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Abstract: The current technological trends associated with Industry 4.0 and the Internet of Things 
(IoT) require an interconnected network of sensor nodes providing distributed information on the 
environment in order to enable intelligent action to be taken by control systems. Typical examples 
are the condition monitoring of machines or industrial equipment, or the detection of hazardous 
environmental conditions (e.g., in chemical plants). Such sensors need to be distributed in areas that 
are difficult to reach for wiring or to exchange batteries, and thus need to be self-powered and 
energy-independent. In this work, we provide an overview of possible strategies to realise a positive 
energy balance in autonomous sensor nodes without the use of batteries, focussing on gas sensors 
for air-quality monitoring as a use case. We will first present ways to reduce the power budget of 
sensing elements using self-heating nanowires made of CMOS-compatible metal oxides. We will 
then concentrate on energy harvesting and storage, showing state-of-the-art possibilities in both 
cases: broadband piezoelectric harvesters, perovskite-based photovoltaic elements, and high-
energy density ceramic capacitors. Finally, we will discuss the possibility of integrating all sensor 
node elements in a single device using advanced interconnect technologies. 
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