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Zusammenfassung 

Landwirtschaftliche Primärproduktion ist in vielerlei Hinsicht mit dem Verbrauch von nicht-

erneuerbaren Energieressourcen verbunden. Konsequenterweise sind die dadurch entstehenden 

Treibhausgasemissionen Nebeneffekte der landwirtschaftlichen Produktion. Wenn eine Internalisie-

rung dieser klimarelevanten Effekte angestrebt wird, ist ein Instrument notwendig, das den 

Energieverbrauch der landwirtschaftlichen Produktion methodisch einheitlich, in vollem Umfang 

und regional präzise abschätzen kann. Zudem stellt sich die Frage nach einem effizienten Energie-

einsatz sowie einer räumlich und verfahrensspezifisch effizienten Allokation der 

Emissionsabsenkung. 

Die vorliegende Arbeit hat zum Ziel, den Energieverbrauch und die -effizienz der landwirtschaftli-

chen Primärproduktion modellbasiert und regional differenziert für die gesamte Europäische Union 

(EU) abzuschätzen und die daraus resultierenden Treibhausgasemissionen zu errechnen. Zudem soll 

die Energieeffizienz der Wirtschaftlichkeit einer Region oder eines Produktionsverfahrens gegen-

übergestellt werden. In einem weiteren Schritt werden bestehende Politikinstrumente auf deren 

Energieverbrauch und die Relation zur Gesamtwohlfahrt hin untersucht. Anschliessend sind neue 

Instrumente, die eine Senkung des Energieverbrauchs beziehungsweise der entsprechenden Emis-

sionen zum Ziel haben, Gegenstand einer Wirkungsanalyse. Die energetische Bewertung aller 

Energieverbrauchskomponenten basiert auf der Prozessanalyse und nutzt  Methodik- und Daten-

bankelemente der Life-Cycle Analysis. Für die europaweite Darstellung sowie der Analyse von 

Politikinstrumenten wird das landwirtschaftliche Sektormodell CAPRI, ein partielles, komparativ-

statisches Optimierungsmodell, genutzt. 

Die Resultate zeigen, dass energieeffiziente Ackerbau- und Tierproduktionsstandorte hauptsächlich 

in mitteleuropäischen Regionen zu finden sind, während Ost- und südeuropäische Regionen häufig 

technisch ineffizienter produzieren. Die Ursachen sind neben dem geringen Ertragsniveau auch der 

Einsatz energieintensiver Produktionsmethoden. Viele osteuropäische Gebiete weisen zudem eine 

ungünstige Relation zwischen Energieverbrauch und Einkommen auf. Diese Rahmenbedingungen 

spiegeln sich in den Resultaten eines Politikszenarios wieder, bei dem mittels eines Schattenpreises 

des Energieverbrauchs, der zwischen den Regionen der EU ermittelt wird, eine Senkungsvorgabe 

aufgestellt wird. Während die Senkungskosten je Energieeinheit im Osten und Süden Europas rela-

tiv günstig sind und dort entsprechende Reduktionen erfolgen, ist es in Mitteleuropa ökonomisch 

attraktiv, die Produktion auf  unverändertem Niveau aufrecht zu erhalten. Entsprechende Verschie-

bungen sind bei den einzelnen Produktionsaktivitäten zu beobachten. So wird beispielsweise die 

Produktion von energieaufwendig produziertem Körnermais stark zurückgefahren. Andererseits 

wird die energetisch wenig effiziente Tierproduktion aufgrund der Konsumentennachfrage nur in 

relativ geringem Umfang reduziert, was zu einem starken Preisanstieg führt. Zudem erhöhen sich 

durch die Massnahme die Importe, vor allem von Getreide und Fleisch, deutlich. Aus Perspektive der 

Gesamtwohlfahrt tragen die Konsumenten durch höhere Preise die Hauptlast der Reduktionsvorga-

be. Im sektoralen Vergleich entsprechen die errechneten CO2-Senkungskosten von rund 100-110 €/t 

CO2 denen anderer Autoren. Senkungsmassnahmen in der europäischen Landwirtschaft sind des-

halb auch aus Sicht dieser Untersuchung ein relativ teures Instrument im Vergleich zu 

ausserlandwirtschaftlichen Massnahmen. 

 

Schlagworte: Energieverbrauch, Treibhausgasemissionen, landwirtschaftliche Sektormodellierung, 
GAP, Senkungskosten 
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Résumé 

A de nombreux égards, la production agricole primaire est tributaire de l’utilisation de sources 

d’énergie non renouvelables. Les émissions de gaz à effet de serre qui en résultent sont par consé-

quent des effets secondaires de la production agricole. Si l’on vise { internaliser ces effets 

importants pour l’environnement, il est nécessaire de disposer d’une méthode homogène et d’un 

instrument permettant d’évaluer la consommation d’énergie de la production agricole, intégrale-

ment et précisément par région. Il faut par ailleurs se demander comment utiliser efficacement 

l’énergie et allouer l’efficience de la baisse des émissions en fonction des spécificités locales et des 

procédés de production. 

La présente étude vise { modéliser la consommation d’énergie et l’efficience énergétique de la pro-

duction agricole primaire en différenciant les régions pour l’ensemble de l’Union Européenne (UE) et 

à calculer ainsi les émissions de gaz { effet de serre qui en résultent. En outre, il s’agit de comparer 

l’efficience énergétique { la rentabilité d’une région ou d’un procédé de production. Dans l’étape 

suivante, les instruments politiques existants sont examinés quant { leur consommation d’énergie et 

à leur relation par rapport à la prospérité générale. Enfin, les nouveaux instruments qui ont pour but 

de réduire la consommation d’énergie et les émissions correspondantes, font l’objet d’une étude 

d’impact. L’évaluation énergétique de tous les composants de la consommation énergétique est 

basée sur une analyse des processus et utilise les éléments de méthodologie et ceux de la base de 

données de l’analyse du cycle de vie. Pour la représentation européenne ainsi que pour l’analyse des 

instruments politiques, on a utilisé le modèle sectoriel agricole CAPRI, qui est un modèle 

d’optimisation partiel, statique comparatif.  

Les résultats montrent que les sites de production animale et de grandes cultures efficaces, énergé-

tiquement parlant, se situent principalement dans les régions du centre de l’Europe, tandis que les 

régions de l’Est et du Sud de l’Europe produisent souvent moins efficacement sur un plan technique. 

Cette situation s’explique par le faible niveau de rendement ainsi que par l’emploi de méthodes de 

production qui consomment beaucoup d’énergie. De nombreuses régions d’Europe de l’Est affichent 

en outre une relation défavorable entre la consommation d’énergie et le revenu. Ces conditions-

cadres se reflètent dans les résultats d’un scénario politique qui fixe un objectif de réduction { l’aide 

du coût d’opportunité de la consommation énergétique établi entre les régions de l’UE. Tandis que 

les coûts de réduction par unité énergétique sont relativement avantageux { l’Est et au Sud de 

l’Europe et que des baisses correspondantes ont lieu dans ces régions, au centre de l’Europe, il est 

plus attrayant de maintenir la production au même niveau. On observe un déplacement des activités 

de production en conséquence. Ainsi la production de maïs-grains qui consomme beaucoup 

d’énergie  est ralentie tandis que la production animale moins efficiente sur le plan énergétique n’est 

réduite que dans une moindre de mesure à cause de la demande des consommateurs, ce qui se tra-

duit par une forte hausse des coûts. De plus, suite à ces mesures, les importations augmentent 

considérablement, surtout celles de céréales et de viande. Du point de vue de la prospérité générale, 

ce sont donc les consommateurs qui assument la principale conséquence de l’objectif de réduction 

du fait des prix élevés. Dans le cadre de la comparaison du secteur agricole, les coûts calculés de 

réduction du  CO2 qui s’élèvent environ { 100-110 €/t CO2 correspondent à ceux établis par les autres 

auteurs. A l’issue de la présente étude, on constate donc également que les mesures de réduction 

dans l’agriculture européenne sont un instrument relativement onéreux par rapport aux mesures 

extra-agricoles. 

 

Mots-clés: consommation d’énergie, émissions de gaz à effet de serre, modélisation des secteurs agrico-

les, BPA, coûts de réduction 
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Abstract 

Primary agricultural production is in many respects associated with the consumption of non-

renewable energy resources. Consequently, greenhouse-gas emissions arising from this consump-

tion are a side-effect of agricultural production. In order to achieve an internalisation of these 

climate-relevant effects, an instrument capable of estimating the energy consumption of agricul-

tural production in a methodical, coherent, complete and regionally precise manner is essential. 

Moreover, there is the question of efficient energy use, as well as the allocation of the emission re-

duction in a manner that is both spatially and process-specifically efficient.  

The aim of this dissertation is to obtain a model-based, regionally differentiated estimate of the 

energy consumption and efficiency of primary agricultural production for the entire European Union 

(EU), and to calculate the resultant greenhouse-gas emissions. In addition, energy efficiency is to be 

compared with the cost-effectiveness of a region or a production process. In a further step, existing 

policy instruments are examined in terms of their energy consumption and relationship to overall 

welfare. New instruments aimed at reducing energy consumption or the corresponding emissions 

are then subjected to an impact analysis. The energy assessment of all energy-consumption compo-

nents is based on the process analysis, and uses life-cycle analysis (LCA) methodology and database 

elements. The agricultural sector model CAPRI, a partial comparative-static optimisation model, is 

used for the Europe-wide representation as well as for the analysis of policy instruments. 

The results show that energy-efficient arable-farming and animal-production sites are primarily 

located in Central European regions, whilst the production of Eastern and Southern European re-

gions is often technically less efficient. The reason for this, besides low yield levels, is the use of 

energy-intensive production methods. In addition, many areas in Eastern Europe are characterised 

by an unfavourable relationship between energy consumption and income. These basic conditions 

are reflected in the results of a policy scenario in which a reduction target is deployed by means of a 

shadow price for energy consumption calculated between the regions of the EU. Whereas the reduc-

tion costs per energy unit in Eastern and Southern Europe are relatively favourable and 

corresponding reductions occur there, in Central Europe it is economically attractive to maintain 

production at an unchanged level. Corresponding shifts may be observed for the individual produc-

tion activities. Thus, for example, there has been a sharp cutback in the production of energy-

intensively produced grain maize. On the other hand, owing to consumer demand, animal produc-

tion – comparatively inefficient in energy terms – is only being reduced to a relatively small extent, 

leading to a sharp rise in prices. Moreover, this measure is resulting in a considerable rise in imports, 

particularly of grain and meat. From the perspective of overall welfare, consumers are bearing the 

brunt of the reduction target in the form of higher prices. In the sectoral comparison, the calculated 

CO2 reduction costs of around 100-110 €/t CO2 tally with those of other authors. For this reason, 

reduction measures in European agriculture are a relatively expensive instrument in comparison 

with non-agricultural measures, even from the point of view of this study. 

 

Key words: Energy consumption, Greenhouse gas emissions, Agricultural sector modelling, CAP, Re-

duction costs. 
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Introduction 

Primary agricultural production is closely interwoven in the web of scientific and political climate-

change discussion. Not only are both of its sub-sectors (plant production and animal production) 

considered to be sources of greenhouse gas (GHG) emissions; it is also confronted with a broad 

range of adaptation requirements if the scope of production of primary agricultural goods is to be 

maintained and even extended in order to safeguard human nutrition. In addition, important 

abatement strategies consider agricultural production to be in a remarkable position to reduce 

overall GHG emissions not only by decreasing the current levels of emissions, but also by providing 

substitutes for non-renewable-energy resources. Indeed, environmental criteria are increasingly 

integrated into agricultural policy frameworks (see Europäische Gemeinschaften, 2003; Schweize-

rische Eidgenossenschaft, 1999) and are consequently subject to consideration in the allocation 

process of agricultural production. 

Taking the consumption of non-renewable-energy resources in agricultural production as one of 

several elements of environmental criteria, the past 30 years have witnessed an intense discussion 

on a scientific level. The motives for this discussion are diverse, ranging from the purely micro-

economic (e.g. Franzluebbers and Francis, 1995; Tzilivakis et al., 2005) to the overall sectoral view 

(e.g. Pimentel, 1980; Stanhill, 1984; Ryan and Tiffany, 1998). This view establishes the link between 

non-renewable-energy use and food security, stating that “the confrontation between ‘Neo-

Malthusian pessimism’ and ‘cornucopian optimism’ reaches peaks of high intensity when the debate 

focuses on energy and food security in the next century” (Martinez-Alier, 1987). Whilst the prime 

motivation for this statement might have been the suspected scarcity of non-renewable-energy 

resources, the conclusion drawn by Martinez-Alier (1987) that the use of fossil, i.e. non-renewable, 

energy in agricultural production can be seen as one of many variables necessary for a discussion of 

the long-term viability of farming systems is even more cutting-edge than the author might have 

imagined. The fact that the use of such energy resources contributes significantly to climate change 

brings the statements of Diouf1 (2007; 2007a) close to the forecasts made by Martinez-Alier (1987) 

20 years earlier. Diouf states on the one hand that the “scarcity of natural resources, their wide-

spread unsustainable use and conflict over their access threaten equitable and expanding access to 

energy for all” (Diouf, 2007a), whilst maintaining on the other hand that “all our collective efforts to 

combat hunger risk being further compromised by climate change” (Diouf, 2007) since the “most 

vulnerable sector will be rainfed agriculture, the mainstay of food production in many countries” 

(Diouf, 2007). 

Two parameters compel an interest in non-renewable-energy use in agricultural production and its 

associated GHG emissions in the European Union (EU) in particular. Firstly, the EU has ratified the 

Kyoto Protocol (KP) to the United Nations Framework Convention on Climate Change (UNFCCC), 

which implies a significant pressure to reduce anthropogenic GHG emissions. Secondly, the EU con-

tains regions with a relatively low utilisable agricultural area (UAA) compared to the number of 

                                                                    
1
 Jacques Diouf is the current Director-General of the Food and Agriculture Organization of the United Na-

tions. Statement 1 is entitled “Climate Change, Food Security and Poverty Reduction – Ensuring Food Security 
by Adapting to Climate Change”. Statement 2 is entitled “Environment and Energy Emergency: International 
Cooperation and Development Models”. 
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citizens, as well as other regions with extensive UAA resources compared to the number of citizens. 

This, in light of the fact that “a land constraint, with respect to the population, implies a higher cost 

of agricultural production in terms of non-renewable-energy use than does a labour-force con-

straint” (Martinez-Alier, 1987), increases the suitability of the EU for this study. In addition, recent 

analyses show the strong interrelationship between changes in production intensity dependent on 

regional productivity aspects, and the emission levels linked to energy use (see Olesen, 2006 and 

Olesen et al., 2006). 

