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Abstract

The hydrogen market is growing and becoming more and more relevant for future
energy systems. It is, therefore, necessary to know what role hydrogen will play
in the energy system, and for what applications it will be used. Most hydrogen
applications utilize compressed hydrogen which makes this relevant for SKF, as
hydrogen compressors contain bearings. The bearing material is likely to be exposed
to hydrogen in these applications, making it necessary to know how susceptible
the bearings are to hydrogen embrittlement. To answer these questions were a
literature study of the future of hydrogen and a market study of the compressor
market done. A lab trial was also performed, where bearings made of 100Cr6 grade
steel were cathodically charged with hydrogen before being tested in a test rig. It
was found that hydrogen is likely to play a significant role in the future energy
system, as a potential fossil-free energy carrier. Both the demand for hydrogen and
the number of applications are growing. Infrastructural applications will probably
be widely used as they are a key part of hydrogen becoming a part of the energy
system. To compress hydrogen a wide variety of compressors will be used as di Lerent
applications use di [erknt amounts of hydrogen at di [erknt pressures, where mainly
reciprocating and centrifugal compressors are highlighted as the most promising
alternatives. The lab tests showed that the charging was detrimental to the material,
which broke after only a short time in the test rig. With the equipment available
could it however not be proven that this is due to hydrogen embrittlement, although
that is the most likely cause. The 100Cr6 EN ISO 683-17 grade steel is thus not
suitable for hydrogen applications.
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1

Introduction

Fossil based fuels supply around 80% of the world's energy and are essential for the
functions of today's society [1]. Future energy systems must become less dependent
on fossil based fuels, and there are two main factors which contribute towards this
statement.

The rst factor that supports the replacement of fossil fuels are the e ects that
they have on climate change. The release of greenhouse gases (GHGSs) during the
combustion of fossil fuels contribute signi cantly towards global warming. There is
an uncertainty on how large the impact of emissions of GHGs are, since the amount
Is varying over time and is di cult to estimate. Scientists usually try to quantify this

by looking at how much doubling the amount of CQ@ in the atmosphere compared
to the pre-industrial era would increase global temperature. This is commonly
referred to as climate sensitivity and the accepted range is between 1.5 to°€5It

is therefore highly uncertain how large and what e ects emissions of G@vill have

on the environment, but it is likely that the e ects will have a negative outcome.
Those who will be a ected the most by climate change will be the ones living in
poorer conditions. From an ethical perspective it is therefore important to make an
e ort against climate change to prevent exacerbating the living standard for these
people [2].

The second factor is that fossil fuels are nite. The current reserves-to-production
ratio of oil, natural gas, and coal is 53.5, 48.8, and 139 years respectively [3]. This
means that if no changes are made to lower the consumption of fossil fuels, all fossil
fuel reserves will be depleted in 139 years. With the prices of these fuels increasing,
larger environmental awareness and discovery of new reserves, they are expected to
last longer, but a switch to renewable energy sources will eventually be necessary.

These factors make it necessary to use alternative renewable fuels in the future
energy system. There are currently multiple promising alternative fuels under de-
velopment and one of these fuels is hydrogen. Hydrogen is a versatile fuel that can
be used in many applications, such as vehicles, gas turbines, energy storage, etc.,
and can supply the need for heat and power. It can be produced through renewable
means with the only byproducts being heat and water. Hydrogen is therefore an aus-
picious fuel that can contribute towards the use of more renewable energy sources,
though there are some problems related to its use. Many applications require com-



pressed hydrogen due to its low density at ambient conditions and there are many
challenges related to its handling [4]. One such challenge is hydrogen embrittlement,
which occurs in the presence of hydrogen during di usion of atomic hydrogen to a
susceptible material during stress. This can lead to fractures in products and mate-
rials, and due to the importance of some of these hydrogen applications, it is highly
undesirable to have these products malfunction [5]. Rolling bearings are found in
the compressors used for the compression of hydrogen and these might experience
hydrogen embrittlement depending on their environment.

SKF is a company whose expertise is built upon development, design, and manu-
facture of bearings, seals, and lubrication systems [6]. SKF are interested in what
e ects hydrogen has on rolling bearings in di erent environments to guarantee the
function of hydrogen applications in the energy system. They are also interested
in the hydrogen compressor market. Compressors need bearings to function and
if bearings are used that SKF are currently not producing, they might consider to
adapt the types of bearings that are commonly used, or try to promote a type of
bearing which they manufacture for these compressors. This master's thesis project
will be conducted by Chalmers students on request from SKF Technology, to eval-
uate the e ects of hydrogen on rolling bearings in di erent environments to ensure
the function of hydrogen applications in the energy system, and further consolidate
its role in the energy system. To accentuate the importance of hydrogen will the
role of hydrogen and its most common applications be mapped, which indicates the
future of the hydrogen compressor market and thus which bearings that will be used
in these compressors.

