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Introduction 

Addressing the common wrong assumption that systems can be optimised by optimising their components, we 

present a general analytic optimisation method on system layer. This method is applied to an energy system. The 

energy system involves the operation of wind-propelled vessels equipped with hydrokinetic turbines so that the 

kinetic energy of the water flow relative to the hydrokinetic turbine is converted into electricity. This electric 

power then is used to split sea water electrolytically into hydrogen and oxygen. The hydrogen gas then is 

compressed and stored in tanks. First conceptual studies of this energy system have been made by Platzer [1]. A 

more detail analysis has been performed by Pelz et al. [2]. The optimisation considers energetic and economic 

aspects simultaneously, whereby the optimal system in design and operation can be determined.   
 

Analytic system optimisation in method and application 

First the idea of a system needs to be stated as shown in the introduction. The next step is to describe the system 

based on a physical model. In our example the result of the description is the vessel speed as a function of 

physical parameters such as the resistance force of turbine and vessel and the thrust resulting from the 

aerodynamic lift. The next step considers the evaluation of the system characteristics of interest, in this case 

energy and economy. For the purpose of evaluation, reasonable system quantities needs to be defined. All these 

system quantities need to converge in an optimisation function. Figure 1 shows the energetic and economic flow 

through the energy system. They converge in the produced hydrogen which is a quantity for the energetic 

efficiency and the economical revenue. The energetic description of the system is applied by using the first law 

of thermodynamics. As the energetic system quantity, the coefficient of performance is defined as the ratio of the 

turbine and available power. The economic system description is supplied by the economic profit function. The 

economic system quantity is the yearly profit, which is the difference between the yearly revenue and the yearly 

costs. Using yearly costs the discounting of capital needs to be considered. The yearly revenue is proportional to 

the yearly produced mass flow of hydrogen. Therefore the revenue is a function of the energetic efficiency of the 

system. Through the revenue the energetic system quantity and the economic system quantity converge and 

generate in this way the optimisation function. In the next step the system is optimised by means of  the 

objective function to maximize the yearly profit. This optimisation is performed analytically and provides 

optimal system design and operation parameters. The resulting Pareto- frontier includes all optimal systems, 

which cannot be improved energetically without simultaneously worsening them economically. 
 

Conclusions  

The analytic system optimisation provides the optimal dimensioning and operation of components in a system 

with a fixed component architecture. Therefore it is a strong 

tool to optimise the system design process because economical 

and technical aspects are similarly considered. Only the 

consideration of economic aspects leads to reasonable 

component dimensioning.  
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Figure 1: Block-diagram of the energy system 
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