
 Desalination and disaster prevention system utilizing solar thermal energy 

and thermoelectric module 

Toshikazu Yano
1*

, Naruka Itoh
1
, Yuika Takahashi

1
, Masayuki Niino

2 
and Katsuto Kisara

3 
 

1 Miyagi University, Department of Environmental System, Hatatate 2-2-1, Taihaku-ku, Sendai 982-0215, Japan,  

2
 Foundation for Promotion of Japanese Aerospace Technology (JAST), Sendai 981-3133, Japan

 

3 
 Japan Aerospace Exploration Agency (JAXA), Miyagi, Kakuda 981-1525, Japan 

*
 Corresponding Author, yano@myu.ac.jp 

 

Abstract 

Solar thermal energy is now expected as effective solution for human society not only by providing 

renewable energy within the electric power grid but also independent power source to help the daily 

life and against the disaster. Both desalination system by membrane distillation and disaster 

prevention system are proposed by applying thermoelectric device to mainly solar thermal energy 

and combining other renewable energy. The fundamental investigation of thermoelectric module 

was performed and the experimental data is also evaluated, moreover, the applicability for systems 

of desalination by membrane distillation and disaster prevention are estimated. The possibility of 

combination between thermoelectric device and solar thermal energy or other renewable energy is 

shown and new approach of solar energy in future is also described in this paper.  

1. Introduction 

According with both human population increase and rapid climate change, the lack of drinkable and 

daily life water has been serious problem over the world. Moreover, the serious disaster will be happen 

in the world such the earthquake and seismic sea wave. We have been proposed the energy supply 

systems to utilize renewable energy such as both desalination by membrane distillation and disaster 

prevention, moreover, the fundamental investigation of thermoelectric device has been performed. The 

new approach of solar thermal energy is shown and the application of thermoelectric device is 

examined.  

 

2. Experimental Apparatus and Method 

Figure 1 shows the photograph of experimental apparatus to examine the thermal and electrical 

characteristics of thermoelectric module. Figure 2 also shows the details of thermoelectric module 

experiment. The main composite of thermoelectric module is bismuth-tellurium (BiTe) utilizing 

Seebeck effect and the dimension of module is 40 mm square and the thickness is 4mm, respectively.   

The one side of thermoelectric module in the experiment is heated by the copper heater block installed 

by insulated electric heater, and the opposite side of the thermoelectric module is cooled by the block 

cooling by the one-through water flow.  The purpose of thin ceramics plate is to insulate electrically 

and silicon paste is to improve the thermal conductivity to avoid the contact thermal resistance. 



 

 

 

 

 

 

 

 

 

 

 

 

3. Results and Discussion 

The fundamental data of thermoelectric module are obtained in the basic experiment by heating and 

cooling blocks for both sides of thermoelectric module. Figure 3 describes the typical result in the 

experiment relation between the temperature difference and electric power. The temperature difference 

is obtained by the thermocouples installed on the outer surfaces of heated hot and cooled low sides.  

The electric power by the thermoelectric module is evaluated 1.8 W in the case of temperature 

difference 100 K in thermoelectric module experiment. Figure 4 shows the relation between voltage 

and current in the same experiment, the estimated value is 0.65 A in 2.0 V. These data will be 

estimated in the system design utilizing the solar thermal energy.   

The main useful characteristics of thermoelectric module are which have no rotating or vibrating part 

to generate the electric power and moreover the removal heat will be utilized as the hot water in daily 

life.  In disaster of the Great East Japan Earthquake and seismic sea wave happened on 2011 March 11, 

we could‘nt get not only electric power supply from the electrical grid but also even dry-cell battery by 

all infrastructure had shut down. The most important resource is the electric power to conect the 

information systems such as the internet, cell-phone, radio or television to get more information of the 

disaster. By connecting to the information system, the people are able to move the next reaction to 

desire the food, water, heating oil and clothes.  Therfore, the supply of electrical power is the most 

important after the disaster and it is desirable that the electrical supplying system is independent to 

maintain the information systems even in the scale of dry-cell battery level, which will save many 

human lives by the information of such as seismic sea wave.  

Fig. 2. Detail of thermoelectric module experiment. 

 

Fig.1. Experimental apparatus of  

thermoelectric module. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Relation between voltage and current  

in thermoelectric module experiment. 

 

Fig. 3. Electric power versus temperature difference between heating and cooling sides  

of thermoelectric module. 

