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Introduction National governments are bound to report annual emissions, among which greenhouse gas (GHG) emissions, to the 

EU as part of the EU Climate treaty and UNFCCC. Emissions are reported per industrial sector and often, subcategories are made 

such as off-road transport. For this subcategory, the energy consumption and emissions by agriculture in Belgium were based on a 

1994 calculation model that is no longer up-to-date as agricultural machinery has substantially changed with respect to both engine 

and operational efficiency. These innovations with a direct effect on the energy consumption and emissions require an update of the 

existing model. An emission model for mobile machinery during off-road use was established on request of the Flemish government, 

including data per Belgian region. The core of the emission model, in which exhaust and non-exhaust emissions are included, are the 

energy consumption data of the machines. This is also the subject of this paper. Detailed information about the fuel consumption in 

agriculture is an important part of LCA and carbon footprint studies that involve animal and plant production and products. 
 

Material and methods The basis of the energy consumption model is a German study on the specific fuel demand of diesel 

engines in agriculture with respect to the tractor size, the type of trailed or tractor-mounted machine, the soil resistance, the field plot 

size, and the machine load (KTBL, 2005). For plant production, these factors are combined in the model per field operation to yield a 

field operation-specific partial fuel consumption (PFC), and this for each region (Flanders, Brussels, and Wallonia). The PFC’s for all 

field operations that are involved in the cultivation of a crop are summed to yield the crop specific fuel consumption, here called a 

fuel consumption indicator (FCI in L/ha) for that crop. For animal production, the model uses a fixed number of hours of engine 

service for general tasks related to livestock farming. These FCI’s have units of L/ farm. FCI’s are always expressed on a year basis. 

The resulting amounts of fuel consumption are used for emission estimates on a regional (not farm) level, which implies the use of 

regionally adjusted weighing factors for farm-specific parameters in the model. These factors are machine size, soil resistance, and 

plot size. Agricultural machines were divided into 3 size classes: 13% small (35-69 pK), 85% medium (70 179 pK) and 2% large 

(>180 pK) tractors. Soil data were derived from the geological map of Belgium and subdivided into light, medium, and heavy soils. 

Data on the plot size were derived from national statistics. The energy consumption model includes stationary fuel consumption and 

fuel consumption for turning on the field and for transport to and from the field. A FCI was calculated for cereals, industrial crops, 

fodder, potatoes, dry harvested legumes, vegetables grown in open-air, temporary and permanent pastures, and fallow land. For 

livestock farming a FCI was calculated for cattle, pigs and poultry housing. When the FCI’s for plant cultures and livestock are 

multiplied by respectively their total area under cultivation and the total number of farms, the absolute fuel consumption (L) of the 

plant cultures and livestock farming is known and can be further processed into corresponding GHG emissions. 
 

Results Table 1 depicts FCI’s for fodder crops and pasture. The fuel consumption of different field operations (PFC’s) strongly 

differ. E.g. for forage maize cultivation in Flanders, ploughing (21.34 L/ha) and combine harvesting (23.75 L/ha) clearly are the most 

energy-intensive operations due to the soil resistance. In contrast, applying mineral fertiliser or spraying with a trailed machine barely 

consumes about 1 L/ha. Note that PCI's and PFC's are averages that apply to a farmer in general. The FCI’s for livestock farming are 

currently under revision and will be presented at the conference. However, the energy consumption (FCI in L/farm) is expected to be 

considerably high because, although the number of hours of engine service is rather limited, it is continuously performed year-round.  

Table 1 Fuel consumption indicators (FCI) for feedstock production in Belgium in L/ha 

 

 

 

 

 

 

Conclusions The respective FCI’s are fairly similar for Flanders, Wallonia and Brussels. Within the FCI’s for plant production, the 

fodder beets have the highest scores. The FCI for maize silage is lower, but still about 15 L/ha higher than the FCI for cereals (data 

not shown). The low FCI for pasture is due to the relatively small % of pastures that are actually mowed (70%) and of which the grass 

is ensilaged (56%) or pressed in bales (14%). Concerning livestock farming, the total off-road energy consumption is remarkably high 

(data not yet shown). In contrast to animal production with daily activities, the off-road energy consumption in feedstock production 

is spread over the year.  
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Feedstock Flanders Wallonia Brussels 

Forage maize 105.77 113.31 113.73 

Fodder beets 130.42 133.67 140.32 

Forage crops*  46.07 47.93 49.58 

Pasture 54.06 57.33 56.03 

*Clover, ryegrass, white mustard, cereal rye, and common vetch 

 


