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Abstract: Industry 4.0 is currently considered the structural implementation of networked and
cooperative digitalisation and the next step in technological and social development. The aim of
this paper is to examine how these structures are also suitable for agriculture and whether there
are already approaches to this. Therefore, the main aspects of Industry 4.0 will be analysed and
compared with agricultural examples from arable farming and livestock farming. The study shows
that the approaches of Industry 4.0 are also useful for agriculture. However, they must be adapted to
agriculture, as it has a different basic structure. As in industry, it is also evident in agriculture that
there is still a need for action in the organisational and technical networking of systems.

Keywords: agriculture 4.0; digitization; networks; data communication; smart farming

1. Introduction

The terms Industry 4.0 and Agriculture 4.0 are currently the subject of much public
debate concerning the future development of the sectors. However, a more detailed analysis
shows that both the content of the individual terms and their possible interrelationships
are not sufficiently clarified. In many cases, everyone associates them with his or her own
image and imagination [1–4]. As a result, although everyone uses the same term, very
different ideas are associated with it. This is a very poor basis for a common orientation
that the pair of terms is intended to achieve [5].

Here, a structure is to be created within the framework of a VDI/VDE guideline
committee on the subject of “State of Industrial Use 4.0—Technologies in Agricultural
Engineering”. The discussion covers several levels. It is based on the current understanding
of the term Industry 4.0 with its structure and objective for the industrial sector. In the
transition from Industry 4.0 to agriculture, the sectoral differences between industry and
agriculture must be analyzed. This includes not only technology, but also the different
orientations in economics, ecology, and sociology. Based on this, the current state of
Industry 4.0 technologies and concepts in agriculture will be presented in practice and
theory using various examples from arable and livestock farming. In summary, it can be
seen that the contents of the terms used still need to be coordinated in many areas [6].
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The term “Agriculture 4.0” has developed from the term Industry 4.0 which in turn
will be regarded later in this introduction. However, the term “Agriculture 4.0” is even
more difficult to grasp than Industry 4.0. So far, “Agriculture 4.0” has been little more
than a kind of advertising slogan, claiming state-of-the-art IT and production concepts and
techniques for agriculture. Often, “Agriculture 4.0” is simply used in reference to digital
techniques in agriculture and precision farming, as in Roland Berger Focus—Agriculture
4.0 [7]. In order to find a well-founded definition of “Agriculture 4.0” as a revolutionary
stage of agricultural production, generations 1.0–3.0 of agriculture must first be defined. At
first glance, it looks relatively easy to name the individual stages with threshing machine,
tractor, and ISOBUS (ISO 11783) for machine communication. However, others also mention
mineral fertilizer or the green revolution as corresponding stages. It is therefore relatively
difficult to describe the revolution that led to 4.0 in agriculture, that is if there is a revolution
at all that justifies a new generation. On the other hand, some authors already see a coming
“Agriculture 5.0” on the horizon [8,9]. The discussion and definition of revolutionary stages
of agricultural production is outside the scope of this paper, and the term “Agriculture 4.0”
will be avoided. This paper focusses only on the aspects of Industry 4.0 in the agricultural
domain.

The term “Industry 4.0” became widely known with the Hannover Fair in 2013. It
goes back to an initiative of the Federal Government in Germany in 2011 [10]. To date,
there is still no binding definition of the term “Industry 4.0”, but a generally accepted
understanding is emerging [11–13].

In order to check the transferability of Industry 4.0 applications to agriculture, it is first
necessary to clarify how the system is understood in the industry. Over the last 270 years,
industry has developed in the context of the so-called “industrial revolutions”. The first
industrial revolution began in the second half of the 18th century with the development of
the steam engine. The second revolution took place towards the end of the 19th century
with the development of mass production and the use of electrical energy. In the second half
of the 20th century, the third industrial revolution began, characterized by the automation
of production using electronic and IT approaches.