1.1 Objective of the study 

In line with the above-described role of the consumption of non-renewable energy resources2 and 

the associated GHG emissions from primary agricultural production, it is clearly important to set up 

an instrument permitting the detailed, regionalised and specific (in terms of production activity) 

quantification of energy use and the associated GHG emissions. The importance of such an instru-

ment actually increases when we focus on the policy framework within which agricultural production 

is established in the European Union. Not only can the agricultural sector be subject to reduction 

commitments agreed on in an international context such as the UNFCCC: in addition, the range of 

subsidies and support measures given to the agricultural sector are increasingly provided with a view 

to the positive external effects or the reduction of negative external effects of agricultural produc-

tion. 

Consequently, for future decisions to further develop the EU’s Common Agricultural Policy (CAP), 

the consumption of non-renewable-energy resources can be considered part of a consistent overall 

strategy. To date, an instrument permitting the quantification of non-renewable-energy use on a 

regionalised level, covering the entire EU-25 and assessing individual production activities (such as 

soft-wheat or dairy-cow production) on an equal methodological basis, is still lacking. This makes it 

more difficult to assess the technical energy efficiency of agricultural-production activities in terms 

of their consumption of non-renewable energy resources, as well as the economic preferability of 

existing or potential new agricultural-policy instruments in terms of their effects on energy use. 

Such an assessment is increasingly required when an alternative use of primary agricultural goods 

for energy purposes is being considered. Furthermore, the relationship between non-renewable-

energy use and positive or negative external effects of agricultural production appears more compli-

cated as long as such quantification instruments are lacking. The necessity of such interrelationships 

was expressed by the EU Commission in 2001 (see Europäische Gemeinschaften, 2001). 

Likewise, shifts in import or export flows and their respective effects on non-renewable-energy use 

initiated through changes in CAP are difficult to assess in an energy balance of a policy measure. 

Consequently, this study has the following key research objectives: 

(1) To estimate the level of energy use, the associated GHG emissions and technical energy effi-

ciency, as well as profitability.The main idea behind this is to quantify non-renewable-energy 

                                                                    
2
 This study considers non-renewable (i.e. fossil plus nuclear) energy consumption, assessed by its upper heat-

ing value plus provision requirements. Nevertheless, for increased ease of reading, the term “energy use” is 
employed from this point on in the study. 
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use and its associated emissions as well as a technical energy efficiency parameter in a com-

prehensive regional manner for the main agricultural production activities of the European 

Union, and to determine the driving forces in each case. For this objective, a consolidated ag-

ricultural programming model at a European level is provided. 

(2) To estimate negative and positive external effects of agricultural-production activities in terms of 

their energy use and associated GHG emissions. The objective of this part is firstly to assess the 

relation in which other externalities stand to non-renewable-energy use and its related emis-

sions, and secondly, to indicate whether existing or potential new policy instruments support 

or impede other CAP objectives in terms of limiting the impacts of agricultural production on 

the environment. 

(3) To comprehensively analyse selected currently applied policy instruments in terms of energy-use 

effects. The aim here is to examine the non-renewable-energy effects of instruments such as 

the Set-Aside Obligation or the Coupled Suckler-Cow Premium. We shall also investigate 

whether specific regionalised effects go hand-in-hand with these policy schemes, and 

whether relocation of agricultural production is taken into account. In addition, we shall ex-

amine the welfare effects of such instruments, as well as the relation of these effects to 

energy-use changes. This is done by simulating the abolition of both the Set-Aside Obligation 

and the Coupled Suckler-Cow Premium, and comparing the simulation results to those of the 

Reference Scenario. 

(4) To analyse potential new policy schemes aimed at non-renewable-energy use or a reduction of 

the associated GHG emissions. The simulation of such a policy instrument enables us to model 

and examine reduction commitments made by agricultural production in terms of shifts in re-

gional production portfolios, relocation of production, welfare and mitigation costs, and 

negative and positive externalities of agricultural production. In order to achieve an efficient 

solution for this policy scheme, shadow energy-use prices are integrated into a consolidated 

agricultural programming model. In addition, simulation results should indicate relocation ef-

fects, and enable qualitative estimates of the energy effects of production relocation. 

(5) To draw conclusions from the energy-use patterns as well as the mitigation costs calculated in 

this study in view of rising energy prices and cross-sectoral effects.The energy use patterns ob-

servable in the EU largely determine the suitability of certain regions and production activities 

for contributing to energy-related emission mitigation as well as the production of bio-energy 

crops. In order to permit a comparison with other agriculture-related mitigation instruments 

as well as cross-sectoral tools, the relationship between welfare changes and energy-related 

emissions obtained in this study is elaborated. 

1.2 Structure of the thesis 

In order to address the research objectives, this study is divided into three main sections:  

(1) The illustration and assessment of non-renewable-energy use and its associated emissions for the 

base period; (2) The examination of currently applied policy instruments in terms of their energy effects; 

(3) Simulation and analysis of potential new policy instruments designed to reduce non-renewable-

energy use and its associated GHG emissions. Therefore, a methodological framework is set up be-
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fore progressing to the policy-simulation section. At the end of the study, the results are consulted 

in order to draw conclusions concerning the geographic allocation of agricultural production in light 

of adapted policy schemes. Furthermore, the cross-effects of the extensivisation of bio-energy crop 

production are analysed. 

In the further course of Chapter 1, the methodological framework for approaching energy use as-

sessment as well as its associated emissions is given. Section 1.3 shows the required aspects of 

technical-process analysis, cumulative energy-use quantification and the link to Life-Cycle Analysis 

approaches. 

Chapter 2 provides an overview of driving forces for non-renewable-energy use in agricultural pro-

duction, of relevant negative externalities linked to energy use, and of theoretically described 

approaches for their internalisation in each case. Furthermore, relocation effects linked to policy 

instruments are examined in terms of their energy effects. 

Chapter 3 covers the different methodologies used in this study, and shows the techniques applied 

in each case. Section 3.2 describes in detail the economic sector model used for policy-scheme simu-

lation, as well as the underlying base-year period and reference period for policy-impact simulation. 

Sections 3.3 and 3.4 cover the methodologies required to estimate direct and indirect non-

renewable-energy use in agricultural production. Lastly, section 3.5 gives the relevant data sources 

and approaches for dealing with data gaps and overlying-data sources. 

In Chapter 4, results for non-renewable-energy use in the base period (three-year average for 2001-

2003) are presented. Section 4.1 covers animal- and plant-production activities, elaborating the driv-

ing forces for energy use. Section 4.2 deals with technical energy efficiency and its link to 

profitability. Section 4.3 covers the energy-related GHG emissions for the base period. Finally, Sec-

tion 4.4 produces a cross-over analysis with other negative and positive externalities of agricultural 

production in the base period. 

Chapter 5 provides the results of an analysis of currently applied policy instruments affecting both 

overall energy use and energy-related emissions. Section 5.1 gives definitions for both of the policy 

scenarios analysed in this chapter. Section 5.2 describes the effects of the Set-Aside Obligation ap-

plicable to EU-15 farmers, and section 5.3 deals with the Coupled Suckler-Cow Premium applied in a 

number of EU countries. 

Chapter 6 sets out the results of an analysis of policy scenarios aimed at a reduction in energy use 

(see section 6.2) and an overall reduction in energy-related emissions (section 6.3). Section 6.1 in-

troduces both scenarios, and shows the parameters that are dealt with in each case. 

Chapter 7 is prefaced by a short introduction, followed by a section in which the results obtained in 

this study are applied to indicate prospects concerning aspects of geographic allocation of produc-

tion (7.2) as well as cross-effects linked to the production of bio-energy crops. 

Chapter 8 consists of a summary and concluding remarks, starting with general comments concern-

ing limitations of the current study in section 8.1. Section 8.2 deals with the relevant policy scenarios 

with their respective impacts on energy use and their associated GHG emissions, and considers the 

relocation effects that go hand-in-hand with policy adaptations. Section 8.3 concludes with the 

cross-effects with other positive and negative effects of agricultural production. 
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1.3 Process analysis, cumulative energy demand and life-cycle analysis  

As shown in Fluck (1980), several methods can be applied when quantifying energy use3 for goods 

and services. Among these are statistical analysis, where “the energy sequestered per unit of output 

[is determined] from statistical data” (Fluck, 1980); input-output analysis, which is more suitable for 

“aggregated, nationwide problems” (Fluck, 1980); and process analysis. The latter is “more suited to 

specific processes, products or manufacturing chains for which physical flows of goods are easy to 

trace” (Fluck, 1980), and can be defined as follows: “The networks or processes required to make a 

final product are identified. Each is analysed to determine its inputs. Each input is assigned an en-

ergy use so that the total energy use can be summed” (Fluck, 1980). Process analysis has been 

widely applied in the agricultural context in recent energy-related studies (Moerschner, 2000; Dal-

gaard et al., 2001; Tzilivakis et al., 2005; Pervanchon et al., 2002). The structure of the CAPRI4 

model, as shown in Chapter 3.2, offers a suitable environment for the application of process-analysis 

methodology in terms of energy-use quantification. The regionalised, activity-based approach 

which splits up the input components permits the precise setting of system boundaries, and creates 

a basis for the assignment of energy use to each input. Such a procedure is broadly applied in the 

activity-specific analysis of agricultural production. Simulation models such as the PRS model 

(OECD, 1998) or REPRO (Hülsbergen et al., 2000) set up environmental indicators based on farming 

practices. REPRO contains, inter alia, non-renewable-energy use on the farm level as a “pressure” or 

“driving force” indicator. Nevertheless, the model is constructed for the analysis of a geographically 

limited framework, and for the farm level only. 

This analysis covers non-renewable-energy use necessary for the supply of all agricultural input 

components used in production and on-farm product treatment. The exclusive analysis of non-

renewable-energy use follows the Multi-Criteria Decision Analysis (MCDA) approach (Dones, 2006), 

which assigns different sustainability criteria to categories on a scientific basis. Following Hirschberg 

et al. (2004), the use of non-renewable energy is set as a criterion in the “no degradation of re-

sources” category, in order to evaluate energy-related technologies whilst bearing in mind 

sustainability constraints. Furthermore, this approach permits the consistent analysis of energy-

related emissions, as these are in line with the “no degradation of resources” principle of MCDA 

(Hirschberg, 2000). 

The methodology for this analysis uses elements from Life-Cycle Analysis (LCA) procedures. These 

require the setting of the aim and scope of the analysis, the application of Life-Cycle Inventory (LCI) 

analysis, Life-Cycle Impact Assessment (LCIA) and Life-Cycle Interpretation. The LCI methodology 

as defined in DIN EN ISO 14040 and 14044 (see DIN, 2006 and DIN, 2006a) for quantifying energy 

use of the single process steps is carried out in accordance with Mauch (1993) and the VDI (1997) by 

calculating the cumulative demand of non-renewable energy resources. Here, the concept of Cumu-

lative Energy Demand (CED), described in the Verein Deutscher Ingenieure (VDI) Guideline No. 4600 

(VDI, 1997), follows the principle of process analysis and offers a structured approach to quantifying 

energy use in agricultural-production systems. The guideline mentioned “shall assist in making en-

                                                                    
3
 Energy use examined in this study equates to and is consistent with the concept of Cumulative Energy De-

mand. 

4
 Common Agricultural Policy Regional Impact Analysis Model. 
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ergy technological data available and comparable within a uniform framework” (VDI, 1997).  The 

CED methodology states the entire demand, calculated as primary-energy equivalents, which arises 

in connection with the production, use and disposal of an economic good (product or service), or 

which may be attributed to it in a causal relation. This energy demand represents the sum of the 

cumulative energy demand for the production (CEDP), use (CEDU) and disposal (CEDD) of the eco-

nomic good. It must be indicated for these partial sums in which preliminary and parallel stages are 

included. The CED can be defined as shown in Equation 1. 

The system boundary for the determination of the CED of an economic good extends from the raw 

material at its original location to the final storage or deposit of all materials or substances. Balanc-

ing boundary setting is defined unambiguously according to local, temporal and technological 

criteria, and is an important foundation for the CED. Because of the high complexity and multiplicity 

of some of the interactions between individual processes, systematic allocation frequently poses a 

core problem for energy analysis. A detailed assessment of all relevant energy and material flows in 

the service life of a product requires the separation of the components of the CED right down to the 

individual processes. An energy balance in this context records energy quantities and energy types 

in J or Wh, respectively, crossing the defined balance-system boundaries during the period of analy-

sis. The energy-balance boundaries are identical with the material-balance boundaries (see VDI, 

1997).  

 

Equation 1 Cumulative Energy Demand 

DUP CEDCEDCEDCED   

CED 
P 
U 
D 

Cumulative Energy Demand 
Production 
Use 
Disposal 

 

Calculating the energy demand in this way, it can be seen as a part of Life-Cycle Analysis (LCA), 

originally developed in order to assess the environmental impacts of industrial processes. Adapta-

tions to make LCA methodology applicable to agricultural systems were addressed by Sleeswijk et 

al. (1996), Audsley (1997) and Nemecek et al. (2003). Cumulative energy demand is included in many 

LCA studies with an agricultural background, such as Nemecek and Erzinger (2004), Anton et al. 

(2003) and Grönroos et al. (2006). According to Frischknecht and Jungbluth (2004), the cumulative 

energy demand is “widely used as a screening indicator for environmental impacts”. 

In order to meet the needs of CED and LCA, it is important for the analysis to set precise system 

boundaries which include the relevant processes. 
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Figure 1 System boundaries for modelling energy use in CAPRI. Source: based on Nemecek et al. (2003) 

Figure 1 shows the setting for the current study. The system boundary shows the resources, proc-

esses and products included in the analysis which are explicitly modelled in this study. The box 

containing the agricultural sector shows the scope of the production processes covered in this study. 

In terms of the final product processing, only those products required as input for another produc-

tion activity are modelled, such as fodder or arable-crop products used for animal feed, or manure as 

an input for crop production. Since further processing steps such as the packaging, washing, cooling, 

distribution etc. of the marketable goods are not considered, the farm gate is the relevant exit point, 

owing to the study’s focus on the agricultural sector and its policy framework. The inputs used in the 

agricultural production processes, however, contain the energy use outside the given system 

boundary for this analysis, and thus meet LCA methodology requirements. Consequently, the func-

tional units of the analysis are firstly, the agricultural production units (such as a hectare or 

animal/head of livestock), secondly, the agricultural product (quantity, energy content), and thirdly, 

the agricultural sector’s geographical units as per the “Nomenclature of territorial units for statis-

tics” (NUTS): NUTS-II, NUTS-0, EU-15/EU-10 and EU-25. The establishment of the functional unit 

EU-25 is significant for compiling the energy balance. In order to consistently balance the energy use 

of the EU-25 in geographical terms, imports into the EU-25 are taken into account and assessed with 

their energy use for production, as well as their transport requirements for delivering goods im-

ported into the EU-25. Consequently, exports of goods are subtracted in the balance. Due to model 

settings, transport requirements for any other products besides explicitly used feedstuffs (such as 

oilcakes) within the EU-25 cannot be considered for this analysis. As a result, transport-energy use 

for exports up to the EU-25 border is not assessed. 
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The use of agricultural produce for human nutrition underlies the assessment of the energy content 

of agricultural output, which is required for the calculation of energy efficiency on an activity basis. 

