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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.  
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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 tariff-

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 
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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. 
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Strategiczne zarządzanie udziałem elektrowni 

wodnych w ukraińskim rynku energii 

elektrycznej  
 

Liberalizacja rynku energii elektrycznej na Ukrainie i rosnący udział odnawialnych 

źródeł energii znacząco zmieniły warunki eksploatacji elektrowni wodnych (HPP). W tym 

kontekście efektywny udział elektrowni wodnych w konkurencyjnych segmentach rynku 

wymaga wdrożenia zaawansowanych strategii zarządzania, uwzględniających zmienność 

rynku, ograniczenia regulacyjne oraz naturalną elastyczność wytwarzania energii wodnej. W 

niniejszym badaniu analizowane są ramy zarządzania strategicznego w celu optymalizacji 

udziału elektrowni wodnych w ukraińskim rynku energii elektrycznej. Proponowane podejście 

integruje analizę cen rynkowych, ograniczenia operacyjne elektrowni wodnych oraz kwestie 

zarządzania zasobami wodnymi, aby wspierać świadome podejmowanie decyzji w różnych 

https://doi.org/10.1201/9781351233279-1
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segmentach rynku, w tym na rynkach dnia następnego, dnia bieżącego i bilansującym. 

Zwrócono uwagę na rolę elektrowni wodnych w zwiększaniu elastyczności systemu, 

ograniczaniu ryzyka braku równowagi i wspieraniu stabilności sieci w warunkach rosnącej, 

zmiennej i zwiększonej produkcji energii ze źródeł odnawialnych. Wyniki pokazują, że 

strategiczna koordynacja przetargów, planowania generacji i eksploatacji zbiorników może 

poprawić wyniki ekonomiczne przy jednoczesnym zachowaniu zgodności z ograniczeniami 

technicznymi i środowiskowymi.  
 

Słowa kluczowe: elektrownie wodne, rynek energii elektrycznej, zarządzanie 

strategiczne, udział w rynku, planowanie generacji 
 


