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Overview

Hydropower and dams play a vital role in the electricity
supply in many countries in the world. For example, in Sweden hydropower stands for around 45% of the total produced
electricity per year. Around 40% of all dams structures in
Sweden are embankment dams [1].
Embankment dams are a type of eart-filled barrage that
contains a layer of moraine, material left behind by a moving glacier, surrounded by rocks. Moraine exhibits waterproof properties and therefore holds the water back. However, as the moraine is not perfectly waterproof, some water always flows through it, washing away particles in the
moraine. Therefore, the structural integrity of embankment
dams must be constantly monitored. Of particular interest
is the detection and quantification of moraine displacements.
As the layer of moraine may be buried beneath rocks, it may
be hard to examine the status of the moraine.
Ideally, the monitoring should be achieved remotely by
sensors embedded within the moraine. Sensors installed inside a dam are, however, difficult to reach, hence batterypowered systems are not applicable. An alternative are
systems that harvest energy from the environment. The
most common energy source, solar radiation, is not viable for sensors embedded within a dam. Other harvesting sources [3] include temperature differences, vibrations
and radio-frequency (RF). We argue RF harvesting may be
the most viable option since sustained thermal gradients are
hard to find in dams and vibrations in embankment dams are
small. Dedicated RF transmitters may be placed outside the
dam where there are no restrictions in size and power.
We devise an experimental setup based on standard components to explore the possibility of RF energy harvesting
in dams, using materials similar to what embankment dams
consist of, shown in Figure 1. We use a USRP B210 soft-

Figure 1: Harvesting system consisting of standard components
ware defined radio with an RF amplifier of 33 dBm gain and
an 868 MHz whip antenna with a gain of 3 dBi for generating and transmitting radio waves. We equip a P2110 Powerharvester Evaluation Board [2] with another 868 MHz whip
antenna, also with a gain of 3 dBi. The P2110B is an RF energy harvesting device designed to convert RF to DC used by
others as well [4, 5]. Our results indicate that an RF source
with an output power of 33 dBm using standard antennas
both at the transmitter and receiver is able to charge a capacitor through more than half a meter of materials similar to
those in embankment dams.
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Results

We perform tests in a lab setting and in a real scenario.
The two setups are different in that in the lab, RF propagation happens through the air, as opposed to the real scenario
where that happens through some solid material.
Lab experiments. The purpose of the experiments is to verify the setup, that is, to confirm that we can generate enough
RF power to charge a 1000 µF capacitor at a reasonable distance. This setup also helped explore the choice of different
components before settling on the setup of Figure 1.
Figure 2 shows the results in terms of average harvested
power and time to charge the capacitor. As expected, the
average power that is harvested decreases exponentially with
the distance. Consequently, the time required to charge the
capacitor increases exponentially.
Real-world experiments. We investigate how much energy
we can harvest within solid materials, as it would be in a
dam. We select materials that are part of embankment dams,
such as gravel and sand.
We use the setup of Figure 3. We 3D print a simple casing to protect the harvesting device. The casing has holes for
the antenna connection and cables to connect the device to
the external measurement circuit. We dig a 60 cm-deep hole,
sufficient to fit the casing and the receiving antenna. The

Figure 2: Harvested power and charging time from lab experiments.

Figure 4: Harvested power and charging time from realworld experiments: stones of size 0-8 mm.

Figure 3: Experimental setup: a 60 cm deep hole that we
gradually fill with different materials, such as sand, stones of
different sizes, and earth.
transmitting and receiving antennas are placed horizontally.
The measurements consist of 20 capacitor charge/discharge
cycles for varying levels of filling in the hole. The filling levels vary between 0 cm and 60 cm. We use different materials
to fill the hole: stones of grain size 0-2 mm, 0-8 mm, 1632 mm and a mixture of 0-8 mm and 16-32 mm. In addition,
we also fill the hole with sand and earth.
Figure 4 and Figure 5 depict the results of the experiments, again in terms of average harvested power and capacitor charging times. The variance between different measurements for the same quantity of filling height are negligible. Given that the path loss exponent is higher for stone and
sand than air, we expect that the average harvested power
decreases monotonically with the distance through the earth.
The figures show that this is not the case. The same is
true for the experiments with the other materials, not shown
here. All experiments show first a strong decline in the harvested power when the hole is filled with stones or sand up
to 5 cm. As we add filling, the harvested power increases
and typically peaks when around 25 cm are filled. For even
larger fillings, the harvested power decreases slightly, except
for a peak for the larger stones. We believe that this behavior is caused by a mixture of several reasons: there could be
standing waves, the hole could act as a waveguide, and we
may even see a conductive behaviour of the material we use
to fill the hole. We attribute the noise in the plots to slightly

Figure 5: Harvested power and charging time from realworld experiments: stones of size 16-32 mm.
different antenna orientations when we fill the hole.
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Conclusion

We investigated the possibility of using RF harvesting to
power sensor nodes embedded within embankment dams.
Our preliminary results indicate that RF harvesting through
the materials that such dams consist of is feasible, at least
for smaller dams. Future work will explore RF harvesting in
larger constructions and the use of more specialized components such as antennas designed for the task at hand.
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