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The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and
improve the accuracy of heat demand estimations.
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1. Introduction
Energy harvesting is the process of collecting the energy from environment and converting it into usable electrical
energy for power electrical devices. This technology is also known as power harvesting and energy scavenging [1,
2]. A variety of sources and techniques are available in order to power devices or store energy, including
radiofrequency (RF) energy and ocean waves, solar and wind powers, thermal energy and mechanical vibrations [3,
4, 5]. In this paper, we focus on ambient electromagnetic energy available from commercial RF broadcasting stations
such as GSM, TV, Radio, especially that from Wi-Fi networks. RF energy harvesting holds a promise future for
generating a small amount of electrical power for electronics devices. Such harvesters enable a battery-less operation
and extend significantly the operating lifetime of the Wireless Sensor Networks (WSNs). Numerous papers have
been published on RF energy harvesting as a feasible alternative to batteries. The RF energy-harvesting system is
composed of three primary subsystems. The first subsystem is the receiving antenna responsible for capturing the RF
energy that will later be used to power electronics devices such as sensor nodes. The other main subsystems are the
matching network and the rectifier or rectification circuit [6, 7, 8]. In [9], authors propose a novel antenna structure
for RF energy harvesting. The proposed antenna is composed of two individual radiators, the main radiator and the
parasitic radiator. The energy-harvesting antenna is designed to be operated in the frequency band 2.13-2.15 GHz.
The proposed antenna presents an interesting performance, therefore it can be used as an auxiliary DC power means
in various wireless communication transceivers. In [10] the authors designed present a hexagonal microstrip patch
antenna array that operates at 915 MHz in order to achieve the maximum possible of the RF energy and converts
into DC power to light an LED. The authors in [11] propose a harvesting energy system using an omnidirectional
broadband spiral antenna directly connected to the rectifier in order to avoid losses in the matching circuit. Results
obtained indicate the insufficiency of the energy recovered to ensure the autonomous devices power. However, the
harvested power could be stored in super-capacitors or micro-batteries.
The choice of antenna and frequency band is very important to optimize the DC power harvested. The concept for
RF Energy Harvesting needs an efficient antenna along with a circuit capable of converting alternating-current
voltage to direct-current voltage. The efficiency of an antenna is related to the shape and impedance of the antenna.
This paper presents a new design of the receiving antenna as a main part in the RF harvesting energy system
operating in Wi-Fi bands.
2. RF harvesting energy system
RF energy harvesting enables the capture of electromagnetic energy from available ambient RF energy sources.
The energy that can be recovered from RF sources is relatively limited. It requires an energy harvesting system with
a large cross section (antenna) and very close to the transmitter. Generally the energy harvested is very low, a
specific application is the sensor supply when approaching a communicating device, which leads the sensor to wake
up, measure and transmit information, then return to standby. As shown in Figure 1, the energy harvesting system
consists of collection elements, conversion hardware, and conditioning control electronics. The harvested energy
must be converted to electricity and conditioned to an appropriate form for charging batteries or storing energy. The
antenna is in charge of capturing all the Wi-Fi signals. Impedance matching between the collectors and storage
components is necessary in order to maximize the harvested energy, while the rectifier circuit will extract the power
and convert it in DC voltage efficiently.
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Fig. 1. Conceptual view of RF harvesting system

3. RF harvesting energy antenna
The antenna choice is very important in the design of an electromagnetic energy harvesting system. Several
criteria can be defined to facilitate this choice. The most important requirements are: the operating frequency, the
gain of the antenna, the efficiency of the circuit and its cost. The frequency bands of interest lead to the
configuration of the patch antennas. In fact these antennas cannot only collect more power but also to make more
compact structure.
The topology of the proposed antenna was designed for harvesting the Wi-Fi frequencies. For the antenna shape,
different topologies were tested in order to reach the resonating frequencies with good performances. The antenna
part is designed to resonate around 2.45 GHz and 5 GHz. The proposed antenna in this paper is printed on a Rogers
RT/ Duroid 5870 substrate with thickness of 1.6 mm, relative permittivity of 2.33, and dielectric tangent of 0.0012
above a ground plane of cooper. The key property of Rogers RT/Duroid 5870 relates to the qualities of the material,
comparing with other materials. Rogers RT/Duroid 5870 has lower loss tangent of 0.0004 at 1 MHz compared to
0.025 at 1 MHz for FR4. While using FR4 for example, with relative permittivity of 4.4 and dielectric tangent of
0.02, results obtained were not promising for this type of antenna especially for frequency resonating. The power is
provided by a microstrip line of 50 Ω characteristic impedance, and the slots have been introduced to ensure the
adaptation. The geometry of the proposed antenna is shown in Figure 2.

Fig. 2. Geometry of the proposed dual-band antenna

The main specifications chosen in simulation for this design are: the thickness of substrate 1.6 mm, the thickness
of copper 0.035 mm and the loss tangent 0.0012. The antenna is designed and optimized to capture the energy from
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the ambient at Wi-Fi frequency bands of 2.45 GHz and 5 GHz. HFSS was used to simulate the presented antenna
and to find the correct capacitive and inductive components for frequency tuning before fabrication of the optimized
design. We present in this work a dual band antenna suitable for possible supply for wireless sensor networks. The
results achieved are presented in the following paragraph.
4. Results and discussion
The features and performance of the proposed antenna have been predicted and optimized through
electromagnetic simulation software HFSS environment. Several simulations and optimizations are performed on
the geometrical parameters of the antenna in order to maximize gain around the Wi-Fi bandwidth (2.45 GHz and 5
GHz). The variation of the return loss (S11) as a function of frequency is shown in Figure 3. It is observed that the
antenna is resonating at 2.4 GHz and 5 GHz, with return loss of -29.19dB. The simulation results of the impedance
show that the real part of the impedance at the resonant frequencies is close to 50 Ω in the desired range of
frequency bands. Figure 4 shows the simulated maximum gain of the proposed antenna. The antenna radiation
simulations show that the maximum gain of the antenna increases with the frequency up to 2.5 GHz, and then
constantly fluctuates beyond this frequency.
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The aim of this work is successfully achieved by finding new design to harvest ambient energy from high
frequencies and providing solution to increase the efficiency of the RF harvesting system.
5. Conclusions
RF energy harvesting technology presents a promising future in low power consumer electronics and wireless
sensor networks. The antenna proposed in this paper provides the input for the rectification circuit and it is based on
a patch antenna in order to capture the radio frequency energy at 2.45 GHz and 5 GHz. The distribution of the
energy radiated in the space shows the radiation shape in 2.4 GHz and 5 GHz operating frequencies as a quasiomnidirectional pattern. The antenna proposed is very interesting for the RF harvesting energy system, meeting the
desired criteria to maximize the captured RF energy. The antenna is under test was placed in the field for the test
measurement. All measurements will be conducted in an anechoic chamber environment in order to perform the
results in real conditions.
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