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Dear readers,

Until recently a concern only of the ecology movement, today climate change is a 

crucial, if not the most important, policy area of our time: Climate and environmental 

protection refers to the issue of carbon dioxide, nitrogen oxides and particulate matter. 

These concepts are part of almost every debate, in a manner that is seldom purely 

factual and often highly emotional.

The agricultural machinery industry addresses this concern with facts and expert 

knowledge. This has long been the case, dating back to the beginning of the 1990s,  

an era when such commitment did not yet attract great publicity.

With consistently promising results from the joint industry research project ‘EKoTech’ 

(Effiziente Kraftstoffnutzung der Agrartechnik – Efficient fuel utilisation of agricultural 

machinery), which considers the fuel efficiency of agricultural machinery from a process 

perspective, we now have the deliberate intention of engaging in the current climate 

discussion. With generous financial support from the German Federal Ministry of Food 

and Agriculture, for the first time a highly qualified consortium with wide-ranging 

industry, scientific and association expertise has provided cross-manufacturer evidence 

that innovative agricultural machinery, intelligent process control, and modern opera-

ting concepts can ensure considerably reduced yield-related fuel consumption.

In other words: It is now time to reap the benefits of our efficiency strategy. On balance, 

along the agricultural production chain we can speak of a steeply falling CO
2
 curve 

relative to the yield. 35 to 40 percent less fuel – the agricultural machinery industry 

upholds this strong reduction potential for the period from 1990 to 2030. According to 

simulations and model calculations, these are realistic values. In addition, if the diverse 

potentials already promised by alternative fuels and drive systems are taken into 

account, the path to ‘climate-neutral agricultural machinery’ may already be indicated.

Greetings from the Presidents of CEMA and the VDMA  
Agricultural Machinery Association 
Agricultural machinery sets the pace for  
climate protection!
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However, in order for the large portfolio of intelligent technologies and application 

options to reach the necessary market penetration rapidly, accompanying policy 

measures are indispensable – incentive policies in the sense of investment support and 

tax relief, as well as education and communication policies to ensure know-how and 

acceptance for the energy transition in agribusiness.

The entire panorama of possibilities is presented in the following pages in an easily 

readable, accessible way. We wish you an inspiring, insightful read!

Christian Dreyer					     Anthony van der Ley

VDMA Chairman					     CEMA Chairman
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These framework conditions pose a serious 

challenge to arriving at generalisable statements 

concerning optimisation potentials. On the other 

hand, the diversity of processes has the indisput-

able advantage of providing many optimisation 

opportunities. A systematic integrated focus thus 

makes possible considerable savings potentials 

along the entire production chain. These have 

been successfully determined, defined and evalu-

ated across manufacturers by the project consor-

tium. The results are summarised in condensed 

form in this brochure.

What we are doing industry-wide to 
enhance the efficiency level further

Due to its innovative strength, the agricultural 

machinery industry is one of the most important 

branches of machinery and plant engineering. 

Its international competitive position is excel-

lent. Ongoing high expenditures in research, 

development and product innovations underline 

the leading position of the sector. Recently the 

industry has invested the largest share of its 

What we have achieved so far

EKoTech stands for efficient agricultural machin-

ery fuel utilisation. The proper handling of scarce 

resources is currently a major social challenge, 

which thus requires all stakeholders to ensure a 

systematic reduction of emissions that are harm-

ful to health and to the climate.

Fuel consumption and the associated CO
2
 emis-

sions are a significant determining factor which 

can be influenced by the agricultural machinery 

industry. Properly adjusting this factor is benefi-

cial in two respects: Reduced fuel use improves 

the ecological balance and also has a positive 

effect on production costs.

However, this question is not new to the agri-

cultural machinery industry. In recent years, 

an enormous development of engines and 

machinery has taken place. From a purely physi-

cal point of view, in many areas the industry has 

already achieved the maximum possible results 

in terms of individual machines and engines. To 

realise further gains in efficiency, the sector has 

expanded its perspective to focus on process 

components: It is well known that agriculture 

is characterised by a high degree of complexity. 

Many factors that affect efficiency are difficult 

to predict and can scarcely be quantified with 

standard values. Examples are the effect of 

annually variable precipitation on the yield, and 

the diversity of procedures and tools used in soil 

tillage.

Why EKoTech?
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development budget in the optimisation of 

engine and emissions technology, to provide 

clean machinery for roads, fields and farms.

In future, the market expects even more: Map-

ping technologies and high-precision steering 

and automation systems incorporated into intel-

ligent data management systems point the way 

to technological development that is consistently 

responsive to the demands of the three aspects 

economy, ecology and social responsibility.

Agricultural machinery: assists climate protection, emits little CO2 
Only 0.75 percent of Germany-wide CO2 emissions originate from agricultural machinery combustion engines

Share agriculture
72 Mio. t

CO
2

  

  

Germany
900 Mio. t

CO
2

Agricultural machinery 
and tractors

6,6 Mio. t
CO2

Image source: Federal Ministry for the Environment, Nature Conservation and Nuclear Safety
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Future perspectives

•	 Alternative fuels and drive systems, driver 

assistance systems and intelligent forms of 

machine and data management are current 

areas of development with the potential to 

allow additional optimisation of the agri-

cultural carbon footprint, always keeping in 

mind the long-term goal of complete climate 

neutrality.

