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Construction equipment drivesystems: focus on
hydrogen

1 Abstract

Overview about different drivetrains: range, emissions, infrastructure
2. Operational capability of hydrogen on construction sites: quantity of energy and
safety aspects

3. Solutions: fuel cells, hydrogen engines and refuelling

2 Motivation

The EU is to become climate neutral by 2050. Making Europe the first climate-neutral
continent in the world - this is the goal set by the European Commission.

Our first important milestone on this ambitious path will be to reduce emissions by 55% by
2030, based on 1990 levels. Our current decade will be pivotal in the success of this goal.
To implement the targets, the "Fit for 55" package of measures has been developed, from
which 13 guidelines have already been derived. With their help, we can achieve the climate
targets and rebuild our economy and society for a just, green and prosperous future at the
same time. Measures for emissions trading are derived from this package, as well as
measures to increase energy efficiency and to accelerate the introduction of low-emission
drive systems, including the expansion of the necessary infrastructure.

In order to achieve the climate targets, alternative drive systems other than the combustion
engine with fossil fuels must be developed in addition to increasing machine efficiency. The
technology-neutral approach is the basis for this, because a one-size-fits-all solution is not
considered appropriate due to the wide range of mobile machinery and the diversity of
applications.
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As a globally active family business and cross-sector industrial enterprise, Liebherr bears a
great responsibility towards society and the environment. Liebherr aims to act in a future-
oriented manner and to keep the well-being of future generations in mind. That is why
Liebherr is working to continually reduce the ecological footprint of its products throughout
their entire life cycle, from development to disposal.
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In addition to the requirements of EU regulations, the focus is on the requirements of the
customer and the consideration of the existing or required infrastructure in order to be able
to provide the respective primary energies. Here it is particularly important to note that a
considerable proportion of construction machinery is used in areas where this infrastructure
is built up by the machines used. As a result, it is not possible to draw on the infrastructure
that is not yet in place to operate the machines. In other applications, e.g. in the industrial
environment, the infrastructural requirements are much simpler, as here the infrastructure
can usually be provided by the customers and is within their responsibility.

In order to continue supplying construction machinery in remote locations with sufficient
energy in the future, energy sources are needed that make it possible to refuel quickly and
easily. This raises the question of whether this will ever be possible with batteries. Of
course, it is possible to ensure a certain infrastructure with large battery containers, but the
amount of energy required for larger construction sites is immense.

This is illustrated by a calculation example:

At a construction site outside a town, material is to be removed at one location and installed
at another to form a ramp for a bridge. Here we are only looking at the machines
manufactured by Liebherr and are deliberately leaving out compaction. The following
machines are in use: 40 t crawler excavator (R938), 40 t bulldozer (PR756) and three
dumpers 28 t payload (TA230)

On average, this results in the following rough consumption for one-shift operation: 660
liters of diesel per day of operation. This amount of energy will have to be provided by other
energy sources in the future (with the exception of alternative diesel substitute fuels).
Assuming a simplified energy density of 10 kWh/I diesel and 33.3 kWh/kg hydrogen, this
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results in a hydrogen consumption of approx. 200 kg/day. Initial trailer solutions are capable
of transporting 1.1 tons of hydrogen per truck in gaseous form. This results in one delivery
per working week for hydrogen. Assuming that this is done electrically, approx. 2700 kWh
of energy would be required, which would then have to be provided by battery containers.
Battery containers contain approx. 3.5 MWh per 40ft container, i.e. one truck load. This is
then sufficient for approx. 1.3 days, making it clear that such solutions would involve
considerable logistical effort.

This results in applications, especially for larger machines and rural environments as a field
of application for hydrogen drives in construction machinery. Liebherr's approach here is to
bring both fuel cells and motorized hydrogen drives to maturity in the spirit of technological
openness. Both systems have their respective advantages, which will be examined in more
detail here.

3 Hydrogen engine

The hydrogen engine offers a comparable level of efficiency to a diesel engine and is
particularly suitable for integration into existing architectures, as shown in the picture. This
makes it possible to utilize the high efficiency of the mechanical drive in the future.

Due to the highly industrialized engine technology, it is possible to offer a cost-attractive
solution that uses the future energy carrier hydrogen, at least for a transitional period. An
initial demonstrator has already been set up for this purpose in order to tackle further
industrialization steps.
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Due to the fundamentally known technology, a high level of robustness against soiling and
vibrations can be expected, which plays a significant role in the construction machinery
sector.

4  Fuel cell drive system

In addition to the actual fuel cell, other components of the drive train need to be modified
for the fuel cell drive. A battery and an electric motor drive are required. This adds a large
number of new components to a construction machine. However, the advantage of this
integration is that a slightly higher overall efficiency can be achieved.
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This effect means that tank sizes, which are a challenge with hydrogen drives and large
machines, can be reduced somewhat. In addition, higher efficiency also has a positive effect
on operating costs.
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5 Refuelling Infrastructure

In order to refill machines with hydrogen once a day, a high-performance, highly mobile
refueling solution is required. Today, the machines are refueled by tank truck or barrel or
refuel themselves. This currently requires very little energy, as it ultimately involves
transferring a liquid from one tank to another. This will change with the use of hydrogen but
should remain similarly simple due to its manageability. Further activities are required to
find solutions that make this possible. Furthermore, it would only make sense to make the
resulting infrastructure usable for heavy commercial vehicle traffic. Maximum
interoperability should be ensured so that the costs of the necessary infrastructure remain
low for society. Consequently, it makes sense that these refueling vehicles can be supplied
with hydrogen at public filling stations/filling facilities and then bring the hydrogen to the
(immobile) construction machines and then refuel them quickly.
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