionally, planning at the level of a generating company (GC)
incorporates previously sold electricity volumes and reserves production capacity for auxiliary
services, ensuring that the optimization reflects realistic operational conditions. The inclusion
of these constraints guarantees that the derived schedules are technically feasible while
maximizing economic performance.

The application of the proposed models to retrospective data for the Kyivska HPP and
the Dnieper HPP cascade demonstrated the practical benefits of the approach. Linear cost
functions failed to address stochastic variations in market prices, whereas nonlinear cost
functions produced more balanced daily load schedules, mitigating fluctuations in electricity
supply. Furthermore, accounting for previously sold electricity did not materially affect the
optimal allocation of hydro resources by hour. These results confirm that incorporating
nonlinear consumption functions and realistic operational constraints significantly improves
the strategic management of HPP participation in the Ukrainian electricity market.

4 CONCLUSIONS

The study demonstrates that strategic management of hydropower plants in the Ukrainian
electricity market requires the integration of market price signals, operational constraints, and
water resource considerations into a unified optimization framework. By formulating the
objective function as the difference between profit from electricity sales and costs for covering
internal consumption, the proposed methodology allows for the efficient allocation of hydro
resources on an hourly basis, reflecting the operational flexibility of hydropower units and the
structure of the day-ahead market. The approach also highlights the importance of accurately
modeling electricity consumption for internal needs, particularly when nonlinear cost
characteristics are considered.

The application of both linear and nonlinear models of internal electricity consumption
revealed key insights into operational planning. Linear models, while simpler, do not
adequately address variations in generator load and market price fluctuations, potentially
leading to suboptimal schedules. Nonlinear models, particularly those with quadratic
representations of consumption, produce more balanced load schedules, equalizing generation
across hours with similar market prices and reducing the need for additional optimization based
on non-price criteria. This finding underscores the practical value of incorporating realistic,
nonlinear operational characteristics into strategic decision-making frameworks for
hydropower plants.

Finally, the research confirms that incorporating constraints related to reservoir levels,
generator capacities, and previously sold electricity ensures feasible and reliable schedules
while maximizing economic outcomes. The developed methodology provides actionable
insights for hydropower operators, enabling optimized bidding and generation strategies under
competitive market conditions. Overall, the study contributes to the development of more
resilient, efficient, and market-responsive hydropower management practices in Ukraine,
supporting both operational performance and broader energy system stability.

5 ACKNOWLEDGEMENTS

The results presented were obtained without additional financial support.

| Inzynieria Mineralna — Styczen - Czerwiec 2026  January - June Journal of the Polish Mineral Engineering Society ‘




6 REFERENCES

[1] Kyrylenko, O. V., Pavlovsky, V. V., & Blinov, 1. V. (2022). Scientific and technical
support for organizing the work of the IPS of Ukraine in synchronous mode with the

Continental European power system ENTSO-E. Tekhnichna Elektrodynamika, (5),
59—66. https://doi.org/10.15407/techned2022.05.059

[2] Blinov, L., Olefir, D., & Parus, E. (2022). Model of optimal use of hydro power plants
in the electricity market. Tekhnichna Elektrodynamika, (2), 42—47.
https://doi.org/10.15407/techned2022.04.042

[3] Parus, Ye. V., Blinov, 1. V., Miroshnyk, V. O., Rybyna, O. B., Olefir, D. O., &
Sychova, V. V. (2024). Model of optimal allocation of hydro-resources of HPP with

capacity reservation for automatic asymmetrical frequency restoration. Tekhnichna
Elektrodynamika, (3), 73—82. https://doi.org/10.15407/techned2024.03.073

[4] Blinov, 1., Olefir, D., Parus, E., & Kyrylenko, O. (2023). Improving the efficiency of
HPP and PSHPP participation in the electricity market of Ukraine. In Power Systems

Research and Operation. Studies in Systems, Decision and Control (Vol. 220, pp. 51—
74). Springer, Cham. https://doi.org/10.1007/978-3-031-17554-1 3

[5] Kong, J., Skjelbred, H. I., & Fosso, O. B. (2020). An overview on formulations and
optimization methods for the unit-based short-term hydro scheduling problem.
Electric Power Systems Research, 178, 106027.
https://doi.org/10.1016/.epsr.2019.106027

[6] Helseth, A., Melo, A. C. G., Ploussard, Q., Mo, M. B., Maceira, M. E. P., Botterud,
A., & Voisin, N. (2023). Hydropower scheduling toolchains: Comparing experiences
in Brazil, Norway, and USA and implications for synergistic research. Journal of
Water Resources Planning and Management, 149(7).
https://doi.org/10.1061/(ASCE)WR.1943-5452.0001677

[7] Belsnes, M. M., Wolfgang, O., Follestad, T., & Aasgérd, E. K. (2016). Applying
successive linear programming for stochastic short-term hydropower optimization.
Electric Power Systems Research, 130, 167—180.
https://doi.org/10.1016/j.epsr.2015.08.020