•	 The three stages of technology extend from 

assistance, to automation, to autonomy. The 

industry is presently working on this at full 

speed. 

Accompanying policies

•	 However, this ambitious efficiency path is 

practicable only with accompanying policy 

measures. These include: 

 … �investment incentives for climate-friendly 

agricultural machinery and tractors

… �systematic CO
2
 pricing, to increase the 

attractiveness of technological innovation 

solutions

… a sustainable research support policy

… �technological openness, so that the best 

solutions can become established in the 

competition for innovation

… �education policy measures for an 

accelerated transfer of know-how

… �communication policy campaigns,  

to ensure acceptance of the energy transi-

tion in agribusiness

Research design

•	 The EKoTech researchers made a detailed 

investigation of 17 selected and typical farms 

in Germany and other areas of Europe.

•	 The research focused on machinery and 

processes for the production of wheat, maize 

and forage.

•	 Data were collected via more than 100 expert 

interviews, which were validated with the aid 

of statistical analyses.

•	 Over 2,500 test reports were evaluated and 

120 hours of field trials were carried out, to 

ensure a sufficient database for the simulation 

model.

•	 A complex mathematical simulation model 

supported the definition and evaluation of 

technological efficiency drivers in more than 

530 simulation runs.

Results

•	 For the period from 1990 to 2030, the EKoTech 

team forecasts a fuel consumption savings 

potential between 35 and 40 percent.

•	 A highly qualified group of industrial, scientific 

and association experts selected and qualita-

tively and quantitatively evaluated 27 specific 

cross-manufacturer innovations. The savings 

potentials of the individual innovations range 

from 2 to 42 percent.

•	 The greatest fuel consumption takes place 

during soil tillage and the harvesting of 

agricultural produce.

•	 19 of the 27 savings potentials relate to pro-

cess steps with the greatest fuel consumption 

in the farm production chain.

•	 The greatest savings can be achieved by com-

bining the process steps for soil tillage and 

sowing.

EKoTech – the project results at a glance
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Top 10 savings potentials* 
* in relation to the yield

Technology Saving Potential

1 Combined soil tillage and sowing 42 percent

2 Stubble cultivation with short disc harrow 30 percent

3 ECO PTO shaft 20 percent

4 Controllable working hydraulics - "Tailor-made volume flow" 14 percent

5 Traction booster 10 percent

6
Type selection suitable for application - lightweight construction, 
ballasting, tyre pressure

  9 percent

7
Automatic machine optimization with measuring and control 
technology (combine harvester)

  5 percent

8 Increase in performance   5 percent

9 Low rpm concept   5 percent

10 Efficiently controlled auxiliary units   5 percent

„Allowing automated steering means achieving considerable savings“

Two thirds

of a tractor driver’s attention is taken up with steering.

That can be halved 

if automatic assistance systems are used.

Diesel savings of 10 percent 

can be achieved this way in field operation.
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To make effective use of the leverage of efficiency 

to reduce fuel consumption, well-founded 

answers to these questions are needed. Only in 

this way is it possible to derive usable results 

and recommendations for action for agriculture, 

industry and policy.

For this purpose, the project team pursued the 

approach illustrated in the following diagram: 

First a shared database was developed. It con-

tains key performance indicators for the model 

farms concerning the cultivation processes and 

machinery used, the evolution of energy require-

ments and fuel consumption since 1990, data 

from field trials, and the definition of cross-man-

ufacturer savings potentials available since 1990.

At the beginning there were many unanswered 

questions, since the field of research was com-

pletely new:

•	 What are the characteristics of the regionally 

different process chains, and what machinery 

is in use?

•	 How have agricultural fuel requirements for 

these process chains evolved since 1990?

•	 What savings potentials have been available 

for the period since 1990, and how can they  

be evaluated?

•	 How can the available data and information 

be combined in a simulation model?

•	 What technologies can be used in which 

process chains to save fuel?

Science and agricultural practice – Teamwork to 
reach the goal

Methodical structure of the project

Results 
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These and other findings for the model farms 

provided information concerning what individual 

machines had to be incorporated into the simula-

tion model for the period from 1990 to the pres-

ent. The processes and machines defined via the 

model farms were evaluated in relation to energy 

requirement and fuel consumption trends since 

1990. In order to generate a sufficient database, 

the Institute of Agricultural Engineering of the 

University of Hohenheim, the KTBL, the Johann 

Heinrich von Thünen Institute and participating 

industry partners jointly collected the required 

machinery and process data. Technical literature, 

measurements made by the project team and 

approved databases functioned as data sources. 

Data relevant to the project were entered into a 

specially developed database.

