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Summary 
This study shows how the LCA approach applied to agricultural field operations can be 
a useful tool to evaluate the performance of different technologies applied to machinery, 
finalised to the reduction of the environmental impact of agricultural systems. Three 
different cases were investigated: the first two concern the use of tractors adopting 
advanced technologies for pollutant emissions reduction (i.e. EGR and SCR) and the 
last considers the machinery used for the seedbed preparation for arable crops, carried 
out using different soil tillage equipment. 
 

1. Introduction 
Agriculture is responsible for a considerable environmental impact and mechanisation is 
related to a share of these negative effects. Although in the last decades standardised 
and extensively accepted methods for environmental impact assessment were 
developed, their application to mechanical field operations is still limited. This is 
mainly due to the difficulties for inventory data collection characterised by site and time 
variability and to the carefulness of machinery manufacturers that are developing 
concerns about farmers’ perceptions. Nevertheless, without the possibility of assessing 
the impact it is impossible to quantify the reductions achievable with new machines and 
innovations in technologies. 
This study is focused on the application of Life Cycle Assessment (LCA) approach to 
the environmental impact assessment of machinery field operations. In detail, the aim of 
this study is twofold: 1) to show how LCA can be a useful tool to analyse, from an 
environmental point of view, the different machinery field operations; 2) to discuss 
limits and unsolved issues of this approach applied to mechanisation, aiming to the 
identification of possible solutions. 
 

2. Materials and Methods 
The Life Cycle Assessment (LCA) is a standardised method adopted worldwide for 
quantifying the potential environmental impacts of processes for products or services 
during their whole life cycle, using a holistic approach. There are four steps in LCA, the 
second of which is the Life Cycle Inventory (LCI) data collection, where the flow of 
materials and energy from the studied systems and the environment are identified and 
quantified. These data cannot be always directly measured, depending on several 
variables, such as pedo-climatic (e.g. soil texture and water content), site-specific (e.g. 
field shape, slope) and logistic (e.g. annual working time) conditions. To overcome this 
problem, specific databases have been developed for retrieving data. However, it must 
be considered that the processes available in the databases only rarely take into account 
the same pedo-climatic and logistic conditions. As a consequence, they do not allow to 
achieve affordable results. The processes can be modified and made more reliable using 
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measured data or further information estimated with models able to take into account 
the site-specific characteristics. Thus, in this study, the LCA approach was applied to 
three cases: 
Case 1 - A harrowing carried out in a sandy-loam soil with a rotary harrow (10 cm 
depth, 3 m width) coupled with tractor A (max power 82 kW, minimum specific fuel 
consumption 225 g/kWh, not equipped with EGR, emission stage Stage 2, 66.2 g 
CO/ha, 40.284 kg CO2/ha; 229.6 g NOX/ha) and B (max power 82 kW, minimum 
specific fuel consumption 238 g/kWh, equipped with EGR, emission stage Stage 3A, 
56.3 g CO/ha; 43.299 kg CO2/ha; 134.4 g NOX/ha). In detail, EGR works by 
recirculating a portion of the engine's exhaust gas back to the engine cylinders. This 
dilutes the O2 in the incoming air stream and provides gases inert to combustion to act 
as absorbents of combustion heat, to reduce peak in-cylinder temperatures and as a 
consequence the NOx generation. This happens because NOx is produced in a narrow 
band of high cylinder temperatures and pressures. Nevertheless, EGR shows some 
disadvantages: the main of them is a reduction of the engine efficiency, i.e. an increase 
in specific fuel consumption of 4-10% (Volvo, 2010); an increase of 5% was considered 
in this study. 
Case 2 - A 35 cm depth ploughing carried out on a medium textured-clayey soil with a 
4-furrows plough coupled with tractor C (158 kW, specific fuel consumption 200 
g/kWh, equipped with SCR, emission stage Stage 3B, AdBlue® consumption 4% 
vol/vol) and D (152 kW, specific fuel consumption 213 g/kWh, not equipped with SCR, 
emission stage Stage 3A). Details about the field tests carried out can be found in 
Pessina and Facchinetti (2013). The SCR (Selective Catalytic Reduction) converts in 
molecular nitrogen and water the NOx, using ammonia (NH3) as reducing agent. The 
reducing agent is carried on board of the tractor as AdBlue®, an aqueous solution 
containing 32.5% urea. In this after-treatment system, the urea injected in the exhaust 
gas stream is converted to NH3 through the process of thermolysis and hydrolysis. 
Respect to EGR, the adoption of SCR highlights some advantages, such as higher 
specific power output, improved engine life and a lower specific fuel consumption, due 
to an increase in fuel efficiency ranging between 4 and 5% (Maiboom et al., 2009; 
Volvo, 2010). Nevertheless, AdBlue® is consumed. In this case, LCA was used to 
evaluate if, from an environmental point of view, the reduction of pollutants and the 
increase in fuel efficiency offset the environmental impact related to AdBlue® 
consumption. 
Case 3 – Three different alternative solutions for seedbed preparation of arable crops 
(e.g. maize) in medium textured soils of Northern Italy were compared. A 35 cm depth 
primary tillage and a secondary tillage (8 cm depth) were taken into account. Each 
solution, carried out by means of different machines (Table 1), considers a proper 
coupling between the tractor and the implement. 
 
