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Abstract: Geothermal energy has always been extracted from the earth and its deep layers. This new method provides basis on how to create a geothermal reserve and generate electricity while creating and also, extracting energy from it. Power is generated while creating it and also utilizing the stored energy. The basis for this process is to take advantage of the temperature difference of air at the various levels of atmosphere. During summer, the reserve is created and in winter, it is utilized. This provides bi-directional use of the same system and hence increases the output. The two systems complement each other.
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I. INTRODUCTION

	Geothermal power plants are an established technology to provide base load electrical power generation. In a northern climate, there are two annual peak electrical usage periods, in the summer due to air conditioning and in the winter due to structure heating and low daylight hours. Direct solar systems match the summer electrical load, but they provide almost no output during the cold and dark winter months.
	
Power is generated while heating this thermal storage in the summer and becomes a very efficient geothermal power system in the winter due to the close location of the thermal storage versus a deep geothermal source and the cold winter climate. To improve performance of the solar thermal system, the solar heat is used to power a heat pump that transfers a much larger amount of heat from the warm summer air. The cold winter temperature allows for cooling a very large mass to sub-zero temperatures in the winter and provides efficiency in the summer power generation

II. CYCLES AND IMPLEMENTATIONS

Due to difference of temperatures in the various seasons, the air flow pattern follows certain changes which change the air cycles.

The cycles studied are:

1) Hot air cycle
2) Cold air cycle

These cycles also vary according to the location. The two implementations studied are:

1) Tropical implementation
2) Arctic implementation

A. Hot Air Cycle- (Ambient Air Warmer Than Ground)

A low boiling point fluid (ammonia) is expanded in the heat exchanger in the tower and where it boils (anhydrous ammonia boils at -33C) and expands. The ammonia is then absorbed into cool water. This aqueous ammonia solution is heated by solar thermal collectors or deep geothermal heat and the ammonia boils off under pressure. The ammonia vapor is condensed and the pressurized anhydrous ammonia is then returned to storage. Some of the heat is converted to electricity and the subsequent heat is stored.  The cooled air falls in the tower creating wind and this energy is also captured in the wind turbines. Refer- Fig. 1.

B. Cold Air Cycle- (Ambient Air Colder Than Ground)

The heat stored underground is used in a turbine very similar to existing geothermal systems. The turbine is air cooled with heat exchangers in the tower and the heat causes convection in the tower and this is also captured in the wind turbine and converted to electricity. Refer- Fig. 2.

C. Tropical Implementation

In high humidity tropical climates, the ambient air temperature remains relatively close to the shallow surface earth temperature and the temperature gradient would not make a bi-directional system feasible. The extraction of clean water from the humid air at a height is a major benefit of this system in a tropical location. A twin-tower in a "U" shaped system with a continual down and updraft air flow would be a design intended to dissipate as much heat as possible in the hot climate. 

The system would use large anhydrous ammonia storage to allow night operation and require large solar collectors to recover the ammonia in the day. During sunlight periods the solar collectors and ammonia storage would need to be large enough to allow sufficient ammonia to be recovered/re-pressurized to allow for continual operation. The system wouldn't use thermal storage and the ground would only be utilized as a heat sink to dissipate excess heat. Refer- Fig. 3.

D. Arctic Implementation

In an arctic climate where there is access to medium temperature geothermal a much simpler system than existing low-boiling-point fluid steam turbines can be built with a convection tower. The major benefits of this system are simplicity potentially could have lower construction and maintenance cost than complicated low-gradient fluid turbine systems.

This system would perform well through the cold season and the temperature gradient from 70ºC geothermal to -30 º C ambient airs allows for high efficiency. For this system to be efficient in a convection only system, the tower would need to be extremely tall. Introduction of moisture to the air lowers density and increases buoyancy, but will probably cause snow and ice crystals to fall in the local area. Refer- Fig. 4.