Each industrial revolution brings about a fundamental change in the production
paradigm, made possible by the development of one or more technologies which trigger
a fundamental change in established ideas and practices. However, their impact is not
limited to production. Indeed, they extend to and influence the whole of society.

The current stage, caused by the fourth industrial revolution, is known as Industry 4.0.
It differs from the third industrial revolution in that it focuses on networking the various
automation modules [14].

Despite the current widespread referencing to the Industry 4.0 concept, it is difficult
to find a clear definition. The term is best described by its fundamental prerequisites and
its characteristic implementation options (Table 1).

Table 1. Key technologies and concepts of industry 4.0.

Category Technology, Concept

Fundamental prerequisites of Industry 4.0
(“Enabler”)

• Internetworking
• Service orientation and interoperability

Implementation options of Industry 4.0
(“Benefits”)

• Digital individualization (“lot size 1”)
• Flexibilisation
• Demand orientation/“X as a Service”
• Sustainability
• Process orientation
• Automated knowledge and learning
• Collaboration competence
• Productivity optimisation
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From a purely technical point of view, Industry 4.0 approaches can be summarized
under the term networking. Instead of managing different machines, sensors, etc., individ-
ually, as was previously the case, Industry 4.0 is based on cyber-physical systems (CPS),
which can be connected and used flexibly, and on the equally flexible service-oriented
architecture (SOA), which enables the use of the necessary software components [15]. This
also improves the possibility of simulating processes up to the digital twin of the process.
However, the networked and service-oriented character of Industry 4.0 goes beyond the
boundaries of purely technical aspects and enables the design of new business models [16].

From this, the following implementation options [17] can be derived for the intelligent
products and services to be offered by Industry 4.0:

Digital individualization: Digital media considerably simplify the offer of individ-
ualised products and services. This includes the entire production chain from customer
request to realisation.

Flexibilisation: Industry 4.0 offers, for example, the possibility to react quickly to
fluctuations in demand by making production capacities more easily scalable (e.g., through
more intelligent plants and simplified capacity procurement) and by making more data
available about the environment and the company itself.

Demand orientation/“X-as a service”: Service orientation will be transferred to busi-
ness models, which in turn will be facilitated by increasing data volume and flexibility. For
example, products and services can be offered and billed according to the extent of use.

Sustainability: Better planning and control of production processes through digitisa-
tion can save resources, e.g., through cost- and load-optimised production programmes for
energy-intensive processes. The availability of extended and timely data from production
and the supply chain, e.g., through the early detection of quality problems, allows an
additional reduction in resource requirements.

Consistent process orientation: The networking capability enables each value-added
stage in the supply chain (internal and external to the company) to call up information on
the overall process. This enables a customer- and employee-oriented work organisation.

Automated knowledge and learning: The increase in data volume and the degree
of automation in Industry 4.0 environments prove to be ideal prerequisites for the use of
self-learning functionalities. The data can come from outside the company boundaries, for
example through IoT approaches. In addition, the systems in question enable extended
and simplified knowledge management in companies.

Collaboration competence: In terms of end-to-end process optimisation, Industry 4.0
approaches reduce the necessary effort for cooperation between value-added partners. For
example, it is possible to know the current stock and available capacity of suppliers.

Productivity optimisation: All the above-mentioned implementation options con-
tribute to an increase in productivity. Optimisation options can be found at various levels,
from the strategic orientation of the company to the operational management of production
processes.

Although these implementation options have been analysed for the machinery and
equipment sector, the identified benefits are also relevant for agriculture. However, im-
plementing a highly flexible and distributed architecture is not without its challenges.
The desired fast connection in the production chain also requires a corresponding data
exchange. However, this requires appropriate standardisation or standardised interfaces
and data formats between components from different manufacturers.

