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1. Introduction

This paper sums up the conclusions of the group working on ‘Data on energy use and fuel emissions in stables, field machinery, irrigation and crop drying’.

The tasks of the working group were:

· to exhaustively list the parameters influencing energy consumption (“what are the ideal data”), 

· to select the most important ones, i.e. those whose variations imply major modifications in fuel consumption, as relevant for a European database, and

· to figure out whether the values of these parameters are available for Europe (“what is available today?”/“what has to be done in the future?”) 

The energy consumption dealt with in the working group were:

· field energy consumption

· drying and storing energy consumption (grain, potatoes)

· energy consumption in stables

To grasp a complete view of the LCA data linked to energy consumption, the agricultural stages leading to fuel consumption should be listed and, for each stage, the whole life cycle of the fuels consumed should be taken into account (see figure 1). 

The amounts of energy consumed at these different agricultural stages may be classically designated as the foreground data (e.g. fuel consumption for ploughing) whereas the data related to the upstream and downstream stages (e.g. fuel production and combustion) correspond to background data. Foreground and background data enable to calculate all the consumed resources (petroleum, natural gas, water, etc.), the emitted pollutants and the generated waste linked to energy consumption. 

The working group concentrated on the foreground data. European models could first be used for fuel production and current data on emissions from combustion could be completed by data referring to all the normalised European cycles existing for the machinery used in the agricultural sector.
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Figure 1. Example of stages that should be considered in the database for energy consumption and fuel emissions
Problems of allocation were not considered as it is assumed that no pre-defined allocation will be chosen in the database. Such methodological choices will remain the decision of the LCA practitioner.

1) Energy consumption for field operations
Table 1 presents the parameters identified by the experts as influencing the amount of energy required for a given yield of a given crop and those which where selected as the most important. This selection was based on an approximation of the maximum variation in energy consumption when the value of the parameter varies.

Table 1. Selection of the parameters for field energy consumption

Parameters
Max. Var.
Selection 

Number and type of field operations
30%
X

Fit of the equipment to the operation (including machinery make)
10%


Behavioural factor (operator factor)
15%


Soil texture type
25%
X

Slope
2%


Field size
5%


The main types of field operations are the following :

· preliminary soil cultivation  (e.g. stubble cultivation, succeeding harvest)

· primary soil cultivation (e.g. ploughing, heavy field cultivation)

· seedbed preparation

· planting/seeding

· fertilising and in-cultivation operations (spraying, mechanical weed control, etc.)

· harvesting

· secondary harvesting

The working depth of soil cultivation was identified as a key parameter distinguishing between the different cultivation operations.

Table 2 gives, for the selected parameters, the feasibility of the modelling of energy consumption and the availability of values for the selected parameters at a European level.

Table 2. Modelling and availability of values for the parameters selected for field energy consumption

Selected Parameters
Modelling
Parameters Value Availability

Number and type of field operations
yes : the energy consumption for a given operation may be either measured or calculated according to the energy requirement.
best data source: to refer to farm enquiry
default data source: to refer to agricultural expert advice on regional level for building „typical farming practices“.

Soil texture type
yes
European mapping of the soil texture type

Working depth
yes
best data source: to refer to farm enquiry
default data source: experts typology

As pointed out in J. Moerschner’s contribution (this volume), the setting of the value of energy consumption for each type of field operation is a multi-stage procedure : a) modelling of the energy consumption for a given type of operation, b) definition of the average conditions for the referred level of aggregation (regional, national, EU) for a given type of operation, c) identification of the average cropping process for a given crop over the considered region (e.g. EU).

2) Energy consumption for crop drying
Table 3 presents the parameters influencing the type and the amount of energy consumed for drying. All of them were identified as key parameters for a European database but, as shown in the table, doubts remain on the availability of some data.

Table 3. Modelling and availability of values for the parameters selected for drying energy consumption
Selected Parameters
Modelling
Parameters Value Availability

Average moisture content at harvest
yes
Co-operative: it is assumed that the data are collected but that they are not gathered at a more centralised level

Type of fuel
yes
As above

Energy is also used for conservation of potatoes and other crops. The sole important parameter identified for this was the number of weeks of storage.

2. Energy consumption in stables

Three types of animal husbandry have been identified to analyse the parameters influencing energy consumption in stables : 

· Dairy farms

· Meat production farms (beef, pork, poultry)

· Breeding farms

4.1  Dairy cows
Energy consumption in stables has been separated between the main tasks. Table 4 lists the parameters determining energy consumption and indicates which ones were selected for a European database.

It was stressed during the working session that whether the concentrate is produced in the farm or imported would not cause a major change in the overall quantity of energy required to produce 1 kg of concentrate. However, when using the FADN data to check the models, it may be a problem that the location (inside or outside the farm) of the production of concentrate is not indicated. This could lead to an important uncertainty as the total energy consumption for feeding (direct as well as indirect) amounts up to even more than 80% of total energy consumption in some animal production systems. A solution could be to add to the national energy consumption on farms the energy consumed for feeding production outside farms.

