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Abstract

In this report the electrical conduction of the Semi-Solid Flow Battery is analyzed and described as a
function of multiple factors. The research goal of the project is to analyze the electrical conduction of the
fluid that separates the active materials from the electrodes. Since the Semi-Solid Flow Battery (SSFB)
relies on the principle of a flowing fluid in which the active material is dispersed, this report focuses on the
effect of the fluid flow profile on the electrical conduction. The electrical conduction has been analyzed using
two methods. These methods connect the known theoretical background to the specific characteristics of the
flow cell, in which the energy is exchanged. The first method in this report consists of a simulation relying
on the principle of the percolation theory. By dividing a system into small cubes that can either contain
electrical conducting material or represent electrical insulating material, the effect of changes in the volume
fraction of electrical conducting material on the possibility of the exchange of electrons between the active
material and the electrodes is investigated. The results extend the knowledge of the percolation theory to
the possibility of electron exchange between a single point (the active material) and a plate (the electrode).
As long as a system representing a fluid consists of a realistic number of particles, the distance between the
active material and the electrode does not affect the possibility of electrical conduction.

In the second method, by extracting data from rheo-electrical experiments with a fluid consisting of
aqueous carbon black particles, a relation between the average velocity and the electrical conduction is
obtained. This relation is obtained in a Poiseuille flow between two plates with dimensions significantly
larger than the distance between the plates. After defining the characteristics of the flow cell, a clear peak
can be observed in the average resistivity for a certain average velocity, depending on the height of the flow.
This peak marks the velocity at which the average conductivity is lowest and therefore denotes the situation
to be avoided to assemble a flow cell that allows for optimal energy transition. To reduce uncertainty,
the obtained relation requires a larger dataset to fit a curve to, therefore repetition of the rheo-electrical
experiments can be useful for more accurate and insightful results.

This report is part of the Bachelor thesis of Applied Physics at the University of Technology in Delft.
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1 Introduction

1.1 Energy demand

In a world where energy consumption is continuously increasing (see �gure 1) and the awareness of climate
change forces us to minimize carbon dioxide emission, we more and more rely on renewable energy sources.
Usage of solar and wind energy, provided by the sun and the di�erences in atmospheric pressure, is one of the
ways to a carbon-neutral energy consumption. However, while the use of these energy sources is increasing,
their availability is not as reliable as the availability of energy sources like fossil fuels. Without the use of an
energy storage or energy transportation method, solar energy for example is only available when the sunlight
reaches the surface of a solar panel. Therefore it is not available at night, when energy demand is still present.
On top of that, the power of these energy sources may vary per season (see �gure 2), depending on the local
climate. To overcome these daily or seasonal �uctuations, surplus energy that is produced when the local energy
demand is lower than the supply, needs to be stored stationary for later use or transported to areas with an
energy shortage.

Figure 1: The increase of energy consumption over the years per source. Based on Vaclav Smil estimates
together with BP Statistical Data for 1965 and subsequent[12].

Figure 2: Seasonal �uctuations of solar energy in London [13]
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1.2 Energy storage

When storing energy for later use or for transport to another part of the world, ideally no energy should be lost.
Secondly the charge and discharge rates should be high enough to meet power demand and supply, whereas the
materials should have a high density of stored energy. On top of that, the cost and durability of used materials
have to meet economical and environmental demands. Because of this, the criteria to determine the usefulness
of for example a battery are the power of (dis)charging, the energy loss during (dis)charging or during storage
time, the capacity per volume or weight and the durability, availability or eco-friendliness of the materials in
the battery.

Some types of energy storage can be e�ciently integrated in the local environment, like a dam in the
mountains, whereas other types are promising due to their high energy densities and charge-discharge e�ciencies,
like lithium-ion batteries.

1.3 Redox Flow Batteries

Lithium-ion batteries are types of batteries that store energy in so-called electrochemical materials. By changing
the electrochemical structure of molecules, electrons are released or accepted and a voltage can be created
between two types of materials. These reactions, where electrons are transferred between di�erent molecules
or atoms, are called reduction-oxidation (Redox) reactions. The electrochemical materials can be stored and
used in di�erent states of matter, like solid or aqueous, with di�erent energy densities, power capacities and
e�ciencies. One of the applications of electrochemical energy storage is called the Redox Flow Battery, or RFB,
in which the active materials are dispersed in a �uid that circulates through reservoirs and a �ow cell.

Figure 3: Schematic representation of a Redox Flow Battery

The Redox reactions take place in the �ow cell (the centre of �gure 3), which is designed to optimize the
energy transmission from the current collectors (left and right side of the �ow cell) to the active materials and
vice versa. Depending on the direction of the electron �ow, reduction and oxidation reactions each occur in one
half of the �ow cell. The reductor donates electrons (oxidation) and the oxidator accepts electrons (reduction).
When the active materials discharge or charge, the electric current between the �ow cell halves decreases or
increases, respectively. To maintain the electric current in the circuit, and thus the power capacity of the
battery, the active materials in the �ow cell have to be replaced continuously. In a RFB their replacement
is accomplished through a constant circulation of the liquid between the �ow cell and large reservoirs. This
circulation is often caused by a pump which creates a pressure di�erence, resulting in a constant �ow through
the �ow cell. The energy density in these reservoirs is equal to the energy density in the �ow cell. Therefore,
due to the variable size of the reservoirs, RFBs can store any desired amount of total energy, while keeping the
�ow cell the same.

For energy to be transferred between the current collectors and the active components in the �ow cell, an
electrically conducting network is required that connects the active material with the current collectors. Often
in RFBs, the electrode consists of a solid, porous carbon network[15][9]. This network is designed to maximize
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