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Abstract

A proposal discussed in this paper is a using method of buoyancy of hydrogen. Hydrogen technology is installed to existing pumped storage plant. Electrolysis plant is installed on the low lake. Fuel cell is installed on upper lake. Balloon type tanks are installed to carry hydrogen from low lake to upper lake. Electricity is generated from buoyancy of hydrogen. And electricity is generated from fuel cell. And electricity is generated from byproduct of fuel cell by water power plant.

1. Introduction

Catastrophe occurred by the hurricane Katrina which became huge by the climate change caused by the carbon dioxide. Hydrogen doesn't discharge the carbon dioxide. So we must hurry up the transition of the hydrogen energy society to restrain the climate change. A proposal of introducing hydrogen technology to existing pumped storage plant and applying the buoyancy of hydrogen was verified in this paper. The proposal which made above proposal develop more were explained.

2. Introducing hydrogen technology to existing pumped storage plant and applying buoyancy of hydrogen


The electrolysis unit of the water and a fuel cell, tank for the preservation are combined. It becomes the function which is the same as the pumped storage plant of playing an important part in the existent power system. The discussion of installing it and raising efficiency by using waste heat of it in a city part is done. But realization is difficult, because the cost of infrastructure such as pipe line is necessary. If the cost of the infrastructure is un-necessity, it is easy to raise overall efficiency by using the waste heat of the existent thermal power plant. This is only being carried out in the part of Europe.


So, when apparatus which is possible to apply to the large-scale plant is developed, it is introduced to existing pumped storage plant. Because existing pumped storage plant has water for the electrolysis and infrastructure such as power line, and the land purchase fee is un-necessity. This is decreasing the cost instead of rise in efficiency.


At the same time, paid attention to the physical feature (lighter than air) which hydrogen had. Electrolysis splits the water of part of pumped water volume at low lake, and hydrogen is manufactured, and hydrogen is charged to balloon-type tank and hydrogen is transported by the buoyancy of hydrogen to the upper lake. Electric power of pumping water reduces by this. Existing pumped storage plant is shown in the figure 1. The electric power plant which hydrogen technology was combined to existing pumped storage plant is shown in the figure 2. Energy of pumping water is calculated when operating in eight hours at night at pumped storage plant. To use the infrastructure of existing electric power line, the input electric power of the electrolysis plant is made the capacity which is the same as existing pumped storage plant, and hydrogen is produced. This hydrogen is transported by the buoyancy to the upper lake. Fuel cell of upper lake generates electricity by using this hydrogen. Electric energy to transport of hydrogen to the upper lake, and electric energy of storing hydrogen are calculated. Next, electric energy of the pumping of water which is formed as a byproduct of fuel cell is calculated. Then, the comparison of the electric energy that was consumed was carried out.

Figure 1 Existing pumped-storage plant figure
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Figure 2 Figure of the pumped-storage plant, it introduced hydrogen technology and is applying the buoyancy of hydrogen.
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3. The summary of the pumped-storage plant where hydrogen's own buoyancy was applied.


The float which installed electrolysis unit, compressor as shown in the figure 2 is floated to existing pumped storage plant low lake. Then the float which installed compressor, hydrogen tank, a fuel cell to upper lake is floated. Electrolysis splits the water of low lake, and hydrogen gas is transported to upper lake by the balloon type tank, then hydrogen is stored to hydrogen tank. Balloon type tank is fixed to the rope, and that rope is connected as a loop on the pulley. Generator and a brake are connected to the pulley. When balloon type tank is filling hydrogen, the brake is working. Then a brake is released, and generator is driven after the brake is released. During the moving, generator is generating electricity.

4. Calculation of energy of pumping water for pumped storage plant. (It is operated in eight hours at night.)
Table 1 Existing Ookouchi pumped storage plant data. (Kansai Electric Power Co. data)

