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Abstract 

Many kinds of successes of small hydro-power generations in the open channel have been already 

reported. However, surface-tidal power generations used by a same method have not progress as an actual 

system enough. This means there are not only the potential gaps caused by the engineering difficulty and/or 

products cost but also the correct business plans to use these systems. In this paper, we consider the new values 

of the surface-tidal power generation systems under Isolated Island Engineering. 
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1. Introduction 

 

Many practical examples of small hydropower generation for waterways have already been reported (1), (2), but social 

implementation has been delayed significantly in surface current power generation (3) using a similar mechanism. This 

is due to the structural characteristics of the system installed in the ocean, engineering difficulty, and installation cost. 

Since there are a wide variety of technologies (4) used to renewable ocean energy, it has been pointed out that it is 

necessary to develop complex projects (Fig.1) in order to utilize them as the blue economy (5). 

One of the major factors behind the delay in social implementation of small-scale surface-tidal power generation 

(sSTPG) systems using undershot waterwheels such as we are considering, is that no appropriate utilization plan has 

been proposed. In this report, in order to build a strategy for the sSTPG system to survive the long road to the blue 

economy, we will examine the effectiveness of its business feasibility based on the development process of Isolated 

Island Engineering (IIE)(6) using a self-propelled field machine. 

 

Fig.1 Emerging and additional blue economy sectors and industries(5) 
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2. Two meanings of IIE 

 

Since our school is located on an isolated island in the Seto Inland Sea, we have been advocating IIE to solve various 

problems caused by the location conditions (7). IIE has two meanings as shown in Table 1. 

Definition A is a meaning of educational technology as a system engineering education. The purpose is (1) to create 

an educational model, (2) to produce human resources trained based on that model, and (3) to provide a field for 

activities. This concept originated from the fact when our school was damaged by the heavy rains in western Japan in 

2018, we searched for activities useful for disaster prevention and mitigation, targeting problems on isolated islands at 

the time of the disaster. 

Definition B is a meaning of the design process focusing on the similarity relationship of the scales as an isolated 

island <Japan <Earth. This process (1) evaluates the current situation based on the measurement results in a life-size 

environment, (2) imagines changes in the system including that environment. Based on this prediction, and then (3) 

draws a long-term strategy and leads to an energy autonomous system. In other words, it is expected that the instability 

of businesses and products will be wiped out or alleviated from the broader environmental society side, and it will shift 

to the "relocation" stage, and eventually "spread" that is generally distributed in the market. The process of reaching the 

stage can be shown as shown in Fig.2 (8). 

And, IIE attempts to envision a system for creating technology that enhances the independence of the design target 

and the constant closed system envisioned around it. Alternatively, this process is also human resource development 

 

 

Isolated Island Engineering 

Definition A 

 （as educational technology） 

Definition B 

（as design process） 

Concept 
Education  

of system engineering 

Similar relationship of  

{ Earth > Japan >Isolated island } 

Results / Direction 

Creation of educational model Data acquisition of environment 

Human resources development Evaluation of environment 

Offering active fields Energy self-reliance 

 

Table1  Two meanings of IIE  

 

Fig. 2 Diffuse process of new technology 
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utilizing Project Based Learning (PBL)(9) in order to explore the essence of technology creation from experience, 

starting from the life-sized issues around us.  

 

3. Planning by self-propelled field-test machine 

 

The design based on the definition B of Isolated island engineering is developed in the order of (1) measurement, (2) 

prediction, and (3) strategy formulation for independence. Therefore, it can be considered that the process consists of 

three phases that gradually approach the completed system while repeating minute corrections and updates, so it is 

planned and designed as a system that can cover the costs required for corrections and updates in the developmental 

stage. 

On the other hand, long and stable operation for several decades is required for the truly effective use of renewable 

energy such as surface current power generation systems. Not to mention examples of mega-solar power generation and 

large-scale hydropower generation with dam lakes, it is extremely difficult to carry out front-end loading(10)  

development that considers all influential factors at the beginning of installation of such a system. Therefore, in this 

research, we will develop a self-propelled field-test machine as shown in Fig. 3 to efficiently carry out measurements at 

some candidate sites in Phase 1. In the past, it was a testing machine required mooring at an anchor or caisson, so it 

took a long time to install it at sea, and it was difficult to make sufficient measurements on site. As the propellers of the 

next test machine will be installed separately on both sides to reduce the influence of the wake, the running conditions 

of the waterwheel was close to the case of mooring by anchors and/or caissons, and it is easy to install the test machine 

in multiple candidate sea areas for self-propelling. 