The processing and storage of data on distributed systems, often outside the com-
pany, gives cause for concern about data security. Both software-based and methodical
approaches are being developed for this purpose. While the former are based on novel
security applications and protocols, the latter focus on issues such as intelligent data control
and anonymization. The analysis of the definition of Industry 4.0 shows that this definition
is still under development and discussion.

If the definition of Industry 4.0 is applied to agriculture, it quickly becomes clear that
agriculture is still characterised by additional aspects [18]. Particularly striking here is the
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environmental character of agriculture, which includes not only society and the state, but
also to a large extent nature, the environment, people, farm animals, and the weather. The
organisation of work is also structured differently in agriculture than in industry. This
shows that the socio-economic, technical, and ecological systems in agriculture are much
more closely interwoven, which makes the definition of “Agriculture 4.0” more difficult
than in industry.

The aim of this paper is a short analysis of the applicability and the state of implemen-
tation of fundamental prerequisites and implementation options of Industry 4.0 (Table 1) in
today’s agriculture. Basic challenges to ease their integration into agricultural production
will be identified.

2. Materials and Methods

In order to understand the current status of Industry 4.0 approaches in agricultural
production, examples from arable farming and livestock farming were analyzed along
the key technologies and concepts of Industry 4.0 (Table 1). These key parameters were
selected and applied in order to clearly delimitate Industry 4.0 from general digitization
and automation aspects.

For this purpose, different agricultural processes were described which, viewed from
the outside, have a high level of technological development and can therefore be considered
as future-oriented for current development. From the various analyses of the working
group, grain harvesting with the subsequent logistics was selected as an example for
arable farming and automation in animal husbandry as an example in the field of livestock
farming. For the technologies and structures, the current state of farms in Germany and
Central Europe was used.

Analysis of the three selected examples included aspects of automation and digitiza-
tion, and the analysis regarded the difference of preconditions in industrial and agricultural
production.

The analysis of the three examples was conducted in combination. After the finding
that almost no “pure” Industry 4.0 technology has found implementation in the analyzed
examples of agriculture so far, the role of possible obstacles was estimated. Those obstacles
that can be overcome despite the basic difference between industrial and agricultural
production preconditions were regarded further. From the examination of the individual
agricultural processes, a cluster analysis was carried out to determine which topics are
often considered difficulties. This identified the main challenges for the integration of
Industry 4.0 technologies and concepts in agriculture.

3. Results
3.1. Approaches for Industry 4.0 in Arable Farming
3.1.1. Focus on Combine Harvesters

Combine harvesters are among the most complex agricultural machines. Several
hundred measurement and control variables have to be taken into account in order to
achieve the desired result in the harvest. The combine harvester has the advantage that it is
a single machine. It does not have to communicate with several machines for the process,
as is the case with the tractor with soil cultivation and sowing. Assistance systems were
used early on to manage the complexity in the combine. These control and regulation
systems manage the threshing process. For example, the headers’ speed is controlled
according to the advance speed. The threshing cylinder is adjusted automatically according
to grain type, machine utilisation, and cleaning quality. The subsequent cleaning stages are
regulated according to cleaning quality and loss rate. Parallel travel systems with GNSS
are used for logistics on the field. All process data are documented and analysed externally
via data networks. This level of automation shows a certain similarity to industry, which
simplifies the analysis with Industry 4.0 approaches.

There are limits to digital individualisation in numerous cultures and forms of ex-
ploitation. In the area of large crops, such as wheat, maize, and soya, it is important to
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realise the greatest possible mass flows while complying with certain limit values. Individ-
ualisation can be found in the areas of area planning, vehicle design, and straw processing.
Methods for selective harvesting would be a good example of individualisation, although
it has not yet become established.

For climatic reasons, there are narrow limits to the flexibility of harvesting in the
open field. Greater flexibility can be achieved if it is possible to limit the variability of
the environment, which is not necessarily in the spirit of sustainable agriculture, or to
design the specificity of machines in such a way that they can follow the variability of the
environment as well as possible.

