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� 
Abstract--A capacitive scavenging device is proposed to extract 

energy from the electric field that surrounds the equipment in a 
substation. Related research has shown that switching techniques 
can be used to increase the useful power obtained. An experiment 
has been set up by putting two parallel plates of 10 cm radius in a 
uniform AC electric field up to 20 kV/m. A mechanical reed relay 
was used at this stage to provide a high �OFF� resistance. Tests 
were carried out by switching the relay at different frequencies 
and varying the length of the switching pulses. Initial results 
show that introducing switching could improve the scavenging 
efficiency compare with the basic linear circuitry. The proposed 
device could enable simple sensors to be energy self-sufficient, 
opening the way for wireless sensors to be installed widely in the 
power grid. 

Index Terms--condition monitoring, energy scavenging, 
wireless sensors 

I.  INTRODUCTION 
GING equipment is a major concern for power network 
operators. In addition, more and more capacities from 

distributed/embedded generation plants are connected to the 
grid. Equipments installed in today’s power network may be 
required to handle bi-directional power flow in the future. 
Monitoring the state of the equipment is becoming 
increasingly important to the safe operation of the grid. 

Condition monitoring sensors have been installed in some 
strategic locations in the grid to detect potential equipment 
failures that may lead to costly outage. Usually, the power 
required by the sensors and the data they collect both have to 
be transferred via cables at present. Installing cables could 
cost many times more than the sensors and a suitable power 
source may not be conveniently available. These factors 
restrict the locations that the sensors can be economically 
installed. 

Advances in wireless communication technology are 
reducing the power consumption, especially when the average 
data transfer rate is low [1]. Equipments in the grid are 
surrounded by electromagnetic field. Related study has 
demonstrated that introducing switching to the energy 
scavenging device has the potential to harvest more energy 
from than the basic linear circuitry [2] [3]. The term �linear 
circuitry� in this paper means that no switching is employed. 
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A capacitive scavenging device is proposed to evaluate and 
optimise the switching technique. The harnessed energy is 
intended for powering a new generation of wireless sensors. 

II.  FUNCTION OF THE PROPOSED DEVICE 
The block diagram of the proposed device is shown in Fig. 

1. It includes the energy converter, power processing circuitry 
and local capacitive/battery energy storage. 

A. Energy Converter 
The complexity of the energy converter depends on the 

source of the energy. There are devices available to convert 
mechanical vibration into electrical energy [2] [4] [5] [6]. The 
energy source discussed in this paper is the AC electric field 
in the immediate vicinity of the equipment. 

Putting two metallic plates inside an electric field, as 
shown in Fig. 2(a), there will be a voltage difference between 
them under open-circuit condition. The scavenging plates 
collect induced electric charges from the field.  

When the two plates are short-circuited, as in Fig. 2(b), a 
short burst of current is generated. There is no voltage 
difference between the plates once the charge has been 
transferred. Disconnecting the two plates, voltage will be 
restored and charges are ready to be extracted again. The aim 
is to repeat this process as many times as possible to maximise 
the amount of charge that can be extracted onto a storage 
capacitance. 

A reliable switch is required to carry out this repetitive 
process. The switch will consume some energy. However, 
advances in technology reduced the energy consumption of a 
MEMS switch to 10-100 nJ per cycle [7]. MEMS devices have 
recently been used to improve the scavenging efficiency in 
other applications [8] [9]. At present, mechanical reed relay 
has been used in these experiments because it is readily 
available and has a very high �OFF� state resistance. 
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Fig. 1  Block diagram of the proposed device 
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B. Power Processing Circuitry and Energy Storage 
A bridge rectifier is used for converting power from 50Hz 

AC into DC. A capacitor is used as the temporary energy 
storage to measure the amount of energy extracted. 

Referring to Fig. 2, the high voltage electrode, two 
scavenging plates and the ground plane could be considered as 
three capacitors connected in series. Fig. 3 is the circuit used 
for simulation in PSpice. Component values used were chosen 
to match the experimental work presented in Section III B, 
including the equivalent circuit of the differential voltage 
probe (DVP) which is used to measure the output voltage. 

The energy harnessed E is calculated using: 

2

2
1 CVE �            (1) 

where C is the value of the capacitive load (C7 in Fig. 3) and V 
is the voltage on the capacitor. 

