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The papers presented in this book give an overview of the state of the art. In this final chapter, we will not repeat the facts and conclusions that have been presented in the separate papers and the conclusions of each preceding chapter. Instead, this concluding chapter will analyse how well the questions stated in our introductory chapter has actually been answered, i.e. focussing on: 

1. The state of the art concerning availability of parameters and models across environmental impact categories, i.e. across the issues treated in the preceding chapters.
2. The way data can be aggregated at different levels and calibrated against regional statistics.

3. The immediate recommendations for life cycle assessment practitioners.

4. The future research needs.

1. State of the art concerning availability of parameters and models

The first two questions we set out to answer were:

· How can the environmental data best be modelled to the outputs of individual crops and animals? 

· What are the most important parameters determining differences in product related environmental data? 

For energy consumption, key parameters that determine the energy use and energy consumption have been identified in the papers and conclusions presented in Chapter 3. The relevant parameters are known and their influence is to some extent modelled, especially for field operations, while energy use in stables is less known. The models often have a bottom-up approach, considering all processes that use energy and for each process requiring the consumption per hour, the time required for operating, etc. This means that processes that have negligible contributions are also being considered. This could lead to unnecessary use of time and budget in LCAs. Furthermore, the models have been developed independently in each country with very little harmonisation in methodology.

Also for the nitrogen cycle (Chapter 4), the emission types are identified, and for each emission type, it is known what parameters that influence the emissions. Models are available for most fluxes of nitrogen emissions, but these models are often applicable only within certain boundary conditions (certain soil types, climates, geographical situations), typically relevant for a specific country. There is a need both for more generalised models per emission type, allowing comparisons across several countries, and for an integrated model that treat all the nitrogen emissions at the same time.

The research on phosphorus and heavy metals (Chapter 5) is more recent and therefore not yet as far as for nitrogen and energy. On several levels (globally as well as detailed) the knowledge about the way phosphorus moves and cause environmental effects is being developed. No general models are available yet although several projects are underway, including an EU concerted action to stimulate the development of models across EU. For heavy metals, the state-of-the art is quite similar to that of phosphorus. 
In general, one can distinguish different types of key-parameters that play a role:

· Output parameters (product types, product characteristics).

· Geographical parameters (soil type, climate, slope).

· Farm management parameters,

· on long term (farm type; available labour, land and capital; farm structure),

· on mid term (purchase of machinery),

· on short term (use of fertiliser, use of pesticides).

We have seen (Chapter 7) that the Farm Accountancy Data Networks use a typology that is based on technical-economic criteria, i.e. a combination of production activities and the gross margins of those activities related to the total gross margin of the farm. Consequently, FADNs use a product output related approach, which partly fits with the LCA requirements of relating environmental effects to the product outputs. FADNs also have data for many of the key parameters mentioned above, especially the output and farm management parameters. The conclusion is that the FADN-typology can be a good basis, although additional criteria are necessary to make the typology suitable for LCA covering all the key parameters mentioned above. Soil type, climate (for example rainfall), and other geographical characteristics (e.g. slope), may be some of the additional criteria that have to be considered. 

2. How can data be aggregated at different levels and calibrated against regional statistics?

This was the third question stated in our introductory chapter. The conclusions of the seminar can best be expressed by quoting the words of Halberg et al. (this volume): 

“In order to avoid misinterpretations and unrealistic extrapolations, it is necessary to base estimates of emissions from the production of a given functional unit on consistent and realistic farm models that have a clearly defined degree of representativity at regional, national, or EU level. Therefore, it is recommended to establish data bases with verified information concerning input and production on typical and representative farms using a combination of detailed farm data, models and comprehensive accounts statistics. Based on the above discussion and examples, the following recommendations for a procedure for establishing LCA Inventories concerning agricultural production and emissions could be given:

1. Identify typical farms and establish consistent farm level models based on realistic input-output relations in the different enterprises (crops, livestock) using detailed farm data from case studies, surveys, or detailed accounts statistics.

2. Check the representativity of the farms in terms of the soil types, size, stocking rate, production levels in main enterprises, economic performance and possibly socio-economic characteristics compared with regional/national or EU statistics.

3. If important characteristics of the model farms do not correspond with statistical information (e.g. more than 5% deviation from relevant averages), the models should be adjusted accordingly.

4. Calculate emissions based on the farm models and best knowledge of emission processes.

5. Check and adjust partial emissions of nutrients with balances at farm and enterprise level.

6. Check modelled sum of input use, production, and emissions across farm types against aggregated statistical data for relevant region. Adjust models where deviation is larger than 5-10%.”

The FADNs could be a very useful data-source also for identifying the different farm types. 

