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Abstract—In order to reduce CO2 emissions, it is necessary to
change over to climate-neutral energies as quickly as possible.
To achieve this, the use of climate-neutral technologies must be
expanded on the one hand, and on the other hand, the efficiency
of existing plants, even those that are not climate-neutral, must
be increased.
In this publication, a new type of plant is investigated, which
is designed to enable efficient energy conversion on the basis
of Archimedes principle. In this investigation, the conversion
efficiencies of two subsystems were calculated. The analytically
calculated results provide a first estimate for the efficiencies of
the two subsystems and can be further specified when a more
detailed model of the plant is available.

Index Terms—Energy Conversion, Energy Towers, Archimedes
Principle

I. INTRODUCTION

The idea of using the buoyancy force of bodies in a fluid to
convert energy is not new, but a profitable realization of the
conversion has not yet been achieved. The company ”Energy
Towers Holding AG” has the aim to develop a new operating
principle to change this. In order to be able to estimate
the efficiency and thus, the economic viability of the plant,
calculations were carried out for two subsystems of the plant
by the ”KIT Campus Transfer GmbH”.
This publication contains the results of the investigations
carried out at the end of 2017, using the models and data
available at that time.
The paper is structured as follows: In section II, the functional
principle of the system and the energy conversions are de-
scribed. The third and fourth sections describe the simulation
of one subsystem each. In section V the results are summarized
and in the last section of the paper a short outlook regarding
further investigations is given.

II. PRINCIPLE OF OPERATION

Figure 1 shows a schematic illustration of the plant, which
is used in the following to describe its functionality. The plant
can be divided into the subsystems ”Primary Energy Conver-
sion”, ”Hydraulic System”, ”Gates”, ”Tower” and ”Electrical
Generator”. In Figure 1 only the parts ”Hydraulic System”,
”Gates” and ”Tower” are shown. The ”Communicating Pipe”
shown in Figure 1 is assigned to the ”Gates” subsystem and
its function will be explained later. In the following, the basic
principle of the plant is explained, starting with the processes
in the tower.

Fig. 1: Schematic illustration of the plant

The round gray objects in Figure 1 represent hollow
floating bodies with a cylindrical shape and an average
density ρFB smaller than that of water ρFluid. These floating
bodies are inserted at the bottom of the water-filled tower
and since ρFB < ρFluid, according to Archimedes principle,
the buoyancy force acting on the bodies is larger than its
gravitational force. Consequently, a resulting force acts on
the floating bodies in the opposite direction as gravity, which
drives the chain drive located in the tower. At the upper
end of the tower, the floating bodies are taken out of the
water and are transferred to a second chain drive, which is
mechanically coupled to the first. The buoyancy force in air
is negligibly small and accordingly the gravitational force
of the floating bodies now provides a resulting force in the
direction of gravity. This force acts as a further driving force
of the chain system. Arriving at the lower end of the second
chain drive, the floating bodies are transported back into
the tower through the gates. To convert the mechanically
transmitted power of the chain system into electrical power,
the lower pulley of the chain drive located outside the tower
is mechanically coupled to an electrical generator. The useful
energy of the power plant is the electrical energy fed into the
electrical grid by the generator.
In order to run the system stationary, the floating bodies
must be transported back down into the tower after passing
through the chain drive. The floating bodies must be pushed
into the tower against the hydrostatic pressure of the water.
This is done by the gates driven by the hydraulic system. The
working piston, which is centrally located in the hydraulic



system, performs a cyclic linear movement and generates an
oil volume flow. This volume flow then generates the desired
movement of the gates. To reduce the force required to push
the floating bodies into the tower, both towers are connected
by the ” Communicating Pipe”. Thus, when a floating body
is pushed into the tower, the water level of the tower does not
have to be raised according to the displaced volume, instead
a part of the water flows through the ”Communicating Pipe”
into the other tower where the gate is retracting at that time.
A more detailed description of the plant can be found in the
patent [1].

Fig. 2: Illustration of the energy conversions in the plant

It is important to understand that the system uses the
buoyancy force only for energy conversion. Accordingly, a
primary energy source is needed to drive the system. This
primary energy is used to move the working piston of the
hydraulic system and represents the energy expenditure of
the plant. In Figure 2 the subsystems and energy flows of
the plant are shown schematically. It can be clearly seen that
several energy conversions are executed in the plant. The total
efficiency can be calculated by the product of all subsystem
efficiencies (ηtot = ηPEC · ηHS · ηG · ηT · ηGen).
In this investigation, only the subsystems ”Hydraulic System”
(ηHS) and ”Tower” (ηT ) are examined. The efficiency of the
other subsystems could not be calculated due to the lack of
design details at the time of the investigation.

III. SIMULATION OF THE HYDRAULIC SYSTEM

This section describes the calculation for estimating the
efficiency of the hydraulic system. In order to make the paper
not too lengthy, the calculation is not explained in detail, but
the basic concept of the calculation is presented. Figure 3
shows the section through the x-z plane (see Figure 1) of

the right half of the hydraulic system. In Figure 3 the installed
hydraulic cylinders are numbered consecutively. The cylinders
perform various tasks, for example cylinder 1 corresponds to
the working cylinder and generates the required oil volume
flow. The exact function of the individual cylinders will not
be discussed here. Instead, Figure 3 makes it clear that several
hydraulic cylinders are installed in the system.