The advent of sensors and corresponding telematics systems has led to a correspond-
ing transparency of information in combine harvesters. The general availability of mobile
devices contributes to the fact that these data are now also available to all participants at
the same time.

The high investment volume and short service life associated with combine harvesters
for individual farms have long led to service offers for harvesting capacities. In most cases,
the entire harvest is contracted out on the basis of the harvested area. The offer of peak load
capacities for fluctuating harvest volumes hardly exists. Increasing digitalisation could
provide the basis for more precise recording and evaluation and enable new offers here.

The current state of harvesting technology has different impacts on sustainability. Cur-
rently, larger machines and increased efficiency save resources, but these larger machines
can also lead to increased ground pressure.

Combine harvesters are already highly process-oriented. Currently, this is still associ-
ated with a high degree of internal complexity. Methods from the Industry 4.0 toolbox can
improve this.

The high degree of digitalisation in combine harvesters already creates an extensive
basis for generating and using automated knowledge and learning. This provides a good
basis for the training of employees, as the operating time of the machine is limited and
high performance must be achieved during this period.

Collaboration skills as well as productivity optimisation are a central point in the
further development of the combine harvester. So far, the combine harvester has been opti-
mised as an individual machine. To enable productivity increases in the future, interaction
with other process participants such as logistics is necessary. This offers corresponding
opportunities for Industry 4.0 applications.

The concept of services and interoperability in harvesting processes is complex. Har-
vesting as a mechanised process is offered as a service for the reasons already mentioned.
Service engineering methods can be used to further develop such services into hybrid ser-
vice bundles. Service platforms for trading harvesting capacities, offers for breaking peak
loads, individualised billing modalities, and special data offers are examples of diverse
possibilities.

3.1.2. Focus on Logistics

Almost all processes in agriculture contain logistical components. Nevertheless, little
attention is paid to this area. Agriculture describes itself as a “transport industry against
its will”. This fact makes it particularly interesting with regard to Industry 4.0 aspects.

Unlike industrial logistics, logistical processes in agriculture do not run according
to a timetable. Due to local conditions and boundary conditions that are difficult to plan,
individualisation inevitably results. Digital individualisation in Industry 4.0 is an active
measure, whereas in agriculture it is more of a reactive measure. In order to implement
digital individualisation in agricultural logistics, it is necessary to apply complex methods
due to the complex influencing factors.

Flexibility is a basic structure in agricultural logistics due to the multitude of product
and process requirements. In contrast to industry, agriculture has never succeeded in
standardising these, so the Industry 4.0 approach to flexibilisation is advantageous for
agriculture.
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Information transparency is insufficient in agricultural logistics. As there are hardly
any digital processes in this area, data can hardly be exchanged. However, this would be
absolutely necessary to support the upstream and downstream processes.

Legal regulations are leading to an increasing contracting out of logistics services to
agricultural contractors. Further forms of demand-oriented trading are not to be seen.
Exchanges for the procurement of services and capacities have been tested, but have not
yet become established.

In logistical processes, there are significant losses in efficiency due to a lack of trans-
parency and the compulsory parallelism of sub-processes. As a result, waste leads to
unnecessary consumption of resources and can thus be described as unsustainable. Trans-
parency can improve this situation.

Process orientation is an outstanding goal in logistics, but it is only partially achieved
for the reasons mentioned above. Process orientation and sustainability are mutually
dependent.

The planning and control of logistical processes is almost exclusively experience-based.
If it is possible to create additional knowledge and possibilities for action with methods of
automated knowledge and learning, further potential can be raised. This will also benefit
the documentation and analysis of processes, e.g., by automatically recognising defined
states and providing recommendations for action in the next step.

So far, collaboration has mainly taken place through informal communication. The
development of tools to improve transparency is one step that enables improved collabora-
tion. Building on this, however, it is necessary to offer decision support with quantitative
methods.