Consequently, Statistical Database of the Food and Agriculture Organization of the  

United Nations (FAOSTAT) data (FAO, 2003) on the caloric values of agricultural commodities are 

used to assess the output. Furthermore, data from Mittenzwei (2007) is applied to assess the nutri-

tional value of milk and dairy products. Data from Mittenzwei (2007a) is used for feedstuff 

components, as  far as these are assessed. 

For those production activities producing more than one marketable output, an allocation of the 

energy use to the individual products must be performed. Plant-production activities are assumed to 

have only one main output. By-products such as straw or leaves are not assessed for either energy 

content or energy use. Nevertheless, straw is modelled within the feed module of CAPRI as a feed 

component. A distinction is made between different co-products (such as milk and meat) in dairy-

cow and suckler-cow production, as well as for sheep and goats for milk production (see Tab. 1). The 

allocation coefficients are based on economic allocation shares as shown in AGRIDEA (2006). By-

products of animal production activities such as wool, feathers or leather are not assessed in this 

context, due to their minor economic value. 

 

Tab. 1 Output allocation coefficients for animal production activities 

Animal production activity Product Allocation share of energy use (%) 

Dairy-cow production 

Marketable milk 88 

Milk for animal feed 0 

Beef 8 

Male calves 2 

Female calves 2 

Suckler-cow production 

Milk for animal feed 4 

Beef 8 

Male calves 44 

Female calves 44 

Sheep and goats for milk 
production 

Young lambs 18 

Marketable milk 79 

Milk for animal feed 1 

Meat 2 

Source: based on AGRIDEA (2006) 

1.4 Coefficients displaying non-renewable-energy use 

Following the setting of the system boundary, coefficients that display non-renewable energy use 

are needed. From a methodological point of view, energy use can be described in LCA terms as con-
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sumption of the quantity of non-renewable primary-energy carriers multiplied by their fuel value 

(upper heating value). In this context, the cumulative energy demand as described in Chapter 1.3 is 

taken into account for all production inputs. For this study, only non-renewable-energy resources, 

subdivided into fossil (hard coal, lignite, crude oil, natural gas, coal-mining off-gas and peat) and 

nuclear (uranium) categories are considered. From a technical point of view, this analysis utilises the 

energy-related data of individual Life-Cycle Inventory modules (see Frischknecht and Jungbluth, 

2004a) compiled in Nemecek et al. (2003), which are aggregated to ready-to-use coefficients using 

the Swiss Agricultural Life Cycle Assessment (SALCA) Database  (SALCA061, 2006). These modules 

are used for the definition of ecoinvent environmental inventories (see Nemecek et al., 2003), and 

were developed for Life-Cycle Analysis in the Swiss agricultural context. A uniform methodological 

basis and consistent system borders are applied in the definition of the modules. The aggregated 

coefficients can be combined with the quantity of production factors utilised in the CAPRI modelling 

system’s production processes. Consequently, a consistent methodological framework is set up to 

estimate the environmental impact of agricultural-production activities in energy-use terms. Even 

though the developing environment and the original scope of Nemecek et al. (2003) were for Swiss 

production conditions, the coefficients are suitable for an analysis in an EU context. The reasons for 

this are twofold: firstly, adaptations are made to match European production conditions (such as EU 

transport or electricity-use coefficients) as far as possible. Secondly, a broad range of coefficients 

(such as mineral fertiliser or diesel fuel) can be assumed as equally applicable to Switzerland and the 

EU. This approach has a wide range of advantages, as well as some limitations. A first advantage is 

that the scope of the SALCA Database is sufficient to take into account all relevant aspects of agri-

cultural production. Secondly, the database was developed in a comprehensive LCA environment 

(see Frischknecht and Jungbluth, 2004), and consequently permits comparison with other sectors 

without the need for any methodological adjustments. Thirdly, a broad range of specific calculations 

carried out within the context of the setting up of the SALCA Database can be used for this analysis 

(such as Nemecek et al., 2003). And fourthly, the availability of the SALCA raw data for this analysis 

permits specific adjustments for application within the CAPRI model. On the other hand, the coeffi-

cients do not entirely reflect EU production conditions. Whereas there are LCA databases for the 

agricultural context for selected countries (see Antón et al., 2003; Russo and Mugnozza, 2005), the 

existing network is not sufficient to cover the EU-25 in the given level of detail shown in the SALCA 

Database. 

The advantage of a uniform methodological basis for the energy assessment was considered more 

important than the potential integration of coefficients from different countries. Nevertheless, it 

must be clarified that data on energy use itself “does not give a full picture for all environmental 

impacts in the life cycle of goods and services” (Frischknecht and Jungbluth, 2004).  

1.5 Climate-relevant emissions determined by non-renewable-energy use 

Like the above coefficients that display the use of non-renewable-energy resources, the climate-

relevant greenhouse gas (GHG) emissions are based on LCA methodology. Consequently, all non-

renewable-energy resources are assessed according to their associated GHG emission factors. From 

a methodological point of view, the emission quantification follows the procedure described in the 

Intergovernmental Panel on Climate Change (IPCC) (IPCC, 2001a), applied in Nemecek et al. (2003) 
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and Nemecek et al. (2005)5. The emission coefficients are the same as the energy-content coeffi-

cients extracted from the SALCA database (SALCA061, 2006). In terms of the environmental 

impact, the greenhouse potential over a period of 100 years is considered, as in similar studies (e.g. 

Nemecek and Gaillard, 2004). For direct energy sources burned on farm level6, such as diesel fuel, 

heating gas or heating oil, CO2 emissions related to combustion are added to those related to their 

supply. Here, ecoinvent modules common to agricultural systems, such as “industrial furnace >100 

kW” for heating gas (if used for drying processes) or “combustion in tractor with average engine 

power” for diesel fuel (if used to describe agricultural-machinery applications) are chosen 

(SALCA061, 2006; Nemecek et al., 2003, BUWAL, 1996). Methodological adaptations were made for 

the emissions assessment of energy use for both machinery and building depreciation and mainte-

nance. In order to keep computing capacity and thus modelling time low, average emission charges 

per Megajoule (MJ) of energy used were assessed. This appears to be a suitable procedure, since the 

individual building and machinery types differ only marginally in their kg CO2 emissions per MJ en-

ergy use. Furthermore, a simplification for grain-drying processes was set up, since the common 

proportions of direct sources (heating-oil versus electricity use) differ only slightly. Consequently, a 

single emission coefficient with a fixed proportion of energy sources has been used as an assess-

ment basis for grain drying. The emission coefficients of the relevant input parameters are shown in 

Appendix 4. In addition to these coefficients, the GHG emissions per energy use in [kg CO2/MJ] are 

given. The range of this coefficient is 0.03 to 0.13, with nitrate fertiliser accounting for the highest 

value, and herbicide/fungicide for the lowest. For nitrate fertiliser, emissions are determined by se-

lected fertiliser types such as ammonium nitrate, calcium ammonium nitrate and potassium nitrate, 

all of which exhibit above-average emissions. Also noteworthy in addition to nitrate fertiliser is the 

GHG emission value per energy use of electricity, which at 0.05 kg CO2/MJ  is lower than that of die-

sel fuel (0.07 kg CO2/MJ). These emission values are determined by the partial share of renewable 

sources and nuclear power plants that contribute to the delivery of the Union for the Co-ordination 

of Transmission of Electricity (UCTE) mix, which is taken as the equivalent for electricity use. 

1.6 Terminology and definitions 

Both the structure of this study as well as its methodological context make it necessary to handle 

terminological aspects carefully and describe functional units precisely. 

In terms of the methodological context, Life-Cycle Analysis terminology is used with a number of 

limitations concerning its transferability of results back to other Life-Cycle Analysis approaches. 

Before expanding the context in this respect, we shall outline the functional units of this study. 

This approach performs an analysis on three basic levels, to wit: area- or head-specific analysis (re-

lating to 1 ha of utilised agricultural area or one head of animal-production activities); product-

specific analysis (relating to 1 kg of the main product of an agricultural-production activity); and 

sectoral analysis performed on different levels (ranging from NUTS-II, based on the EUROSTAT 

                                                                    
5
 Emissions not linked to non-renewable-energy use, such as nitrous oxide from fertiliser use or methane from 

animal housing, are not considered in this analysis. 

6
 As described in Chapter 3.3 
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methodology of regional units, to NUTS-0, up to EU sub-levels such as EU-15 and EU-10, and finally, 

the overall EU-25 level). Hereinafter, NUTS-II-level regional units are also referred to as “regions”, 

whilst NUTS-0-level regional units are called “countries”. Functional units are therefore established 

as follows: 

 One unit of a production activity as defined in the CAPRI modelling system (hectare of land or 

head of an animal-production activity) 

 One unit of the main output or marketable outputs of the relevant production activities, at farm 

gate, not processed but ready for sale (one kg of product; energy content); 

 One regional unit as defined in the CAPRI modelling system (one NUTS-II region); 

 Regional aggregates containing a defined number of regional units (countries/EU-aggregates 

EU-15, EU-10, EU-25). 

The regional units or their aggregates (such as one or more NUTS-II regions or one or more NUTS-0 

member states) are either compared among themselves or aggregated in order to carry out sectoral 

analysis (all NUTS-II regions together equal the EU-25 aggregate). When dealing with product-

specific regional values, one value is processed which is presumed to be the average value within the 

specific NUTS-II region. National (NUTS-0) values are retrieved by calculating a weighted average of 

the respective NUTS-II-specific values: therefore, the sum of all NUTS-II-specific values times their 

scope of production (expressed in heads or ha) is divided by the overall scope of production (ex-

pressed in heads or ha). Regional sub-units (being regionally more explicit than NUTS-II) are only 

considered when Homogeneous Spatial Mapping Units (HSMUs) are processed, as described at a 

later stage in this analysis (see Chapter 3.2.5). HSMUs are taken into account when calculating land-

scape indicators, in order to display further externalities of agricultural production. 

This study analyses a negative external effect of non-renewable-energy use in agricultural produc-

tion, which can be defined as follows: a negative external effect occurs when the production- or 

utility function is affected by variables that cannot be attributed to the relevant company or individ-

ual (following Baumol and Oates, 1988, cited in Blöchiger and Stehelin-Witt, 1993). 

In methodological terms, this analysis distinguishes between two basic categories of energy use, 

namely direct and indirect sources, thereby following the categorisation of Fluck (1992). Direct 

sources include diesel fuel, petrol, heating gas, heating oil, coal and electricity consumed at farm-

level in the course of the agricultural-production process. Indirect sources, on the other hand, cover 

the energy use required “to produce equipment and other goods and services that are consumed on 

the farm” (Fluck, 1992). In addition, energy used in maintenance and disposal is considered in this 

analysis. A detailed list of all sources covered in this analysis as well as their classification is given in 

Appendix 1, in which coupled systems are defined where complementary direct and indirect energy-

use on farm level is assessed.  

In terms of policy instruments, the reference unit of this analysis is the Common Agricultural Policy 

(CAP) of the European Union. As such, it covers the EU-25. The basic policy scheme for policy-

impact simulations is the Mid Term Review (MTR) process outcome. All adjustments made are 

based on the MTR scheme. 
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2. Energy use in agriculture: driving forces, negative externalities 
and their internalisation 

2.1 Introduction 

Non-renewable energy is used in visible and hidden form along the entire primary agricultural pro-

duction chain. This chapter aims to show the scope of the energy use dealt with in this study, its 

driving forces, and the link to negative externalities of non-renewable-energy use. Furthermore, the 

limitation and ceiling of energy use and the associated negative external effects are analysed in light 

of internalisation in environmental-economics terms. 

2.2 Driving forces for energy use in agricultural production 

In an overview of the national economies of industrialised countries, agriculture accounts for only a 

small percentage of total energy use. In Organisation for Economic Co-operation and Development 

(OECD) countries, an estimated 3 to 5 per cent of total energy use can be ascribed to the agricultural 

sector (FAO, 2004). Methodological and system-boundary settings might mask the true picture, 

owing to the large quantity of agricultural-production inputs supplied by other sectors. Looking at 

energy balances for the EU-25, agriculture accounts only for 2.27 per cent of total energy use (cover-

ing coal, crude oil, petroleum products, gas, nuclear, hydro, geothermal, solar, waste, electricity, 

heat and others) (OECD/IEA, 2005). 

Nevertheless, energy use in agricultural production has been dealt with at length in both recent and 

older contributions to the literature. From the final consumer’s point of view, “about two-thirds of 

the energy use arises during the production of food, before it reaches the consumer’s shopping bas-

ket” (Jungbluth et al., 2000). Energy-use analysis has been performed from different viewpoints and 

with a broad range of system-boundary settings. These range from comprehensive international 

analysis, to national or sectoral analysis7, to analysis at regional (Franzluebbers and Francis, 1995; 

Ryan and Tiffany, 1998) or local level (Moerschner, 2000, Spugnoli et al., 1993). Analysis is per-

formed irrespective of location (Pervanchon et al., 2002), or with regard to a specific field plot 

(Moerschner, 2000). Furthermore, investigations are carried out both independently of a specific 

production activity (Diepenbrock et al., 1995; Heyland and Solansky, 1979) and with regard to it8. 

Comparisons are made between organic and conventional production systems (Dalgaard et al., 

2001; Ramharter, 1999) or between production systems with different intensity levels (Mrini et al., 

2002). The focal point of the study may be food production (Carlsson-Kanyama and Faist, 2000) or 

bioenergy crops (Hanegraaf et al., 1998, Kaltschmitt and Reinhardt, 1997). In a broad range of stud-

ies, a comprehensive assessment of production systems is performed using Life-Cycle Analysis 

methodology, and thus covering non-renewable-energy use as one of a number of parameters 

(Antón et al., 2005; Antón et al., 2003; Sanjuán et al., 2005; Russo and Mugnozza, 2005; Antón et al., 

                                                                    
7
 Such as Pimentel (1980); Stanhill (1984); Fluck (1992); Outlaw et al. (2005); Conforti and Giampietro (1997); 

Schnepf (2004); Robinson and Mollan (1982); Karkacier and Gokalp (2005); Ozkan et al. (2004). 