Fig. 3: Hydraulic System

The idea for calculating the efficiency of the hydraulic
system was to determine the efficiency of the individual
hydraulic cylinders and thus calculate the overall efficiency
of the hydraulic system. Flow losses due to valves and pipes
were not taken into account. To determine the efficiency
of the hydraulic cylinders, a rod and piston efficiency was
defined. For each frictional contact of a piston rod with the
cylinder, the friction losses considered using the corresponding
rod efficiency ηrod. Equivalently, the friction losses at the
contact points of the piston with the cylinder wall were taken
into account by the piston efficiency ηpiston. For example,
the working piston has two rod frictional contacts µrod and
three piston frictional contacts µpiston (see Figure 4), so the
efficiency of the working cylinder can be calculated as follows

ηWP = ηpiston · ηrod · ηpiston · ηrod · ηpiston. (1)

Fig. 4: Friction contacts working cylinder

In this way, the efficiency was calculated for each hydraulic
cylinder of the system. The total efficiency is then obtained
by combining all cylinder efficiencies. The same efficiency
was assumed for each rod contact and each piston contact.
However, rod and piston efficiencies are not the same.
Since no concrete design of the hydraulic system was
available at the time of the investigation, a high rod effi-
ciency of ηhm,rod = 98 % and a high piston efficiency of
ηhm,piston = 99 % were assumed for the calculations. De-
pending on the working phase of the system, a different
number of hydraulic cylinders are in motion. The number of
friction contacts with a relative movement have been analyzed
for the different movement phases of the hydraulic drive and
range between 19 and 35.
In order to fulfill the function of the hydraulic system, two
valves must be installed in the system. The pressure drop of
the valves were assumed to be 3 bar for the simulated cycle
time of tcycl = 6 s.
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With the assumed efficiency values and pressure drop a target
overall efficiency of the hydraulic system is calculated to be
68 %.

IV. SIMULATION OF THE TOWER

The basic principle of the tower has already been explained
in section II. In this section, the assumptions and boundary
conditions for the calculation of the efficiency of the tower
are illustrated. The following losses are considered when
calculating the efficiency:

• Flow losses:
– Floating bodies in the tower
– Downward moving mounts
– Chain elements of the chain drive

• Friction losses:
– Chain drive
– Bearing of the rotating pulleys

• Losses during lifting and throwing over of the floating
bodies at the upper end of the tower

How these losses are calculated in detail is not shown here,
but it can be found in the extensive version of the publication
[2]. Instead, the results and the main influencing factors on
the results are explained in the following.

Fig. 5: Tower power and efficiency as a function of cycle time

The main results of the investigation of the tower are
shown in Figure 5. This shows the power output of the tower
and the overall efficiency as a function of the cycle time
tcycl. With decreasing cycle time, the ascending speed of the
floating bodies in the tower increases, which is the main factor
influencing the losses.
The drag force acting from a fluid on a body moving through
a fluid is proportional to the square of the relative velocity
between the body and the fluid. Accordingly, the flow losses
of the floating bodies, the downward moving mounts and the
chain elements are strongly dependent on the cycle time. Thus,
the power output and the efficiency of the entire tower are also
mainly determined by tcycl.
As can be seen from Figure 5, the tower does not generate any
power for a cycle time tcycl < 0.2 s. At this ascending speed,
the losses are so big that no power is transferred to the chain
drive and thus also not to the output. The maximum power of
the tower is reached for tcycl = 0.37 s, but the efficiency for

this cycle time is only 59 %. For a cycle time of tcycl > 3 s,
the efficiency no longer increases significantly and reaches a
maximum value of about 87 %. The remaining power loss of
13% is thus due to the velocity-independent losses due to the
chains, the bearings and the overthrow of the floating bodies.

V. CONCLUSION AND DISCUSSION

In order to gain initial knowledge of the efficiency and thus
the economic viability of the ”Energy Towers”, the efficiencies
of two subsystems of the plant were investigated. In addition
to the two energy conversions investigated in this paper, three
further conversions take place in the plant, whose efficiencies
were not taken into account in here.
The investigation of the hydraulic system showed a target
overall efficiency of 68 %.
The investigation of the subsystem tower showed that the
efficiency of the tower mainly depends on the cycle time. For
a cycle time of tcycl > 3 s, an efficiency of about 87 % is
achieved. However, the efficiency decreases significantly with
decreasing cycle time and for tcycl < 0.2 s the tower cannot
generate any power at all.
In summary, for the assumed efficiencies in the hydraulic
system and a cycle time of tcycl > 3 s, both subsystems show
promising efficiencies. However, it should be noted that the
efficiencies were calculated based on simple analytical models
and only the described effects in the respective subsystems
were considered. Therefore, the calculations provide a first
estimate of the efficiencies of the two subsystems.

VI. OUTLOOK

As pointed out in the previous chapter, this study focuses
on the efficiency of two subsystems. Thus, no statement can
be made about the performance of the overall system. For this
reason, as a next step, the efficiencies of the other subsystems,
especially the gates, must also be estimated in order to identify
the potential of the plant.
Moreover, the design and the functionality must be further
detailed so that even more precise calculations can be carried
out. In the end, it should be possible to calculate the efficiency
of the entire plant using one simulation. For this purpose, an
overall simulation model is in work, in which the individual
subsystems are coupled with each other.
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