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Abstract. The air cargo supply chain consists of several agents. Among them are truckers,
who ship freight between customers and airports, and airlines, who transport the freight in-
between airports via planes. Freight forwarders are the linking agents between both: they
consolidate freight from truckers and forward it to the airlines (and vice versa). Since the
unique selling point of air cargo is speed, the freight forwarders’ processes need to be
organised and executed efficiently, which can be supported by digitalisation and information
technologies. Furthermore, the consolidation and disassembly of air freight requires a high
amount of physical labour, which makes workers prone to muscular-skeletal diseases and
injuries. Based on a case study at two freight forwarders in Frankfurt, Germany, we
investigate the freight forwarders’ process chain from an economic and an ergonomic
perspective. This paper describes and analyses the processes, identifies shortcomings and
debates possibilities for improvement with an emphasis on technical and technological

measures.

1 Introduction

A growing global trade and demands for decreasing
shipping times have led to an ongoing increase of air
freight shipments [1]. Already in 2006, air freight was
responsible for 36% of the total global trade by value
and has since been growing by about 4.7% annually
[2, 3]. To benefit from this growth, there is a strong
pressure on the agents of the air freight supply chain
to increase their capacities and enhance their
processes.

One significant bottleneck in the air freight supply
chain are the freight forwarders, who link the road
transport (between customers and airports) and the
air transport (in-between airports) by consolidating
and disassembling oncoming freight. Although a
large number of publications is concerned with the air
freight supply chain as a whole and with individual
planning problems that arise in this context [4],
extensive descriptions and analyses of the freight
forwarders’ internal process chains are scarce.

For freight forwarders to be competitive, processes
need to be planned and executed efficiently [5].
There is, however, a general lack of digitalisation and
utilization of information technologies in the air freight
industry, which also applies to freight forwarders [6].
This is clearly a missed opportunity for improvement
[6]. So far, not even an analysis of suitable
technologies exists.

Moreover, the consolidation and disassembly of air
freight requires a significant amount of manual
materials handling activities. The resulting elevated
levels of physical stress are linked to an increasing
risk for the workers to develop musculoskeletal
diseases [7]. In warehousing, where similar manual
labour is required, lost time injuries are about one
third above the overall average [8]. Hence, for freight
forwarders, there exists a strong incentive to find
measures that alleviate the physical strain for
workers.

Motivated by these findings, this paper makes the
following contributions. Firstly, based on a case study
at two freight forwarders at Frankfurt airport,
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Germany, we give a comprehensive description of a
freight forwarder's process chain. Secondly, we
analyse possibilities for process improvements with
an emphasis on information technologies and
digitalisation. Thirdly, we analyse the workers’
physical strain and evaluate materials handling
devices for their potential use. Finally, we summarize
our findings in a comprehensive overview.

2 Process description and analysis

There are two main process chains for freight
forwarders: freight export and freight import.

The former starts with the acceptance of the freight
documents and the transmission of the required
information to the internal IT handling system, which
is used for all internal and external communication.
The employees in the operational sector access it via
handheld devices.

Once all documents have passed the security check,
the freight is unloaded from trucks, checked for
security and transferred to storage using forklifts.
Later on, the planning office generates flight
manifests, which state how the freight should be
consolidated and all associated information.

Given a flight manifest, workers consolidate the
freight by loading it onto unit load devices (ULDs), of
which there are three distinct types: (1) airfreight
palettes, (2) containers and (3) wagons for loose
cargo. Forklifts are used to retrieve and handle
palletized cargo. Non-palletized freight is handled
and built-up on ULDs manually. Once the build-up is
complete, the ULD is secured, weighted and, finally,
provided for air shipment.

The import process is roughly inverse to the export
process. Freight forwarders receive ULDs and freight
documents from the airlines. The ULDs are then
broken-down, i.e., disassembled into individual
shipments, which are stored until transfer to truckers.
Both airlines and truckers receive a note once freight
is ready for collection. The trucker may then collect
the physical freight.

Although there is an IT system to manage all relevant
data, internal information management relies heavily
on paper, which prolongs processes and lead times.

Further inefficiencies arise from the internal
communication chain, which partly relies on
intermediate  coordinators instead of direct

communication between the planning office and the
operational staff, even though the necessary
structures, i.e., the IT system, are already in place.
Lastly, imbalanced truck scheduling, partly due to
mismanaged information, can lead to shortages in
unloading personnel and loading ramps, causing
unnecessary waiting times.

