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Abstract: Almost all modern solar and wind energy plants can be used only as auxiliary energy sources because 
of their intermittent character. On the other hand, geothermal systems can produce energy continuously. 
However, geothermal power plants need expensive wells, and the well will not always give high temperature 
underground water. It is possible to improve the performance of the plant by combining the different features of 
these mentioned systems. It is possible to obtain hot water not from drills but by using solar and wind energy 
installations placed on mobile platforms (travelling energy collectors) that will transport hot water to the power 
plant, where it will be stored in special tanks. A similar procedure is possible for cold water. To transform 
thermal energy, stored in the hot water and cold water tanks to electric energy it is possible to use conventional 
equipment of geothermal power plants. In this paper we give estimations of some parameters of the proposed 
power generation system based on travelling energy collectors. The estimations show that the power plant based 
on travelling energy collectors can be considered as a base load source of electric energy.  
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1. Introduction 
Solar energy and wind energy can be considered as complementary. Solar energy can be 
captured only during daytime. Wind energy at a height of more than 80 meters is more 
intensive at night time. In summer it is possible to obtain more solar energy than in winter, 
and in winter there is more wind energy. So, it is useful to make power plants based on both 
solar and wind energies. 
 
If we want to create a base load power plant that uses solar and wind energy we also need to 
store energy for at least some days. The best type of energy storage for such a period is 
Thermal Energy Storage (TES). Many types of thermal energy storages have been proposed. 
In this article we will suppose that the TES is based on hot and cold water. Water is the 
cheapest material and it has high heat capacity. 
 
The proposed solar-wind power plant will work as follows: solar concentrators will prepare 
hot water for TES, and wind powered refrigerators will produce cold water for TES. 
Sometimes wind powered heaters can be added to produce an additional amount of hot water. 
Hot water and cold water from the TES will be used to produce the electric energy with the 
same equipment that is used for geothermal power plants. The hot water from the TES can 
also be used for space heating and the cold water can be used for air conditioning purposes. 
In principle, the solar concentrators can be placed in a compact area, but the wind power 
installations must be distributed in a relatively large region because of the turbulences that 
each installation produces. Moreover, wind speed is higher over the sea surface, and the 
power plant is to be located on the shore. For these reasons we propose Travelling Energy 
Collectors (TEC) that will collect solar and wind energy on the sea surface and transport this 
energy in the form of hot and cold water to the power plant. The distance of transportation (or 
service radius) will depend on economical considerations and can vary from some kilometers 
to many tenths of kilometers. 
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2. Methodology 
2.1. Power plant based on travelling energy collectors 
The scheme of the power plant based on travelling energy collectors (TEC power plant) is 
shown in Fig.1.  

 

Fig. 1.Power plant based on travelling energy collectors. 
 
It contains a power generator, hot water TES, cold water TES, and a multitude of thermal 
energy collectors (TECs). The TECs collect the solar and wind energy from the circular 
segment that has radius sR , transform these energies to the hot water and cold water, and 
transport them to the hot water TES and cold water TES. The water from the hot water TES is 
supplied to the vapor generator that produces energy in the heat engine with the Organic 
Rankine Cycle (ORC). This type of engine is used for geothermal power plants. The water 
from the cold water TES is used for heat engine cooling. The Carnot efficiency of the power 
generator will be: 
 

( ) hchc TTT /−=η     (1) 
 
where hT  is the temperature of hot water and cT  is the temperature of cold water. The total 
efficiency of the power generator will be: 
 

rc ηηη ⋅=      (2) 

where rη  is the relation of power generator efficiency to its Carnot efficiency. For ORC heat 
engines rη  usually has the values in the range of 0.5 – 0.67 [1]. In this article we will use a 
value rη  = 0.55.  
 
If the temperature of the hot water is 90° C and the temperature of the cold water is 5° C, the 
efficiencies of the power generator will be: 
 

129.0,234.0 == ηηc     (3) 
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If we put the hot water TES at a depth of 50 m below the sea surface to obtain overpressure of 
5 bar, it will be possible to increase the hot water temperature up to 140° C. The temperature 
of the cold water can be decreased down to – 20° C, if we use an ice-water mixture of salted 
water. In this case the power generator efficiencies will be: 

21.0,387.0 == ηηc     (4) 
 
The efficiency 0.21 is at the level of the highest efficiencies of silicon photovoltaic panels, but 
in our case the power generator can supply the energy continuously. 
 
2.2. Travelling energy collectors 
A travelling energy collector (TEC) will be made as an unmanned sail catamaran. The scheme 
of the TEC is presented in Fig.2.  
 