	Output
	1280000.0 
	kW

	Area of upper lake
	60.0 
	ha

	Area of low lake
	30.0 
	ha

	Water head
	394.7 
	m

	Loss head　
	12.3 
	m

	Efficiency of pump operation of turbine
	89.0 
	%

	Efficiency of motor
	97.0 
	%

	Efficiency of water turbine operation
	89.0 
	%

	Efficiency of generator
	97.0 
	%


Table 2 Equipment data related of hydrogen

	Compressor pressure(1)　
	1531
	mmAq

	Electrolysis electric power per Nm3(1)
	4.9
	kWh/Nm３

	Hydrogen specific gravity(2)
	0.0695
	　

	Air compressor efficiency(4)
	70
	%

	Weight, balloon can carry it (250m airship) (5)　
	1　
	ton　

	Rate of vertical moving distance of the balloon(5)
	10
	m/s

	A loss of the friction such as rope and pulley (supposition)
	85
	%

	Efficiency of generator and electrically driven brake (supposition)
	95
	%


Electrical energy of pumping
        =Output of pumped storage plant*Hours of pumping

        =1,280,000*8　　
        =10,240,000 (kWh)　　　　　　　　　　　                  　 (1)

A flow
       　= {Output of pumped storage plant
          *(Efficiency of pump operation of turbine*Efficiency of motor)}
          / {9.8(Water head*Loss head)}

      　 = {1,280,000*(0.89*0.97)}/{9.8*(394.7+12.3)}

      　 =277 (ｍ3/s)                                                 (2)

Volume of pumping of water
　　　　　=A flow*Hours of pumping*60 minutes*60 seconds

　　　　　=277*8*60*60　　
　　　　　=7,977,600 (ｍ3)                     　　　　　　　　　　　 (3)

4-1. Computation of the amount of hydrogen manufacture of the electrolysis plant by the electric energy. (It is the same electric energy of pumping water.)
Volume of hydrogen that is produced by the electrolysis
　　　　　=Electrical energy of pumping/Electrolysis electric power per Nm3
　　　　　=10,240,000/4.9
　　　　　=2,089,795 (Nm3)　　　　　　　　　　　　　　　　　　　　　(4)
　　　　　　　　　　　　　　　　　　　　　　
*** Hydrogen 1kmol(Molecular weight 2 kg)=22.4 (Nm３) ***
Hydrogen weight
　　　　　=2*Volume of hydrogen that is produced by the electrolysis/22.4

　　　　　=2*2,089,795/22.4   
　　　　　=188,588 (kg)　　　　　　　　　　　　　　　　　　　　　　　(5)

4-2. Computation of the volume of water that formed at the fuel cell when generating electricity.
*** Chemical equation H２＋1/2 O２=H２O(3)***　
*** Molecular weight  2kg   16kg   18kg***　

Volume of water that is formed with hydrogen 188,588kg
          =18*Hydrogen weight/2

          =18*188,588/2　　　
          =1,697,292 (l)　　　
          =1,697 (m３)　　　　　　　　　　　　　　　　　　　　　　　　(6)

4-3. Computation of the electric energy which transfers hydrogen to the upper lake.

Gas flow rate per one minute
　　　　　=Volume of hydrogen that is produced by the electrolysis/(8 hours*60 minutes)

　　　　　=2,089,795/(8*60) 　　　
　　　　　=4,353 (m３/s)                        　　　　　　　　　　　 (7)

Output of compressor for hydrogen storage（４）
　　　   = {(Gas flow rate per one minute*Compressor pressure)
         / (6,120*Air compressor efficiency)} *Hydrogen specific gravity

        = {4,353*1,531/(6,120*0.7)}*0.0695
        =108　(ｋＷ)                                                  (8)

Compressor of low lake and compressor of upper lake are added. So output is 216 kW.

Electric energy for hydrogen storage
        =Output of compressor for hydrogen storage*8 hours

        =216*8
        =1,728　(kWh)                                                (9)

Weight that can be carried with produced hydrogen

         =Volume of hydrogen that is produced by the electrolysis/Tank volume (250m airship)  

         =2,089,795/471,000　　　
         =4.4 (ton)                                                   (10) 

Output of buoyancy
         =9.8*Weight that can be carried with produced hydrogen*1,000
           *Rate of vertical moving distance of the balloon
           *A loss of the friction such as rope and pulley 
           *Efficiency of generator and electrically driven brake

         =9.8*4.4*1,000*10*0.85*0.95　　
         =348,194 (W)　　
         =346 (kW)　　　　　　　　　　　　　　　　　                 (11)　

Generation time by the balloon tank  
         = (Water head/Rate of vertical moving distance of the balloon)
          *Balloon tank number (250m airship) 

         =(394.7/10)*4.4　　
         =39 (s)　　
         =0.01 (h)                                                     (12)

