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Life Cycle Assessments (LCA) of agricultural systems are per-
formed using inventory data from several databases. The in-
ventory data used for agricultural machinery and especially
agricultural tractors in these databases are based on old data
(from 2002 and not updated since) using trucks (“lorry”) as
a proxy for the manufacture of tractors. In consequences,
they do not reflect the current technology used by farm-
ers and do not allow comparison with new technologies in
used in farms such as agricultural robots. The dataset pro-
posed in this paper presents two updated Life Cycle Inven-
tory (LCI) of an agricultural tractor. Data were collected based
on the technical system of a tractor manufacturer, scientific
and technical literature as well as expert opinion. Data on
weight, composition, lifetime and maintenance hours of each
tractor component as well as electronic parts, converter cat-
alyst and lead battery are produced. The inventory is calcu-
lated based on the raw materials needed for the tractor man-
ufacturing and maintenance over its lifetime as well as the
energy and infrastructure needed for manufacturing. Calcula-
tions were made based on a tractor of 7300 kg with the fol-
lowing characteristics: 155 CV, 6 cylinders, four-wheel drive.
The tractor modelled is representative of tractors from the
same power category (i.e. between 100 and 199 CV and 70%
of the annual sales in France). Two LCI are produced: a LCI
for a 7200 h lifetime tractor, representative of an accounting
depreciation, and a LCI for a 12000 h lifetime tractor, repre-
sentative of the whole service life of the tractor (first use to
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final disposal). The functional unit is 1 kg of tractor (kg) or 1
piece (p) of tractor during its lifetime.

© 2023 The Author(s). Published by Elsevier Inc.

This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Specifications Table

Subject

Specific subject area

Type of data

How the data were acquired

Data format

Description of data collection

Data source location

Data accessibility

Agricultural Sciences, Environmental Sciences, Engineering
Agricultural machinery
Table
Raw data were collected based on the technical system of a tractor
manufacturer, scientific and technical literature as well as expert opinion.
When data were not available in scientific and technical literature, the expert
opinion from specialists in the field of electronics and agricultural machinery
was used.
Analysed data were calculated based on the raw data.
Raw
Analysed
Raw data on electronic component were obtained from the technical system
provided by the tractor manufacturer. Raw data on GPS, camera, catalyst
converter and lead battery were obtained from scientific literature. Raw data
on the maintenance hours were obtained from the maintenance service of the
tractor manufacturer. The composition of each tractor component and their
weight were obtained from technical literature and expert opinion.
Raw data were selected to be relevant in a French context. When available,
data from France were selected. Raw and analysed data location are as follow:
« Institution: INRAE Centre Clermont-Auvergne-Rhéne-Alpes
« City/Town/Region: Montoldre (Allier)
« Country: France
« GPS coordinates: 46.33905, 3.43486
Repository name: Recherche Data Gouv
Data identification number: https://recherche.data.gouv.fr/
Direct URL to data: https://doi.org/10.57745/]YXPHZ
Licenses of use: etalab 2.0 (https://spdx.org/licenses/etalab-2.0.html)

Value of the Data

« This paper provides updated life cycle inventory data for an agricultural tractor representative
of tractors manufactured since 2016.

These data can be used by every person who wants to carry on a life cycle assessment of

agricultural system using updated data for tractors, especially when the goal is to compare
agricultural systems that involve new technologies such as agricultural robots.

inventory databases.

The information provided in this paper can be used to update generic or specific life cycle

Four LCI of agricultural tractor are produced regarding the tractor lifetime (7200 h, represen-

tative of an accounting depreciation, and 12000 h, representative of the whole service life of
the tractor) and the functional unit used (1 kg and 1 piece).
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1. Objective

This paper aims at providing an updated Life Cycle Inventory (LCI) of agricultural tractors.
Life Cycle Assessments (LCA) of agricultural systems are currently performed using inventory
data from several databases. The inventory data used for agricultural machinery and especially
agricultural tractors in these databases are based on old data (from 2002 and not updated since)
using trucks (“lorry”) as a proxy for the manufacture of tractors. In consequences, they do not
reflect the current technology used by farmers and do not allow comparison with new tech-
nologies in used in farms such as agricultural robots as highlighted by [1]. This paper proposes
two LCI for a standard agricultural tractor that represents tractors from the same power cate-
gory (i.e. between 100 and 199 CV) and 70% of the annual sales in France [2]. This LCI includes
all the electronic components (electronic cards, GPS, camera, electronically solenoid valves, on-
board sensors...), the converter catalyst and the lead battery, data that are not included in LCI
of agricultural tractor in the current databases.

2. Data Description

The dataset associated with this paper is available in the repository. It contains a total of 12
files of both raw and analysed data required to modelled the Life Cycle Inventory of an agricul-
tural tractor regarding its lifetime (7200h or 12000h) and functional unit (1 kg or 1 piece).