 
 

Fig.2. The scheme of the TEC. 
 
The TEC contains sails, solar concentrators, small wind turbines, hot water tank and cold 
water tank. There are different types of maritime wind collectors. Some of them contain large 
wind turbines on the ship, others use the sails to move the ship, and submerged water turbine 
produce the electric energy [2].We propose to use small wind turbines, because large wind 
turbines have large weight, and the scheme containing the submerged water turbine has low 
efficiency. Small wind turbines can be placed into the sails (Fig.3).  
 
In this case the film roll and the rope roll will be placed in the leading edge of the sail. When 
the TEC is working in the mode of wind energy collection, the sail film is wound to the film 
roll and small wind turbines are open for the wind. If the sail is to be used to move the 
catamaran, the ropes will be wound to the rope roll. These ropes run around the rear roll and 
pull the film from the film roll to close the wind turbine space and to form the sail air foil. The 
TEC will work in solar energy mode in the presence of direct solar radiation; otherwise it will 
work in wind energy mode, in transport mode, or in discharge mode.  
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Fig.3. Small wind turbines. 
 
In the solar energy mode the solar collectors will heat the water in the hot water tank. In the 
wind energy mode the energy from the wind turbines will feed the chiller to cool the ice-water 
mixture in the cold water tank and increase the amount of ice in the mixture. The approximate 
proportion of hot water energy to the cold water energy is: 
 

chch TTEE // = ,    (5) 
 

where hE  is the energy of the hot water stored in the hot water tank, cE  is the energy of the 
ice-water mixture stored in the cold water tank, hT  is mean temperature of the hot water tank, 
and cT  is the temperature of the cold water tank.  
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The hot-water energy can be calculated using the equation: 
 

( )21 hhwhh TTCME −⋅⋅= ,    (6) 
 
where hE  is the hot water energy, hM  is the hot water mass, wC  is specific heat capacity of 
the water, 1hT  is the temperature of the hot water after the heating in the solar concentrators, 

2hT  is the temperature of the hot water before heating in the solar concentrators. 
To calculate the cold water energy we will use the following equation: 
 

iic qME ⋅= ,     (7) 
 
where cE  is the cold water energy, iM  is the mass of the ice in the ice-water mixture, and iq  
is the latent heat of ice melting. 
 
3. Solar Concentrators 
Low-cost light-weight solar concentrators are needed for travelling energy collectors to heat 
the water in the hot water tank. At present we are developing these concentrators [3]. Each 
concentrator will contain a multitude of flat triangular mirrors that approximate a parabolic 
surface. A prototype of the support frame for the mirrors is shown in Fig.4. 
  

 
 
Fig.4. Support frame for the mirrors of solar concentrator. 
 
The cost of mass production of these concentrators can be as low as 50 dollars for square 
meter of mirror surface [4]. 
 
3.1. Solar energy mode 
The travelling energy collector will work in the solar energy mode in the presence of direct 
solar radiation. Let the TEC have a deck area of 1000 m2. In this case the total area of solar 
concentrators can be approximately 500 m2. Let us suppose that 1 m2 of solar concentrator 
produces 700 Wt of heating power (concentrator efficiency is 0.7), and direct solar radiation 
is present during 4 hours per day. In this case the hot water will obtain the energy of 
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710504 ⋅=hE  J/day.      (8) 
 
Let the initial temperature of hot water be 2hT  = 403° K, the final temperature of hot water 
will be 1hT  = 423° K. In this paper we will consider a TEC that discharges the hot and cold 
water each day. Using equation (6) it is possible to calculate the mass of hot water needed to 
store the heat energy in the hot water tank. In our case we will have: 
 

=hM 60000 kg = 60 ton,    (9) 
 
3.2. Wind mode 
In the nights and during cloudy days the TEC will work in the wind mode.  For this purpose 
the TEC is to be oriented perpendicular to the wind speed, the sails are to be opened, and 
small wind turbines will produce the electrical energy for the ice machine. The ice machine 
will increase the amount of ice in the cold water tank. Using equations (5) and (8) we obtain: 
 

( ) ( ) 77 10308413/25310504/ ⋅=⋅⋅=⋅= hchc TTEE  J/day (10) 
 
Here we suppose that cT  equals – 20° C and hT  equals 140° C. 
The power of wind turbines can be evaluated using the equation:  
 

( ) 2/3uSP ttt ⋅⋅⋅= ρη     (11) 
 
where tη  is turbine efficiency, tS  is the total area of the small wind turbines, ρ  is the air 
density, and u  is the wind speed. In this paper we will assume that tη = 0.3, tS = 500 m2, ρ = 
1.25 kg/m3 and u = 8 m/s. In this case we will have: 
 