Amount of generator brake output
         =Output of buoyancy*Generation time by the balloon tank

         =346*0.01
         =3.46 (kWh)                                                   (13)

4-4. Comparison of electric energy of sending of hydrogen to upper lake and of electric energy of pumping up water to upper lake.
Electric energy to send hydrogen to upper lake. (It is same of the volume of water of 1,697. (m3))
        =Electric energy for hydrogen storage-Amount of generator brake output

        =1,728-3.46
        =1,724 (kWh)　　　　　　　　　　　　　　                      　(14)

Electric energy of pumping water of the volume of water of 1697. (m3) 
        =Electrical energy of pumping*Volume of water that is formed with hydrogen
         /Volume of pumping of water

        =10,240,000*1,697/7,977,600
        =2,178 (kWh)                                                    (15)

When hydrogen which is equivalent to the volume of water of 1,697 (m3) is sent to upper lake, when water is pumped it is compared, and in the case of hydrogen becomes 79% of the electric energy.

5. A dream to the next generation. (Hydrogen and buoyancy of hydrogen are used to deal with the lack of energy and water.)


The technology which exists at present and technology that is under development are applied to get energy and water from the cloud by using the solar battery (an organic solar battery) and the airship. 


Organic solar cell is stuck on the surface of the unmanned airship which uses hydrogen to get buoyancy. The unit that gets water from the cloud and the electrolysis unit are installed to this airship. And this airship has several balloon type tank to store the water and hydrogen. Figure of the airship is shown in the figure 3.

Cloud is absorbed with the electric power which it could get with the organic solar cell as shown in the figure 4, and it gets water from the moisture of the cloud. Electrolysis unit splits that water by the output of the organic solar battery, and hydrogen is manufactured. This hydrogen is used as the gas which gets the buoyancy of the balloon type tank. So hydrogen is filled to the balloon type tank, and it flies to the destination. Process which balloon tank is filled with is shown from figure 5-1 to figure 5-4.

Electricity is generated and water is produced from the fuel cell at the destination. Water is sent to the hydroelectric power plant and electricity is generated. Figure 6 shows the example of the fuel cell and the hydroelectric power plant that were installed to Mt. Fuji.


In the case of the desert, the tank of the balloon type tank is filled with the water and hydrogen then it flies to the destination. Water of the balloon type tank and the water from fuel cell as byproduct are used for the irrigation in the desert. Example of this case is shown in the figure 7.

Figure 3 Figure of the airship which stuck an organic solar cell and installed the electrolysis unit, balloon type tank.
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Figure 4 Detail of the part where electrolysis unit splits the moisture to produce hydrogen.
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Figure 5-1 Figure of the preparation of filling of the balloon type tank.
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Figure 5-2　Figure that hydrogen and water are filling to the balloon type tank.
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Figure 5-3 Figure that water and hydrogen filled to one balloon type tank.
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Figure 5-4 Figure that water and hydrogen filled to all balloon type tank.

[image: image8.jpg]



Figure 6 Figure which installed a fuel cell and hydraulic power plant to Mt Fuji.
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Figure 7　The figure which uses the water of the balloon type tank and the water byproduct of fuel cell for the irrigation in the desert.
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(The figure of the desert was copied from IEA PVPS Programme Energy from the Desert.)

6. Conclusion

At the first half of this proposal, hydrogen technology was applied to the existing pumped storage plant, and it was confirmed that the buoyancy which hydrogen had was useful.


Developing this more, an organic solar cell is stuck to the airship, electrolysis unit and balloon type tank are installed to the airship, then hydrogen is produced from the moisture of the cloud, and hydrogen is filled to the balloon-type tank. This airship flies to the fuel cell installed at mountain, then it generates electricity from hydrogen. Then, the hydraulic power plant generates electricity from the water of byproduct of fuel cell.


As another proposal, balloon type tank is filled with the water and hydrogen. Then this airship flies to the desert, and uses the water of the balloon type tank and the water of byproduct of the fuel cell to irrigation water. 

When hydrogen and oxygen are made to react with the fuel cell, electricity and heat is generated, and water is produced as a response result. Output of electricity in this is added as the efficiency of the fuel cell. The efficiency which refines the water which is byproduct is about 100%. In other words, the part of loss which became heat is utilized by the hydraulic power generation again, and the efficiency of the fuel cell is increased.
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