8
 See Tzilivakis et al. (2005); Pluimers et al. (2000); Basset-Mens and van der Werf (2005); Velden (1998). 
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2005a; Velden and Janse, 2004; Oude Lansink and Silva, 2003; Nemecek et al., 2005). In addition, 

non-renewable-energy use in agricultural production is considered in models used to assess the sus-

tainability of production systems (e.g. Hülsbergen, 2003).  

Apart from the definition of a functional unit as given in Chapter 1.6, which may have a sectoral-, 

field-, animal- or product-specific focus, a number of other parameters dominate the energy use of 

agricultural production. The relevant literature data is often difficult to compare, owing firstly to 

their individual scope (direct/indirect energy use), and secondly to the energy coefficients used in 

the calculation process at several levels of energy use (such as lower and upper heating value with or 

without the provision of the energy source, etc.) covered by the different coefficients. Nevertheless, 

a brief overview is given below. 

In plant production, mineral-fertiliser application is one of the most important energy sources used 

in agricultural production systems. Diesel fuel is another important input factor in energetic terms. 

National-level analysis such as Outlaw et al. (2005) corroborates this, stating that over 55 per cent of 

the total energy used on US farms stems from diesel and fertiliser. As regards fertilisers, in 2002, 89 

per cent were nitrogen-based, 4 per cent were phosphate-based, and the remaining 7 per cent were 

potash-based. Pesticides contribute another 18 per cent of the total indirect energy (Outlaw et al., 

2005). In terms of indirect energy sources, only pesticide and fertiliser input are considered, whilst 

machinery and buildings are missing in the above-mentioned study. The statement that “nearly 

one-third of all the energy used in agriculture is for nitrogen fertiliser” (Fluck, 1992) underscores the 

importance of mineral fertilisers. Direct-energy use accounts for another third of total energy use 

(Fluck, 1992). The remaining share encompasses machinery, buildings, pesticides, seed and other 

inputs. This rough distribution of total energy use is also shown in Robinson and Mollan (1982). 

Looking at the activity level and taking soft wheat as an example, the overall agricultural picture is 

displayed. Depending on the system settings, mineral fertiliser accounts for up to 50 per cent of 

total energy use (Diepenbrock et al., 1995), followed by direct-energy sources. Other indirect 

sources such as machinery, buildings, plant protection and seeds follow. The role of fertiliser ac-

quires even greater importance when we look at specific analysis for experimental weed-

management trials, where soft wheat accounts for up to 80 per cent of total energy use for fertilisers 

(Clements et al., 1995). 

A shift to the process analysis of a plant-production activity shows the driving forces for energy use 

more precisely, with the analysis usually being carried out in specific conditions and within precise, 

region-specific system-boundary settings. Nevertheless, it can be shown that direct-energy use is 

largely driven by region-specific production conditions such as soil quality, which determines diesel-

fuel and machinery requirements for soil preparation. In many cases, soil preparation and harvesting 

represent the lion’s share of diesel-fuel consumption (Dalgaard et al., 2001; Tzilivakis et al., 2005; 

Ramharter, 1999; Moerschner, 2000). Comprehensive data on direct-energy use by agricultural ma-

chinery is provided by Rinaldi et al. (2005). Comprehensive machinery-use quantification is a rather 

complex task, and a number of different approaches are used in current analysis. Kalk and Hülsber-

gen (1996) developed a methodology similar to economic depreciation, using machinery weight, 

labour demand and repair coefficients to distribute the machinery weight over time and production 

activities.  
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As with machinery, it is no easy task to include building energy use in energy-use analysis. Usually, 

owing to a lack of data, alternative approaches are chosen to consider the energy use. Depreciation 

according to practices for machinery is described in Kalk and Hülsbergen (1996). Literature data 

concerning the overall role of buildings in activity-specific energy use varies sharply depending on 

the analysis in question (see Basset-Mens and van der Werf, 2005 or Diepenbrock et al., 1995). On a 

sectoral basis for the UK, buildings account for 4 per cent of total energy use (Robinson and Mollan, 

1982). 

In animal production, provision of feedstuffs is by far the most important driver for energy use. The 

provision of young animals accounts for the second-highest share in the overall balance of animal-

production activities. Both are strongly linked to regional/national production patterns, and differ in 

their absolute value and share. Basset-Mens and van der Werf (2005) calculate that between 74 and 

96 per cent of total energy use is required for crop and feed production, depending on the produc-

tion system. Dalgaard et al. (2001) state a norm value of 2.5 GJ/livestock unit as farm-building and 

inventory requirements. 

A number of activities require specialised production equipment usually linked directly and/or indi-

rectly to high additional energy use. These include greenhouses for under-glass production, 

particularly if heated. Irrigation or grain drying can also be mentioned in this connection.  

Many studies have dealt with these items, evaluating driving forces and inter-regional differences. 

Due to climatic conditions, energy use varies over a wide range. Whereas Mediterranean green-

houses use very little energy (Antón et al., 2005a), the Netherlands requires large amounts of direct 

energy for heating and lighting9, which results in fuel consumption that is up to 17 times higher in 

Dutch tomato, sweet pepper and cucumber production than in Spain (Velden and Janse, 2004). It is 

not just in direct-energy terms, however, that differences can be described between regions: the 

energy use of buildings differs depending on the system employed. The environmental-impact 

analysis of greenhouse types using LCA methodology shows the highest impact to be from a vaulted 

roof structure in zinc-plated steel with glass covering, whereas the lowest impact results from a 

pitched roof structure in wood with plastic film covering, a system widely used in the Mediterranean 

(Russo and Mugnozza, 2005). Once such energy-use data has been provided, the associated CO2 

emissions can be determined, permitting horizontal comparisons between different production ac-

tivities (see Hanegraaf et al., 1998; Nemecek and Baumgartner, 2006) or vertical comparisons of 

individual technological alternatives. For comparisons, however, efficiency instruments are a com-

monly used tool, as shown in Oude Lansink and Silva (2003), where specialist vegetable-growing 

companies in the Netherlands are compared both in terms of the energy and CO2 technical effi-

ciency of their heating technologies, as well as economic preferability. 

Irrigation is another region- and activity-specific production-system element linked to potentially 

high direct and indirect energy use. About 25 mio ha of agricultural land is irrigated in Europe (Der-

bala, 2003), with 35 per cent using surface irrigation systems, 61 per cent using sprinkler systems and 

4 per cent using localised systems. Energy use differs not only according to system, but also accord-

                                                                    
9
 Approximately 4 per cent of the Netherlands’ greenhouse gas emissions are caused by the Dutch glasshouse 

industry (Oude Lansink and Silva, 2003). 
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ing to water source (either surface or reservoir water), and the amount of water used (Derbala, 2003; 

Jacobsen, 2006; Lal, 2004). In the USA, total direct and indirect energy use for irrigation is estimated 

at 21 per cent of the total energy used in farm production (Lockeretz, 1977), with electricity and 

natural gas being the leading energy sources. In the EU, recent analyses show that 65 per cent of all 

irrigation-pump energy is delivered by electricity, and the rest by diesel pumps (Rouxel, 2007). 

Grain drying is a further production system which is linked to high direct and low indirect energy use. 

Grain drying is one of the few post-harvest processes considered in this study. The system boundary 

is set such that the primary agricultural good is available in a marketable form, which for most grains 

usually means a moisture content of 14 per cent (Nemecek et al., 2003; Sauer, 1992). Consequently, 

the energy use necessary for delivering the target moisture content is included in the study. The 

initial moisture content is a parameter determined to a large extent by regional or even local har-

vest-weather conditions, and is rather difficult to predict (Atzema, 1994; Ryniecki et al., 1993). 

In conclusion, it is important to highlight the differences occurring in international and inter-regional 

comparisons of agricultural-energy use such as those of Conforti and Giampietro (1997), where the 

output/input energy ratio of agriculture in 75 countries was compared by a cluster analysis, or in 

Nemecek and Baumgartner (2006), where, among other parameters, energy use of feed compo-

nents such as oilseed rape, wheat, barley and peas was compared across four EU countries with their 

respective study regions. 

2.3 Agricultural-energy use in the context of greenhouse-gas emissions 

System-boundary setting is a crucial task when placing total energy use of agricultural production 

within the context of greenhouse gas emissions. In discussions concerning climate change such as 

IPCC (2001), Stern (2006), UNFCCC (2006) or IPCC (2007), agricultural production is usually analysed 

in the context of land use and changes therein. On an overall sectoral basis, an estimated 14 per cent 

of greenhouse gas (GHG) emissions in 2000 were caused by agriculture, whilst fertilisers were the 

largest single source (38 per cent) from agricultural production10. Livestock follows at 31 per cent as 

the second-largest source of agricultural emissions (Stern, 2006). Other sources are manure man-

agement, emitting CH4 and N2O (7 per cent), rice production, emitting CH4 (11 per cent), and other 

agricultural, emitting CH4 and N2O. CO2 emissions result from biomass and management practices 

that disturb the natural carbon sinks. Furthermore, emissions are caused indirectly by the use of 

fertiliser, equipment, transport and direct-energy use. Changes in management practices (e.g. soil 

carbon losses due to land clearing and tilling, as well as afforestation and deforestation) are very 

likely to have significant effects on the terrestrial carbon cycle (IPCC, 2001a). This is because land 

clearance can lead to soil degradation, erosion and the leaching of nutrients, reducing the ability of 

the ecosystem to act as a carbon sink (IPCC, 2001a). The role of non-renewable-energy use as a CO2 

emitter is shown in IPCC (2001a), where the conversion of natural vegetation into agricultural land is 

not only a source of CO2 emissions due to consequent loss of plant biomass, but also owing to the 

“energy costs of various agricultural practices” (IPCC, 2001a). In literature dealing with emission 

mitigation in the agricultural sector, such as Smith et al. (2000), as well as within international trea-

                                                                    
10

 Only non-CO2 emissions are considered. Reference year: 2000. 
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ties such as the Kyoto Protocol, these indirect emissions are ascribed to other sectors such as indus-

try, power, and transport, as described in IPCC (2006). Categorised thus, the power sector con-

contributes 24 per cent, industry 14 per cent, and transport another 14 per cent to total emissions 

(Stern, 2006), as shown in Figure 2. Nevertheless, recent studies have opted for a wider-ranging 

analysis of agriculture within the context of climate change, highlighting the role played by non-

renewable-energy savings in reducing GHG emissions, as shown in Olesen (2006). 

 
 

Figure 2 Greenhouse-gas emissions by source. Year: 2000. Source: Stern (2006) 

Consequently, when dealing with mitigation cost analysis, the system boundary is set to coincide 

with the framework given by IPCC. This results in the agricultural sector playing a minor assessable 

role as a CO2 emitter, with studies such as Hediger et al. (2004) showing that only 1.5 per cent of 

total national emissions in Switzerland stem from this sector. As regards the distribution of GHGs 

within the agricultural sector, 10 per cent of total GHG emissions in this sector are CO2 (Hediger et 

al., 2004), whilst the rest are others such as NH3 or N2O. When we take into account the total non-

renewable-energy use for all direct and indirect energy sources required for agricultural production 

as assessed via LCA methodology, the impression changes. As shown by Rossier (2000), CO2 emis-

sions resulting from the use of non-renewable-energy resources account for around 30 per cent of all 

agricultural emissions. Consequently, when we consider the overall CO2 emissions from direct and 

indirect energy use caused by agricultural-production input across the production processes of all 

inputs, the significance increases. The role of “emission imports” into the agricultural sector can 

easily be grasped just by considering the roughly 16 million t of  mineral fertiliser produced by the 

EU-15 (Molina, 2004) and the related CO2 emissions of 0.5 to 7.8 kg CO2 per kg of nutrient.  

In this analysis, non-energy-related emissions of agricultural production such as changes in land use 

and livestock management are not considered. Energy-related emissions, however, are comprehen-
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sively included, with indirect emissions as defined in Stern (2006) being taken into account. From a 

conceptual point of view, this analysis impacts in Life-Cycle Analysis terms rather than in IPCC 

terms. This becomes clearer from the description in Chapter 1.5 of the methodology applied. Energy 

use and CO2 emissions have been analysed in parallel in activity-specific and regionally delimited 

conditions, as for example in Oude Lansink and Silva (2003), where it is shown that different levels of 

efficiency in terms of energy use and CO2 emissions occur in the Dutch glasshouse industry, with 

lower efficiency in terms of CO2 emissions. Here, scale adjustments seem to provide potential im-

provements (Oude Lansink and Silva, 2003). 

In addition to looking at CO2 emissions caused by non-renewable-energy use, the effects of anthro-

pogenic nitrogen deposition are considered to a limited extent. Besides playing a generally 

important role in terms of increased yields in agricultural production, nitrogen availability has a sig-

nificant effect in terms of GHG emissions. Whereas on the one hand “reactive nitrogen is released 

into the atmosphere in the form of nitrogen oxides (NOx) during fossil-fuel and biomass combus-

tion” (IPCC, 2001a), and ammonia is released via the application of mineral fertiliser and animal-

manure management (see IPCC, 2001a), on the other hand there is evidence “that N fertilisation 

enhances the formation of modified soil organic matter and thus increases the residence of carbon 

in soils” (Fog, 1988 and Bryant et al., 1998, cited in IPCC, 2001a). Likewise, there are two types of 

growth response following elevated CO2 concentrations: an increased reaction rate for CO2, and a 

decreased rate for O2 on the photosynthetic carbon-fixing enzyme within the plant. Consequently, 

soil organic carbon and above-ground carbon stocks increase (IPCC, 2001). 

2.4 Limitation and ceiling as a preliminary stage for internalisation 

It can be assumed that farmers work in the given market conditions close to a point that is energeti-

cally optimal in economic terms. As stated by Outlaw et al. (2005), this implies that incentives to 

improve energy efficiency are currently limited. Nevertheless, the current costs in this respect do 

not comprehensively reflect the overall energy costs, as was shown in Mack et al. (2007). As  demon-

strated in the preceding chapters, the use of non-renewable-energy resources or the emissions 

therefrom can be categorised in environmental-economic terms as externalities in their simplest 

form according to Bromley (1989), as “unwanted costs”, or as technological externalities important 

in terms of allocation of the production, since they display costs for environmental pollution and are 

as such not entirely included in the pricing system (Frey et al., 1993). Expressed in more general 

terms, the productive function of agricultural production is linked to negative effects without reper-

cussions for the polluter. Agricultural production is linked to the provision of positive externalities 

(such as the plant varieties in areas with diverse production portfolios). Consequently, certain pro-

duction patterns contribute to raising the utility level of other economic subjects (final consumer). 

Having stated this, and in accordance with the “standard” approach in environmental-economic 

procedure, we must now focus on internalising the negative externalities. Due to the nature of emis-

sions, however, property rights are not a suitable instrument for limiting the negative externalities. 