48000=tP Wt,    (12)  
 
We will suppose that the transport and the discharge modes will take 3 hours per day. The 
solar mode takes 4 hours per day, so the wind mode will take 17 hours per day. Not all this 
time will be used for power generation, because the TEC has a drift that must be periodically 
compensated. For drift compensation the sails are to be closed as for transport mode and the 
TEC is to be moved against the wind. We will assume that drift compensation will take 30% 
of the total time in the wind mode. The power generation in the wind mode will take gt = 11.9 
hours per day. The energy generated by the wind turbines will be: 
 

7102063600 ⋅=⋅⋅= gtt tPE J/day,   (13) 
 
If coefficient of performance of the ice machine is 1.5, the total cooling energy produced in 
the form of ice will be cE = 308 * 107 J/day. This is sufficient to obtain the balance of heating 
and cooling energies in the power plant. To store this amount of energy it is necessary to 
produce the following mass of ice: 
                                                      

ici qEM /= ,     (14) 
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where cE  is the cooling energy, iq  is the latent heat of water freezing. Water has the value of 

iq = 332 kJ/kg. For our example iM  will be: 
 

=iM  9300 kg .    (15) 
 
We will assume that the mass of the ice-water mixture is: 
 

iwM  = 40000 kg = 40 ton,    (16) 
 
In this case the total weight of hot water and cold water in the tanks will be 100 ton. 
Different geographic areas have different relations between the amount of solar and wind 
energy, thus for each area different parameters of the power plant should be selected. The 
main parameter is the cold-water tank temperature. Increasing this temperature, it is possible 
to decrease the amount of wind energy to obtain good balance for example in tropical areas, 
where the wind energy can be relatively poor.  
 
3.3. Transport and discharge modes 
In transport mode the sails move the TEC from the power plant and after collection of energy 
return it to the power plant. The maximum distance of movement is: 
 

2/trtrs utR ⋅= ,    (17) 
 
where sR is the service radius of the power plant, trt  is the time of the transportation mode, tru  
is the transportation speed. In our example trt  = 2 hours. If the transportation speed is 
10 km/h, the service radius will be: 
 

=sR 10 km.     (18) 
 
In the discharge mode the TEC discharges the hot water to the large hot-water tank of the 
power plant. The temperature of the discharged water is 1hT . After this the TEC loads its hot 
water tank from the large hot-water tank of the power plant with water that has the 
temperature 2hT . In parallel the ice-water mixture that contains 1iM  kilograms of ice is 
discharged to the large cold-water tank of the power plant and a new ice-water mixture that 
contains 2iM  kilograms of the ice is loaded to the small cold-water tank of the TEC. 
 
3.4. TEC number 
One TEC produces the energy of 504 * 107 J / day. This corresponds to a mean power TECP = 
58330 Wt.  If we want to create a power plant of power ppP , we need the following number 

TECN : 
 

( )η⋅= TECppTEC PPN / ,    (19) 
 
where ppP  is the output power of the power plant, TECP  is the power of one TEC, η  is the 
efficiency of the power plant. If ppP = 10 MWt, η = 0,21, we need: 
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TECN = 816.     (20) 

 
This calculation shows that each TEC cannot be driven by an operator. It must be made as an 
autonomous robot, and its cost is to be as low as possible. 
 
4. Discussion 
A power plant for continuous electrical energy supply is proposed. In this power plant the 
conventional equipment from geothermal power plants is used for electricity generation. 
Instead of drilling deep wells to obtain hot water we propose the use of moving platforms 
(TECs) that contain solar concentrators for hot water production and small wind turbines for 
cold water production. Moving platforms transport the hot and cold water to the power plant 
located on the sea shore. Approximate calculations show the feasibility of this system.  
 
5. Conclusion 
Travelling energy collectors will permit solar and wind energy collection from sea areas near 
the shore, transform it to heat energy and store in hot water and cold water thermal energy 
storages. These storages will permit continuous energy production using the equipment of 
geothermal power plants. The travelling energy collector will be implemented as a catamaran 
with sails that include a multitude of small wind turbines. The solar concentrators will be 
placed on the deck of the catamaran. The catamaran will contain a hot water tank and a cold 
water tank to transport the heat energy to the power plant. It is necessary to make a large 
number of travelling energy collectors for one power plant. For this reason the catamaran 
must have an autonomous control system that will allow operation without human interaction. 
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