This extensive body of data served to represent 

the evolution of fuel and energy consumption 

since 1990. From a methodological point of view, 

these data formed the basis for validation of the 

simulation model, which helped to determine 

prognostic savings potentials exemplified by the 

model farms. The researchers primarily investi-

gated available data concerning the use of soil 

tillage equipment. The initial focus was on the 

plough, cultivator, disc harrow and rotary harrow.

Parallel to data collection, to take into account 

the diverse framework conditions of agricul-

ture, the research team tested suitable model 

approaches for calculating the energy require-

ments of cultivation equipment. This work 

entailed comparing the calculations with meas-

ured values. To fill gaps in the data, additional 

measurements were made, for instance in the 

use of the rotary harrow for wheat cultivation. 

For this purpose, an energy measurement frame 

available at the University of Hohenheim was 

equipped to capture measurement data and 

relevant tractor data via the CAN bus.

This information was transferred to the machine 

and process models. These were used to form the 

complete model, which models the interdepend-

encies between the process and the individual 

machine models. With the expertise of farmers 

and the database of the KTBL (Kuratorium für 

Technik und Bauwesen in der Landwirtschaft – 

Association for technology and construction in 

agriculture), the plausibility of the results was 

validated. In this way, farm-related fuel require-

ments per tonne of yield can be calculated for 

the various process chains, individual innovations 

and machinery settings.

The database

Model farms configured in a targeted manner 

provided the foundation for the simulation of a 

wide range of process chains. Agricultural prac-

titioners and experienced agricultural advisors 

from Germany and other European countries 

supported the project team in the modelling. An 

initial retrospective analysis of process chains 

in different regions was carried out for the year 

1990. In a second step, this was complemented 

by a prospective scenario up to the year 2030. 

More than 100 individual personal interviews 

with farmers provided a reliable database for 

modelling the farms with their process steps and 

machinery used.

It was found that since 1990, soil tillage has been 

extensified, especially by East European farmers. 

In contrast, the number of passes over the field 

for the purpose of plant protection has increased. 

For the application of pesticides, considerably 

less fuel per hectare is required. Whereas farms 

interviewed in southeast Poland now manage 

with around two soil tillage passes on average, in 

1990 they made an average of four passes for soil 

tillage. Conversely, the number of passes for plant 

protection has increased from fewer than two in 

1990 to more than five.
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To define the specific effects of the respective 

savings potentials, it was necessary to derive 

either a corresponding increase in efficiency or 

a direct saving of fuel. These values – such as 

throughput performance in tonnes per hour 

[t/h], or fuel consumption in litres per hour [l/h], 

litres per hectare [l/ha] or litres per tonne [l/t] – 

were determined by the technical departments 

of the respective industry partners and the 

universities, with the aid of available measured 

values as well as modelling in terms of the char-

acteristic maps used.

One of the most ambitious tasks in the course of 

data collection was the evaluation of the work 

quality of process steps. As an example, a valid 

evaluation system was developed for stubble 

tillage. The procedure involved several steps, 

from selecting the measurement equipment 

and putting it into operation, to carrying out the 

testing and follow-up work. The measurement 

equipment was selected in close consultation 

with sensor manufacturers. In the illustration, 

corresponding sensors are shown with the 

Industry partners in particular were consulted 

concerning the qualitative and quantitative eval-

uation of savings potentials since 1990.  

A four-stage model was developed to categorise 

the savings potentials. Stages 1 to 3 focus on 

technologies that are already available on the 

market, while stage 4 summarises the potential 

of future technologies which may be available on 

the market in the period from 2020 to 2030.

To enable technologies to be described in a uni-

form manner, innovation cards were developed, 

ensuring a consistent, clearly understandable 

structure. The cards include a qualitative descrip-

tion and, if possible, a quantitative evaluation of 

the innovation. On this basis, the contents of the 

innovation cards were combined and prioritised. 

Technologies with a clear influence on fuel 

consumption were subsequently integrated into 

the overall model developed by the Technical 

University of Braunschweig.

Selected sensors for determining the quality of stubble falls

Density distribution 
over the depth

Degree of coverage Levelling Aggregate size distribution 
on the surface

Machining depth
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The project likewise identified and obtained 

suitable measurement equipment to determine 

the aggregate size distribution. The concept of 

“Qualified Efficiency” defined by the Technical 

quality characteristics to be measured. The pen-

etrologger, RGB camera, stereo camera and 2D 

rotary laser delivered promising results.

Average annual growth rates of wheat yields
for selected soil climatic chambers

-1.0%

0.0%

1.0%

2.0%

3.0%

4.0%

5.0%

6.0%

19
90

-1
99

9

20
00

-2
00

8

20
09

-2
01

6

19
90

-1
99

9

20
00

-2
00

8

20
09

-2
01

6

19
90

-1
99

9

20
00

-2
00

8

20
09

-2
01

6

19
90

-1
99

9

20
00

-2
00

8

20
09

-2
01

6

19
90

-1
99

9

20
00

-2
00

8

20
09

-2
01

6

19
90

-1
99

9

20
00

-2
00

8

20
09

-2
01

6

Germany Dillusivial sites 
in northern East 

Germany

Loess locations 
east

Gäu, Danube and 
Inn valleys

Sand and clay 
Soils 

„Südhannover“

Lower Saxony 
coastal and 
Elbe march

Re
la

ti
ve

 in
cr

ea
se

 in
 e

ar
n

in
gs

 in
 %

 p
. a

. 