2.1. Raw Data Files

Five raw data files are available in the repository. Each file description is listed here after:

Composition.tab: this table presents for each type of tractor component the material used for
its manufacturing (steel, plastic...).

Maintenance hours.tab: this table presents for each tractor component their replacement in-
terval in hours

Piece replaced.tab: this table presents for each type of tractor component the number of
times the component is replaced for the two modelled lifetimes (7200 h and 12000 h)
Weight.tab: this table presents the weight, volume, number of piece or meter for each tractor
component and the total weight of each component calculated based on the density (for
liquid) or weight of each piece.

Technical characteristics.tab: this table presents the technical characteristics of the tractor
used for modelling. The technical characteristics are provided for the average weight of the
tractor, the number of cylinders, the maximal and nominal power, the maximum torque, the
tractor dimensions, the type of tyres and the tank capacities.

In addition to these files, Table 1 presents the raw data used to modelled the LCI of the
electronic components of the agricultural tractor.
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Table 1
Detail of the composition of the electronic components.

Name of the Composition Nb of Unit weight Total

electronic component elements (kg or m?) weight (kg)

Control board n°1 Printed wiring board 1 3.26E+00 1.28E+00
Fuse (small) 28 6.30E-04 1.76E-02
Fuse (medium) 8 1.10E-03 8.80E-03
Fuse (big) 3 5.08E-03 1.52E-02
Relay (small) 14 3.36E-02 4.70E-01
Relay (big) 2 6.18E-02 1.24E-01
Diode 4 3.20E-05 1.28E-04
Resistor 2 9.80E-06 1.96E-05
3 wires clamp type connector 6 9.00E-03 5.40E-02
Connector PCI bus (very large) 6 1.16E-02 6.96E-02
Connector PCI bus (medium) 2 6.60E-03 1.33E-02

Control board n°2 Printed wiring board 1 3.08E+00 4.94E-02
Fuse (small) 37 6.30E-04 2.33E-02
Fuse (medium) 4 1.10E-03 4.40E-03
Fuse (big) 1 5.08E-03 5.08E-03
Relay (small) 9 3.36E-02 3.02E-01
Relay (big) 4 6.18E-02 2.47E-01
Diode 2 3.20E-05 6.40E-05
3 wires clamp type connector 2 9.00E-03 1.80E-02
Connector PCI bus (large) 7 8.10E-03 5.67E-02

Control board n°3 Printed wiring board 1 3.08E+00 4.99E-02
Fuse (small) 3 6.30E-04 2.33E-02
Connector PCI bus (small) 9 3.68E-05 3.31E-04
Connector PCI bus (very small) 7 9.21E-06 6.45E-05
Capacitor 6 7.00E-04 4.20E-03
Diode 24 3.20E-05 7.68E-04
Resistor 4 9.80E-06 3.92E-05

Control board n°4 Printed wiring board 1 3.08E+00 2.00E-01
Fuse (small) 35 6.30E-04 2.21E-02
Fuse (medium) 1 1.10E-03 1.10E-03
Fuse (big) 1 5.08E-03 5.08E-03
Relay (small) 9 3.36E-02 3.02E-01
Relay (big) 1 6.18E-02 6.18E-02
Diode 3 3.20E-05 9.60E-05
Resistance 3 9.80E-06 2.94E-05
Connector PCI bus (very small) 1 4.60E-06 4.60E-06
Connector PCI bus (very small) 1 9.21E-06 9.21E-06
Connector PCI bus (small) 3 3.68E-05 1.10E-04
Connector PCI bus (large) 7 8.10E-03 5.67E-02
Connector PCI bus (medium) 2 4.05E-03 8.10E-03
3 wires clamp type connector 2 9.00E-03 1.80E-02

Solenoid valves - 29 5.00E-01 1.45E+01

On-board sensors Motor 37 1.40E-01 5.12E+00
Hydraulic system 15 1.40E-01 2.14E+00
Other location 29 1.10E-01 3.16E4+00

2.2. Analysed Data Files

Seven analysed data files are available in the repository. Each file description is listed here
after:

« LCI catalyst converter.tab: this table presents the life cycle inventory of the materials needed
for the manufacturing of 1 kg of catalyst converter used to treat the exhaust gases of the
tractor
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LCI electronics.tab: this table presents the life cycle inventory of the materials needed for the
manufacturing of 1 kg or 1 piece of the following components: GPS, Camera, Control boards,
Electronic controllers, Electronically controlled solenoid valves. This table uses the raw data
presented in Table 1.

LCI lead battery: this table presents the life cycle inventory of the materials needed for the
manufacturing of 1 kg of lead battery

LCI tractor 7200h (1kg).tab: this table presents the life cycle inventory of the materials, en-
ergy, infrastructure needed for the manufacturing and maintenance of a 7200 h lifetime trac-
tor for a functional unit of 1 kg.

