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Abstract
The current economical worldwide instabilities highlight the need for efficient solutions in agricultural production, in order to reduce 

production costs, increase productivity, and address climate change mitigation. The use of fossil fuel by agricultural tractors constitutes a major part 
of the carbon footprint of agricultural industry. EFFiTILL system operates as a useful tool in the hands of farmers, aiming to offer tillage optimization. 
The system’s hardware is composed of a 3D dynamometer of 6 loadcells, which is being hitched to the tractor and the implements, for monitoring of 
forces applied, and by a flow metering system for fuel quantity monitoring. The software of the system consists of a web platform and an Android app 
and allows real-time support of decision-making during tillage session. This way, tractor’s fuel consumption may be mapped, and improvement of 
tillage efficiency conditions can be achieved. Field experiment results indicate that a significant reduction of fuel consumption can be achieved with 
the use of EFFiTILL mapping software, together with the appropriate gear selection and engine speed during the session. This can be translated to 
a reduction of GHG emissions, as CO2 emissions are proportional to fuel consumption.
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Introduction

Tillage constitutes one the most early exercised agricultural 
practices. Existing evidence indicates that tillage was performed 
in the valleys of Euphrates and Nile rivers since 3000 B.C. [1]. The 
first tillage applications were manually performed with the use 
of animals. However, the technological process made during the 
19th century allowed the use of fuel engine vehicles/tractors for 
exercising the agricultural practices. The technological evolution 
of the 20th century empowered the wide use of tractors for 
mechanized tillage application in order to improve the seedbed, 
soil moisture conservation, as well as crop residues’ management  

 
and weed, pest, and disease management in both perennial and 
annual open-field crops.

Nevertheless, as agricultural tractors use fuel, their operation 
contributes to the GHG emissions via carbon dioxide (CO2) emission. 
In general, the agri-food production chain contributes to the total 
GHG emissions with a percentage of around 31% [2]. Within food 
systems, crop production/land use and pasture are significant 
contributors to CO2 emissions, as being responsible for around 
14% of the annual anthropogenic CO2 emissions. Furthermore, it 
is estimated that 10% of the aforementioned, is directly linked to 
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agriculture [3]. As a result, precision agriculture technologies have 
arisen, with multiple benefits for farmers and the environment, 
by providing a significant contribution to the reduction of GHG 
emissions [4].

Within this framework, during the last decades, there has been 
remarkable research on modelling the technological process of 
tillage, aiming to optimize the tillage process [5]. In addition to that, 
the energy demand and GHG emissions by tractors has led to further 
modelling of the fuel engines’ emissions [6]. Thus, research has 
been carried out for the calculation of the various GHG emissions 
by tractors (CO and CO2) with special attention to rotational engine 
speeds and fuel injection, leading to a possible 76% reduction of 
CO2 emissions [7].

Furthermore, since the 1980s, there has been a serious attempt 
to significantly address the reduced tillage or even no tillage 
approaches for enabling conservation techniques [8]. Based on 
the aforementioned approaches, restoration processes have been 
introduced for restoring soil carbon and assessing its impact on crop 
intensification [9]. The significance of soil carbon sequestration 
(SCS) for the reduction of GHG emissions is especially highlighted 
under different tillage practices [10] and the reduction of fossil fuel 
use in agriculture. 

Simultaneously, during the 1980s and after the first portable 
and micro computers were developed, the first attempts to record 
the agricultural tractor operating data such as fuel consumption, 
ground speed, torque and slip were performed [11]. The 
aforementioned attempts have led to monitoring of agricultural 
machinery communication protocols such as SAE J1939 [12] and 
ISO 11783 or ISOBUS [13]. These protocols remain important 
for precision agriculture as they allow the efficient exchange of 
information and data between sensors, controllers and software 
packages from different manufacturers for the same tractor type 
[14].

However, the current global instable financial circumstances 
have resulted in an enormous increase of fuels’ prices, putting 
farmers in a defective position. Thus, farmers seek alternative 
solutions, as well as management tools and systems, for reducing 
fuel consumption and increasing energy efficiency under a 
sustainable framework. Farmers who may lack the ability to access 
such solutions and tools, are more prone to facing an uneven growth 
of their production costs, leaving them with less profit margin that 
derives from the reduced productivity and the increased production 
costs.