Costs with and without the use of a central tyre inflation system

0

10

20

30

40

50

60

Labour costsDiesel costsCost of capital Cost of repairsTotal

EU
RO

/h
ec

ta
re

Without tyre pressure regulator With tyre pressure regulator



MORE OUTPUT, LESS CO
2
  11

Between 2000 and 2008, with Germany-wide 

annual yield growth considerably lower than 1 

percent, average yields scarcely increased. Since 

2008, an annual yield growth of 1 to 2 percent 

can again be observed in most regions.

A further, extremely relevant practical basis of 

assessment is the economic benefit of savings 

potentials. In this context, a central tyre inflation 

system is an important example. The following 

illustration compares the cost situation for sow-

ing and cultivating, with and without the use of  

a central tyre inflation system.

If a central tyre inflation system is used to adapt 

the tyre pressure to different operating condi-

tions, on average it is realistic to expect a  

4 percent reduction in fuel consumption. With 

the aid of a matrix that represents the agricul-

tural process steps of the model farms, individual 

savings potentials can be transferred consistently 

to the simulation model and their plausibility can 

then be validated.

University of Braunschweig is based on pro-

ductively combining theoretical and practical 

approaches. Ultimately, savings potentials rela-

tive to work quality were successfully evaluated.

To relate the effects of savings potentials to yield, 

the basis of consideration was fuel consump-

tion in litres relative to yield in tonnes. Official 

statistics served as an important data basis for 

considering the evolution of yields at different 

European locations.

As can be seen from the graph, annual yield 

increases in Germany as a whole reached their 

maximum with 2 percent per year between 1990 

and 2000. This is primarily due to the enormous 

yield improvements in East Germany following 

reunification.

Basic structure of the simulation model
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allows calculations concerning technological and 

process-specific measures that affect fuel con-

sumption to be carried out quickly and precisely.

With the aid of the model, machine-specific fuel 

use in different agricultural (wheat, maize and 

forage) production processes can be simulated. 

The simulation model

The aim of the simulation model is to calculate 

fuel requirements and possible savings potentials 

based on model farms, and to relate the results 

to the respective yields. The simulation model 

Area-specific fuel demand for individual process steps 
of wheat cultivation in the region “Südhannover” 
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The function of the process simulation is to 

determine the times required for individual 

subtasks in different process steps. For this 

purpose, an object-oriented simulation model 

has been developed which models the farms and 

simulates the procedures. Within the simulation 

environment, the machines or machine combina-

tions perform practical actions depending upon 

the process step. During the process sequences, 

the time is determined by recording the time 

required for individual subtasks such as turning, 

work operations or road travel.

The results

Results from the two model approaches are 

combined in a higher-level simulation model  

and related to a forecast harvest yield.

This makes it possible to determine the fuel 

requirements for the process chain as well as for 

individual process steps. The results vary widely 

for different types of farm. The following graphs 

present the results for the ‘Südhannover’ and 

‘Bayrisches Gäu’ model farms (both situated 

The illustration shows the basic structure of the 

simulation model, which is subdivided into three 

areas. On one hand, a machinery model has been 

defined, consisting of individual machine models 

with which time-related fuel requirements 

(l/h) are determined for defined situations, for 

example, in the framework of a turning process 

or work operation. On the other hand, a process 

model has been developed, with which detailed 

partial times for these individual tasks are 

simulated, based on farm conditions and the 

agricultural process chain.

Each machine model consists of defined com-

ponents. The behaviour of each component 

in relation to the energy demand is based on 

characteristic values derived from the literature, 

own measurements and from manufacturer 

specifications. As a target value, the time-related 

fuel requirement is obtained, taking into account 

operating conditions such as the driving speed, 

soil type, etc.

Development of the fuel consumption for a process chain 
of wheat cultivation in the region “Bayrisches Gäu”
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in Germany). Four different scenarios were 

simulated: The situation in 1990, the situation in 

2015, a conservative estimate for 2030, and an 

optimistic estimate for the year 2030.

The results show that for both model farms, a 

reduction in fuel requirements could be realised 

over the period from 1990 to 2030. The differ-

ences observable in the 1990 soil tillage and 

harvest results are due to differing cultivation 

strategies.

The results shown take into account modifi-

cations in the farm structure and machinery 

configuration as well as process changes such as 

the reduction of tilling depths and the increase in 

plant protection requirements. For both scenarios 

focussing on the year 2030, relevant estimates 

were made in consultation with the participating 

agricultural machinery manufacturers and 

farmers in the respective regions. By using the 

underlying anticipated yields for the individual 

model farms and dates under consideration, 

fuel requirements can be related to the mass of 

grain equivalents. Based on the results for all the 

model farms, for the period from 1990 to 2030, 

the EKoTech team forecasts a fuel consumption 

savings potential of 35 to 40 percent.
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consumption during various tasks by up to  

14 percent. Innovative auxiliary components that 

are not dependent on the rotational speed of the 

tractor engine also help to reduce energy loss. 