It will be possible to collect the actual data required in Phase 1. The design process based on the definition B of IIE 

shown in Fig. 4 is an alternative method to front-end loading development. In Phase 1, the current situation is grasped, 

and the results are used to predict or imagine how the system will change in Phase 2 about 10 years from now. 

The initial specifications (installed sea area, application, scale) to be utilized based on this prediction (imagination) 

are plans that consider various economic effects through discussions of pre-established committees without simply 

relying on engineering rationality. The initial specifications (installation sea area, application, scale) to start utilization 

based on this prediction (imagination) will converge while adding various economic effects through discussions of 

pre-established committees without being biased only to engineering rationality. After that, while actually operating it, 

it repeats corrections and updates to build a system with high energy sustainable. 

 

 

 

Fig.3 Self-propelled testing machine in the active field 
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4. Construction of commercial facilities contribute to tourism business 

 

Fig. 5 shows an example of a commercial facility for leisure and educational tourers focusing on its affinity with blue 

tourism. The authors are proposing the utilization of the sSTPG system with the energy completely self-sustaining 

commercial facility in mind (11). However, at present, it must be said that this engineering is difficult to apply for 

front-end loading development. It shows a model that provides the process of trial and error toward independence as an 

educational good or a teaching material. 

In order to utilize tidal energy resources, it is considered appropriate to start with a simple structure that can be 

maintained and managed by the user himself as much as possible, and to repeat the update. The authors propose to 

combine a surface-tidal power generation system using an open-type undershot waterwheel with a subsystem that is 

easy to replace. As a result, value growth can be expected with the times due to renewal. We propose the following 

three concepts. 

~ 1. The floating body on the sea including the power generation section is not only conceived based on the initial 

power generation efficiency, but also as an artificial island that develops fishing reefs and landscapes as secondary 

resources. Matsuoka proposed such a concept as Timeaxis Design(12). 

~ 2. The energy storage section makes it easy to replace with various types of subsystems such as batteries, hydrogen, 

compressed air, and heads. Such an open system design enhances the accumulation of value.  

~ 3. The artificial island will be operated not as a power plant but as a commercial facility for comprehensive use 

such as education, tourism, disaster prevention and mitigation, and the maintenance costs will be self-sufficient based 

on the profits obtained from it. 

 

The technical factors that have not led to the widespread use of the sSTPG systems are (1) immaturity of installation 

plans at sea or underwater, and (2) immaturity of stable and long-life operation management plans due to low energy 

density. In other words, in such a system where the operating conditions are affected by the natural weather and sea 

conditions, the maintenance of the power generation system that corresponds to the engine is the key point.  

On the other hand, there are two management factors: (1) undeveloped appropriate uses or immature cost recovery 

plans that rely on fixed uses, and (2) the occurrence of management burdens due to the emergence of 

difficult-to-predict issues in the medium to long term. 

 

Fig.4 Design process of IIE 
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It is extremely difficult to incorporate the effects of this type of task into detailed design specifications at the 

beginning of planning. Therefore, in order to ease the completeness of the system at the time of initial introduction, the 

process of "measurement ⇒ prediction ⇒ transition to independence" of IIE is executed. In the initial measurement 

process, it is important to easily acquire operation data in as many candidate sea areas as possible. It is expected that 

the acquired data will be further enhanced by promoting the self-propelled field tester and its remote / autopilot. 

 

 

 

(a) Mixed use of system 

 

 

 

(b) Example of structure for tourism business 

 

Fig. 5 Outlook of system 
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5. Conclusion 

 

1) IIE has two meanings. One is the educational technology and another is the design process.  

2) IIE is one of the way that tidal power applications grows up to actual use according to its design process, me It 

was pointed out that the sSTPG system is suitable to be an energy self-sustaining commercial facility in order to 

cover the costs incurred in the process of self-reliance. 

3) A self-propelled field machine makes the measurement process (phase 1) easy, and the phase1 can be made more 

efficient by remote control and autopilot. 

4) From the second meaning of IIE, when constructing an artificial system that can be used for a very long term, it 

was pointed out the "open system" that grows autonomously is valid. 
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