III. CONSTRUCTION
· A tower is built to allow large quantities of air to move across heat exchangers by natural convection due to buoyancy.
· Solar thermal or deep geothermal heat is used to power a heat pump which moves a much larger amount of heat from the air.
· Both the heat from the air and the heat powering the heat pump are stored in shallow heat storage.
· The thermal storage is used to exploit the difference in temperature changes due to day time heating between the air and shallow underground, either day/night or seasonally. In effect this creates a local geothermal source and the low media transfer energy allows for an efficient geothermal power generation system. This source is reliable and may be used for base load electrical generation and structure heating.
IV. WORKING
   For the summer daytime cycle, assume that the ambient air temperature is 30°C and the shallow earth is 15°C. The solar collectors would be concentrated solar trough or similar system capable of temperatures greater than 400°C. Anhydrous Ammonia (NH3) is stored as a liquid under pressure at ambient temperature. (400psi/2700kPa) The NH3 pressure is used to drive an expansion engine attached to a fan. There is a pressure drop in the engine as the NH3 expands. (~150psi/1300kPa)
The fan forces air through the heat exchanger increasing its pressure and temperature. The air is compressed to (20psi/150kPa) and the temperature rises to 40°C.The NH3 is then completely expanded to a low pressure in a heat exchanger (evaporator) and it boils at -33°C.The NH3 vapor is at a low pressure and contains the heat from the ambient air. (<14psi/100kPa) 35°C. It is then absorbed into cool water. The absorption is exothermic and the resulting aqueous ammonia liquid contains the heat from the ambient air. A pump pressurizes the aqueous ammonia liquid. 400psi (2700kPa).   

This is a liquid and not compressible and the required power to increase the pressure is relatively low. This pump is very similar in action to the feed water pump in a Rankine cycle.  The pressurized aqueous ammonia solution is then heated with concentrated solar heat through solar heat collectors. 400psi(2700kPa) 400°C. The ammonia boils out of the aqueous ammonia solution well below the boiling point of water. This is fractional distillation. The pressurized aqueous ammonia solution is then heated with concentrated solar heat through solar heat collectors. 400psi(2700kPa) 400°C.

The ammonia vapor is condensed in a heat exchanger and the heat is transferred. 400psi(2700kPa)30°C. The condensed and cooled ammonia liquid is returned to pressurized storage. The pressurized aqueous ammonia solution is then heated with concentrated solar heat through solar heat collectors. 400psi(2700kPa) 30°C.


The water is cooled in a heat exchanger and the pressurized cold water travels though an aspirator creating a vacuum which draws the ammonia vapors. The pressure drops to 200psi through the aspirator; this pressure drop is maintained by the aqueous ammonia pump intake. The heat from the hot water and the ammonia condensation is used to drive a steam turbine which produces electricity. Cold water cools the steam turbine and the heat is transferred to underground thermal storage. 


The air pressure drops as it exits the heat exchanger and the much colder and dryer air is denser than ambient and negative buoyancy forces it down the convection tower. A wind turbine generates electricity. 


V. FACTORS AFFECTING GENERATION

1) When the temperature of air changes compared to the surrounding air, the density changes and it makes the air heavier or lighter than the surrounding air and this causes convection. This produces wind.

2) Matter that is denser takes more energy to change temperature than matter that is less dense. The temperature of the earth below the surface or in bodies of water changes temperature slower than the air does because they are denser and they also take longer to cool off.

3) During day/night or seasonal changes, there are substantial differences in temperature between the earth and the air. That difference in temperature can be moved from hot to cold and some of that energy can be used to generate electricity. 

4) Except for a very small portion of the earth, the ocean (or ground) isn't always colder than the surrounding air. Water freezes and the transport media has to have a lower freezing point than the coldest ambient air to have a location independent system. 

5) If the thermal storage is either a natural or man-made underground system, it won't harm the environment. Denser materials like rock or metals will hold even more heat than water.
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Fig. – 1. Hot Air Cycle
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Fig – 2. Cold Air Cycle
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Fig – 3. Tropical Implementation
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Fig – 4. Arctic Implementation




VI. ADVANTAGES

· The system is base load electrical generation.
· The solar energy collected is used to move a much larger amount of heat from the air.
· The heat pump system can be powered from multiple sources (solar, geothermal or waste heat).
· This system will be available in sub-zero temperatures and can generate as much power when it is really cold as when it is really hot. 
· Due to the reversible cycle, the energy stored or removed from the earth is used in the opposing cycle. 
· A rotating or finned air intake/output leveraging prevailing winds would increase performance and it should also improve system startup. 
· Actively "cooling" the pumps, turbines and generators and using the heat will make it very efficient
· In colder climates where the ambient air temperature is below freezing for 6 months of the year, the system is really "renewable" because the amount of heat added and removed from the ground balances on an annual cycle.


VII. CONCLUSION

	Renewable energy sources are mainly concentrated on wind, solar and hydro power. This technique provides a new insight into a lesser used resource. A base load power plant using renewable resource is the need of the hour. The economy of the system may be under question, just as the rest of the renewable energy systems. In the long run, it is definitely to provide continuous generation with low maintenance and conservation or natural resources. 
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