The networking of process participants in logistical processes is a basic prerequisite
for creating transparency and improving processes. In contrast to industrial processes,
permanent availability and sufficient bandwidth for the transmission of messages cannot
be assumed. Therefore, it is important here to achieve the highest possible robustness in
communication with the help of suitable technologies and methods.

Interoperability is the basic prerequisite for establishing networking in logistical
processes. The standardisation of messages, such as in the context of ISOBUS, is one way.
Self-describing interfaces, e.g., in the context of web services, enable further flexibility.

3.2. Approaches for Industry 4.0 in Livestock Farming

Animal husbandry in agriculture has many more parallels to industry than arable
farming. Production takes place in buildings with regulated structures and a continuous
process throughout the year. This suggests that there may already be more approaches to
Industry 4.0 to be found here.

Automation is widespread in dairy farming due to the clearly structured and recurring
daily processes. This has led to a large number of automated systems and sensors in dairy
farming. The most important building blocks are the automatic milking system (AMS), the
automatic feeding system (AFS), and automatic cleaning and bedding systems. In addition,
a variety of sensors can be found in the barn, e.g., for animal identification, animal location,
heat detection, calving detection, or barn climate [19–21]. The situation is similar in pig and
poultry farming. Here, feeding, climate control, and manure removal are also automated.

In the area of digital individualisation, there are a wide variety of approaches in
animal husbandry. One system that is already widely used for dairy cows and sows is
the individualised distribution of concentrated feed via a station with identification of
the animal via transponder. Another is the matching of cows in the AMS on the basis of
the stored body measurements, among other things. However, it is apparent that many
points of individualisation are not yet being used. For example, there is still no individual
marketing of milk according to the protein pattern of the cow, and in the case of poultry
and pigs, work is only done in groups and individuality is not taken into account.
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There are hardly any signs of flexibilisation in livestock farming. The trend is currently
still towards standardisation as it corresponds to Industry 3.0. The potential for flexibility
is not being used.

In terms of its basic structure, livestock farming is actually predestined for compre-
hensive information transparency. In the individual systems, the data are also collected
and used accordingly. However, unfortunately, there is no general and open data interface
to make the data sufficiently public and share it with other systems. In some cases, the
necessary information transparency is not even given between different systems of one
manufacturer.

The lack of demand orientation is currently a major problem in livestock farming
in Germany. Production structures are relatively inflexible and therefore have difficulty
adapting to changes in demand. The easiest application would still be in poultry farming
due to the short production cycles, and correspondingly difficult in pigs and dairy cows
due to the longer production cycles.

Due to its structure, farm animal husbandry is fundamentally process-oriented, with
the main processes, such as meat, milk, or egg production, being linked to correspondingly
complex secondary processes.

A common problem in livestock farming is that these processes are usually not docu-
mented in a structured way that is comprehensible to others. This means that measuring
points and links are not optimally recognised, which makes the use of decision models and
their implementation more difficult. Methods from the Industry 4.0 toolbox would offer
fundamental approaches to improving process orientation here.

In the area of automated knowledge and learning, current automation in animal
husbandry offers great potential, as animal-specific data series are continuously generated.
However, these data are not yet consistently used in the sense of Industry 4.0. The situation
is similar with collaboration skills. Here, the networking of various automatic systems
in the barn would result in many approaches for Industry 4.0. For example, a measured
change in the movement activity of fattening pigs could lead to an automatic adjustment
of the climate control. This intelligent linking of different automated systems also enables
an optimisation of productivity, which can simultaneously lead to a change in the farmer’s
work structure in the system.

In principle, livestock farming offers good conditions for networking the individual
systems due to its fixed spatial structure. In many cases, networking can be done via cables
to a central point. Difficulties are often encountered here in the recording of individual
data concerning the animal using wireless networks, as there is no uniform data standard.