 
Table 1: Composition of the three compared seedbed solutions. 

Solution Primary Tillage 1st secondary tillage 2nd secondary tillage 

A Disc plough Spring tine harrow Spring tine harrow 

B Disc plough Rotary harrow --- 

C Mouldboard plough Spring tine harrow Rotary harrow 
 

Secondary data about diesel and liquid urea production as well as tractor and implement 
manufacturing, maintenance and disposal were retrieved from Ecoinvent 3 (Weidema et 
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al., 2013). The energy consumption for the production of 1 kg AdBlue® was 0.07 kWh 
of electricity and 1.71 MJ from natural gas. 
Life Cycle Impact Assessment was carried out using the ReCiPe Midpoint method 
(Goedkoop et al., 2008) for the following impact categories: climate change (CC), 
ozone depletion (OD), terrestrial acidification (TA), freshwater eutrophication (FE), 
marine eutrophication (ME), photochemical oxidant formation (POF), particulate matter 
formation (PM), metal depletion (MD) and fossil depletion (FD). 
 

3. Results and Discussion 
Table 2 reports the comparison for the harrowing carried out with a tractor not equipped 
with EGR (Stage 2) and the one equipped with EGR (Stage 3A). The reduction of 
nitrogen oxides emissions achieved with the EGR allows considerable benefits for the 
environmental categories deeply affected by these pollutants (TA, POF, ME and PM), 
but also a worsening of the environmental results for CC, OD and FD, due to the 
slightly higher fuel consumption in respect to Stage 2. 
 
 
Table 2: Results for the harrowing carried out with the tractor equipped or not with EGR. 

Impact category Unit Tractor A Stage 2 Tractor B Stage 3A Δ% 
CC kg CO2 eq 56.59 59.02 +4% 
OD mg CFC-11 eq 8.827 9.245 +5% 
TA kg SO2 eq 0.235 0.184 -22% 
FE kg P eq 0.006 0.006 0% 
ME kg N eq 0.012 0.009 -30% 
POF kg NMVOC 0.344 0.251 -27% 
PM kg PM10 eq 0.109 0.092 6% 
MD kg Fe eq 3.877 3.885 0% 
FD kg oil eq 17.386 18.162 +4% 

 
The environmental comparison between the ploughing carried out with tractor C (Stage 
3B) and tractor D (stage 3A) is reported in Table 3. The use of AdBlue® has a 
negligible effect on the evaluated impact categories (<2% - data not shown), but allows 
to reduce considerably the environmental impact affected by NOx and NMVOC 
emissions (i.e. TA, ME, POF, PM), while, for the other impact categories, the reduction 
is almost completely related to the reduction of fuel consumption. 
 
 
Table 3: Results for ploughing carried out with the tractor equipped or not with SCR 

Impact category Unit Tractor C Stage 3B  Tractor D Stage 3A Δ 
CC kg CO2 eq 151.22 157.50 -4% 
OD mg CFC-11 eq 24.690 25.746 -4% 
TA kg SO2 eq 0.289 0.772 -63% 
FE kg P eq 0.0091 0.0092 -1% 
ME  kg N eq 0.0099 0.0432 -77% 
POF kg NMVOC 0.345 1.215 -72% 
PM kg PM10 eq 0.1159 0.369 -69% 
MD kg Fe eq 5.675 5.769 -2% 
FD kg oil eq 47.27 49.22 -4% 

 
Concerning the case 3, Figure 1 shows the comparison among the three different 
seedbed solutions. Solution B with two secondary tillage operations shows the highest 
impact for almost all the evaluated impact categories. Nevertheless, it is interesting to 
underline that for FE and ME, the impact is similar to the one of solution C, in which 
only one harrowing is performed. Between solutions A and C, A shows the best results 
for seedbed preparation, even if primary tillage has a higher impact. 
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Figure 1: Comparison among the different solutions for the seedbed preparation. 
 
4. Conclusion 
The outcomes of this study show how the LCA approach can be useful to highlight, 
from an environmental point of view, the performances of different mechanical 
solutions in agricultural field operations, as well as the benefits arising from the 
development and application of new technologies. As shown for the comparison 
between tractors equipped or not with EGR, not in all the cases the introduction of new 
technologies allows to achieve environmental benefits for all the evaluated impact 
categories. For what concerns the assessment of mechanised operations, the use of 
reliable local data (such as concerning working time, fuel, lubricant and tyres 
consumption, type and age of tractors, emissive stage and combustion emissions) 
represents the key aspect, because these parameters deeply affect the environmental 
results.  
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