Firstly, setting up properties for reduced emissions is not in keeping with the technical principle of 

non-exclusivity, and secondly, the path dependencies of comprehensive energy-use coefficients as 

described in Nemecek et al. (2003) do not permit charging in light of the Coase Theorem (Coase, 

1960) without high transaction costs. Alternatively, a rise in costs initiated by the legislator may 
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result in a decrease in energy use. This approach excludes market mechanisms, and can be de-

scribed as “efficiency without optimality” (Baumol and Oates, 1988). Similarly, a sanction can be 

considered, following the standard approach in the literature. This, however, is obviously a highly 

inefficient instrument, as it ignores the fact that it can be achieved at different costs by the individ-

ual actors (see Fees, 2007). When considering GHG emissions caused by agricultural production, 

however, it is of minor importance, since emissions are reduced in geographic terms as well as in 

terms of specific production activities. Moreover, it is important to achieve the overall aim in the 

most cost-efficient manner. The costs can be described as shown in Equation 2. In this case, how-

ever, assurance is required that the overall mitigation quantity M will be met. 

 

Equation 2 Aggregated mitigation costs with n actors 
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Source: based on Fees (2007) 

Consequently, the first-order condition of the Lagrange function of cost-effective mitigation can be 

derived as shown in Equation 3, resulting in the condition for a Pareto optimum shown in Equation 4. 

 

Equation 3 First-order condition of the Lagrange function for emission reduction 
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This implies that emission mitigation is achieved at an economically optimal point precisely when 

marginal costs for emission reduction are equal for all actors (i.e. for all NUTS-II regions). On the 

other hand, it is essential for the legislative body to know the mitigation costs of all actors in order to 

achieve a Pareto-efficient scope of emission reduction. 
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Equation 4 Condition for a Pareto optimum in emission reduction 
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Despite the approach described above, it should be remembered that other instruments must also 

be considered as capable of fulfilling emission-reduction scopes by internalising externalities. Con-

sidering Pigou’s approach to internalising these negative effects and bearing Coase (1960) in mind 

within a Pareto-relevant frame (i.e. it is not the entire scope of the externality which is considered 

for internalisation, but only the share which contributes to raising overall welfare), the imposition of 

a Pigovian tax must be considered. 

The determination of the Pareto-relevant share of the externalities is shown in Figure 3, in which PA 

is the relevant part of the agricultural-profit function including the connection between agricultural 

profit and increasing non-renewable-energy use. Consequently, the X-axis represents two parame-

ters: environmental quality11, and intensity of agricultural production. XA provides a minimum 

amount of environmental quality with maximum agricultural profit. The shift towards XN increases 

environmental profit PN, consequently lowering agricultural profit, with the maximum environ-

mental quality being achieved at XN. From an overall welfare perspective, opportunity costs OCA 

must be allocated for shifts in agricultural production in the amount of the difference between PN 

over XN and the equivalent level of PN at every step along the graph. Having set up this opportunity-

cost curve, the scope for improvements in welfare can be estimated by combining PA and PN. The 

maximum of this function stands for the optimum of environmental quality X*. The Pareto-optimal 

scope of the overall externality ET can be determined by the intercept of OCA up to X*. 

 

                                                                    
11

 In this case, environmental quality is determined exclusively by non-renewable-energy use or its related 
emissions. 
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Figure 3 Determination of Pareto-relevant externalities share. Source: based on Scheele (1994) 

As regards the reduction of environmental pressure caused in this case by non-renewable-energy 

use or its related emissions, a range of problems in connection with the Pigovian tax is described in 

the literature (see Scheele, 1994 as an example). Firstly, the effective scope of the environmental 

profit function is rather difficult to estimate. Secondly, there is a fundamental difficulty in finding 

efficient internalisation solutions. This, however, would mean the transformation of the externality 

into an internality, as it would be assessable in economic terms. Thirdly, the connection between 

internalisation on the one hand and optimal allocation and its responsibility to a regulating, central-

ised institution on the other is a weak point of the Pigovian tax. In order to achieve an efficient 

solution for the problem, the marginal increase in intensity of agricultural production must be equal 

to the marginal opportunity costs. This leads us to the third limitation of the Pigovian-tax approach: 

a significant information problem makes it impossible to estimate the true scope of opportunity 

costs and consequently avoid the shift of agricultural production towards a level of overall optimal 

welfare. And fourthly, the lack of comparison between alternative allocation procedures is a limita-

tion of the Pigou approach;  several variants between the pure, centralised solution given by an 

institution and a solution found by the use of market mechanisms should be under consideration for 

the problem (see Scheele, 1994). Consequently, an earmarked tax on air pollution as analysed in 

Millock and Nauges (2006) must be seen in this portfolio of instruments. This earmarked tax con-
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siders the centralised framework for the scope of reduction (which is indicated by the level of the 

tax), as well as creating a marked-based incentive via subsidisation of innovative emission-reduction 

techniques. The problem encountered with the subsidisation is a partially negative impact on emis-

sions, attributed to the combined subsidy and the specific level of the tax (Millock and Nauges, 

2006). 

This analysis attempts to iron out some of the weak points of the Pigou approach. Consequently, in 

terminological language, it tries up to a certain point to transform externalities into internalities in 

order to assure optimum allocation. This requires the establishment of a framework within which 

this approach might achieve feasible results. The framework, however, is required to set the condi-

tions for the weak points of the Pigou approach where this analysis cannot provide a solution. In the 

case of non-renewable-energy resources and their related emissions, this is the curve progression of 

the environmental profit function, and consequently the absolute level in monetary terms of the 

externality. In order to meet this objection, the necessary steps for determining the Pareto-optimal 

reduction scope are shortened by setting up a commitment to energy-use reduction or energy-

related-emissions reduction (see Chapters 6.2 and 6.3).  

The criteria for providing full and comprehensive information on the scope of the pollution, how-

ever, can be met by quantifying the energy use and its related emissions based on LCA analysis. This 

permits us to gather data on the overall amounts of pollution linked to agricultural production taking 

into account each individual input component. A noteworthy advantage in information availability 

can be achieved compared to simpler alternative theoretical approaches (e.g. taking the direct en-

ergy in diesel fuel and electricity as a reference). The relevant information can therefore be gathered 

without requesting it from the single actor (the farmer). This approach may be viewed in light of the 

“bubble” policy, in which a group of polluters are seen in a common bubble for which a total quantity 

of emissions is claimed (Frey et al., 1993). Furthermore, the asymmetric information problem de-

scribed in several sources (e.g. Fees, 2007) can be solved to a large extent12. This implies we can 

assume that the mitigation cost structure of agricultural-production portfolios for defined regions 

within the CAPRI model is capable of being modelled on a relatively finely tuned basis.  

Moreover, both the lack of an efficient solution and the allocation problem can be solved by the ap-

proach chosen in Chapters 6.2 and 6.3. Because the chosen model is broken down according to 

region (see Chapter 3.2 for details), the regional allocation of the reduction obligation is combined 

with the calculation of an efficient solution within the optimisation process. Shadow prices for en-

ergy reduction are applied to meet the overall scope of reduction. This follows the basic idea that 

solutions containing market elements are more efficient than command-and-control instruments 

(see Fees, 2007).  

Finally, by displaying energy and energy-related emission-reduction costs in a commonly accepted 

manner (€/MJ or €/kg CO2), comparability is assured between the costs for internalisation and those 

costs appearing in other sectors or other geographic units. This permits the comparison of alterna-

tive allocation mechanisms, thereby dealing with another weak point of the Pigou approach. 
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 The only noteworthy restriction here is that in the applied model farmers can choose to change the produc-
tion activity, but have only limited scope for changing intensity level within a production activity. 
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A major point still to be discussed is the determination of the Pareto-relevant share of the emission 

to be reduced. Here, the problem remains the same whether the internalisation process is to be per-

formed on a price solution (such as a tax) or on a quantity basis (such as certificates). In any case, 

marginal revenue (of additional emissions) must equal marginal price (for mitigation) (see Fees, 

2007). Because of the severe knowledge gap of the legislative bodies vis-à-vis individual marginal 

cost functions, an alternative approach must be chosen. This might be the consideration of aggre-

gated cost functions, in whatever constellation. A noteworthy approach is shown in Mack et al. 

(2007), where an economically and “environmentally13” optimal solution is determined for Switzer-

land with an agricultural sector model. The optimal scope for a reduction in energy use is calculated 

via a weighting approach to multi-objective programming, in which the original objective function 

(maximisation of sectoral agricultural income) is supplemented by the second objective (minimisa-

tion of energy use). Efficiency is determined by applying the concept of eco-efficiency (see IW, 

2006). With the stepwise increase of the energy-reduction objective, a limited number of model 

solutions can be determined (each of them being optimal). By setting up one function containing all 

of these solutions, the economically and environmentally optimal  solution (in terms of energy use) 

can be determined. Consequently, from a legislative point of view, a proxy for the Pareto-relevant 

share of the reduction scope can be determined. Although this approach was not employed for the 

current study, in principle it might be considered an instrument for determining the Pareto-relevant 

share of the scope of emission reduction. 

Despite this, the feasibility of the described methodology and the associated installation problems 

require some additional consideration. It is common knowledge that the approaches described at a 

later point in this study are subject to transaction costs (see e.g. Fees, 2007). Concerning the imple-

mentation of the current approach, a system of emission permits can be considered. In this context, 

a trading scheme is an instrument “to create a market of emission rights which are interchangeable 

and allow producers to pollute” (Pérez Domínguez, 2006). In the absence of intervention, which 

assumes economically optimal conditions, market forces are capable of determining the price of 

permits, with a cost-minimising situation being achievable as long as transaction costs are not con-

sidered (see Pérez Domínguez, 2006). In overall terms, it can be stated that if two participants (here, 

two NUTS-II regions) have different marginal abatement curves, the one with the lower abatement 

expenditures faces the lower cost of eliminating an additional emission unit (Pérez Domínguez, 

2006). From the perspective of the producer facing already relatively high emission abatements, a 

reduced portfolio of adaptation is available (i.e. the NUTS-II region is producing relatively efficiently 

in technological terms, as well as under relatively favourable economic conditions). The legal basis 

for such a system was created by the drafting of a Green Paper on emissions trading (Commission of 

the European Communities, 2000) which was published by the European Commission in order to 

prepare for the ratification of the KP. A further requirement of an emissions-trading system – the 

creation of an emissions bubble, provided for in Article 4 of the Kyoto Protocol, which permits re-

duction commitments to be achieved in an internal burden-sharing agreement – was established by 

the approval of the KP decision of the European Union in 2002 (Council of the European Union, 

2002). The final step was undertaken with the approval of a CO2 Emissions Trading Directive (Coun-
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 Non-renewable-energy use was applied as an “environmental” parameter in the mentioned case. 
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cil of the European Union, 2003), which defines economic production activities and the GHGs in-

cluded in the trading system and the Emissions Trading System (ETS), as well as establishing the 

relevant scope of emission certificates and commitment periods. Such a trading scheme is in many 

ways more favourable than command-and-control (CAC) instruments, which dominated the 

achievement of environmental aims in the past. For one thing, trading permits are a dynamic in-

strument (in terms of geography, time and scope) compared to static CAC instruments. Moreover, 

market-based instruments such as tradable emission permits are more cost-effective than CAC in-

struments (see e.g. Baumol and Oates, 1971; Pearce and Turner, 1990). In addition, market-based 

instruments implement technological adaptations on a continual basis (Kennedy and Laplante, 

1999). 

The feasibility of such instruments for the agricultural sector, including the design of a market for 

emission permits in the European agricultural sector, was discussed in depth in Pérez Domínguez 

(2006). The appropriate legal framework was set in place in 2003, with the EU adopting a proposal 

for a Directive on CO2 Emissions Trading (Dir. 2003/87/EC) to be in force by January 2005 (see Coun-

cil of the European Union, 2003). For implementation in the agricultural sector, Pérez Domínguez 

(2006) considered a grandfathering-permit allocation system based on historical emission records. 

The acceptability of such a permit system is high, whilst the associated transaction costs are com-

paratively low (see Pérez Domínguez, 2006). The required trading scheme in each case is considered 

to be adapted to the construct of the current European sugar-market regime, where “sugar quotas 

are owned by regional processing firms and not by agricultural firms. Trading of permits could there-

fore be restricted to some ‘bottleneck agents’ in agricultural markets such as slaughterhouses, 

dairies and co-operatives” (Pérez Domínguez, 2006). Concerning the implementation of such an 

approach, similar allowance-trading schemes such as the quota-trading scheme for ozone-depleting 

substances within the framework of the Montreal Protocol, fish-catch quotas within the framework 

of the EU Common Fisheries Policy, and milk quotas within the framework of the CAP have been 

established in the EU. In all of these cases, transferability has been successfully introduced (see 

Commission of the European Communities, 1992, cited by Pérez Domínguez, 2006). With such a 

permission-trading approach in place, payments from the private to the public sector such as those 

made in a CAC approach are never seen in a certificate approach (see Fees (2007), p.50). 

2.5 Relocation of production from an energy point of view 

Analysing relocation of agricultural production owing to policy schemes is a rather complex issue. 

Firstly, it requires consistent energy-use coefficients as described in Chapter 1.4 for overseas pro-

duction – mainly in those countries where EU imports come from, such as South and North America. 

Research in this field has only just started, so has not advanced very far yet. Available indices display 

energy-use estimates for selected plant products utilised as feedstuffs in the EU, such as soya beans 

from Brazil or grain maize from the US (see Nemecek, 2007). Consequently, it has so far not been 

possible to compare other plant and animal products in a systematic manner. Secondly, besides 

energy use, several other negative external effects of overseas production such as soil degradation 

or nitrate losses must be considered for a comprehensive relocation analysis. Furthermore, no con-

sistent data is available for energy-use analysis. Thirdly, the scope within which relocation takes 

place must be appropriately set. If relocation effects are to be analysed for feedstuff components, all 
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possible substitution effects must be considered in order to quantify relocated products. This is fea-

sible for feedstuffs via an assessment of crude protein content or net energy lactation (NEL) of the 

individual feedstuff. For human nutrition, however, a substitution analysis is much more complex. 

For feedstuffs, the theoretical background can be simplified as follows: the relocation of a combina-

tion of certain individual feedstuff components (such as soya beans, soya cake, grain maize, barley 

etc.) outside the EU market can be recommended in energy-use terms if the total supply of crude 

protein and NEL can be guaranteed to have lower total non-renewable-energy uses for production 

plus transport than under EU production conditions. To put this into equations, three steps are nec-

essary (shown in Equation 5, Equation 6 and Equation 7). The first step ensures with both its 

equations that the total delivery of animal nutritional value is at least covered by the shifts in im-

ports. 

