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Research on safety control strategy for a hydropower-seawater

desalination symbiosis system in coastal steel plants
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Abstract: Focusing on a hydropower-seawater desalination symbiosis system implemented in a coastal steel
enterprise, this study addresses the challenges of using exhaust steam from a steam turbine as the heat source for
low-temperature multi-effect desalination. In this highly coupled configuration between the steam turbine
generator set and the desalination unit, coordinated safety control remains difficult and lacks mature technical
solutions. To ensure equipment safety, this paper proposes a set of safety control strategies tailored to the
symbiosis process, including start-up logic, equipment safety interlock protection under failure conditions, and

mode-switching protection for the desalination unit under low steam turbine load. These strategies establish
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bidirectional interlock protection between the steam turbine generator set and the desalination unit. Application of
the proposed control scheme in an actual coastal steel plant verifies its effectiveness. The strategy enables safe and
orderly start-up and achieves bidirectional emergency shutdown when either subsystem fails, allowing
desalination shutdown induced by turbine failure and vice versa. Concurrently, it accommodates large-scale load
fluctuations in the plant’s gas supply, significantly enhancing operational safety.

Keywords: coastal steel plant; hydropower-desalination symbiosis; seawater desalination; interlock protection;

start-stop logic; high-load regulation
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Fig.1 The differences between coupled methods of hydropower cogeneration and hydropower symbiosis
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Fig.2 Overall strategy for the operational safety of traditional hydropower cogeneration
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Fig.3 Schematic diagram of the startup logic for a hydropower symbiosis system
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Fig. 4 Key influencing factors for the operational safety of a hydropower symbiosis system
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Fig.5 Safety interlock protection logic under equipment failure and low load conditions in a hydropower symbiosis system
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Fig. 8 Characteristics and application scenarios of safety control strategies for hydropower symbiosis systems
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Fig.9 Comparison of startup processes between hydropower cogeneration and hydropower symbiosis
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Fig. 10 Turbine equipment failure causing shutdown
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Fig. 11 Seawater desalination unit failure causing shutdown
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Fig.12 Low-load seawater desalination switch to T mode for steam turbine generator units
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Fig. 13 Fault case in hydropower cogeneration mode
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