The result: fuel savings of more than 1 percent 

just for the fan; altogether, savings of up to 5 per-

cent are possible for the auxiliary components.

Eco power take-offs reach their rated speed at 

a significantly lower engine speed. This reduces 

fuel costs and the impact on the environment. 

The consistent use of appropriate power take-offs 

can lead to remarkable diesel savings. Modern 

tractors operate continuously within the range 

of their highest torque at a low rotational speed 

and with the lowest possible specific diesel con-

sumption. Depending on the model, fuel savings 

of up to 5 percent can be achieved with this 

sustainability concept.

However, it must be clear to everyone that a 

tractor is only used in the field in combination 

with appropriate mounted equipment. Therefore, 

savings can also be achieved through the right 

choice of mounted equipment. For instance, 

easy-to-pull short disc harrows enable quick 

and effective work with just a fraction of energy. 

Depending on the conditions on site, diesel 

savings of up to 30 percent are realistic.

(II)  Process efficiency

Process solutions integrate intelligence into the 

production chain – beyond the individual tractor. 

After all, complex functions of different tractors, 

implements, makes and processes are synchro-

nised with each other with the aid of mechanics, 

hydraulics and algorithms. Precision arable 

farming is one example, where the objective is 

to assess the heterogeneity in a plot of land or a 

crop in order to adapt tasks ranging from tillage 

to sowing, fertilising and plant protection to the 

requirements in the respective partial area. The 

optimisation of every task stage in the different 

Fields of action for industry, 
agriculture and politics 

From a practical perspective, the results of the 

complex model calculations and analyses can 

be condensed at four levels, which produce an 

ambitious efficiency pledge on the part of the 

agricultural machinery industry:

(I)  Machinery efficiency

Be it needs-based lightweight construction, intel-

ligent engine management or automatic central 

tyre inflation – dormant efficiency potential is 

already being leveraged at the machinery level.  

To the benefit of users and the environment.  

For example, reducing the weight of a tractor by 

20 percent – which would be quite sufficient for 

transport, fertilising or plant protection purposes 

– can cut the amount of diesel required by up to 

5 percent.

Improvements in traction that bring choice of 

tyres, tyre pressure, ballasting and the adjust-

ment of axle load distribution into balance to 

meet the respective situation are proving to be 

even more economical. This can be achieved con-

veniently and reliably with the aid of assistance 

systems that provide support in the choice of the 

right add-on weights and the required tyre infla-

tion pressure. The touch of a button is all it takes 

if a central tyre inflation system is installed –  

a sensible fitting that is particularly worth having 

in the case of frequent combined road and field 

operation. Savings of up to 10 percent during 

primary soil tillage are possible if tractor configu-

ration is optimised.

If the focus is placed on the tractor, there are 

already a large number of possible ways available 

to improve efficiency: Hydraulic systems with 

variable capacity pumps for fuel delivery are a 

further element for reducing fuel consumption. 

Here pressure and pressure flow are not con-

stantly kept at a maximum rate, but are always 

need-based. Their application reduces fuel 

How to save diesel – Potential for savings  
at a glance
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However, the actual implementation is quite 

different. Tractors, combine harvesters and forage 

harvesters are primarily not means of transport 

but mobile machinery for specific purposes and 

have to accomplish complex tasks on changing 

terrain, either alone or in machinery configura-

tions. The industry demonstrates in a number of 

ways how machinery settings can be optimised, 

process sequences controlled and the accelerator 

foot trained. That includes training on site or on 

the internet, but also intuitive user interfaces, 

adaptive menu guidance or practical assistance 

systems that lead to optimised utilisation of 

machinery capacity. According to experts, fuel 

savings of up to 20 percent are realistic if one 

takes the entire user potential into consideration.

(IV)  Alternative fuels and drives

Practicable efficiency proposals always deal with 

several dimensions of a question.

The topic of CO
2
 reduction naturally also raises 

the question of alternative fuels. This is only 

consequent as that is an area with considerable 

savings potential that can easily be tapped. This 

applies particularly to innovative power-to-X 

solutions, which ensure that excess green elec-

tricity can be converted into liquid fuels in an 

environment-friendly way with the aid of chemi-

cal synthesis processes.

In addition to electrical energy, primarily water 

and CO
2
 are required as source materials – the 

latter can either be gained from biomass or sep-

arated directly from the air. One method is called 

‘direct air capture’ and is currently in the testing 

phase. Ideally, it could make entirely CO
2
-neutral 

diesel fuels possible; Fuel researchers and start-

ups are already working flat out on it. Biofuels, 

particularly those of the second generation, are 

similarly promising. They are often gained from 

waste materials and thus mean a much lower 

field areas is increasingly achieved with geo-

based sensors, highly automated technology and 

artificial intelligence (AI).