3. Immediate recommendations for LCA practitioners

The fourth question we set out to answer is the one most interesting for life cycle assessment practitioners:

· What data are available today? or more specifically: How are they actually collected on farm level and regional level and in what form and quality are they available? And to the extent that they are not available (both within Europe and for imported products), how should we – that need data now and not tomorrow - best approximate the desired data? 

In spite of the relatively large amount of knowledge on the factors influencing energy consumption in agriculture, surprisingly few data are readily available for LCA purposes, i.e. on crop and/or product level. Nielsen & Luoma (this volume) give some data on field operations (fuel consumption in litres per ha), generally based on actual measurements. Another recent source of data, not cited in Chapter 3, is Borken et al. (1999), using a modelling approach taking into account also the different loads on the machinery, as also suggested by (Audsley, this volume). Of the different parameters influencing the fuel consumption for field operations, soil type was identified as one of the more important (see e.g. Vitlox & Michot, this volume) and it was suggested that data from soil maps may be included in the models (Cortijo, this volume). For the modelling, a key parameter is the number and type of field operations. Today, the default source of such data are national farmers’ handbooks, like the KTBL (1994) cited by Moerschner & Gerowitt (this volume). Working depth for soil cultivation is a local parameter of large importance, for which local expert knowledge is typically the only readily available source of data. For energy use in stables, the model developed by Dalgaard et al. (1998, see also Halberg, this volume) seems to give a valid representation of actual energy consumption, although the model has not yet been validated outside its country of origin. 

For nitrogen, the recommendation is to distribute the N-surplus (N input minus N in crops) over the possible outflows using the currently best available models for each flux: The MARRACAS-model for ammonia, the SLIMMER-model for nitrate, the IPCC-procedure for nitrous oxide (see Ceuterick & Weidema, this volume). 

For phosphorous, the link between surplus and loss is not as clear as for N, due to differences in the patterns of flow and retention of P in the soil. Nevertheless, it can be concluded that the greatest risk of P loss is on farms, which have a large P surplus due to inputs from manure, and that erosion is the main process of P transfer from agricultural land to water (Withers, this volume). Until specific models become available (see Cowell, this volume), the best default values available seem to be those of Chambers (1997, see also Heathwaite, this volume).

For heavy metals, no default values can be recommended yet, mainly due to the lack of plant heavy metal accumulation factors (Japenga & Römkens, this volume).

For pesticides, statistics on actually applied amounts are still only available for a few countries, implying that estimates for the time being often must be based on recommended doses and experts judgement, possibly with the aid of the calculation method suggested by Audsley (this volume). The fractions of the applied quantity of a pesticide that reach the different environmental compartments can be estimated by the method suggested by Hauschild (this volume), which includes default values and is based on readily available data.

4. Future research needs 

This leads us to the ultimate question of our introductory chapter: 

· What mechanisms are necessary to ensure future availability of updated environmental data to meet the requirements of LCA? 

For all the environmental aspects discussed, it is agreed that the Farm Accountancy Data Networks (FADNs) should play a larger role:

1. FADNs can already now be used as a data-source. FADNs covers several data, which are useful for LCAs, e.g. inputs of energy, fertilisers, pesticides etc. 

2. FADNs comprise some data that can be considered as a (key)parameters for calculating product specific energy consumption, emissions of nitrogen, phosphorus etc. 

3. FADNs use an output oriented typology, which fits with the product oriented approach of LCA. Therefore, FADNs form a good base for farm typology, which can be used within LCA. However, in some cases some adjustments and additions in some cases. 

4. Data from FADNs form a good base for modelling the emissions that occur within agricultural processes. Examples in the Netherlands and Switzerland have shown that emission models often can be linked to a FADN. Also links to the Geographical Information Systems (GIS) for correlation with soil type (another key-parameter for many environmental aspects) is possible.

5. Finally, FADN can be used for stratifying farms. For each environmental issue, (a) the best; (b) the average and (c) the worst fractiles can be distinguished based on physical efficiency: the physical output in relation to the physical inputs (of for example energy, nitrogen, phosphorus, etc.).

Several organisational problems need to be overcome before more detailed information can become available through the FADNs:

· Additional costs, both in data collection and centrally.

· Farmers acceptance of more Farm Accountancy documentation.

· Privacy issues in relating Farm Accountancy Data with Geographical Information Systems for correlations with soil types and economic efficiency.

For a number of environmental aspects, development of models is still hampered by lack of data on which to base the models, e.g. for heavy metals, physical habitat disruption, and occupational health. 

For all the environmental aspects discussed, models are often empirically based (and dependent on the locally available input data) rather than based on proven, general relationships. Also, the models are not well harmonised. Thus, models still need to be developed, and existing models need to be improved, integrated across substances, and harmonised across Europe. Ideally, the same models and farm types should be used in all countries, although possibly with country-specific deviations.
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