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Microwave Wireless Power Transfer  

Between Moving Ships: A Technical  

Analysis  

1. Introduction  

Wireless power transfer has become an exciting technology that can be used in the delivery 

of electrical energy without any physical connections. Microwave Wireless Power Transfer 

(MWPT) among other methods can be used to transmit energy by electromagnetic waves 

with transmitting antennas and receiving rectenna systems. This report explores the 

possibility of MWPT to transfer electrical power between two moving vessels at a distance of 

10 to 100 m with a necessary power level of 1 kW to 25 kW. Analysis is done on feasibility, 

efficiency, equipments needed, and the cost as per the results of the recent literature.  

  

2. Feasibility of MWPT for Ship-to-Ship Power Transfer  

Transmission of power over short distances (10100 meters) at kilowatt levels can be done 

technically using MWPT. The initial studies showed that rectifying antennas (rectennas) could 

successfully convert microwave energy to usable electrical power, and successful 

transmission of power at kilowatt levels under controlled conditions, was demonstrated. 

Subsequent developments in phased-array antennas and beamforming methods confirmed 

that MWPT systems have the ability to provide power at meaningful levels in a directional 

fashion.  

Nevertheless, the situation at hand puts even more complexity as both ships are in motion 

and move at a speed of 0 to 5 m/s. The MWPT systems are very demanding in terms of 

accurate positioning of the transmitter and the receiver. Any minor deviations can lead to a 

lot of energy loss. Thus, although the system is theoretically sound, it is difficult to apply in 

practice in a dynamic marine environment because it has to be constantly moved and 

aligned.  

  

3. Efficiency of MWPT Systems  

MWPT systems can be highly effective under environmental conditions and system design. 

Modern rectenna systems have shown efficiencies of over 50 in laboratory conditions and 

optimized systems of up to 80 efficiency have been achieved. These measurements are 

obtained in controlled situations when the alignment is ideal and when there is minimum 

interference with the environment.  



In practice, efficiency is much less in the real world, particularly in the sea. Energy losses are 

caused by factors like beam misalignment, atmospheric absorption, humidity and sea 

surface reflections. The literature points out that efficiency in the lab does not directly result 

in real world efficiencies and the efficiency as it is featured in the real world is generally 

between 30 and 60 percent. Hence although MWPT has the potential to provide usable 

power high efficiency is only possible under favorable conditions with advanced control 

systems.  

  

4. Required Equipment and System Components  

MWPT between two ships involves a number of advanced components to implement. On the 

transmitting end, an electromagnetic generator with high power is employed to generate 

electromagnetic waves. High-efficiency RF amplifiers normally support this generator. The 

energy produced is delivered via a phased-array antenna system that allows beamforming 

and directional control of the microwave signal.  

At the receiving end a rectenna array is employed to receive the transmitted microwave 

energy and convert it into direct current electrical power. Recent rectenna antenna systems 

can be made with many antenna elements and rectifying circuits to maximise energy 

conversion efficiency .  

Besides these essential elements, dynamic environments like the moving ships need 

sophisticated tracking and alignment systems. These include:  

● Artificial intelligence (AI) beam trackers.  

● GPS-assisted alignment mechanisms  

● Gyro-stabilized antenna platforms  

These technologies make sure that the beam sent is well concentrated on the ship to be 

received despite movement and other disturbances in the environment.  

  

  

5. Cost Analysis  

The complexity and sophistication of the required components makes the cost of MWPT 

systems rather high. Phased-array antennas, high-power RF amplifiers and rectenna arrays 

are another factor that increases the cost of the entire system. Also, the necessity of real-

time tracking and control systems adds to the cost of capital and operations.  

The literature points out that phased-array systems and rectenna technologies are key cost 

drivers, and hence, MWPT systems are costly in comparison to the conventional wired power 

transmission. Consequently, there is no commercialization of MWPT large-scale or high-

power applications yet, particularly in dynamic settings like maritime operations.  



  

  



6.Equipment Required for MWPT System   

  

7. Conclusion  

Finally, transfer between two moving ships over a distance of 10 to 100 meters by using 

MWPT is technically feasible. The system is capable of supporting power levels ranging 

between 1 kW and 25 kW and, thus, can be used in the specified application. But in practice 

it is quite difficult as the beam alignment, environmental losses and the complexity of the 

system are some of the problems.  

MWPT systems are efficient under ideal conditions, however, their efficiency reduces 

significantly in the real-world conditions, especially in the marine environment. The system 

must have complex hardware, such as phased-array antennas, rectenna arrays and smart 

tracking systems, which are also expensive.  

On the whole, although MWPT can be an effective solution in terms of wireless energy 

transfer, its implementation in the context of a moving ship needs to be enhanced with the 

help of the further technological progress in order to become more efficient and less costly 

and to be more reliable.1  

  

  

  



  

  

  

  

  
  



 



  