Intuitively operable machine terminals serve 

not only the digital transmission of assign-

ments or work results, but also the exchange of 

information and the optimisation of different 

units within a process chain. Thanks to these 

technologies plus increasingly effective means of 

remote monitoring, human beings still have the 

decision-making authority in this optimisation 

circuit. The result: Not only diesel input, but also 

other scarce resources such as fertilisers and pes-

ticides are adapted to the level actually needed 

for the respective crop, with the yield increasing 

at the same time.

Combined primary soil tillage and sowing is an 

efficiency turbo that is being utilised more and 

more frequently. Because intelligently linking 

two energy-intensive process steps with each 

other means achieving savings not only in time, 

but also in fuel and hard cash. And unnecessary 

additional drives across the fields become a thing 

of the past.

Tractors with sufficient performance reserves 

and both mechanically and electronically linkable 

implement combinations are a prerequisite. The 

bottom line is up to 42 percent more diesel left in 

the tank.

(III)  Operator efficiency

What is right for car drivers must be right for 

tractor drivers, too. After all, the big headings 

are similar: the right choice of gear, correct tyre 

pressure plus acceleration and braking adapted 

to the given situation play an important role for 

both cars and tractors.
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threat to food production than conventional bio-

fuel from rapeseed or maize. Used systematically, 

they can reduce emissions by up to 90 percent.

Biogenic and synthetic fuels should soon make a 

considerable contribution to the decarbonisation 

of vehicle fleets within and outside the field of 

agriculture. They combine the advantages of 

powerful diesel units in an ideal way with the 

necessary climate policy goal to reduce emissions 

as far as at all possible. The perfect technical 

solution for highly stressed traction drives in 

agricultural machinery and tractors. Mounted 

equipment such as fertiliser spreaders or seed 

drills, which require precise steering rather than 

pure power, are increasingly being equipped with 

infinitely variable electric motors.

„1 litre of diesel for 160,000 bread rolls – that’s efficiency“

4,000 tonnes of grain

are harvested on average each season with a modern combine harvester.

1,200 football fields

are equivalent to the area harvested.

160,000.000 bread rolls

are then produced by bakeries.

1 litre of diesel

is needed to produce 160,000 bread rolls.
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complexity, are right at the top of the specifica-

tions for the engineers. Digital management or 

assistance systems are already in use today and 

will increasingly find their way into more machin-

ery in the future.

The automation of sub-processes or complete 

process stages can make a contribution as a next 

step. Possible areas of application range from use 

in a single unit to machine communication and 

plant cultivation aspects and on to the adapta-

tion of processes to special local conditions.

In the long term, autonomous processes will pre-

vail throughout the industry; however, numerous 

experts expect entirely new machinery concepts. 

Research on the use of robots has, for example, 

been driven forward for many years now through 

university competitions supported by industry.

Technological innovation capacity, economic 

strength and an international horizon act in the 

best sense as catalysts of a pro-active climate 

approach for agribusiness regarding agricultural 

machinery, which can, however, only be really 

effective if it meets with political support and 

societal acceptance.

The agricultural machinery industry is well on 

the way to climate neutrality. Every day and 

with great commitment. On the one side is the 

continuously falling CO
2
 curve and on the other 

a rapidly rising learning and yield curve. In other 

words: Agribusiness is thinking about the future 

today and is a climate pioneer. Because emission 

reduction is an innovation topic of the highest 

priority.

Alternative fuels and drive concepts that define 

the path to the decarbonisation of agribusiness 

are becoming more and more important. The 

technical prerequisites of numerous approaches 

are extremely favourable; however, there are 

often not enough units in the market to enable a 

benefit from economies of scale. But that is the 

only way to ensure the economical use of tech-

nologies of the future.

Electric traction drives can be used in special 

cases. Today there are already hardly any techni-

cal obstacles to implementation, particularly in 

the lower and middle tractor segments. Corre-

sponding transport and supply infrastructures 

require political commitment and implementa-

tion and are indispensable for providing appropri-

ate impetus in this direction to the market.

Experts see the optimisation of entire processes 

in which machinery is used as one, perhaps even 

the decisive parameter. Here the driver plays an 

important role. So far, the installed capacity of 

the machinery and implement fleets in use is 

not optimally exploited. Systems for qualifying 

drivers, but particularly for reducing operating 

On the way to climate neutrality –  
Tomorrow’s efficiency solutions
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Innovative technologies for reducing fuel consumption – 
“This is where to invest!”