[8] Drakaki, K. (2021). Optimizing the management of small hydroelectric plants: From
the synergetic operation of the turbine system to day-ahead energy forecasting
[Master’s thesis or research report]. ResearchGate.
https://doi.org/10.13140/RG.2.2.20164.55689

[9] Sala, D., Pavlov, K., Pavlova, O., Dychkovskyi, R., Ruskykh, V., & Pysanko, S.
(2024). Determining the Level of Efficiency of Gas Distribution Enterprises in the
Western Region of Ukraine. Inzynieria Mineralna, 2(2 (52)).
https://doi.org/10.29227/im-2023-02-64

olyanska, A., Pazynich, Y., Petinova, O., Nesterova, O., tiuk, N., odnar, G.
10] Polyanska, A., Pazynich, Y., Peti 0., N 0., Mykytiuk, N., & Bodnar, G
(2024). Formation of a Culture of Frugal Energy Consumption in the Context of

| Inzynieria Mineralna — Styczen - Czerwiec 2026  January - June Journal of the Polish Mineral Engineering Society ‘




Social Security. The Journal of the International Committee for the History of
Technology, 29(2), 60—87. https://doi.org/10.11590/icon.2024.2.03

[11] Dychkovskyi, R., Falshtynskyi, V., Saik, P., Lozynskyi, V., Sala, D., Hankus, L.,
Magdziarczyk, M., & Smolinski, A. (2025). Control of contour evolution, burn rate
variation, and reaction channel formation in coal gasification. Scientific Reports,
15(1). https://doi.org/10.1038/s41598-025-93611-3

[12]  Tubeuf, C., Birkelbach, F., Maly, A., & Hofmann, R. (2023). Increasing the
Flexibility of Hydropower with Reinforcement Learning on a Digital Twin Platform.
Energies, 16(4), 1796. https://doi.org/10.3390/en16041796

[13] Nikolsky, V., Dychkovskyi, R., Lobodenko, A., Ivanova, H., Cabana, E.C., &
Shavarskyi, Ja. (2022). Thermodynamics of the developing contact heating of a
process liquid. Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, (2), 48-53.
https://doi.org/10.33271/nvngu/2022-2/048

[14] Nikolsky, V., Kuzyayev, 1., Dychkovskyi, R., Alieksandrov, O., Yaris, V., Ptitsyn, S.,
Tikhaya, L., Howaniec, N., Bak, A., Siudyga, T., Jura, B., Cabana, E., Szymanek, A.,
& Smolinski, A. (2020). A Study of Heat Exchange Processes within the Channels of
Disk Pulse Devices. Energies, 13(13), 3492. https://doi.org/10.3390/en13133492

[15] Pazynich, Y., Kolb, A., Korcyl, A., Buketov, V., & Petinova, O. (2024).
Mathematical model and characteristics of dynamic modes for managing the
asynchronous motors at voltage asymmetry. Polityka Energetyczna — Energy Policy
Journal, 27(4), 39-58. https://doi.org/10.33223/epj/191779

[16]  Sur, S. K. (2019). Concepts of a Hydropower Project. A Practical Guide to
Construction of Hydropower Facilities, 1—11. https://doi.org/10.1201/9781351233279-1

Strategiczne zarzadzanie udzialem elektrowni
wodnych w ukrainskim rynku energii
elektrycznej

Liberalizacja rynku energii elektrycznej na Ukrainie 1 rosngcy udziat odnawialnych
zrodet energii znaczaco zmienity warunki eksploatacji elektrowni wodnych (HPP). W tym
kontekscie efektywny udziat elektrowni wodnych w konkurencyjnych segmentach rynku
wymaga wdrozenia zaawansowanych strategii zarzadzania, uwzgledniajacych zmienno$¢
rynku, ograniczenia regulacyjne oraz naturalng elastyczno$¢ wytwarzania energii wodnej. W
niniejszym badaniu analizowane sg ramy zarzadzania strategicznego w celu optymalizacji
udziatu elektrowni wodnych w ukrainskim rynku energii elektrycznej. Proponowane podejscie
integruje analiz¢ cen rynkowych, ograniczenia operacyjne elektrowni wodnych oraz kwestie
zarzadzania zasobami wodnymi, aby wspiera¢ §wiadome podejmowanie decyzji w réznych
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segmentach rynku, w tym na rynkach dnia nastepnego, dnia biezacego 1 bilansujagcym.
Zwrdécono uwage na role elektrowni wodnych w zwigkszaniu elastyczno$ci systemu,
ograniczaniu ryzyka braku réwnowagi 1 wspieraniu stabilno$ci sieci w warunkach rosnace;j,
zmienne] 1 zwigkszonej produkcji energii ze zrodet odnawialnych. Wyniki pokazuja, ze
strategiczna koordynacja przetargdw, planowania generacji i eksploatacji zbiornikéw moze

poprawi¢ wyniki ekonomiczne przy jednoczesnym zachowaniu zgodno$ci z ograniczeniami
technicznymi 1 Srodowiskowymi.

Stlowa Kkluczowe: elektrownie wodne, rynek energii elektrycznej, zarzadzanie
strategiczne, udziat w rynku, planowanie generacji
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