Concerning the operation of tractors, Gear-up throttle-down 
(GUTD) method is a fuel-saving operating practice that is based 
on using an angular speed of the engine which is lower than the 
rated revolutions per minute (RPM). This is possible under lighter 
drawbar loads and reduced power takeoff (PTO) speed. As a result, 
engine efficiency is increased and can be improved by keeping 
its load high with the engine angular speed at 60 to 80% of the 
corresponding nominal [15].

Further studies have demonstrated that fuel savings of up to 
20% can be achieved using the GUTD method [16]. Nevertheless, 

the correct application of the GUTD method requires a significant 
experience from the agricultural tractor operator, so that the 
operator is able to perceive the minimum fuel consumption zone 
for a specific load and select the appropriate gear ratio to keep 
the work rate at high level [17]. This way, fuel consumption can 
be reduced, leading to a corresponding reduction of the GHGs’ 
emissions.

With the use of such software, the vast amount of data generated 
by agricultural activities can effectively be managed for allowing 
better decision making at farm level [18]. The ability to monitor, 
collect and record the operating data of an agricultural tractor can 
significantly contribute to fuel-saving decisions.

EFFiTILL comes to close the gap of the available knowledge 
and the practical implementation of such technologies for the 
optimization of tillage applications with multiple benefits for 
the farmer and the environment, in terms of fuel consumption 
reduction and mitigation of GHG emissions. Thus, the purpose of the 
current study is to demonstrate the designation and development 
of a system able to record fuel consumption and spatially monitor 
consumption, having as ultimate aim the reduction of fuel 
consumption and the mitigation of GHG emissions.

Materials and Methods

Software development 

The EFFiTILL software consists of 2 sub-applications: A mobile 
application and a web platform, working in close cooperation. The 
mobile software component is an Android native app written in 
Java. It is compatible with portable smart devices that are capable 
of broadband Internet connection, support Bluetooth and are 
equipped with an onboard GNSS receiver. This component serves 
as the listener of the various sensors retrofitted on the tractor 
(such as flowmeters and loadcells) and coordinates the operator 
in calculating the optimal tillage parameters, requesting their input 
where needed. Subsequently, during tillage operations, it monitors 
the session parameters like speed, geographical position and fuel 
consumption as well as any potential deviation from the optimals 
ascertained earlier, recording data throughout the session. 
Periodically, it relays data deltas (increments) to the backend of the 
web application, thus allowing near real time telematic observation 
of the tillage progress. At the end of such an operation, the total 
data set is uploaded as well.

The web application is based on the popular Laravel framework 
and maintains its own database to aggregate information in a 
centralized manner, while the Android app is based on Android 
SDK. It provides services that include user sign-up and registration 
of their agricultural assets. These actions are necessary prior to any 
actual tillage, as the mobile app will consult the web backend to 
verify any access credentials input therein and retrieve information 
of land assets and machinery the corresponding authenticated user 
wishes to use. During an active tillage session, authorized users 
may elect to monitor the operation on the web app by visualization 
of data sent by the mobile app. In addition, they are able to browse 
historical data of concluded sessions projected in the form of 
statistics dashboards, i.e., containing relevant tables and graphs.
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Equipment and hardware

The EFFiTILL software receives and/or processes data from 
three different sources. Namely, the smart device’s GPS receiver to 
obtain the position and the velocity of the tractor; the flowmeters 
to obtain the amount of fuel used; and a 3D dynamometer used to 
measure the applied forces on the towed vehicle and the agricultural 

machinery attachments.

EFFiTILL’s 3D dynamometer consists of 6 loadcells (Figure 
1) for measuring forces in three dimensions. More specifically, 
loadcells were S type full-bridge loadcells with a capacity of 5 T, 
model DSLY-103, and output of 2.0mV/V.

Figure 1: EFFiTILL loadcell: (a) the loadcell, and (b) the model.

Three of them are (one for each of the tractor’s 3-point 
suspension points) placed horizontally and parallel to the direction 
of movement to measure attraction forces, two of them (one for each 
lifting arm) are placed vertically to measure vertical forces, while 
the sixth (telescopic axis) is placed horizontally in the direction of 
travel to measure lateral forces.

All six loadcells are supplied with 5 V DC power and their 

electrical signals are fed into 6 loadcell pre-amplifiers (model 
type HX711). An Arduino pro-mini microcomputer is responsible 
for reading and processing the output signals from the pre-
amplifiers. A custom method has been followed to calibrate each 
loadcell, as well as to obtain and store its calibration coefficients 
to the microcomputer. The signals together with the calibration 
coefficients provide the final force measurements. The EFFiTILL 3D 
dynamometer’s structure is presented in Figure 2.