1.1 Aim

The aim of this thesis is to, through a literature study, explore the role of hydrogen
in the energy system, map out the hydrogen conditions of di erent applications,
evaluate both the hydrogen compressor and bearing markets, and then perform
tests on rolling bearings to examine the e ect of hydrogen on the material.

1.2 Delimitations

Other hydrogen carriers, such as ammonia or toluene, will not be evaluated
and tested in this report, since this would be too extensive.

N

The hydrogen applications mentioned in this report are for the most common
and well developed applications, and similarly, the most common compres-
sors for hydrogen compression are listed. Analysis of niche markets could be
promising for the future, but it is di cult and time consuming to assess which
markets have the largest potential and will therefore not be evaluated for this



report.

N

While making evaluations and nding information on energy systems, the focus
has been put towards industrialized countries, since this is where hydrogen
implementation is the most relevant.

1.3 Hypothesis

To ful Il the aim of the thesis, the role of hydrogen in future energy systems and its
common applications have to be investigated. The most common transportation,
storage processes and distribution at point of use for hydrogen in the applications
will be explored. This will include the processes for how hydrogen is compressed
and at what operating conditions this is done. An evaluation of the most common
compressor types that are used for the investigated applications will be made. From
this evaluation it will be possible to determine what type of bearings that are most
commonly used. For the lab tests, the temperature suitable to charge in has to be
decided as it is a variable that in uences hydrogen di usion. A high temperature
increases the di usion constant and thus it is necessary to determine which tem-
perature that would allow for the most hydrogen to enter the material. After the
charging, the e ect that hydrogen has on the bearings will be determined and it is
expected to have a negative in uence on the material properties, leading to early
failure.



2

Methodology

Multiple di erent steps were taken during the course of the thesis, beginning with a
literature study of the role that hydrogen will have in the future energy system and
what its potential applications are. The compressor market was then investigated,
both through accessing the websites of company websites and through interviews.
Lastly was a lab trial done where bearings were charged cathodically before being
run in a test rig and then investigated using a microscope.

2.1 Literature study and market survey

The literature study began with conveying both quantitative and qualitative gath-
ering of information from scienti c reports, and articles that gave information and
views on the role in the future energy system, applications, and material properties
of hydrogen. Each piece of literature was read thoroughly and information that
was seen as valuable was documented. The gathering of information to the study
stopped once the literature began to repeatedly give similar information and was
therefore seen as su cient. For the role of hydrogen and the applications, there
was much literature with di ering views and in the nal survey the information and
views that could be seen in multiple sources was presented.

The following keywords were used to nd information to the literature study: Hydro-

gen role, hydrogen applications, hydrogen energy system, hydrogen embrittlement,
hydrogen di usion, future energy system, low-carbon technologies, and corrosion.
Search engines used were Google Scholar and Chalmers lib, as well as company and
authority websites.

For the market survey for hydrogen compressors and the bearings used, information
was gathered by visiting the websites of companies that had stated publicly that they
were either already supplying compressors for hydrogen or that they were planning
to supply. Finding companies was done internally through SKF Technology and
by browsing company websites. To nd information about hydrogen compressors
the product catalogs of the companies were inspected and which compressors they
recommended for hydrogen. The recommended compressors were then documented
by looking through brochures and online company articles. If essential information,

4



such as discharge pressure or bearings were missing, interviews were conducted to
complement the information.

The interviews were either conducted through video calls, phone calls, and email.
The interview methodology was shaped after [7], where there were initially pre-
studies conducted to guide the interview towards the study and to know what
questions to ask. The interviews had a semi-structured setup, since this gives the
interviewee the possibility to answer more honestly [7]. The interviews were not
recorded, but one person was in charge of the interview while another person took
notes on what was said and noted important pieces of information. People inter-
viewed were either discovered through company websites, where contact information
regarding the speci c compressors were posted and often were conducted by phone
for an interview, or by sending in a contact form where a person would agree either
to answer questions.

2.2 Hydrogen charging

The lab tests were performed with the purpose of investigating the e ects of hy-
drogen on the SKF grade 3 bearings. To do this, 7205 BEP single row angular
contact ball bearings, made of 100Cr6 EN ISO 683-17 grade steel, were charged
with hydrogen cathodically under extreme conditions. This was done by placing
the bearing under cathodic protection at a potential below the hydrogen evolution
potential, thus increasing the amount of atomic hydrogen generated on the surface
of the bearing, which can di use into the material leading to hydrogen embrittle-
ment. To con rm that the hydrogen has an impact on the material were the bearing
mounted into a test rig, in which an axial load of 13 kN was placed on the bearing
where it ran at 2000 rpm for 20 hours or until failure. The bearing was then sent to
the metallurgy lab at SKF, where the bearing was analyzed to con rm the cause of
the wear and potential failure.

The test process consisted of cathodically charging an inner ring of a bearing with
hydrogen before the bearing was reassembled and mounted in a test rig. After the
test was nished, either after 20 hours or after failure, the inner ring was checked
for potential damages caused by the in uence of hydrogen on the material. To nd
the method used pre-trials were made, which can be read about in Appendix A.
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