 

Equation 5 Reference delivery condition for relocation assessment 
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In the second step, the energy-use-proportion variable between overseas production taking account 

of transport-energy use and EU-25 production is calculated as a basis for relocation assessment. 

Such a variable is established because quantitative differences between energy-use parameters of 

the EU-25 and overseas cannot be established owing to lack of data. The procedure described at 

least permits qualitative estimates. 

Equation 6 Energy-use condition for relocation assessment 
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Finally, preference for relocation is determined by the minimisation of the described proportion 

within the given frame of reference. 
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Equation 7 Preference condition for relocation assessment 

)x(xmin 01   

x Fraction of overseas energy use (in the case of import) and EU-25 energy use 

 

Nevertheless, as well as the given framework, there must be proven changes in import quantity that 

can be assessed as relocation effects within the simulation results. 

2.6 Settings and cross-relations in environmental-effects analysis 

Because agricultural production is enmeshed in a web of different environmental effects in either 

direction, it may be assumed that a number of these effects are strongly interconnected. Owing to 

the setting of a policy framework such as the CAP and the environmental components of its pay-

ment schemes, a comprehensive view of the environmental effects of agricultural production is 

required. Such a need has been expressed within the framework of the IRENA14-Indicator project, 

which was the subject of the communication of the EU Commission to the Council and the European 

Parliament15. The structure of the IRENA project as well as its individual indicators are shown in Ap-

pendix 28. The individual indicators are structured into a total of five chapters (Responses, Driving 

forces, Pressures, State, Impact) and 17 sub-chapters, including 35 indicators. With regard to the 

core subject of this analysis – non-renewable-energy use in agricultural production and its associ-

ated GHG emissions – two IRENA chapters are touched on: Driving forces (with its sub-chapter, Input 

use) and Impact (sub-chapter Natural resources). When considering further objectives of this study – 

the  analysis of currently applied and potentially new policy instruments – a  larger number of indica-

tors must be taken into account16. These are classified into different chapters such as Responses 

(sub-chapter Public policy), Driving forces (sub-chapter Trends) and Pressure (sub-chapter Resource 

depletion). Consequently, energy use and its related GHG emissions are strongly interlinked with 

environmental indicators. Nevertheless, the value of simulation results remains limited as long as 

other environmental indicators are not taken into account. From an overall environmental-analysis 

viewpoint, the internalisation considerations shown in Chapter 2.4 are incomplete as long as correla-

tions with other indicators are not considered. It is obvious that a single instrument of analysis 

capable of optimising all environmental criteria shown in the IRENA compilation does not exist. De-

spite this, the results achieved in this analysis can be double-checked with other selected indicators. 

The results of such a checking process can at least provide information on the relationship between 

energy use and its associated GHG emissions on the one hand and other environmental criteria on 

the other, and consequently broaden the picture of results. The CAPRI model used for this analysis 

offers a range of environmental indicators, two of which are selected for more detailed considera-
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 Indicator Reporting on the Integration of Environmental Concerns into Agriculture Policy. 

15
 See Europäische Gemeinschaften (2001): COM 2001 (144) - This communication expressed the need for 

statistical information on indicators capable of monitoring the integration of environmental concerns into the 
CAP. 

16
 e.g. “Area under agri-environmental support”; “Environmental targets”; “Intensification/extensification”; 

“Land-cover change”. 
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tion in this study: the High Nature Value Farmland Indicator (HNV), and the aggregated nitrate- 

surplus levels of agricultural production. These parameters are chosen for a number of reasons: 

firstly, they are relatively independent of one another, which creates additional value in their analy-

sis. Secondly, they are to be found in different chapters/sub-chapters of the IRENA-compilation17; 

and thirdly, there is no direct connection with energy use. These indicators are analysed in a two- 

step process. In a first step, the changes in the indicator values are assessed according to the policy 

scheme under consideration. Here, especially for the HNV indicator, a sub-regional analysis level 

must be chosen, so only selected sample regions are considered. In a second step, the relation to 

energy use or its associated GHG emissions is analysed. The aim here is to determine whether en-

ergy-related targets go hand-in-hand with or threaten HNV- or nitrate-related environmental 

targets. Due to the structure of this study, the first step is handled quantitatively, whereas the sec-

ond step must be performed in a purely qualitative manner. This, however, provides a more 

comprehensive analysis than the pure “energy view” of the policy scenarios. The definition of both 

indicators and their integration into the CAPRI model is given in Chapter 3.2.4 for the nitrate-surplus 

indicator and in Chapter 3.2.5 for the HNV indicator. 

3. Modelling energy use in agricultural production 

3.1 Introduction 

Analysis of effects linked to changes in the Common Agricultural Policy (CAP) of the European Un-

ion is performed in countless models. Even in recent times, a broad set of methodological 

approaches has been applied using an econometric, dynamic, multi-product model (AG-MEMOD 

composite model) at EU level as in Chantreuil et al. (2005), or analysing the impacts of EU agricul-

tural and trade reform on a overall scale by using the GTAP modelling system as in Brockmeier et al. 

(2005) or Lips (2004), or using the FAPRI/Gold model (Binfield et al., 2005). On a regional scale, 

Jeroen and van Huylenbroeck (2005) calibrate microeconomic mathematical programming models 

based on Farm Accountancy Data Network (FADN) data to execute an impact analysis of the CAP 

for Belgian farmers. Weinmann et al. (2005) use a comparative static, deterministic programming 

model to simulate land use in a small-scale regional analysis in Germany. The regional non-

renewable-energy consumption pattern requires the application of a model providing statistical 

data on a regionalised level, but also contains the feedback on national and EU level to permit com-

prehensive ex-ante assessment of CAP policy changes. The CAPRI (Common Agricultural Policy 

Regionalised Impact Analysis) modelling system (Britz et al., 2007) is an agricultural-sector model 

linking non-linear mathematical programming models for about 250 regions covering the whole of 

the EU-2518, Norway, Bulgaria, and Romania with a global market model for agricultural products. 

Its regional and activity-specific approach makes it a suitable instrument for analysing the energy 

use of agricultural production systems. 

                                                                    
17

 The HNV indicator can be placed in the Pressure chapter, Benefits sub-chapter; nitrate surplus influences a 
range of chapters/sub-chapters, e.g. Pressure/Pollution; State/Natural resources; Impact/Nitrate contamination. 

18
 In this analysis, EU-25, EU-15 and EU-10 are considered country aggregates: see Appendix 2 for details. 
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3.2 The CAPRI modelling system 

CAPRI is a spatial economic model using non-linear mathematical programming tools to maximise 

regional agricultural income bearing in mind a number of restrictions and explicitly including the 

Common Agricultural Policy (CAP) of the EU and its individual instruments of support. In this way, 

price interactions with the world market are taken into account. In addition, a range of biophysical 

datasets is processed in order to set up environmental indicators. The CAPRI modelling system was 

applied to the simulations conducted for this analysis. Here, the “core” CAPRI model was supple-

mented with an “energy module” allowing the display of non-renewable-energy use as described at 

a later point in this analysis. The energy module was systematically adapted to regions and produc-

tion activities in order to maintain the disaggregation and aggregation mechanisms of the CAPRI 

model. 

3.2.1 History and structure 

CAPRI was developed within the Fourth EU Framework Programme (FAIR3-CT96-1894) under the 

coordination of the Institute for Agricultural Policy of the University of Bonn, Germany, in the late 

1990s. A network of four main partners and a number of sub-partners was established to cover all 

EU-15 member states. The original structure was created for the assessment of Common Agricul-

tural Policy (CAP) reforms, such as Agenda 2000. In a second project step called CAP-STRAT 

(Common Agricultural Policy Strategy for Regions, Agriculture and Trade; QLTR-2000-00394) last-

ing from 2000-04, several methodological improvements concerning the market components of 

CAPRI as well as validation and policy-scenario analysis were carried out. Further methodological 

improvements, such as the development of an employment module for CAPRI and the improvement 

of environmental indicators, were made from 2004-07 within the framework of the CAPRI-

DynaSpat19. Furthermore, the regional coverage of the model was extended by involving the EU-10 

countries in the system. In terms of environmental indicators, a Geographic Information System 

(GIS) link for CAPRI was developed, permitting the integration of soil- and land-use data as well as a 

landscape indicator. Finally, a module for simulating non-renewable-energy use in agricultural pro-

duction activities was developed20. The model itself was designed from the outset as a projection 

and simulation tool for the agricultural sector, the basis of which is: 

1) an activity-based, regionalised breakdown of primary agricultural-production activities (39 

plant-production and 19 animal-production activities). 

2) a regionalised breakdown of farm and market balances covering about 60 products and 35 in-

puts. 

3) economic accounting principles according to the European Accounts for Agriculture (EAA) (Eu-

ropäische Gemeinschaften, 2000), whose model covers all outputs and inputs included in the 

national EAAs for member states, with revenues and costs broken down systematically accord-

ing to regions and production activities. 
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 Common Agricultural Policy Regional Impact Assessment – The Dynamic and Spatial Dimension; Project (FP 
VI, N° 501981) 

20
 The author of this study was in charge of establishing this energy module. 
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4) A detailed policy description included in the regional supply models permits the modelling of all 

relevant payment schemes, considering their ceilings as well as set-aside obligations and prod-

uct sales quotas. The market model takes account of tariffs, tariff-rate quotas, intervention 

purchases and subsidised exports, and non-EU-country policy, which is based on OECD data 

(Junker et al., 2003). 

5) behavioural functions and allocation steering which are strictly in line with micro-economic 

theory, whose functional forms are chosen to be well-behaved overall and to allow for system-

atic welfare analysis (Britz et al., 2007). 

As for the display of supply and market, there is an interrelationship between the separate supply 

and market modules. The regional breakdown of the CAPRI model is set on the NUTS-II level ac-

cording to the EUROSTAT nomenclature (European Communities, 2004), thus allowing the display 

of 213 different regions of the EU with 25 member states. As regards the range of production activi-

ties, CAPRI does not display diversified production-intensity levels. Consequently, the NUTS-II-

specific input coefficients of the production activities display an “average” intensity level, i.e. organic 

or extensive farming as well as a broader range of grassland-production intensity levels are not 

modelled. In contrast to models such as the Swiss sector model SILAS (Mack and Flury, 2006) this 

implies that in modelling shifts in policy schemes, producers can react by shifting towards other 

production activities, but not towards more extensive or intensive production patterns. 

3.2.2 Supply module, market module and their interrelationships 

In order to display the primary agricultural supply (annual crop and animal yields) on a regionalised 

and activity-specific level, a profit-maximisation approach is applied, taking account of a limited 

number of explicit constraints such as land restriction, policy schemes with their sales quotas and 

set-aside obligations, and animal-specific feeding restrictions based on the relevant requirement 

functions. Here, a two-stage decision process is assumed. Firstly, the optimal variable input coeffi-

cients per hectare of arable land, or per head for the animal-production activities, are determined 

(for given yields) by the producers. These inputs consist of crop and animal nutrient requirements, 

seeds, pesticides, etc. The yields stem from an estimate procedure based on EUROSTAT data and 

trend analysis (see EUROSTAT, 1995). In the second stage, the profit-maximising crop mix and head 

numbers in animal activities are simultaneously determined in the supply models, with cost-

minimising feed ratios and a mix of optimal plant-nutrient categories being taken into account. For 

plant-production activities, the nutrient needs can be met either with mineral fertiliser or organic 

manure supplied by the livestock (nutrient losses are borne in mind). The cost-optimal feed ratio is 

calculated bearing in mind animal-specific requirements for protein, energy etc., with this feed-

livestock complex and the milk-dairy complex being the only supply-chain linkages that are mod-

elled in detail (Tongeren, 2004). Restrictions influencing crop mix and animal-activity levels are the 

availability of arable land and grassland, as well as quotas or regulations such as the set-aside obli-

gation or the total animal requirements for gross energy or crude protein, etc. Consequently, the 

supply part of the CAPRI model consists of an agricultural-income maximisation problem subject to 

several restrictions. The problem is expressed in simplified form in Equation 8. 
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Equation 8 CAPRI profit-maximisation problem 
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Profit (agricultural income) 
Objective function [revenues plus premiums minus costs] 
Activity level [vector of production activities] 
Generic expression for all constraints in the model [physical or economic] 
Permitted level of the corresponding restriction 
Shadow value of the corresponding restriction 

Source:   Pérez Domínguez and Holm-Müller (2005) and Britz et al. (2006) 

Regarding income, the model displays a number of indicators derived from sectoral data in keeping 

with EAA methodology (Europäische Gemeinschaften, 2000). For this analysis, the gross value- 

added at producers’ prices plus CAP premiums is defined as income on farm level. The composition 

of this indicator is shown in Equation 9. 

 

Equation 9 Composition of income indicator on farm level 

PRMETOINTOOUMGVA   

MGVA 
TOOU 
TOIN 
PRME 

Gross value-added at producers’ prices plus CAP premiums (Income) [€/ha] 
Value of total output (following EAA methodology) [€/ha] 
Value of total intermediate input [€/ha] 
Current CAP premium [€/ha] 

 

Here, the total intermediate input considers all input components multiplied by their individual 

prices21. In addition to the income indicator on farm level, agricultural income is calculated on a sec-

toral basis (mainly for welfare analysis) by aggregation (NUTS-II-specific income multiplied by the 

appropriate scope of the production activity for NUTS-II, member states and EU level). 

In the system for feed demand, raw-product prices normalised with a price index are determined by 

applying an Armington top-level aggregator combined with changes in the supply of animal prod-

ucts, which changes are weighted with feed-use factors in order to determine feed demand (see 

Wieck et al., 2006). Equation 10 shows the process for estimating feed demand [feedj,r].  
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 See Appendix 3 for details. 
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Equation 10 Estimating feed demand in the CAPRI modelling system 














)(
cal

j

j,

,,,,
supply

supply1

animj

j

r

rk

k

rkjrjrj w
Pindex

PArm
bfaffeed  

feed 
j 
r 
k 
af 
bf 

Pindex 
Arm1P 
supplyj 

supply
cal 

w 

Feed demand 
Agricultural output 
NUTS-II region 

k  j 
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Changes in the supply of animal products 
Supply of animal products at the calibration point 
Feed-use factor 

Source: Wieck et al., 2006 

3.2.3 Database issues 

In order to achieve its aim of displaying CAP effects on a precise, regionalised, activity-based level 

based on a non-linear programming approach, the CAPRI model requires a broad range of detailed 

information. Firstly, ex-ante simulations of the interrelationships between specific agricultural-

production activities in terms of their output and input under given policy scenarios are needed. As 

well as being necessary for the base-year calibration, such interrelationships form the basis for as-

sessing the agricultural-production portfolio’s possible impacts on the environment. Consequently, 

both the matrix of input/output coefficients and prices for the inputs of the different agricultural-

production activities are required. Moreover, information on land use and livestock numbers is nec-

essary for validation and calibration purposes (Britz et al., 2007). Because the European Union 

cannot be treated in economic-modelling terms as a small country, neither EU nor global market 

prices can be assumed as exogenous variables in the model. The CAPRI market model therefore 

links the supply module with national and international markets for agricultural-products modelling. 

