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DEVELOPMENT AND RESEARCH OF ENERGY INSTALLATIONS FOR SENSOR
NETWORKS

Abstract. The purpose of this work is to develop the technological principles for creating an
energy harvesting unit based on renewable energy sources (solar and wind) to power low-power
wireless sensors for explosive and toxic gases operating within wireless sensor networks (WSNs). The
relevance of the task is driven by the limited battery life in wireless sensors, especially when
monitoring flammable gases which consume significant energy, and the difficulty of replacing power
elements in large networks or hard-to-reach locations. The research focuses on analyzing the energy
consumption of wireless sensor components, studying the potential of various renewable energy
sources, developing a hybrid energy harvesting and storage system (wind + solar) using
supercapacitors and a backup lithium element. Efficiency is enhanced by developing power
management algorithms, including a Maximum Power Point Tracking (MPPT) algorithm for the
solar panel.

Key words: wireless sensor network (WSN), gas sensor, renewable energy sources, energy
harvesting, solar energy, wind energy, supercapacitor, lithium element, DC/DC converter, MPPT.

Introduction. Air quality control, particularly the concentration of flammable, toxic, and
explosive gases, is an important task. Wireless sensor networks (WSNs) offer an effective solution
for monitoring large areas. However, unlike wired systems, the operating time of wireless sensors is
limited by battery capacity, which is especially critical for energy-intensive flammable gas sensors.
Replacing batteries in large WSNs, especially in adverse conditions (e.g., oil and gas complexes), is
labor-intensive. Therefore, ensuring stable autonomous power supply is a relevant task. One
promising solution is powering sensors from renewable energy sources, such as sunlight and wind.
The goal of this work is to develop the principles for creating an energy harvesting unit based on
renewable energy sources to power wireless gas sensors.

Methods and Materials. An analysis of the energy consumption of the main components of a
wireless gas sensor was conducted: the sensor, microcontroller (MCU), and transceiver. It was
established that catalytic, semiconductor, and infrared gas sensors consume the most energy, while
electrochemical sensors are the most energy-efficient. The autonomous operating time of typical CO
and CH4 sensors powered by batteries of various capacities was calculated.

Various types of renewable energy sources (solar, wind, vibration, thermoelectric, etc.) and
their power densities were analyzed. Solar and wind energy were identified as the most powerful and
suitable for powering gas sensors.

A concept for a hybrid energy harvesting unit was developed, accumulating energy from a solar
panel and a wind generator (Fig. 1). The system includes two independent energy harvesting channels,
each charging its own supercapacitor (400 F, 2.7 V). Supercapacitors were chosen due to their ability
to withstand a large number of charge-discharge cycles (over 5 10%). A primary lithium element (3.6-
3.7 V) is used as a backup power source, offering long service life and low self-discharge.
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Fig. 1. Block diagram of the energy harvesting unit

A microcontroller is used to manage the charging processes and power source selection.
Algorithms have been developed that monitor the voltage on the supercapacitors and the lithium
element and switch the sensor's power source. Priority is given to the supercapacitor with the higher
voltage (if it exceeds the minimum permissible level, experimentally determined as 0.9 V), and the
lithium element is used only when the energy in the supercapacitors is insufficient. Cross-charging
capability is implemented: if one supercapacitor is fully charged and the other is not, the source with
higher power can charge both capacitors.

To optimize solar energy harvesting, a Maximum Power Point Tracking (MPPT) algorithm was
developed, which adjusts the discharge time of the DC/DC converter's inductor to maximize the solar
panel's output power. To convert the voltage from sources and storage elements to the level required
by the sensor (1.8-5.5 V), various types of DC/DC converters were analyzed, and the TPS61200 boost
converter was selected due to its ability to operate with low input voltages (from 0.3 V) and high
efficiency. A prototype energy harvesting unit was developed as a printed circuit board. Experimental
studies were conducted with a wind generator using different blade configurations and a solar panel
to determine the charging time of the supercapacitors. The autonomous operation of carbon monoxide
(electrochemical NAP-505) and methane (catalytic DTK-2) sensors powered by the developed energy
harvesting unit was also investigated, using power-saving algorithms (periodic measurement mode).

Conclusions. A highly efficient energy harvesting unit for powering wireless gas sensors has
been developed, utilizing hybrid energy storage from sun and wind in supercapacitors with backup
from a lithium element. The proposed power management and solar energy harvesting optimization
(MPPT) algorithms enhance the system's efficiency and reliability. The charging characteristics of
supercapacitors from wind and sun were experimentally determined. The autonomous operation of
CO and CH4 sensors was investigated: the operating time from a fully charged supercapacitor (400
F) is approximately 240 hours for the CO sensor and 28 hours for the CH4 sensor. The difference
from theoretical calculations is explained by the self-discharge of supercapacitors and losses in the
DC/DC converter, especially at low input voltages. The developed energy harvesting unit
demonstrates potential for significantly extending the autonomous operation time of WSNs,
particularly in the oil and gas industry.