3 Analysis of information technologies

The freight forwarders’ physical processes are well
structured. However, missing digitalisation causes
inefficiencies. The first step for improvement should

therefore be the consistent digitalisation of all internal
(and where possible external) information flows. For
the companies considered in our case study, the
infrastructure is already in place, such that paperless
communication is quickly achievable.

To improve the bottleneck at the truck dock,
integrating a ramp management tool could be a
viable option [9]. This could further benefit from
digitalized information flows between truckers and
freight forwarders.

Finally, augmented reality (AR) holds many
opportunities for increasing efficiency such as the
visualization of information for hands-free working,
indoor navigation, digital process guidance and
visual documentation of freight location or damages
[10, 11]. In the future, freight forwarders may use AR
to support the build-up process by visualizing
dimension restrictions or suggesting optimal freight
arrangement to the workers [12]; we note, however,
that more research is needed on this topic.

4 Analysis of the physical strain

For the ergonomic evaluation, we analysed video
recordings of workers building up or breaking down
various ULDs in a two-step approach. First, we
assessed each process using the “Multiple-Lasten-
Tool” [13], which is a screening method based on the
“Key Indicator Method” [14]. This provided a first
indication of the hazardousness of each build-up and
break-down task and allowed for comparisons. Our
main findings were that the workers’ physical stains
are critical for most tasks. A task was more strenuous
the more small-piece freight had to be handled,
because larger pieces were moved by forklifts, which
required only marginal physical work. In the case
study, break-down tasks were generally more
stressful, as they often consisted of more small-piece
freight. However, this may be a special occurrence at
our case companies.

For the second part of the evaluation, we used the
software 3DSSPP [15] to analyse two representative
tasks, one build-up and one break-down task, in
detail. The software allows for the biomechanical
modelling of the processes and, i.a., calculates the
forces on the lower back joints, allowing us to assess
the injury risks associated with each task [16]. The
detailed analysis confirmed the high physical strain
on the workers, since both maximum and cumulative
forces on the lower back joint reach and exceed
critical thresholds regularly.

5 Analysis of material handling devices

For the analysis of material handling devices that
may be used to reduce the physical strain during the
build-up and break-down of air freight, we considered
the scientific and practice-oriented literature. Out of
all found devices, we selected the most promising for
closer evaluation: cranes, exoskeletons, forklifts,
lifting platforms and manipulators/cobots.
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We found that cranes are comparatively slow to use
and, hence, appear less suited for the purpose at
hand.

Exoskeletons can reduce physical strains for lifting
and lowering significantly [17]. Especially passive
exoskeletons, which use springs and dampers to
redistribute a worker's own strength, appear well
suited. They are, however, a new technology, which
may pose some integration challenges and currently
unknown long-term health problems [18].

Forklifts are already used. However, they are
generally prone to causing accidents. Recent safety
developments, such as person detection
technologies, may be a reasonable addition.

If lifting platforms are plunged into the shop floor, they
can lower and elevate ULDs, such that the workers
can handle freight at ergonomically favourable
heights. They appear very suitable to reduce physical
strains. Installing them at existing terminal is very
costly or even impossible, however.
Manipulators/cobots are crane-like robot-arms used
for gripping and handling freight. They are operated
manually by guiding their movement, which they
support with an active force. They can reduce the
required physical force to handle objects by 10 times
or more [19]. They seem suited for the purpose at
hand, but are not completely technologically mature
yet.

6 Summary of suggested technologies
and devices

For the most part, information technologies and
materials handling devices can be implemented
independently.

Concerning information technologies, full
digitalisation of internal information flows is the basis
for increasing efficiency. The implementation of a
ramp management system should be pursued, if not
already in use. As a long-term goal, the digitalisation
of information flows along the air freight supply chain
should be emphasized to create transparency and
information exchange in real-time between all supply
chain agents.

For materials handling devices, we suggest either
(passive) exoskeletons or manipulators, which first
should be implemented in small-scale trials to test
their suitability in practice. Of these two possibilities,
we rate exoskeletons as being easier to implement.
However, using both devices simultaneously is not
advisable, since they mutually reduce their benefits.
If terminals are newly constructed, incorporating
lifting platform becomes a viable option.

Finally, currently developed technologies, such as
augmented reality, may improve process efficiency
as well as (cognitive) ergonomics by providing
workers with additional information. We see,
however, great potential for future research as
findings and in particular real-world evidence, is still
scarce.
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