Cluster
Technology / 

instrument
Segment Relevance

Savings of 

up to XX % 

possible

Viability
Time 

horizon

Electric traction 
drives

Pillar I: 
for particular 
use cases

Lower to middle 
tractor segments, 
feed mixing wag-
ons

Medium, 
potential of up to 
100 %

100%

Technically viable 
with medium 
efforts; infrastruc-
ture still insufficient

Imme
diately

Logistics Road transport Road travel
High, 
50 %

50%  
Imme
diately

Assistance 
process

Pillar III: 
Skills-based 
operating com-
plexity

Digital manage-
ment systems 
focus on the oper-
ator

Medium 
10 % on average

10%

Technically viable 
with little program-
ming effort, ZB 
unclear

Imme
diately

Autonomy 
process

Machinery
All motorised agri-
cultural machinery

Up to 15 % 
(complete process 
chain)

15%  
Imme
diately

Autonomy 
process

Machine to 
machine (M2M)

All motorised agri-
cultural machinery

Up to 15 % 
(complete process 
chain)

15%  
Imme
diately

Autonomy 
process

Plant cultivation
All motorised agri-
cultural machinery

Up to 15 % 
(complete process 
chain)

15%  
Imme
diately

Autonomy 
process

Processes 
adapted to 
special local 
conditions

All motorised agri-
cultural machinery

Up to 15 % 
(complete process 
chain)

15%  
Imme
diately

Alternative 
fuels

Power-to-X
All motorised agri-
cultural machinery 
and tractors

High, 
due to positive CO

2
 

effects with little 
effort required; 
potentials of up to 
100 %

100%

Easy technical fea-
sibility, but political 
commitment is 
indispensable in 
order to generate 
economies of scale

2020

Alternative 
fuels

Biofuels
All motorised agri-
cultural machinery 
and tractors

High, 
due to positive CO

2
 

effects with little 
effort required; 
potentials of up to 
100 %

100%

Easy technical fea-
sibility, but political 
commitment is 
indispensable in 
order to generate 
economies of scale

2020

Automation 
process

(Partial) auton-
omy

All motorised agri-
cultural machinery

5 % (on top) 20%   2030 +

New forms 
of machinery 
(robotics)

Machinery   Up to 50 % 50%   2030 +

New forms 
of machinery 
(robotics)

Plant cultivation   Up to 50 % 50%   2030 +
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will often face financing obstacles. Here politics 

could unfold a steering effect based on fast-start 

funding and state aid:

•	 for innovative technological and system 

solutions

•	 for upgrading existing machinery

 

Tax incentives

From the users’ point of view, tax incentives are 

the ideal, precisely regulatable policy instrument 

for achieving a quick switch towards ideas for CO
2
 

efficient technology and processes. They include:

•	 a reasonable approach to CO
2
 pricing that 

serves the internalisation of external costs and 

regulates damage to the environment accord-

ing to the polluter-pays principle,

•	 pricing policy advantages for biofuel and 

synthetic fuels based on tax relief,

•	 a broadly defined tax relief offensive for all 

CO
2
 reducing measures,

•	 well-targeted bonus systems for users, for 

instance a ‘diesel bonus book’ based on the 

reimbursement scheme for diesel used in 

agriculture.

 

Deregulation

An entrepreneurial way of thinking has always 

united industry and agriculture. After all, many 

things can be dealt with much better inde-

pendently at the enterprise level than on the 

basis of extensive sets of rules. It is therefore sen-

sible to promote deregulation wherever possible, 

because:

•	 this ensures that competition in innovation 

can develop freely,

•	 it will force the consistent implementation of 

existing laws instead of constantly having new 

legal norms (legal certainty),

•	 and it will make expensive and inefficient 

labelling measures redundant right from  

the start.

Political support for technological 
momentum

No matter how efficient and creative the indus-

try’s developers may be, they are just as depend-

ent on reliable political framework conditions 

that contribute to actively shaping the remarka-

ble technological momentum in agribusiness in 

the interest of farmers and contractors.

For sustainable innovations with welfare 

economic benefits can only be created where 

a clear sense of direction, the right incentives 

for motivation, and optimisation coupled with 

a competitive outlook exist. This is, on the one 

hand, because it encourages the industry itself 

to think and act in an unconventional way; on 

the other hand, because it makes it far easier for 

users to change traditional processes and ways 

of working. In other words: Innovative solutions 

for users, products and processes intended to 

optimise fuel efficiency must be promoted and 

established on a broad scale if they are to fully 

unfold their potential in practice.

Recommendations for political 
decision-makers

Incentive policy

Incentive effects are among the tried and tested 

instruments for driving the diffusion of inno-

vative, environmentally friendly technologies 

forward in the market. VDMA sees prospects for 

positive leverage in the following areas:

•	 Investment support

 

A large number of farmers in Germany and 

Europe are professionals and therefore not averse 

to investing, especially when investments are in 

technologies and systems to improve efficiency. 

According to a current VDMA statistic, a good 

15 percent of farmers and contractors plan to 

invest in agricultural machinery in the coming 

six months. However, anyone who decides on 

state-of-the-art interlinked process solutions 

�Bringing hp onto the road – the reason why 
the agricultural machinery climate protection 
offensive needs political support
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Research promotion with regard to the vehicle 

and fuel industries

•	 Exploration of alternative propulsion systems 

and fuels

−	 technologically neutral

−	 complementary

−	 in the interest of achieving an intelligent 

energy mix

•	 Fields of research at the propulsion system 

level

−	 engine research

−	 fuel cell research

−	 research on rechargeable batteries

•	 Fields of research at the fuel level

−	 synthetic fuels (power-to-X)

−	 biofuels

Research policy

The agricultural machinery industry is a 

research-intensive industry. On average, a good 

5 percent of annual turnover flows into the 

development and construction of new machinery 

and software systems. Digital cross-brand and 

cross-process methods promise users consider-

able efficiency and savings potential – also and 

particularly with regard to fuel consumption. 