Figure 2: EFFiTILL 3D dynamometer. (a): schematic representation and (b): field image.

Moreover, in order to monitor the fuel consumption of the 
tractor, two precision gear flow meters were placed on the fuel 
line. More specifically, one to measure the fuel inlet (INfuel) towards 
the engine, and one to measure the output of fuel excess returned 

from the engine (OUTfuel). The following equation provides the 
calculation of the total fuel consumption:

Total fuel consumption=INfuel- OUTfuel
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The flowmeters used for EFFiTILL development were purchased 
by Wenzhou Bingo Imp. & Exp. Co., Ltd.; model 0F05ZAT (Figure 3). 
Accuracy of flowmeters was 0.5% (typical fan type flowmeters have 
+- 10% or even 20%). Output signal was pulse signal of 2.5mL/P. 
This was fixed for the entire measuring range. Other meters tend to 
have significant drift on their transfer equation when reaching the 

measuring limits. This product is mainly used to measure oil, milk, 
chemicals (weak acid and base), and various other liquids such as 
fuels, where typical fan-type flow meters are not suitable. For the 
aforementioned reasons, this specific type of flowmeter has been 
selected.

Figure 3: EFFiTILL flowmeters: (a) flowmeter outside view, and (b) flowmeter inside view.

The Arduino microcomputer establishes a wireless connection 
with the android device, using Bluetooth technology. Through this 
connection Arduino transmits data to the android device with 
a rate of 1 sec. With the suggested system development, it was 

possible to perform several measurements, which measurements 
are presented in Table 1. The overall electronic structure of the 
hardware system is presented in Figure 4. 

Figure 4: EFFiTILL’s hardware electronic structure.
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Table 1: EFFiTILL measurements and corresponding tool sources.

Measurement Tool/Source

Traction draft forces (loadcell #6) Dynamometer

Vertical forces (loadcells #4 and #5) Dynamometer

Horizontal side forces (loadcells #1, #2, and #3) Dynamometer

Geographic location Embedded GNSS receiver on the android device

Tractor’s velocity Embedded GNSS receiver on the android device

Fuel consumption Flowmeters

Engine’s revolutions per minute (RPM) Manual input by user in EFFiTILL app

Field experiments  

Field experiments were conducted using a Lamborghini 
R6.130 tractor, in a 0.4-hectare field in Larissa, which consists of 
one the most prominent open-field cultivation areas in Greece. 

The experimental field was divided into 12 sub-fields of 50m x 
3m size. In each sub-field, a modification of the tractor’s operating 
parameters was applied. More specifically, 3 distinct velocity values 
were used in 2 different engine revolutions per minute (RPM). All 
sets of parameters are presented in Table 2.

Table 2: Sets of parameters for field experiments.

Set of Parameters Engine’s Revolutions Per Minute (rpm) Velocity (km/h)

a 1800 5

b 1800 7

c 1800 9

d 2200 5

e 2200 7

f 2200 9

For each set of parameters, two replicates of the experiment 
were conducted. RPMs were selected aiming to have 1 value within 
the 60-80% of the optimum values for the engine, and one out the 
range.

Results

Software

EFFiTILL Web app: preliminary steps: Initially, user needs 
to visit the web platform/application to register and create an 
account identified by email address and protected by a password. 
Upon successful login/registration, a user may create one or more 
fields by providing a name and the cultivation type for each one. 
Optionally, users may also draw landparcel boundaries on the 
interactive map.

Additionally, the user adds to their asset’s machinery (i.e., 
implements) hoisted on tractors, to be used during tillage 
applications. The app provides a preset list of such implement 
types. Users can also add the current financial price of diesel per 
liter under the Settings menu. This allows the app to provide users 
with estimates of the monetary cost incurred by each tillage session.

EFFiTILL Android app: Optimization and tillage session: 
Having conducted the aforementioned preliminary set-up steps, 
farmers may now perform tillage optimization in situ, by using the 
Android application on a smart device carried on the tractor. After 
login with the same credentials used in the web component, the 
user is presented with the list of fields previously registered online. 

Similarly, the next step allows the user to select one of the already 
allocated tillage implements fitted on the tractor.