LCI tractor 7200h (1p).tab: this table presents the life cycle inventory of the materials, energy,
infrastructure needed for the manufacturing and maintenance of a 7200 h lifetime tractor for
a functional unit of 1 piece (i.e. the total weight of the tractor).

LCI tractor 12000h (1kg).tab: this table presents the life cycle inventory of the materials,
energy, infrastructure needed for the manufacturing and maintenance of a 12000 h lifetime
tractor for a functional unit of 1 kg.

LCI tractor 12000h (1p).tab: this table presents the life cycle inventory of the materials, en-
ergy, infrastructure needed for the manufacturing and maintenance of a 12000 h lifetime
tractor for a functional unit of 1 piece (i.e. the total weight of the tractor).

For each of these LCI, the reference product, the inputs from technosphere, the reference
unit, the hypotheses made and the references used are detailed. A list of possible process names
for each by-product and input from technosphere is proposed indicatively. These process names
come from the ecoinvent v3.7 database (system modelling “Allocation, cut-off by classification”).
Names for output to ecosphere are not proposed.

3. Experimental Design, Materials, and Methods

In order to build the LCI of the agricultural tractor, a description of all the components was
done based on the technical system from the agricultural manufacturer [3]. For confidential rea-
son, the manufacturer that provided the technical system will remain anonymous.

These components were classified in several modules such as electronics, filters, fluids, tyres,
battery, cabin and main tractor structure.

The following sections describe the material and methods used for data collection and treat-
ment, the assumptions made regarding the energy used for manufacturing and maintenance and
the road vehicle factory needed for manufacturing.

3.1. Electronics Module

Each electronic component from the technical system was analysed. Fuse, relay and resis-
tor were all modelled as resistor as no other process are available in current LCA databases.
The weight for each electronic component comes from [4] and own measurements. The con-
trol boards n°1 and n°4 are surface-mounted while the other boards are through-hole mounted.
It was assumed that the on-board sensors are composed of copper (10%), polyethylene (45%)
and brass (45%) and the solenoid valves are composed of copper (40%), permanent magnet (i.e.
neodymium) (40%) and stainless steel (20%). In addition to these electronic components, the
tractor is equipped with i) 7 electronically controlled solenoid valves of 1 kg each, ii) 11 elec-
tronic commands used to control cabin climatization, panel control and autopilot embedded in
a plastic box for a total weight of 4.86 kg, and (iii) 14 electronic commands used to control GPS,
cabin climatization, motor, gear box, transmission, front and rear lift, isobus and brakes embed-
ded in an aluminium box for a total weight of 7.54 kg.

Data for GPS and camera composition comes from [5] and weight from expert opinion. Data
for alternator weight comes from the website agriconomie.com. Its composition is based on ex-
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pert opinion and assumed to be copper (10%), steel (60%) and aluminium (30%). It was not pos-
sible to estimate the length of the electric cables in the tractor based on the technical system.
An assumption of 10000 m length was done based on expert opinion but this value is highly
uncertain as no data are available.

It was assumed that all the control boards as well as the GPS and camera were not re-
placed during the tractor lifetime. However, it was considered a replacement of 10% of com-
ponent weight for the electronically controlled solenoid valves and the electronic controllers, a
replacement of 2 on-board sensors and 2 solenoid valves during the tractor lifetime.

Energy for electronic components manufacturing, waste and outputs to ecosphere during
manufacturing are not considered due to a lack of data.

The frequency of alternator replacement is calculated by dividing the tractor lifetime by the
alternator lifetime.

3.2. Filters Module

In this module, the motor oil filter, gasoil filter, hydraulic primary and secondary filters, hy-
draulic filter front PTO, ADBlue® internal and external filters, cooling liquid filter, motor air filter,
cabin filter, brake filter and catalyst converter were considered.

Data for catalyst converter weight comes from expert opinion and its composition comes
from [6-8]. Data for other filters weight come from the website agriconomie.com, their compo-
sition comes from expert opinion.

Energy for filters manufacturing, waste and outputs to ecosphere during manufacturing are
not considered due to a lack of data.

The frequency of each filter replacement is calculated by dividing the tractor lifetime by each
filter replacement frequency.

3.3. Fluids Module

Tank capacity for each fluid comes from the maintenance service of the manufacturer. In
order to simplify the lubrication oil modelling, it was assumed that the same oil is used by the
motor and the hydraulic system. Data for the cooling liquid composition come from [9-11] and
data for brake fluid composition come from [12].