However, research-based solutions require major 

investments. Promoting such investment more 

strongly than has been the case so far – also in 

the small and medium-sized industrial segment – 

is a fundamental element for increasing sustain-

ability. In this context, the research achievements 

of the automotive and fuel industries must also 

be taken into consideration.

Research promotion with regard to the 

agricultural machinery industry

•	 Programmes to strengthen joint research 

across enterprises on an interdisciplinary  

basis to optimise the efficiency of machinery 

and processes

•	 Consequent promotion of the small and 

medium-sized segment

•	 Cooperation with universities

“Allowing automated steering means achieving considerable savings”

Two thirds

of a tractor driver’s attention is taken up with steering.

That can be halved

if automatic assistance systems are used.

Diesel savings of 10 percent

can be achieved this way in field operation.
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Data policy

Considerations on data transparency and 

standardisation must include agribusiness. After 

all, only in very few other areas is day-to-day 

business so strongly characterised by measurable 

data, which for the most part are derived from 

nature. This includes e.g. topographic and ped-

ological data, but also meteorological data and 

location-based application rules for farm inputs. 

All of these factors contribute to improving the 

management of the production process and 

generating less CO
2
 while increasing yields. 

Frictions arising from laborious manual work can 

be stopped straight away if the following require-

ments are met:

Comprehensive provision of publicly  

available data

•	 e.g. all public data corpora of the land registry 

offices and environmental authorities

•	 retrievable in a machine-readable form

Cross-border data standards

•	 standardisation of data formats for fields, 

requirements etc.

•	 compatibility across territorial borders

−	 national

−	 pan-European

Infrastructure policy

Powerful analogue and digital infrastructures 

form the backbone of energy-efficient processes 

of the future.

As far as digital infrastructure is concerned, the 

cards have long been on the table because fast 

mobile internet is not only the basic prerequisite 

for Industry 4.0; agriculture, no matter whether 

small-scale or large-scale, can also no longer do 

without high-speed networks. Anyone wanting 

to adapt sowing and fertilising to the individual 

plant in real time, to schedule harvesting logistics 

to the second and to synchronise documentation 

tasks with the work process, needs high speeds 

and short latency periods on the field, in the barn 

and in the farmyard. In the event of success, full 

process control along the entire value chain and 

significant reduction potential for CO
2
 are on the 

assets side.

Similarly, analogue transport and utility infra-

structures will have to be reliably expanded 

before even the most promising technologies of 

the future would be sustainable in the long term.

Digital network infrastructures

•	 The provision of extensive high-speed net-

works in 4G and 5G standard, but also fibre, 

throughout the country is a necessary prereq-

uisite for the successful management of the 

transition to greater efficiency.

•	 Machinery and process control in real time 

and with maximum (fuel) efficiency is only 

possible if these prerequisites are met.

Transport and supply infrastructures

•	 Ensuring the availability of alternative or 

synthetic fuels

•	 Creating filling stations for biogas and 

hydrogen plus EV charging stations
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Communication policy

Communication policy measures can unfold a 

steering effect and raise attention and awareness 

within and outside the expert community if they 

are well targeted. Sustainable, fuel-efficient pro-

duction processes are in the interest of all parties 

concerned. Promoting them strongly through 

communication and making them the binding 

standard in public speech is the purpose of such 

a communication offensive. From the perspective 

of the industry, possible approaches would be:

Benchmark tables

•	 ‘This is how efficiently future-oriented farms 

act’ (in the sense of creating implied pressure 

to take action)

Information campaigns

•	 ‘Take your foot off the accelerator’  

(in an instructive sense)

Image campaigns

•	 ‘Farmers act in a CO
2
 efficient way’  

(in the sense of motivation and appreciation 

of the peasantry)

Education policy

Good professional practice is a matter of edu-

cation. That applied in the past and still applies 

today. However, the requirements are changing 

more dynamically than ever before. Farmers 

wanting to digitalise their farms in the best 

possible way or seeking to implement targeted 

economic and ecological processes are dependent 

on knowledge and skills that are imparted and 

deepened at schools and universities, but also 

in extra-occupational teaching and educational 

measures. Only those who know how to utilise 

this leverage can fully exploit the potential of 

efficient operating processes.

Academic and vocational curricula with a sus-

tainability concept

•	 materials appropriate to the target group and 

didactic approaches for

−	 farmers and contractors

−	 mechatronic technicians for agricultural 

machinery

−	 agricultural scientists

Measures for further training

•	 industry-based and school-based further 

training programmes for professionals  

in agribusiness

•	 dovetailing with investment aid or  

bonus systems
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