Areas such as piglet production, chick production, feed production, and manure
spreading can be outsourced as animal husbandry services. However, it is often the case
that, although the process or product is outsourced, no arrangements are made for data
exchange or it does not take place. As a result, these areas are often underrepresented on
the farm in terms of data and thus cannot be used for networked decisions.

3.3. Challenges for the Implementation of Industry 4.0 Technologies and Concepts into Agriculture

The challenges for the implementation of Industry 4.0 in agriculture can be identified
as process orientation, standardisation, data communication, and knowledge transfer. The
point of process orientation results from the difficulties in agriculture to clearly delineate
and determine individual processes. The small-scale networking in agriculture is signifi-
cantly greater than in industry, which makes it difficult to adopt process orientation. The
points of standardisation and data communication are mutually dependent. They appear
in many areas and make the necessary data exchange between the individual systems more
difficult. The area of knowledge transfer is based on the points of automated knowledge
and learning and collaboration competence and includes both knowledge management
between the individual processes and knowledge transfer to the users.
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4. Discussion

When analysing the application state of Industry 4.0 technologies and implementation
options in agriculture, it is noticeable that although many things initially look like 4.0, on
closer inspection, decisive aspects, such as cross-sector networking or the individualisa-
tion and flexibilisation of production, are missing. Non-networked digital solutions are
therefore more likely to be classified as automated stand-alone solutions of Industry 3.0.
The challenges for the implementation of Industry 4.0 in agriculture can be identified as
process orientation, standardisation, data communication, and knowledge transfer. In the
case of process orientation, it can be seen that this has not yet fully penetrated agriculture
and tools such as digital twins cannot be sufficiently implemented. This is also reflected in
standardisation. Here, the ISOBUS is available in arable farming, but adapted development
is also necessary here. Unfortunately, a similar system is lacking in livestock farming. The
individual systems are mostly self-contained and do not communicate and cooperate with
each other. In addition, the transitions between the individual links in the production chain
are not standardised across the board. Here, even in the case of in-house management
systems, a step back to the paper level is taken.

In addition to the organisational structure of data exchange, the technical infrastructure
must also be expanded accordingly, as both wired and radio-based data networks still
have performance gaps, especially in rural areas. In order to be able to understand and
appropriately use the possibilities of Industry 4.0 applications, a corresponding structure
for the further training of users is also necessary. New and flexible learning structures that
adapt to the requirements of the users are also necessary here.

A comparison of the results with the literature shows that the literature usually only
looks at individual points of Industry 4.0 and agriculture. These are mostly technical
aspects. Individual methods used in connection with Industry 4.0 are applied to agricul-
ture. This approach ranges from general technology systems such as IoT [22] to special
techniques such as wire networks [23] to detail issues of soil testing devices [24].

Less frequently, the structural aspects of Industry 4.0 and agriculture such as knowl-
edge management [25] are considered. In all these considerations, only partial aspects
of the possible changes emerge. This makes it clear that Industry 4.0 in agriculture must
always be considered as a whole system. This joint consideration of technical and structural
aspects of agriculture in connection with Industry 4.0 [26] also shows similar results to
this study.

Another aspect that stands out in the analysis of Industry 4.0 in agriculture is the
gap between the practical implementation and the technologically possible realisation.
An example of this is tractor implement management (TIM) for balers and tractors. Here,
implementation is slow, although it would be technically possible. With a view to Industry
4.0 approaches, there are also other possible aspects, such as track shifting via process steps,
track planning based on the combine harvester’s performance, or logistics planning based
on yield estimates. This can also be observed in livestock farming. Here, quarter-individual
milking based on past milking cycles or the route optimisation of cleaning robots based on
the current movement data of cows would correspond to the basic idea of Industry 4.0.

In many cases, these technological developments would only require corresponding
adjustments and coordination. However, this requires the will of a cross-manufacturer,
which is often hindered by company-specific interests. It is obvious that without cross-
manufacturer networking, no application of Industry 4.0 in agriculture is possible, but only
the automation of individual machines.
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