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Abstract – Wireless sensor nodes may have power 
requirements as low as microwatts, and while batteries suitable 
for such applications may have lifetimes in years, inexhaustible 
supplies which scavenge energy provide an interesting 
alternative. This paper reviews the approaches to powering 
micro-sensor nodes. 
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I. INTRODUCTION 
 
Increasing miniaturization and cost reduction of sensors, 
circuits and wireless communication components is creating 
new possibilities for networks of untethered sensors, in 
wearable and other applications. However, untethering 
requires not only wireless networking of nodes, but wireless 
powering. Batteries are the main solution at present, but 
unless they can provide very long lifetime while not 
dominating the size (or cost) of the nodes, battery 
replacement will be a significant deterrent to widespread 
adoption of these technologies. As an alternative, therefore, 
sources which scavenge energy from the environment are 
very attractive.  In this paper we review current 
developments in micro-power sources, including batteries 
and other finite energy sources, and energy scavenging. 
 

II. POWER REQUIREMENTS 
 
For wearable applications, sensor nodes will usually be 
monitoring environmental conditions or biological functions. 
The data requirements of many such sensors will  be modest, 
since both the resolution and the required update rate are 
low. Some examples [1] are summarized in Table I. 

 
 Table I. Body sensor data rate requirements.  

 
Code Signal Depth Rate Data Rate 

PA11 Heart rate 8 bits 10 / 
min. 

80 bits/min. 

PA12 Blood 
pressure 

16 bits 1 / min. 32 bits/min. 

PA13 Temperature 16 bits 1 / min. 16 bits/min. 

PA14 Blood oxygen 16 bits 1 / min. 16 bits/min. 

It is clear that these data rates are negligible (around 1 bit/s 
or less), which implies both a very low clock rate on the 

circuit, and low transmission power for the wireless uplink. 
It can be shown [2] that data transmission at up to 1 kbit/s, 
over the distances expected between body network sensors 
(up to 1 m), can be provided with sub-microwatt power 
levels. The remaining power usage is for the sensors 
themselves, and the conditioning electronics. Both 
temperature and pressure measurement can be done by 
measuring the voltage drop of a current through a resistor. 
The power needs only to be sufficient to overcome thermal 
noise (≈ 10-20W/Hz at room temperature), and so can be 
negligible. Thus for the very low bandwidths of the 
application (as low as 1 Hz), the sensor elements themselves 
need not have significant power consumption. 

Finally, the interface or signal conditioning electronics will 
cause some power loading. The most straightforward 
requirement will be for A-D conversion; ADC’s have been 
reported with power consumption levels of 1 µW [3], and 
since this is at sample rates (4 kS/s) above our requirements, 
significantly sub-microwatt levels should be achievable. 
Thus, total power levels as low as 1 µW may be sufficient 
for realistic sensor nodes. 

 
III. EXHAUSTIBLE SOURCES 

 
As stated, batteries are currently used for powering most 
wireless devices. Where the power requirements are modest, 
primary (i.e. non-rechargeable) batteries are usually chosen, 
for their higher energy densities, lower leakage rates and low 
(initial) cost. For sensor node applications, battery lifetimes 
of at least a year are desirable, corresponding to 32 J per µW 
average power. Lithium based primary batteries provide 
1400 – 3600 J/cc [4], so in principle a lifetime of several 
years is achievable for a battery well below 1 cc. Thus, 
although the finite lifetime remains a disadvantage, and other 
issues such as operating temperature range may reduce their 
practicality, primary batteries remain a very attractive source 
for sensor nodes. 
 
Exhaustible sources using fuel are also under investigation 
for small portable electronics, although mainly for higher 
power levels. The motivation is the very high specific energy 
of hydrocarbon fuels, e.g. 17.6 kJ/cc for methanol [5].  
Converting this energy to electrical form in the conventional 
way, i.e. using a heat engine, is difficult on a micro-scale 
because of the need to maintain large temperature 
differences. However, micro-engineered heat engines for  
this purpose are being investigated, e.g. [6]. Fuel cells, 
however, are an attractive alternative, as they require much 



lower temperatures and have no moving parts. A popular 
variant for miniaturisation is the direct methanol fuel cell 
[7]. In these devices, the methanol reacts electrochemically 
with water at the anode, producing free electrons and 
protons, the latter being oxidised to water at the cathode 
after passing through a polymer membrane. Power levels 
reported were as high as 47 mW/cm2. 

 
IV. POWER SCAVENGING 

 
We can move away from finite energy sources by 
scavenging from the variety of energy sources in the node’s 
environment, i.e.: motion and vibration, air flow, 
temperature differences, ambient electromagnetic fields,  and 
light and infra-red radiation. In the latter case, solar cells 
provide an excellent solution. This is a relatively mature 
technology, inexpensive and highly compatible with 
electronics, and the available power levels can be up to mW 
per cm2. However, the drawback is that the sensor must be in 
a well lit location, correctly oriented and free from 
obstructions. This creates severe limitations for a personal 
application.  
 
Gathering radio frequency radiation suffers much less from 
these geometric limitations. In the VHF and UHF bands [8], 
for which miniature antennas can operate with reasonable 
efficiency, field strengths are from ≈ 10-2 to 103 V/m. We 
can  approximate the power density crudely as E2/Z0, where 
Z0 = 377 Ω is the impedance of free space. For 10 or 1 V/m, 
for example, this gives 26 or 0.26 µW/cm2. A few V/m thus 
probably represents the minimum radiation level needed for 
successful energy scavenging. However, even typical urban 
environments do not show these levels except in special 
areas such as in the vicinity of cellular base stations [8]. This 
suggests that radio frequency scavenging is an approach with 
limited applicability.  Scavenging thermal energy depends 
on the presence of temperature differences, e.g. between the 
surface of the body and the ambient. The power available is 
modest; a microengineered device reported below 1 µW/cm2 
for a ∆T of 10K [9]. The use of air flow is promising for 
higher power levels, although with correspondingly higher 
device size; a microengineered axial flow turbine with a 
radius of 6 mm has been reported producing 1 mW for an air 
flow of 30 l/min [10]. 
 
Scavenging power from vibration or body motion is a 
promising approach, pursued by a number of research 
groups. We have pioneered a device specifically designed 
for wearable or implantable applications, where the motion 
frequencies are low and so resonant devices are unsuitable 
[11]. The so-called Coulomb-force parametric generator 
moves in a start-stop fashion at the acceleration peaks, and 
prototypes generating 2 µJ/cycle have been reported [12]. 
 

 
 

Figure 1. Prototype of vibration-powered electrostatic generator. 
Moving plate is ≈ 1 cm2. 

 
V. CONCLUSIONS 

 
Batteries continue to be the leading power source for sensor 
nodes; however, a variety of energy scavenging approaches 
are being developed which should free wireless micro-
sensors from the need for finite energy supplies. 
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