Table 4. Selection of the parameters for energy consumption in stables (case: dairy cows)

Activity
Parameters
Selection

milking (including cooling)
type of milking parlour



milk yield (kg/cow and year)
X


milking frequency (times per day)


feeding (milling, mixing and distribution of the food)
types of feed (concentrate1/roughage)
X


amount of each type of feed per animal
X

cleaning (including manure handling) at farm
type of storage (solid/slurry)


bedding



1) The concentrate is a mixture of various components like soy, wheat, barley, oats, vitamins, etc., which changes with the type of animals but also with production intensities, local preferences, world market prices, etc. As a first approximation, a ‘standard concentrate’ for each type of animal (cattle, pigs, poultry at least) is suggested.

Table 5 is only dedicated to the selected parameters and gives some first indications on how to model energy consumption according to a parameter and if the values of the parameters would be available at a European level.

Table 5. Modelling and availability of values for the parameters selected for energy consumption in stables (case: dairy cows)

Selected Parameters
Modelling
Parameters Value Availability

Milk yield
Previous studies have shown that the energy consumption per kg of milk was declining with the farm yield (milk production on the farm). Hence, the following relation was proposed :
E (milking ; farm) = a + b * yield, or
E (milking ; 1 kg of milk) = a / yield + b
(a et b are constant value which would have to be defined)
FADN

Type of feed
The above mentioned relation seems also valid for feeding, cleaning and bedding. The farm milk yield is replaced by the number (“n”) of animals (including calves, bull) in the cattle1. 

Hence,
E (feeding, cleaning, bedding ; farm) = c + d * n, with
c = c1 + c2 * %concentrate + c3*%roughage 
d = d1 + d2 * %concentrate + d3*%roughage
(c, c1, c2, c3, d, d1, d2, d3 are constant value which would have to be defined)
The quantity of concentrate used for cattle feeding is dealt with in the FADN enquiry2.
3) 
4) This number is roughly equal to 1.3 times the number of dairy cows (when the dairy cows are bred in the farm) or to the number of dairy cows when this breeding is done outside the farm. However, this total number should be obtained directly from FADN.

5) Amount of fed roughage might be also modelled by regional expert advice.
The calibration of the model with FADN-data may require a more precise model, differentiating cows (for which feeding depends on the milk yield) from the other animals (calves, heifers, fattening bull in mixed farms, etc.).

4.2  Meat production (beef, pork, poultry)
The selected parameters are similar to those chosen for the dairy cows. The milk yield is replaced by the meat production in the considered time period, which is equal to the difference between the total (live) weight of animals sold and the total weight of all animals which have been purchased in the considered time period (().

Table 6. Modelling and availability of values for the parameters selected for energy consumption in stables (case: meat production)

Selected Parameters
Modelling
Parameters Value Availability

Meat production (()
E (feeding, cleaning, bedding; farm) = c + d * (3
FADN

Type of feed
c = c1 + c2 * %concentrate + c3*%roughage
d = d1 + d2 * %concentrate + d3*%roughage
FADN

3) The values of “ c ” and “ d ” for “ meat ” cattle are different from those defined for dairy cows.
 Livestock breeding

The selected parameters are the number of breeding cows (or sows) and the type of breeding (outdoor/indoor).

Table 7. Modelling and value availability for the parameters selected for energy consumption in stables (case: breeding cattle)
Selected Parameters
Modelling
Parameters Value Availability

Number of breeding cows (sows)
E (feeding, cleaning, bedding; farm) = c + d * (
FADN

Type of breeding
c = c1 + c2 * outdoor (0/1) + c3*% indoor (0/1)
d = d1 + d2 * outdoor (0/1) + d3*% indoor (0/1)
FADN

3. Conclusion: needs for further research
· It appeared that there are many models about energy consumption; however there is no single model linking all necessary parameters to the level of energy consumption. To answer the question "What has to be done in the future?” some directions were outlined towards satisfying models in the close future: 

· It was stressed that a prerequisite for these models is that they should fit regional or national values obtained from statistical approaches, e.g. the Farm Accountancy Data Networks (FADN). Two approaches were considered. The first one can be qualified as an “engineering bottom-up” approach, where the models are based on a deterministic approach. The second one is a statistical top-down approach, where the model coefficients are directly calculated to fit the values of energy consumption for the farms presented in the statistics samples. This top-down approach requires that the values of the model parameters are available for these farms. An intermediate way between both methods might be most practicable. Models could be first built at the European scale and then refined for each agricultural region.

· The main parameters that should be taken into account in a European database for Life Cycle Assessment are known and have been identified.

· The main tasks in future research is to harmonise the existing models, enabling the calculation of energy consumption according to the selected parameters, and to check that the values of these parameters are really available for all the European countries. These models should be then extensively checked at lower levels of aggregation, e.g. on site specific „typical“ farms.
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