The national level (EU member state) is the interim step in this modelling procedure, and is thought 

to be a spot market for all sub-regional units within the member state (as per Britz et al., 2007). 

On the regional level, the REGIO domain of EUROSTAT is the suitably harmonised database con-

taining regionalised agricultural data on the required regional and activity-specific level. REGIO itself 

is part of the NEWCRONOS system set up by EUROSTAT. The corresponding agricultural and for-

estry module contains datasets on different time and sub-region coverage levels for the following 

(Britz et al., 2007): 

 Land use;  

 Crop production – harvested areas, production and yields; 

 Animal production – livestock numbers; 

 Cow’s-milk collection – deliveries to dairies, per cent fat content; 

 Agricultural accounts on a regional level; 
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 Structure of agricultural holdings; 

 Labour force of agricultural holdings. 

Most of these parameters are available for each year, or in the case of EU-FSS data, for every second 

year. In methodological terms, bearing in mind the broad range of coverage as regards time and 

regionalisation, an interim step to provide a complete and systematic national database (COCO) is 

required in order to obtain a framework and reference point for regionalisation processes permitting 

consistent national values to be achieved for the main data items such as areas, herd sizes, gross 

production and intermediate use, unit value prices and EAA positions (Britz et al., 2007). The afore-

mentioned process implies the following steps (based on Britz et al., 2007): 

 Consistency checks are performed mainly for animal-herd sizes where REGIO provides data on an 

even more disaggregated level than the required NUTS-II; 

 Filling gaps in the REGIO database where data on a higher aggregation level is provided using 

disaggregation processes whilst taking existing national-level data into account; 

 Econometric analysis or other data sources are applied in order to fill any remaining gaps. 

The consistent dataset compiled in the COCO module allows it to set up trend forecasts (see Britz et 

al., 2002), which in a further step are used to contribute to the baseline generation within the 

CAPTRD module of CAPRI. 

Because most of the parameters available in the REGIO database are collected annually, linear-

trend estimates on a national level which take account of the average ratio between regional and 

national data in cases where both are available are applied to fill in gaps in terms of time and re-

gional levels. In addition to the existence of data gaps, crop activities displayed in the REGIO 

database are in some cases not provided in the level of detail required for displaying the over 30 

different crop activities of the CAPRI model. Consequently, aggregates of REGIO are broken down 

by applying national shares of the aggregates, as shown in Equation 11 for the example of oat pro-

duction as an element of cereal production.  

 

Equation 11 Breakdown mechanism for REGIO crop aggregates 
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In addition to the above-mentioned datasets on scope of regional production, macro-economic data 

for different regions of the world and aggregates are required. Below, we list a number of sources 

for these data: 

 Bilateral trade data for selected world regional aggregates are excerpted from the World Agricul-

tural Trade Simulation Model (WATSIM). 

 Policy variables such as tariffs (applied as well as scheduled), tariff-rate quotas and bilateral trade 

agreements are taken from the OECD Model AGLINK and the Agricultural Market Access Data-

base (AMAD). 

 Agricultural Market Outlook data such as published by the European Commission are used for 

preferences or shifts in demand-behaviour calculation. 

 Long time-series data for world market prices of major raw and processed agricultural products 

are used as trend forecasts. 

With such datasets available, the required consistency checks are followed by an input allocation 

procedure which can be understood as a procedure for “distributing” input aggregates (e.g. the re-

quired data are available on national but not regional level, and the data are only available for 

aggregated rather than for individual activities). Input-demand data are therefore available in an 

activity-specific, regionalised pattern, and are referred to as “input coefficients”. These coefficients 

are either measured in metric terms (expressed in kg/ha) or, where these are not available, in value 

terms expressed in €/ha and measured in constant prices. This step is required in order to apply the 

microeconomic concept of profit maximisation, i.e. the marginal revenue equals the marginal costs 

simultaneously for all production activities carried out. These marginal costs (or input demands) can 

only be the appropriate measurement concept if they are equal to average input demands, which 

are given for the Leontief production function. For agricultural production functions, this production 

function permits the connection between individual production activities and total physical-input 

use, which in turn permits the connection of environmental indicators to individual production ac-

tivities via the calculation of the gross margins (see Britz et al., 2007). Nevertheless, different 

methodological approaches are chosen for input-coefficient construction (based on Britz et al., 

2007): 

 For nitrate, phosphate and potash, observed fertiliser use as well as crop and manure nutrient 

content are taken into account; consequently, with simple fixed ammonia losses, ex-post bal-

ances are established which lead to effective input-allocation coefficients based on a cross-

entropy estimation framework. 

 As regards feed, engineering knowledge (such as animal-specific requirement functions and nu-

trient-content data of n components) as well as observed ex-post data (such as total national 

feed use and national feed-cost estimates from FADN samples) are placed in a Highest Posterior 

Density (HPD) estimation framework (see Equation 33). 

 The remaining inputs are also estimated using an HPD framework whilst taking account of FADN 

sample data as well as EAA, standard gross margin and further national datasets. 
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3.2.4 Nitrogen balances and nitrate-surplus indicator 

An important environmental-pressure indicator, nitrogen balances are determined by the scope of 

regional animal-stock and plant-production activities (proportion of grassland, grains, maize etc.) 

together with their associated input components (mineral and organic fertiliser levels). Conse-

quently, these balances tend to shift with adjustments in the regional-production portfolio as a 

result of changes in policy schemes. Furthermore, nitrogen balances show a strong correlation with 

negative externalities of agricultural production such as ammonia emissions, nitrate concentrations 

in ground water and output of greenhouse gases (nitrous oxide, methane). The CAPRI modelling 

system takes account of a range of elements for setting up nutrient balances, such as the following: 

 Export of nutrients within harvested material per crop-production activity, bearing in mind re-

gional yield level; 

 Output of manure depending on animal type, regional animal-population scope, and yield level 

(final weights or milk yield); 

 Mineral-fertiliser-input quantities, fed back into national sectoral statistical data; 

 CAPRI ammonia-emission module. 

For the manure-output calculation, specific phases of growth (e.g. two periods for the calf-rearing 

production activity) as well as fattening processes based on daily weight increase are considered. 

The corresponding nitrogen-emission factors for CAPRI animal-production activities are coupled to 

crude-protein-intake coefficients bearing in mind the relationship between crude protein and N in 

feeding. Consequently, manure production rates can be calculated using N retention rates (Britz et 

al., 2007).  

The CAPRI ammonia module models the relevant NH3 sinks. Thus, losses at different steps are con-

sidered, such as grazing behaviour, stocking densities, stable systems, manure storage, organic N 

application and mineral N application. Furthermore, crop N requirements in the individual EU coun-

tries are taken into account. Figure 4 shows the modelling procedure with its paths to NH3 sinks. 
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Figure 4 Nitrogen losses at different stages of manure management. Source: based on Britz et al. ( 2007) 

The input allocation of organic and inorganic fertiliser is required in order to determine application 

quantities of organic and mineral fertiliser per ha of crop whilst simultaneously estimating N and 

other nutrients in manure. Therefore, nutrient export by the harvested material is considered per ha 

of cropping area on a NUTS-II level. Consequently, aggregation processes establish nutrient-export 

assessment on regional, national and EU level. Furthermore, biological fixation by legumes, fodder 

from arable land and grassland is determined. “Luxury” consumption of fertiliser as well as the avail-

ability factors for nutrients in manure are estimated using an HPD estimator as shown in Equation 33 

(Britz et al., 2007). Consequently, on a national level the nutrient-input coefficients are consistent 

with observed mineral-fertiliser use. Based on the balancing scheme, nitrate surplus can be mod-

elled either on a regional level indicating per-ha surplus, or on NUTS-II, national and EU levels by 

displaying the sectoral surplus. As for the CAPRI model output, in the sets of environmental indica-

tors, nitrate surplus level can be displayed in total amount per geographical unit or amount per ha. 

3.2.5 Spatial disaggregation aspects in CAPRI: soil-quality and landscape indicators 

Linking the CAPRI modelling system with a spatially disaggregated sub-model (CAPRI-GIS) permits 

the integration of a broad range of parameters available on a sub-regional level (spatially more ex-

plicit than NUTS-II levels). The analysis applies two aspects of this spatially disaggregated sub-

model: soil-quality and landscape indicators.  

Soil-quality data is based on the spatially disaggregated crop-production approach found in Britz et 

al. (2005), which included European soil-grid maps (Jones et al., 2005) in CAPRI. This approach per-

mits the linking of soil-grid maps and NUTS-II-specific crop-production data. In it, crop shares in 

Regional Land Cover Units (RLCUs) based on the “Coordination of Information on the Environment” 

(CORINE) Land Cover Map (CLC90)22 and the Land Use/Cover Area Frame Statistical Survey (LU-

                                                                    
22

 European Topic Centre on Terrestrial Environment (2000): CORINE land cover database (Version 12/2000). 
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CAS)23 are used to build up a consistent database of geographical information such as soil data, land 

elevation and climate data which is further processed by means of Homogeneous Spatial Mapping 

Units (HSMUs), which are far more explicit in regional terms than the administrative NUTS-II regions 

for constructing the final and consistent crop percentages for each HSMU. Here, the HSMUs serve 

as simulation units for the biophysical models and are constructed by superimposing different maps. 

Each HSMU has identical values for each of the three items of CORINE land cover, Soil Mapping 

Units, and relief expressed in slope in five classes (see Kempen et al., 2005). Weighted averages are 

defined for the above-mentioned items, with GIS techniques being used to calculate these averages. 

This HSMU methodology first of all permits us to adjust the respective size of the HSMUs depending 

on the landscape conditions (especially for the observation of small-scale landscape patterns), and 

secondly allows us to keep to administrative boundaries, required in order to provide CAPRI-specific 

result units (see Kempen et al., 2005). 

 The LUCAS Survey data is based on sample physical-observation points, with surface observations 

being classified at three hierarchical levels of detail. Fifty-seven, seventeen and seven classes are 

distinguished at the third, second and first levels, respectively, among which 36 “cropland” and two 

“permanent grassland” classes are described (Britz et al., 2005). Land use is subdivided into 14 

classes at the third level, with the land-use definition describing areas in terms of their socio-

economic function (e.g. pasture as an element of primary agricultural production) (see Britz et al., 

2005). In addition, the HSMU units together with the LUCAS observation results are required in or-

der to estimate landscape indicators, as shown at a later stage in this chapter. 

In order to determine soil classes, the regional soil topographic units are defined e.g. by sand con-

tent within the topsoil and the slope, which were identified as the most important parameters in 

terms of soil conditions and topography. Such data is retrieved from spatial information provided by 

an analysis in Jones et al. (2005). Twenty-one different soil parameters were derived from the Euro-

pean Soil Map (1:1,000,000) based on pedotransfer rules. The parameters of topsoil texture and 

carbon content were considered in the disaggregation procedure (see Britz et al., 2005). Conse-

quently, 20 different units concerning sand content and slope are distinguished for each HSMU unit 

(Britz et al., 2005). The integration of this GIS-based approach into the CAPRI modelling system 

permits us to maintain administrative regional boundaries (e.g. NUTS-II regions) for the further 

processing steps, and consequently to provide simulation results for NUTS-II regions. 

Nevertheless, this broad range of soil-quality parameters requires a classification in order to match 

the soil quality to the diesel-fuel consumption groups given in Chapter 3.3. Because this system does 

not offer more than three classes (light/middle/heavy soil), the soil-quality triangle was divided bear-

ing in mind Anken and Zihlmann (2005). Figure 5 shows the classification applied for the current 

study. 

 

                                                                    
23

 Statistical Office of the European Communities (EUROSTAT): LUCAS Land Use/Cover Area Frame Statisti-
cal Survey. Technical Documents. 
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Figure 5 Soil-quality classification. Source: based on FAO (1987); Anken and Zihlmann (2005) 

Landscape structural parameters can be calculated in a post-model analysis24. In particular, this 

process requires a spatial disaggregation of the CAPRI core-model results, which are processed for 

the NUTS-II geographic level. 

The sound methodological basis consists on the one hand in the inclusion of HSMUs in the CAPRI 

modelling system (see Britz et al., 2005), as shown earlier in this chapter. This permits the considera-

tion of detailed spatial information sources delineating different land-cover classes for Europe. In 

this case, the CORINE land-cover map serves as the main source of information for the general dis-

tinction of different land-cover classes. Here, the concept described in Gallego (2002) was applied in 

order to combine CORINE data with other sources to “fine-scale” the data to fit individual agricul-

tural-crop activities according to the CAPRI definition. The CORINE land-cover mapping program 

contains a dataset describing land cover (and to an extent, land use) according to a nomenclature of 

44 classes organised hierarchically at three levels (European Topic Centre on Terrestrial Environ-

ment, 2000, cited in Britz et al., 2005). It is based on the visual interpretation of satellite-image 

datasets (hereinafter referred to as CLC) and ancillary data (aerial photographs, topographic maps 

etc.). In the current approach, CLC was used in the year-2000 version in order to ensure consistency 

with the LUCAS survey data and the CAPRI base-year reference.  

A second element to which the spatial disaggregation included in CAPRI was applied is an indicator 

capable of assessing the structure and constitution of the landscape in the region under discussion. 

                                                                    
24

 Post-model analysis in this context means that core model results such as the NUTS-II-specific scope of 
production activities are used for further calculation processes. 
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Because agricultural production systems have shaped and continue to shape the European land-

scape, thereby creating habitats for a large range of plant and animal species, the intensity level of 

agricultural production has a huge impact on the structure and scope of high-nature-value (HNV) 

farmland. Here, effects on landscape are visible solely on a sub-regional level, since “high-nature-

value farmland comprises hot spots of biodiversity in rural areas and is usually characterised by ex-

tensive farming practices” (EEA, 2004) which are allocated on a sub-NUTS-II level. Preliminary 

estimates show that roughly 15-25 per cent of the European countryside can be described as HNV 

farmland (EEA, 2004). Nevertheless, for precise allocation, a high-nature-value farmland indicator is 

required in order to deliver quantifiable results of changes in land use. Such an indicator was devel-

oped within the framework of the IRENA-project25. The general concept underlying this indicator is 

described in Andersen (2003), where HNV farmland is defined as “areas in Europe where agriculture 

is a major (usually the dominant) land use and where that agriculture supports or is associated with 

either a high species and habitat diversity or the presence of species of European conservation con-

cern or both” (Andersen, 2003, cited in Paracchini et al., 2006). Here, the author distinguishes 

between the following types of high-nature-value farmland (see Andersen, 2003 and EEA, 2004): 

 Type 1: Farmland with a high proportion of semi-natural vegetation 

 Type 2: Farmland dominated by low-intensity agriculture or a mosaic of semi-natural and culti-

vated land and small-scale features 

 Type 3: Farmland supporting rare species or a high proportion of European or world populations. 