III.  SIMULATION AND EXPERIMENTAL RESULTS 

A. Simulation Result 
The initial study investigated the open-circuit voltage when 

the switch was driven by a square wave control signal. Fig. 4 
shows the open-circuit voltage under various switching 
frequencies up to 100 kHz. The results suggest that the 
amplitude of the open-circuit voltage decreases and its output 
waveform become closer to the linear circuitry as the 
switching frequency increases. 
 Subsequently, C7 in Fig. 3 was assigned to be 1 µF. The 
quicker and higher the capacitor voltage charges up, the better 
the scavenging efficiency. Fig. 5 shows the charging 
characteristics of the capacitor when switching at 500 Hz. 
 Charing the capacitor under either a linear regime or with 
very high frequency switching seems less efficient, as shown 
in Fig. 6. The final, fully-charged voltages on C7 are 7.9 V and 
14 V under the linear circuitry and switching at 500 Hz 
respectively. According to the calculation using (1), switching 
at 500 Hz could boost the scavenging efficiency by a factor of 
3 compare to the linear circuitry. The simulation result 
indicates that introducing switching could improve the 
scavenging efficiency. On the other hand, switching at too 
high a frequency seems to reduce the efficiency benefit. 
 

 
(a) (b) 

Fig. 2  Scavenging plates inside a quasi-uniform electric field under  
(a) open-circuit condition (b) short-circuit condition 
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Fig. 3  Circuit used in the simulation, showing the capacitance charge 
storage components (C7) and the model of the differential voltage probe. 
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Fig. 4  Simulation result of open-circuit voltage when switching at  
(a) 2 kHz (b) 4 kHz (c) 100 kHz 

B. Experimental Setup 
The test rig is shown in Fig. 7. The switch is a MEDER 

CRF series [10] reed relay with a minimum �OFF� resistance 
of 1010 �. Two circular scavenging plates of radius 10 cm 
were mounted in a 50 Hz AC electric field variable up to 20 
kV/m. Table I shows the parameters of the experimental setup 
with reference to Fig. 2. 
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Fig. 5  Simulated charging of a 1µF capacitor when switching at 500 Hz 
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Fig. 6  Simulated charging up a 1µF capacitor with linear circuitry or with 
switching at 1 MHz 
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Fig. 7  Experimental test rig 

 

TABLE I  
DIMENSION PARAMETER OF THE EXPERIMENT 

Supply voltage 0 - 10 kV 
Distance between  the high voltage electrode and 
ground plane (h) 0.5 m 

Distance between the scavenging plates (d) 0.1 m 
Gao between the scavenging plate and the ground 
plane (d’) 7 mm 

Scavenging plate radius 0.10 m 
 

C. Experimental Result 
Fig. 8 shows the open-circuit voltage (without a capacitive 

load) under a range of switching frequencies up to 4 kHz. 
Wires are cutting across electric the field in order to connect 
to the DVP. So the field will inevitably be disturbed and the 
corresponding amplitude is lower than the simulation. 
Nevertheless, the experimental result confirms that switching 
at frequencies higher than 1 kHz reduces rather than improves 
the scavenging efficiency. This may have practical benefits. 
Operating the switch at high frequencies will not only 
consume more of the scavenged energy but also shorten the 
life expectancy of the switch. 

In a further experiment, a 1.5 µF capacitor was placed in 
the position of C7 in Fig. 3. Table II shows the experimental 
result 
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Fig. 8  Experimental results showing open-circuit voltage when switching at 
(a) 0 Hz,  (b) 2 kHz,  (c) 4 kHz. The lower of the two traces in each case is the 
switching control waveform. 
 

for charging up the capacitor at different switching 
frequencies. Based on the final voltage level of the capacitor, 
switching at 500 Hz could harness approximately twice the 
energy than the linear circuitry could scavenge. 

IV.  DISCUSSION OF THE OPTIMAL SWITCHING 
PATTERN 

Trends of the simulation and experimental results generally 
agree with each other. Introducing switching could improve 
the scavenging efficiency. Both sets of result suggest that 
there may be an optimal switching pattern. However, it is not 
necessary to investigate the switching pattern at this stage 
because it may be very dependent on the type of the switch 
and it is not our intention to use a reed relay in the final device. 
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