 



 

4. Application of solar energy and thermoelectric converter 

4.1. Solar tracking system and thermoelectric module 

Figure 5 shows the solar tracking system installed on Miyagi University for multi-purpose utilization 

of solar energy such as photovoltaic cell, thermoelectric power generation by solar concentration and 

thermal tube to realize the experimental investigation in solar energy. The thermoelectric converter is 

installed in middle zone of solar tracking system, the dimension is 2 m square and that is composed of 

100 units of 200 mm square thermoelectric modules of Fresnel lens system. Figure 6 also describes the 

detail of one unit of solar concentration device with Fresnel lens construction of 200 mm square thin 

acrylic lens and the distance between lens and thermoelectric module is 200 mm. Figure 7 also shows 

the concentrated solar light shining on thermoelectric module by BiTe of 20 mm square and the 

cooling device of low temperature side is thermal fin. The concentration ratio of solar light is about 

100.  Figure 8 shows the comparison of power generation between solar tracking and static systems.  

In the figure, S means the solid installation of the horizontal solar panel, not follows sun, and D 

expresses the dynamic movement by solar tracking system in the strongest power generation 

perpendicular to the sunshine light axis in both horizontal and vertical directions. The power of solar 

tracking system is about 1.6 times than that of solid and horizontal solar power generation system are 

clarified in the experiment. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Solar tracking system installed on Miyagi University 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Solar concentration device by Fresnel lens 

 and thermoelectric module. 

 

Fig. 1. Desalination system by membrane 

distillation and thermoelectric device. 

 

 

Fig. 8. Comparison of power generation  

between solar tracking and  static systems. 

 

 

 

Fig. 7. Concentrated solar light shinning on 

thermoelectric module. 

 

 



4.2. Desalination system and thermoelectric module 

According with the increase of world population, the shortage of water becomes more serious in the 

world. Especially, the people living in dry regions throughout the world desire the drinkable and daily 

life water without any difficulty. We are under review to perform the collaboration with the dry 

country. The practice to realize the cooperation of water production is important role for the advanced 

country to supply the water for the developing dry country. Figure 9 shows the independent 

desalination system by solar thermal energy, which were planned for the developing country such as 

the sunbelt and dry region to make drinkable water. The scale of the production of drinkable water is 1 

t/d. The desalination system is proposed utilizing both solar thermal energy and Membrane Distillation 

(MD) technology, moreover, thermoelectric converter is effectively introduced to ride on the strength 

of power production. It is shown the comparison of desalination characteristics by MD method 

between Fraunhofer Institute and Japanese organization. The proposed system is independent and 

distributed to make production of drinkable and daily life water in the developing dry country, or also 

to provide the water as disaster prevention device in Japan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Independent desalination system by solar energy 

and thermoelectric module 

 

 

device. 

 



4.3. Disaster prevention system and thermoelectric module 

Figure 10 shows the disaster prevention system by renewable energy and thermoelectric device and 

also describes the disaster prevention system by utilizing the thermoelectric module to apply to the 

renewable energy system such as solar energy, biomass, small hydraulic or wind energy. The concept 

of Smart Heat and Power (SHP) system is introduced in the system by utilizing storage technologies of 

thermal power as heat and electric power, and the additional function of water supply is introduced 

which is needed for survival life after disaster. The electric power, heat source and water were 

immediately needed everywhere in the devastation area. The proposed system is independent and 

distributed to make production of electric power, heat source and drinkable feed water, by utilizing 

renewable energy, such as solar and biomass, and thermoelectric device. The thermoelectric device is 

very useful to generate power and removal heat from the cooling and heating system. It is especially 

expected to construct new philosophy of energy supply system which contains both thermal source and 

electric power generation, moreover, to join the water supply system. In addition, the usual system in 

normal operation is fundamentally needed to decrease Green-House Gas (GHG) according to the 

universal consensus to realize the sustainable low carbon society.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Disaster prevention system by renewable energy  

and thermoelectric device. 

 



 

4. Conclusion 

To utilize the solar energy more efficiently by combining other renewable energy, the trial for 

application of thermoelectric module to proposed systems such as desalination and disaster prevention 

has been performed. These system are much expected not only for daily life but also independent 

power system.  The possibility of system design of desalination and independent renewable energy 

utilizing thermoelectric module has been clarified in the investigation. 
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