SR~ g  Sustainability of agricultural tractors usage in open field and in specialized
crops, from the performance and environmental standpoints

Dissertation presented to University of Milan, Milan, ITALY

CLUBBOLOGNA
CLUB,BOLOGNA £
@ F E D E R @ Feoerunacoma

M) & %R elma

[talian Agricultural Machinery R
Manufacturers Federation TWENTYSS I X

Lavinia Eleonora Galli

Department of Agricultural and Environmental Sciences - Production, Landscape, University of Milan, Milan, Italy
><: lavinia.galli@unimi.it  %5: +390250316879

@) 15t Pillar - Energy Efficiency

€) Aim of the study

This study provides an integrated assessment of the sustainability of — _ TRACTOR
. . . .y 17 Pillar ) SUSTAINABILITY > 3" Pillar \ Effects of gaseous
agricultural tractor use under representative operating conditions. : emission on
+ human health
The work was structured around three interconnected pillars: wnafm 204 Pillar
e tractor performance and energy efficiency; S /\
* exhaust emissions and their impact across agricultural production Open field Specialized —/ Apple orchard
Cha i nS; SFC /\ \ New Hlolland
. . . . . . ollutant
* potential health risks associated with operator exposure to diesel /\ et | ey productior Vineyard emissions
EXh a U St . Efficiency Colour Classes \ \
\ SDF pﬁl}utant Fiat p?ol!uta nt D“ef:;i'zpply
Cnmparisnn EmMIsSsIons EMIS3IONS
between efficiency / / Kubotg p?llutant New Holland
emissions pc:lllut‘ant
Dveralle:uppLy Overall Sfuppl},.r ! - ‘
I_ chain chain Overall SII..I pply Cverall Efupply
}_ E Z chain chain
53 s 2
Su g E The first pillar assessed the energy efficiency of four narrow- SFC, g/kWh
O . . . . . Field operation Kubota Same Same Goldoni
gE % 5 track tractors during ten typical vineyard operations. Engine b M5091 Frutteto 185 |  Argon 70 T
Fw > & speed, torque and PTO power were measured using a P. R. shredding 250.61 246.39 256.76
dynamometer, while fuel consumption was monitored with a PPP spraying
flow meter. These data were collected under representative Fertilising (M/O)
. n . . Pre-pruni 244.26 | Out of scal
working conditions to calculate specific fuel consumption (SFC). = Pk il - 808
o . . Grass shredding 242.66 240.12
' A color-coded classification system was then applied to (C/M) weeding e
Tractor efficiency GaSGC}Uf pollut;nt Health effects compare tractor efficiency and identify the effects of engine Sucking 044 96 Out of scale
based on specific emissions a: | associated with characteristics, operating point and task-related power Topping 247.84
fuel consumption enV|.ronmen d gaseous pollutant demand. Defoliation 244.49
Impact emissions G. harvesting 255.60
Together, these pillars connect machine efficiency, environmental 3 = European emission stages (from I to V) Weighted Avg. 241.17
sustainability and operator protection within a single assessment BdE -l 2 33 3 4 B8N Color class C
framework.

4,

pprp— TRACTOR P ——— TRACTOR | —
SUSTAINABILITY . 3" Pillar Effects of gaseous SUSTAINABILITY = 3" Pillar \. Effects of gaseous
\ emission on emission on
J l human health — "' human health
Vineyard 2nd pillar Vineyard 2 Pillar
Tractor performance /\ Tractor performance /\
Open field Specialized +| Apple orchard Open field Specialized +| Apple orchard

! crops
- MNew Holland
Cereal Hay production Vineyard pollutant
production emissions

Efficiency Colour Classes l
\ Overall supply
SDF pollutant Fiat pollutant chain
emissions emissions
Comparison

! crops
- New Holland
Cereal Hay production Vineyard pollutant
production emissions

Efficiency Colour Classes l
Overall supply
SDF pollutant Fiat pollutant chain

emissions emissions

betﬁzrennp:;ii?:ncy / / Kubota pollutant New Holland between efficiency / / Kubntg pu;:lLutant New Holland
emissions pollutant emissions pDIllut‘ant
emissions emissions
Overall supply Overall supply ! Overall eruppLy OueraI:l E:uppl},.r ! ‘
chain chain Overall supply Overall supply chain chain Overall -al,l,u;:q:)l:t,.r Overall E:upply
chain chain chain chain

The third pillar was developed through a review of the scientific
literature on the potential health effects of occupational exposure to
diesel exhaust. Particular attention was paid to respiratory,
cardiovascular and neurological disorders associated with acute or
prolonged exposure. The available evidence highlights the need for field
measurements in the operator’s breathing zone and for exposure limits
specifically designed to protect agricultural workers.

The second pillar quantified CO, HC, NO,, and particulate matter emissions from tractors used in
different agricultural production chains. Emissions were measured using a Testo 350 gas analyser
and a Testo 338 soot meter, while a flow meter was employed to determine the exhaust-gas flow
rate and express emissions in g/kWh. Representative operating conditions were reproduced
through stationary tests, and the duration and annual frequency of each operation were
considered to estimate seasonal emissions. This approach enabled comparison of the
environmental impact associated with different tractors, crops, and mechanisation strategies.

Need for agriculture-specific
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© Final Remarks

Sustainable agricultural mechanisation requires the joint evaluation of machine efficiency, pollutant emissions and operator exposure. The results indicate that appropriate
tractor selection, correct engine—implement matching and operation at efficient load levels can reduce both fuel consumption and exhaust emissions. The proposed methods
may support farmers in selecting machinery suited to their operational needs and in assessing the benefits of fleet renewal. However, technological improvements should be
complemented by emission monitoring throughout the tractor’s service life and by field measurements in the operator’s breathing zone. Combining these aspects provides a
more comprehensive framework for developing agricultural machinery that is efficient, environmentally responsible and safer for operators.
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