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Synopsis

Hydrogen drives are considered to be particularly important for energy-intensive applications in non-

road mobile machinery (NRMM) applications. This will allow gaining a climate-effective contribution for

decarbonisation of large construction and agricultural machinery. Based on the automotive sector H2

regulatory framework, the task is to develop the basis for the conformity requirements for hydrogen-

powered mobile machinery and to identify approval strategies for highly mobile H2 refuelling suitable

for construction sites.

Abstract

Gaining a foothold for alternative energy sources in non-road
mobile machinery and special-purpose vehicles is proving
much more difficult for hydrogen drives than for battery-
electric solutions. While the technical and standardisation
requirements for battery-powered vehicles (BEV) have been
prepared over many years in the automotive sector, hydro-

gen drives have some catching up to do.

Energy demand analyses for construction machinery based
on vehicle fleet data show the limits of battery-electric
solutions and point to the need to use other alternative

CO2-free solutions where hydrogen will play a major role.

Large construction machines are particularly suitable for
the use of hydrogen drives in the form of the hydrogen
engine (H2-ICE) and later the fuel cell (FCEV), which is why
the development of hydrogen engines as first-generation
hydrogen drives is already well advanced at the leading

combustion engine manufacturers.
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Figure 1: Hydrogen wheel loader prototype L 566H with MAN
hydrogen truck, both vehicles powered by hydrogen engines.
© Liebherr-Werk Bischofshofen GmbH

Thus, Liebherr has started to develop the first large cons-
truction machines with hydrogen drives in order to be able to
offer the first generation of hydrogen propelled large wheel
loaders and large crawler excavators with hydrogen engines
in a few years, so that the expertise of notified bodies and
other hydrogen related knowledge carriers can also be

brought into the task on the basis of these developments.

This project is being carried out as part of the IEA research co-operation on behalf of the Federal

Ministry for Climate Action, Environment, Energy, Mobility, Innovation and Technology (BMK).
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Figure 2: Presentation of crawler excavator demonstrator R 9XXH
with hydrogen engine at Bauma in October 2022.
© Liebherr-Werk Bischofshofen GmbH

In the meantime, several promising H2 demonstrators have
already been presented by the manufacturers of mobile
machinery and special purpose vehicles. In addition, a worth
mentioning number of conversion solutions is also appearing,
characterised by the installation of a hydrogen drive in a
former conventional machine by conversion companies. These
ambitious projects were made possible at least in part by
funding, but without yet pursuing the claim of a concrete
regulatory compliance perspective for a later series produc-

tion machine.

Figure 3: Presentation of wheel loader demonstrator L 507 Fuel
Cell with hydrogen fuel cell at Bauma in October 2022.
© Liebherr-Werk Bischofshofen GmbH

The collaboration in the task will result in robust approaches
to regulation conformity for non-road mobile machines and
special purpose vehicles for later H2 series production ma-
chines, as well as compliance approaches for highly mobile

H2 refuelling.

Figure 4: Areas of application for highly mobile, construction site-compatible hydrogen refuelling at locations with no or insufficient
refuelling and charging infrastructure. © Liebherr-Werk Bischofshofen GmbH




This will enable added value to be created at an early stage in
the H2 technology development of e. g. construction and agri-
cultural machinery so that conformity and approval aspects
can be taken into account for later series production machi-
nes. In the development of machine and vehicle concepts, it
is thus possible to pursue a significantly higher standard of
greater proximity to later series production machine than it
was possible with the demonstrators with H2 that have been

developed to date.

MAX Mobile Refueler

The aim is to reach agreement with like-minded manufacturers
and knowledge carriers in the academic and commercial en-
vironment on a common approach to creating the approval
and conformity requirements for hydrogen drives in non-
road mobile machinery and special purpose vehicles, which
is the basis for being able to become active in the field of

standardisation.

Figure 6: Functionality of highly
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Fueling at mother station ‘

mobile hydrogen refuelling using the
example of the MAX Mobile Refueler
from Maximator:
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(1) The refuelling vehicle is refuelled
at the public 700 bar truck filling
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station.
(2) The already compressed hydro-
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gen is brought to the machine by the
transport vehicle.

(3) Hydrogen is refuelled into the
machine in a few minutes using a dis-
placement principle with low energy
’ input, whereby the highly mobile

filling device is driven by the machine
to be refuelled.
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