The next two steps that the Android app guides the users through, 
are absolutely crucial to the minimization of fuel consumption for 
the selected tillage configuration, i.e., the combination of field, 
tractor and machinery:

• The first optimization step is the determination of the 
tractor speed (velocity) in which the tillage produced, given the 
configuration, is acceptable. Movement at inappropriate speeds 
causes machinery to bounce out of the ground, thus leaving the 
soil not adequately mixed. Specific formulae are employed on 
the forces’ measurements, to deduce whether and when such 
disturbances occur.

• Continuing movement at the previously ascertained 
optimal speed, the final optimization action regards the 
calculation of the engine speed that minimizes fuel consumption. 
At this point, it should be noted that tractors’ transmission 
systems are equipped with far more gear ratios than those 
offered by a typical passenger car, thus allowing for a possibility 
of many different engine speeds at a set velocity. While those 
still fall into a discrete set, they are numerous and closely 
situated enough to approximate a continuous range granted 
that minute deviations from the engine speeds proposed by the 
app, have negligible effects to fuel consumption.

For the duration of the two above steps, the application monitors 
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discrepancies among the power cells. Beyond certain levels of 
deviation among their measurements, the calculations’ accuracy 
can suffer, so the operator is notified accordingly. Remediation 
typically includes levelling of the implement so that its weight and 
the forces generated during tillage are evenly distributed across it.

After the optimization phase has been completed, the mobile 
app announces the velocity and engine speed that’s in the operator’s 

best interest to adhere to, in order to curtail fuel expenditure to a 
minimum, while simultaneously not sacrificing tillage quality. An 
optional step pertains to the guidance of the user to an actual, 
full tillage session meant for production purposes with the same 
configuration. The app monitors fuel consumption, forces exerted 
on the machinery and velocity, to ensure that the user stays within 
optimal fuel consumption at all times (Figure 5).

Figure 5: Tillage session in the EFFiTILL Android app.
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EFFiTILL Web app: Real-time telemetry and historical 
data: During the session, data increments are relayed to the web 
application in real time, potentially allowing third parties to 
monitor the operator’s performance in the “Telematics” tab. At the 
end of the operation on the field, the total session data is uploaded 
from the mobile device as well, and the web app records them 
for future reference. The stored data can be retrieved by clicking 
the tab “Dashboard”. Each record corresponds to a tillage session 
and includes information on distance covered, the field that was 
traversed, the machinery used, the total fuel consumption, hourly 
consumption and total tillage duration, among others. The exact 
itinerary followed in each tillage recording can also be viewed on 
a map. Finally, users may further exploit data by exporting the 
desired information to a spreadsheet on their device, locally.

All software components are designed and implemented in 
a manner that frugally depletes batteries of handheld devices 

and conserves resources on server infrastructure. Furthermore, 
interface screens across components integrate the auxiliary 
functionality users expect of modern applications, such as filtering 
of lists, search widgets etc.

Field experiments

Results of the field experiments indicated that the fuel 
consumption and the torque are related to the angular velocity 
of the engine and the velocity of the tractor. More specifically, fuel 
consumption was higher at 2200 RPM, compared to 1800 RPM at 
all driving speeds. Additionally, fuel consumption is was higher at  
the velocity of 5km/h, compared to 9km/h. Figure 6 depicts torque, 
consumption and traction draft force at 5km/h in 2 different 
rotational engine speeds (1800 and 2200 RPM), while Figure 7 
represents fuel consumption in liters per hectare (L/ha) and liters 
per hour (L/h) for different velocity values (5, 7, and 9 km/h) and 
different rotational speeds (1800 and 2200 RPM).

Figure 6: Correlation of traction draft force, torque and fuel consumption at 5 km/h in 1800 and 2200 RPM.

As depicted in Figure 8, fuel consumption per hour varied 
from fuel consumption in l/ha depending on the distinct velocity 
values. More specifically, at 5 km/h velocity, higher consumption 
was monitored per hectare, than per hour. In 7 km/h the fuel 

consumption per hectare did not vary from the corresponding per 
hour, while in 9 km/h the consumption per hour was higher than 
the respective per hectare.
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Figure 7: Fuel consumption in velocity values 5, 7, and 9 km/h in 1800 and 2200 RPM.

Figure 8: Fuel consumption (L/ha and L/h) in 1800 RPM in velocity values of 5, 7, and 9 km/h.
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Regarding the fuel comparison in 1800 and 2200 RPM, field 
experiments demonstrated that the higher fuel consumption (L/
ha) occurred at 5 km/h in 2200 RPM, while the lowest consumption 
was monitored at 9 km/h in 1800 RPM (Figure 9). 

