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Abstract: This study focused on the design of the power supply and the overall control structure of
the electronic system, which is charged only with energy from the environment. It describes the
basic finding of all the necessary information for the design and implementation with the
measurement and evaluation of characteristic parameters. The paper describes the individual
possibilities of obtaining energy from the surroundings with the selected energy from the heat of
the pipeline. There are also various arrangements of possible elements mentioned in order to ensure
the optimal solution of the whole system. Furthermore, a basic evaluation of the comparison of a
possible workable solution is made.
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1. Introduction

The paper describes a proposal for the most optimal power system solution to measure the flow
of media (e.g., water) without the usage of batteries. The energy needed to power the system should
be “recovered” from the environment or from the medium being measured [1].

First, a general analysis of the possibilities for energy-harvesting resources was carried out with
regard to the possibilities of heat utilization in the cases of measuring heat supplies. Another
implemented alternative way of obtaining electricity is to convert solar energy. This transformation
occurs in solar cells, which can be found in pocket calculators. Another option is the use of
temperature difference. Specialized thermocouples are able to convert the temperature difference
into electricity. The direct conversion of mechanical energy into electrical elements containing special
substances capable of a piezoelectric effect or induction elements can be another method [2,3].

2. Energy-Harvesting System

This section of the paper contains the basic division of topologies and describes the individual
topologies, showing the differences between them. Subsequently, the elements used in the topologies
are theoretically described here. Each topology includes a selected power source that delivers the
electrical power with certain parameters. These parameters mostly do not match the parameters that
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require the load (appliance), so the electrical energy from the source must be converted into the
electrical energy demanded by the appliance. This conversion occurs in special drives. If the source
of the supply is DC power, in the majority of cases a DC/DC converter is usually used. If the AC
power supply is alternating, it supplies AC power, and the AC/DC converter is used. However, AC
sources are less frequent than DCs, so the use of AC/DC converters is not very common [4].

Within the design, the power system was divided into three possible basic configurations. Each
layout has its advantages and disadvantages, so it is necessary to analyze the most optimal solution
well.

The easiest design is shown in Figure 1a. It uses only one DC/DC converter, so a smaller number
of components leads to a higher reliability (less fault) and lowest price. The second option is to add
the possibility of the accumulation of electrical energy in Figure 1b, in particular in a supercapacitor.
Thus, it is possible to cover a longer outage. The disadvantage is the usage of two DC/DC converters,
resulting in lower efficiency of the total wiring (at the efficiency of DC/DC converters of 80%, total
efficiency is 64%). The third option is shown in Figure 1c. Compared to the second option, it also
includes a primary cell (battery) that is needed in systems that need to know the time and date, even
in the case of a power failure. Unfortunately, this is the biggest drawback of this concept because the
primary cell has a limited lifetime and must change at regular intervals.

The requirements of a non-battery solution based on a thermoelectric generator (TEG cell) was
evaluated. This second variant (Figure 1b) seems to be the most optimal solution in which energy is
accumulated without the primary cell with the use of the supercapacitor.
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Figure 1. Supply system topology (a—direct system, b—accumulator system, c—battery system).

3. Analysis of the Developed System Power Supply

By measuring the tested TEG cell, it has been found that such a power supply could be used just
in applications meeting the following criteria:

e the power supply must represent a load equivalent to the test load shown in the chart;
e  the TEG cell must be applied at a sufficient temperature difference AT [K].

When the criteria are met, a TEG cell with a suitable DC/DC converter can be used as a
permanent source of power supply to the application sensor (Figure 2). An appropriately selected
application (e.g.,, MCU power supply) would allow the TEG cell to feed from the temperature
difference AT =3 K. In the research, such a temperature difference is sufficient to supply the circuit
in the case when the high impedance load is used. At a lower impedance load, it would be necessary
to provide a higher temperature difference on the TEG cell according to the data in the graph (Figure
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3). It is worth stressing that the whole electronics with a microcontroller must be supplied by power
of at least 518 pHA for 3.3 V and 350 pA for 2.2 V. The water consumption process was realized then
with a frequency of eight measurements per second. These power consumption parameters were
achieved by optimizing the microprocessor state from the active mode to the low power mode.

It is apparent from the graphs (Figure 3) that even a developed functional consumption meter
can be permanently powered from the temperature difference 7 K.

Figure 2. General view of the measured system, equipped with a flowmeter, used in the research.
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Figure 3. Graph of the temperature-load characteristics, dependent on the load impedance for a
voltage rating: 2.2 V (a) and 3.3 V (b).



Proceedings 2020, 51, 21 40f4

4. Conclusions

The measurement and analysis of the generated power on thermocouples (TEG) is presented in
Figure 3. The measurement is important to determine the sufficient power from the temperature
difference to supply the device equipped with the microcontroller to measure the flow rate of the
medium. The generated power is represented in the graphs by the value of the generated voltage and
the value of the impedance, from which the generated current of the electric circuit can be calculated.
The measurement was conducted for two voltage level limit values, which allows power to supply
the electronics and the microcontroller. The designed and realized converter is always optimized for
the given voltage level. In conclusion, the conducted research, presented in a form of graphs, shows
the areas where the green area reaches the required voltage (2.2 V or 3.3 V), the yellow area shows
the minimum functional voltage 2.2 V, and the red area does not reach the minimum required voltage
of 22 V.
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