The AdBlue® liquid composition is not specified in the composition table as it is not re-
lated to the tractor manufacturing but needed when assessing the tractor use in LCA of agricul-
tural system. The AdBlue® is composed as pure urea (32.5%) and distillated water (67.50%). The
amount of AdBlue® consumed during the tractor used is estimated between 3 and 10 % of fuel
consumed by the tractor during the agricultural operation.

The weight of the hydraulic hoses was calculated assuming a density of 0.7 kg/m and a com-
position of synthetic rubber (75%) and steel (25%). A 10% replacement during the tractor lifetime
was assumed for the hydraulic hoses.

Energy for fluids manufacturing, waste and outputs to ecosphere during manufacturing are
not considered due to a lack of data.

The frequency of each fluid replacement is calculated by dividing the tractor lifetime by each
fluid replacement frequency.

3.4. Tyres Module

The front and rear tyres were modelled based on technical characteristic on the tractor.
The weight of the front and rear tyres is based respectively on a “16.9R28 MICHELIN AGRIBIB
141A8/138B TL” tyre [13] and a “20.8R38 MICHELIN AGRIBIB 153A8/150B TL” tyre [14].
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Both rear and front tyre composition is assumed to be 76% synthetic rubber and 24% steel.
The frequency of tyre replacement is calculated by dividing the tractor lifetime by the tyre
replacement frequency.

3.5. Battery Module

The life cycle inventory of the lead battery comes from [15]. The weight of the battery is cal-
culated based on a mean for lead battery weight available on the website agriconomie.com. The
energy for the battery manufacturing was included as well as the battery recycling. A value of
9.2 M] is required to manufacture the battery [15]. The distribution between the type of energy
comes from [16] and is as follow: 4.3% petroleum product, 30.9% natural gas, 0.6% heat, 63.6%
electricity, 0.6% renewable energy (for electricity). It is assumed that only virgin material is used
for the battery manufacturing.

Battery recycling is estimated to be around 95% [15].

The frequency of the lead battery replacement is calculated by dividing the tractor lifetime
by battery replacement frequency.

3.6. Cabin Module

The tractor cabin is equipped with 3 LCD screens and a cabin seat. The weight of the LCD
screen is estimated by expert opinion while the cabin seat weight comes from the website agri-
conomie.com. The cabin seat composition is assumed to be polyurethane foam (13%), steel (71%)
and cotton (16%). The ratio between foam and cotton comes from [17]. It is assumed that the
foam and cotton is replaced once in the tractor lifetime.

Energy for cabin seat manufacturing, waste and outputs to ecosphere during manufacturing
are not considered due to a lack of data.

3.7. Main Tractor Structure

The tractor structure is composed of glass, steel, cast iron and alkyl paint. The weight of
the glass comes from the website agriconomie.com based on the technical characteristic of the
tractor.

The amount of paint needed during manufacturing is estimated at 5 litres per layer assuming
2 layers painting. The weight of the paint is calculated based on a 1.54 kg/L paint density. It is
assumed that the tractor has a double layer painting during its whole lifetime.

The weight of the steel and cast iron is calculated based on the difference between the to-
tal weight of the tractor and the sum of the weights of filter and fluid, battery, tyres, electronic
components, glass, and alkyd paint. The weight of steel and cast iron therefore represents 85.43%
of the total tractor weight. The ratio between steel and cast iron comes from [17] and is respec-
tively 66.6% and 33.4%. A 20% repair factor is assumed for steel, glass and cast iron [18].

3.8. Energy Used for Manufacturing and Maintenance

The energy used for manufacturing is calculated based on the energy for tractor manufac-
turing (27.63 MJ/kg) and the energy for tyre manufacturing (85.8 MJ/kg) [19]. The distribution
between the type of energy comes from [16] and is as follow: 4.3% petroleum product, 30.9%
natural gas, 0.6% heat, 63.6% electricity, 0.6% renewable energy (for electricity).

The energy used for the tractor maintenance is estimated to be 49% of the energy used for
manufacturing [19].
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3.9. Road Vehicle Factory Infrastructure

The amount of road vehicle factory is calculated based on a 50 years lifetime according to
[20] and an annual production of 10,000 tractors of 7,300 kg average weight per year.

3.10. Waste Treatment

The waste treatment of lubricating oil, graphical paper from filters, aluminium, glass, syn-
thetic rubber, steel, cast iron and used printed wiring board modelled for tractor maintenance
and manufacturing are included in the LCI of agricultural tractor. It was considered that these
materials are considered wastes at the tractor end-of-life (steel, cast iron, used wiring board,
aluminium, glass) or once replaced after maintenance (lubricating oil, graphical paper). Specific
considerations were done for steel and tyres for which the following specifications for waste
treatment were considered: 83% of steel is recycled [21], 25.84% and 74.16% of tyres are respec-
tively recycled and incinerated [22]. The other materials go into a single waste treatment stream.
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