However, increased velocity can affect the quality of soil 
operations, due to the increased vibrations observed in the 
machine. For this reason, monitoring the forces is mandatory to 

determine the maximum acceptable tractor velocity that does not 
allow the development of any bounce effects on tillage machinery. 
As depicted in Figure 10, vertical forces during movement with a 
velocity of 9 km/h are significantly lower than in 5 and 7 km/h, due 
to the bouncing effects, leading to a recommendation for reduced 
velocity (<9 km/h) for achieving optimum tillage results and a 
simultaneous reduction of fuel consumption.

Figure 9: Fuel consumption expressed in L/ha for 5, 7, and 9 km/h velocity values in 1800 and 2200 RPM.
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Figure 10: Vertical forces in 5, 7, and 9 km/h.

Conclusions and Discussion 

It is apparent that during the last years, there has been 
significant research on the optimization of tillage operations with 
special respect to the mitigation of climate change, GHG emissions 
and the reduction of fossil fuels’ use. Within this framework, several 
tillage approaches have been suggested for increasing energy 
efficiency [19]. An efficient and sustainable crop production system 
involves lower energy use and reduced carbon emission [20]. For 
this reason, traction power indices during the application of tillage 
and cultivation operations have been assessed [21].

Moreover, research results have demonstrated the significance 
of measuring tillage implement forces for reducing fuel 
consumption and increasing efficiency without affecting tillage 
depth [22]. In addition to that, several no-tillage approaches have 
been introduced for reducing energy input and carbon footprints 

[23]. Crop rotation has also been identified as a key factor impacting 
productivity of cropping systems, apart from tillage [24]. Indirectly, 
higher yield may also be achieved as properly cultivated soil is 
associated with more robust and healthy plants, and consequently 
with less need for pesticide input and fertilizer input. In addition 
to that, it is clear that improper tillage application may lead to soil 
erosion that directly reduces yield from 5% to 75%, depending on 
the soil degradation due to erosion [25].

Nowadays, a vast number of tools and technologies exist in the 
agricultural machinery industry, which support the achievement of 
the aforementioned objectives and facilitate agricultural practices 
exercised. The widespread use of sensors and electronic control 
units are part of almost every new agricultural machine, enabling 
data acquisition, collection, and monitoring of operation data. As 
a result, some real-time tillage monitoring systems and decision 
support systems have been developed [26,27], taking into account 
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parameters such as vibration, bulk density, slippage ratio, fuel 
consumption, tillage depth, and field’s characteristics. Moreover, 
mathematical modelling has been performed for the prediction 
of tractor [28], and heavy-duty vehicles’ [29] fuel consumption. 
However, there is a lack of developed systems that take into account 
the engine’s revolutions per minute (RPM).

EFFiTILL comes to address this lack in innovative systems, 
offering a holistic tillage approach by exploiting real-time data 
that can be stored and used to assess tillage efficiency. The 
applications developed offer a simple and friendly user interface, 
which can easily be adopted by farmers. The system can be used 
in any agricultural tractor and is a low-cost effective solution for 
reducing fuel consumption that contributes in the GHG emissions 
mitigation. This provides the ability of further profit for farmers, 
and simultaneous greater reduction of the carbon footprint by the 
food production chain.

Field results have indicated that there is a strong correlation 
between torque, consumption and tractive force. A fuel reduction 
was possible by applying the optimum tractor velocity and engine 
speed. As GHG emissions are proportional to fuel consumption [30], 
the introduced fuel consumption reduction by the use of EFFiTILL, 
can be translated to a reduction of the GHG emissions during tillage 
operations.

Preliminary tests carried out prior to the experimental use of 
EFFiTILL have showed a bounce effect at velocities higher than 
9km/h using a deep cultivator machinery, resulting in inefficient use 
of the cultivator, based on records obtained by the 3D dynamometer. 
Thus, velocities below 9km/h were selected for the purposes of the 
current work. Further experiments will be conducted, taking into 
account more operating parameters in order to optimize the results 
acquired.

The EFFiTILL software will undergo further development, 
aiming to allow the incorporation of more features and new 
operating information of the tractor system. This attempt is 
expected to produce an integrated system that will provide useful 
information and spatial analysis tractor operators for farmers, 
allowing better management of the agricultural equipment and 
machinery, prevention of major machinery damage, as well as the 
optimization of agricultural operations, aiming to fuel consumption 
reduction and GHG emissions mitigation.
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