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 The  pressure  caused  by  increasing  energetic  needs  combined  with  the  limited  
natural  sources  imposes  the achievement  of  an  optimal  exploitation  of  the  produced  
energy. In this context, the concept of energy recycling plays an important role.  

There are already examples of energy harvesting in the literature. For instance, a small 
3; a thermoelectric 

B) falls 
3. The RF energy recycling is of particular interest in broadcast systems, 

which transmit electromagnetic signals in all directions. Note that for the RF energy recycling 
devices, the information of the received signals is, at prior, not relevant. In practice, signals 
captured by the antenna are converted into energy in order to recharge the device.  

RF energy harvesting depends on the ubiquity and intensity of the RF signal in a given 
location. Therefore, the first contribution of this work is to show the feasibility of the RF 
energy harvesting in urban areas. We validate our proposal by performing a measurement 
campaign in Brasilia, Brazil. There are permanent changes in beam forming directions from 
incident waves in practical situations. Therefore, the set of the waves arriving on an antenna 
array immersed in an urban environment is expected to vary all the time, and adaptive beam 
forming systems should be provided to the harvester system.  Such  adaptive  systems  expend  
power,  lowering  the final  net  power  that  can  be  harvested.  One  assumption  was that  
the  most  possibly  simple  harvesting  system  should  be projected, given that the amount of 
power  typically  harvested is  in  the  order  of  few  microwatts.  Therefore, a non-adaptive 
system figured as an initial specification.   

Wireless  sensor  networks  (WSN)  are  crucial  for  the development  of  emerging  
smart  cities  applications. The magnitude  of  the  energy  that  is  scavenged,  in  the  order  
of hundreds  of  microwatts  per  unit,  is  mainly  applicable  for sensors  nodes.  Depending  
on  their  quantity,  charging  a  low consumption  portable  electronic  device  is  possible.  
Even bigger loads, as for instance a cell phone, could be recharged by a set of antennas, 
depending on the incident power. Sensor nodes in WSN and portable electronic devices as 
cell phones have severe energy usage constraints due to their limited energy resources 
(batteries). Observing this fact, the usage of RF recycling to energy harvest sounds as a 
promising alternative to support and extend their operation lifetime.  

Inspired  by  antenna  array  communication  systems,  the second  contribution  of  this  
work  is  to  propose  an  improved RF energy harvesting system based on a rectenna array.  
We show that, by increasing the amount of rectennas, a significant gain due to the array is 
achieved. We demonstrate that rectenna arrays can outperform standard antenna arrays as 
energy harvesting systems, quantifying the improvement as a function of the number of 
employed receiver terminals.  
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In Figure 1 a), we exemplify a rectenna system composed of a matching circuit, a 
voltage booster and the rectifier, whose output is often connected to a battery, while in Figure 
1 b), we present our proposed rectenna array system for high efficiency RF energy 
recyclation, with rectennas connected in series. Note that the expected voltage brought by a 
single rectenna is considerably low, even with the aid of the booster inside the rectenna. 
Hence, deploying  several  rectennas  in  series,  one can  provide  a  not  so  low  voltage  for  
the  external  load. In addition, the advantage of this array of rectennas is that direction of 
arrival of the impinging RF wave front may not influence the overall power.  

Figure 1. a) Components of a standard RF energy harvesting system: the rectenna is an 
antenna with a RF-DC interface . b) Proposed rectenna array system. 

of 11 dBm is obtained. Moreover, by taking into account the global percentage efficiency of 

group of four rectennas.  
The usage of such amount of energy are mainly applicable to  sensors  nodes  and,  

depending  on  the quantity  of  antennas,  charging  a  low  power  consumption electronic  
device  or  even  a  small  lamp  might  be  possible. With  an  incident  power  of  -3  dBm,  
charging  a  cell  phone may  take  42  rectennas  per  hour. Note, that in 5G systems, massive 
MIMO systems should consider 50 to 500 antennas in a single device. Furthermore, our 
proposed solution can be installed on the walls of buildings close to the transmit antenna. In 
Brasilia, near the TV Tower, there is a plenty of commercial buildings, especially hotels.   

For both line-of-sight (LOS) and non-line-of-sight (NLOS), harvesting systems based on 
rectenna arrays outperform standard antenna array based solutions.  

 

 