Here, Type-1 and Type-2 areas are identified using CORINE land-cover data and FADN economic 

farm-level data. By combining both sorts of data, information on distribution and farming character-

istics can be extracted (see EEA, 2004). For the CAPRI model, Type 2 was adjusted and integrated 

into the model. This “farm-system approach” is based on production, input and management pa-

rameters determined by the prevailing production system, and distinguishes the following main 

types (EEA, 2004): 

 High-nature-value cropping systems: low-intensity arable systems, possibly with livestock, 

although this is not the main source of income; 

 High-nature-value permanent-crop systems: low-intensity olives and other permanent-crop 

systems; 

 High-nature-value off-farm grazing systems: with cattle, sheep or goats grazing outside the 

farm, for example on common land; 

 High-nature-value permanent-grassland systems: cattle, sheep or goat systems in which the 

main forage resource is grass from permanent or rough grassland; 

 High-nature-value arable-grazing livestock systems: cattle, sheep or goat systems in which the 

main forage resource is arable crops; 

 Other high-nature-value systems: mainly low-intensity pig or poultry systems. 

                                                                    
25

 IRENA: Indicator reporting on the integration of environmental concerns into agriculture policy. Joint pro-
ject between DG Agriculture, DG JRC, DG Environment, Eurostat and EEA, operationalising the agri-
environmental indicators mentioned in COM(2000)20 and COM(2001)144; see EAA (2004). 
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This structure is presented graphically in Appendix 29. 

A number of issues must be addressed in order to integrate HNV indicators into CAPRI. Although 

CAPRI data offer no information on field-system elements (see Figure 6) and limited spatial distribu-

tion, all other relevant parameters can be met by its use. 

 

 

Figure 6 Overview of Landscape-indicator issues in relation to CAPRI data. Source: Britz et al. (2007) 

In order to integrate an HNV indicator into CAPRI, the aim is to map the influence of farming on 

agrarian landscapes. This requires information on farm-management intensity, for which a numeri-

cal methodology based on the “farm-system approach” is chosen. The methodological 

requirements of this approach are derived from an analysis conducted according to the French ex-

ample, as shown in Pointereau et al. (2007). Here, we used French FSS data at NUTS-V level, which 

displays more geographical detail than NUTS-II-level data. In order to display both crop diversity 

(including the grassland situation) and the management-intensity level of grassland and crops, two 

sub-indicators are combined into a single HNV indicator for application in the CAPRI model. Firstly, 

crop diversity is calculated based on FSS data. This allows us to set up a proxy for the rotation sys-

tem and provides information on landscape diversity, with longer rotations being indicative of less-

intensive agricultural production, and consequently linked to lower pesticide use (see Pointereau et 

al., 2007). A number of crops are regrouped for the sake of consistency between EU-FSS and CAPRI 

crop definitions. Equation 12 shows the procedure for calculating the crop-diversity sub-indicator. 

The indicator ranges from 1 to 10, where 1 represents the absence of grassland and a single crop 

activity (e.g. 100 ha UAA covered with 100 ha of maize), and 10 represents (referring to the afore-

mentioned example) either 100 ha UAA covered with 100 ha of grassland or 10 different crops, each 

covering 10 ha. 
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Equation 12 HNV crop-diversity sub-indicator 
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Source: based on  Pointereau et al. (2007) 

A comparison between the NUTS-V results of Pointereau et al. (2007) and the NUTS-II CAPRI results 

of Britz et al. (2007) shows that the CAPRI FSS data are adequate for displaying the basic situation in 

a member state. The relevant results are displayed graphically in Figure 7. 

 

 

 

Figure 7 Crop-diversity and share-of-grassland index comparison from French FSS statistics (left) and CAPRI 
data (right). Source: Britz et al. (2007) 

The second part of the CAPRI HNV indicator aims to display “extensive practices” in agricultural 

production (see Pointereau et al., 2007), which are considered to be favourable for biodiversity. Ow-

ing to the lack of specific data on the European level, indirect parameters must be chosen in order to 

deliver proxy information on the management intensity of grassland and crops. Following 

Pointereau et al. (2007) and bearing in mind Andersen (2003), stocking density can be an indirect 

indicator of low-intensity management. Such information is available at a 1-km resolution in the 

CAPRI database. A scaling approach as shown in Britz et al. (2007) lends additional weight to areas 

with low pressure and a negative score to those with high pressure. Tab. 2 shows the results of the 

scaling approach, which imply that regions with high livestock densities result in lower HNV indica-

tor levels. 

In a final step, the two aforementioned indicators are summed into a CAPRI “High-Value Farmland 

Indicator Index” (HNV) ranging from 1 to 10, with 1 representing farmland of marginal value and 10 

representing farmland of high nature value. Depending on the production portfolio of a region and 

bearing in mind additional information such as animal stocking density, the Indicator Index is calcu-

lated for each individual HSMU within a given NUTS-II region. This allows for the graphic 

representation of the base-period situation and the reference scenario, as well as adjustments owing 
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to changes in policy schemes. This analysis focuses on the changes owing to different policy 

schemes, and thus refers to the reference scenario. Figure 8 shows the draft26 simulation for the EU-

15 regions in the base period. From it, we can see that extensive high-scoring HNV areas are to be 

found in the North of the British Isles, in Western Spain and in the Alpine regions. By contrast, low-

scoring HNV areas are situated in the Netherlands, Western France and Southeast Italy. 

Tab. 2 Livestock Units Score system for the CAPRI HNV indicator 

Unit Score Livestock density (Livestock Units/ha) 

-1 >2.0 

0 1.5 – 2 

1 0.8 - 1.5 

3 < 0.8 

Source: Britz et al. (2007) 

 

Figure 8 Simulation of HNV based on CAPRI data. Source: Britz et al. (2007) 

In this analysis, impacts on the landscape caused by adjustments in agricultural production owing to 

policy changes will hereinafter be referred to as “landscape indicators”, and will be expressed by the 

HNV indicator as described in this chapter. 

                                                                    
26

 Because it was not possible to compute simulations for the entire EU-25 by the end of the CAPRI-DynaSpat 
project period, this image is based on a preliminary analysis in turn based on an HNV indicator ranging from 0 
to 13. 
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3.2.6 Welfare analysis in CAPRI 

Welfare analysis in CAPRI examines changes in the quantities of primary agricultural goods pro-

duced and consumed whilst bearing in mind changes in market prices. Furthermore, it involves an 

aggregate of all other goods, which closes the demand balance. The main elements of the welfare 

analysis are producer surplus, consumer surplus and budgetary expenditures displaying costs paid 

by taxpayers. In addition, the profits of selected processing-industry sectors such as oil-crushing and 

dairy processing are included. The procedures for calculating the individual parameters are as fol-

lows: 

 Consumer surplus: the money-metric indirect utility function (Varian, 1992) is applied. The 

money-metric measure represents the minimum expenditure that must be incurred by consum-

ers to achieve the utility level of the simulation year at base-period prices (representing the 

calibration point). Final consumption is modelled by applying a generalised Leontief expenditure 

function, allowing the explicit derivation of this indirect utility function (Pérez Domínguez, 2006). 

 Producer surplus: the agricultural income according to the gross value-added concept as shown 

in the Economic Accounts for Agriculture (EAA) (Europäische Gemeinschaften, 2000) represents 

producer surplus, which is calculated by subtracting input costs from output revenues. Direct 

payments (premiums) are added in this context. 

 Processing-industry profits: the production of processed products (from the dairy and oilseed 

industry) is modelled in CAPRI by applying a derivative of a normalised quadratic profit function 

(including one input product and several processed products), with milled rice being calculated by 

means of fixed processing factors displaying one raw product and one processed product (Pérez 

Domínguez, 2006). 

 Budgetary expenditures: these cover all direct payments for agricultural commodities (premi-

ums), as well as export subsidies and costs for intervention purchases (all covered under the 

Fonds Européen d'Orientation et de Garantie Agricole (FEOGA) budget outlays of the first pillar 

of EU CAP). Tariff revenues are subtracted. 

Owing to the minor role of the processing industry, welfare effects are modelled together with 

changes in consumer surplus for the current analysis. It should be stressed that only “private wel-

fare” is taken into account, i.e. the welfare analysis presented does not consider the benefits 

achieved by future generations through “lower emissions”. Welfare effects derived from the reduc-

tion of GHG emissions (e.g. reduction of damage costs from emission mitigation) do not enter into 

this calculation, since their estimation exceeds the scope of this analysis. In any case, this aspect 

appears to be worth noting, as it represents a key dimension of climate policy: “Most of the directly 

observed economic losses might be outweighed by future environmental benefits” (Pérez Domín-

guez, 2006). To conclude, welfare effects are analysed in this study by means of the following 

parameters: first pillar of the FEOGA budget outlays (i.e. the sum of budgetary expenditure and 

tariff revenues), money-metric (covering consumer surplus and profits of the processing industry) 

and agricultural income (output revenues minus input costs plus premiums). In addition, total wel-

fare is shown. 
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3.2.7 Base period and reference scenario 

Because of the comparative-static modelling approach of the CAPRI system, two basic settings are 

analysed. On the one hand, energy use and its driving forces as well as technical efficiency and its 

link with profitability are examined in the base period of the model settings. This enables us to pro-

vide information which for many parameters is consistent with statistical data. A three-year average 

around the year 2002 is selected as the base period. This allows us to avoid further exogenous in-

formation influencing the energy-use results of the model (such as technological progress or shifts in 

consumption patterns for energy sources, etc.) and is an ex-post analysis. 

Nevertheless, the different scenarios modelled are compared to a “reference” scenario, and are all 

ex-ante impact-assessment simulations for the year 2013. Consequently, to allow for consistent 

comparison results that do not include changes resulting from trend projections, the reference sce-

nario is also scaled to the year 2013. Ideally, the most likely development of exogenous parameters 

should be considered in this reference scenario, and the endogenous response of the model should 

most probably match future developments. In the CAPRI model, two approaches are chosen to cre-

ate a feasible reference solution, with both expert assessment (consultation on the most likely 

developments for a specific variable) and trend analysis being performed. Expert data of this sort 

can be retrieved from international organisations dealing with the issue in question, such as the EU 

Commission, the FAO or the World Bank. The three major sources of information contained within 

the framework are ex-post developments found in the time series generated by the model, the ex-

ogenous forecast provided by the EU Commission (DG Agri), and impacts of the current policy in 

place, including future changes already decided upon. Essentially, the approach is as transparent as 

possible, and represents a way of automatically generating a CAPRI baseline, with manual interven-

tions in the process being reduced to the minimum. These different elements are combined in a 

sequential process (based on Britz et al., 2007a): 

1. Firstly, future changes in policy that have already been decided on are implemented for the 

current base year in an ex-post simulation with the sub-model “CAPMOD”. This step will therefore 

answer the question of what the consequences would be in the current base year of changes already 

decided upon for the future. The corresponding changes for the different endogenous results, e.g. 

for activity levels, production, yields, demand or trade, are stored, and internally termed “policy 

shifts”. For the current situation, this means that the CAP for the year 2013 after the reform 

2003/2004 would be implemented in 2001. 

2. Secondly, a projection module known as CAPTRD is used. The results from step 1, the “pol-

icy shifts”, along with trend estimates and base-year values, define support for “Highest Posterior 

Density Estimators” to produce a mutually consistent set of projections for activity levels, produc-

tion, yields and market-balance coefficients at the different regional and farm-type levels. 

3. In a third and final step, the projection is expanded to an overall level, including exogenous 

projections for non-EU countries. Finally, the modelling system is calibrated ex-ante to the results of 

the different projection steps. 

The interrelationships are shown in Figure 9. 
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Figure 9 Overview of the CAPRI reference run. Source: Britz et al. (2007a) 

In technical terms, baseline generation aims to capture either structural or technological inter-

relationships, or changes in preference concerning agricultural products. Because of its market-

model structure, worldwide demand shifts linked to population growth as well as policy-scheme 

adaptations must be covered. In keeping with the complex nature of such interrelationships, base-

line generation is not purely a model-calculation-process outcome, but depends largely on expert 

knowledge of trend analysis and model runs in which external parameters such as elasticities and 

technological-progress data are adjusted and verified. Furthermore, COCO database trend-

estimation results are applied for the adjustment process (see Britz et al., 2002). The overall aim of 

such a process is to increase trend-estimate capacity from the pure prolongation of time series to-

wards a comprehensive basis for policy-change assessment, including a safety net for cases in which 

no values from external projection are available. Consequently, the resultant estimator is a techni-

cal-system estimator considering a number of restrictions. Except for the milk market, where the 

strict limit is dictated by the current quota system, the trends can be viewed independently of the 

current policy framework. Consequently, a major component of the trend-estimate process is the 

trend curve itself, as shown in Equation 13. The curve can be seen as a Box-Cox transformation (Britz 

et al., 2007), as its parameter c is used as the exponent of the trend. Consequently, with c being 

equal to unity, the result curve represents a straight line where for 0 < c  1, a concave shape from 

below with decreasing rates results. Finally, c>1 results in a convex curve from below with increasing 

rates. Nevertheless, c is restricted to 1.2 in order to prevent sharp increases between two different 

time points. 
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Equation 13 CAPRI baseline-trend curve 
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Source: Britz et al. (2007) 

A wide range of constraints ensure the projection of agricultural variables, some of the most impor-

tant of which are listed below (see Britz et al., 2007 for details): 

 Constraints related to closed market balances: these constraints ensure that the sum of imports 

and production are equal to the sum of feed and seed use, as well as human consumption, proc-

essing, losses and exports. This assumes that production quantity equals yield times production 

area or number of animals. Furthermore, product-group data for e.g. oilseeds must be consistent 

with the sum of their individual production-activity parameters. 

 Agricultural-production constraints: these ensure on the one hand that the utilisable agricultural 

area equals the sum of the scope of all production activities, and on the other hand that the 

scope of the individual animal-production activities is consistent with the provision of young 

animals. Furthermore, the sum of animal-specific feed requirements in terms of energy and 

crude protein times the number of animals in each category, including a range of animal-specific 

feeding patterns, must be covered by the bulk of feedstuff-component (e.g. cereals, protein- and 

energy-rich fodder, etc.) delivery. Here, a number of feedstuff components (e.g. grass, maize si-

lage, fodder root crops, etc.) are considered to be non-tradable. 

 Constraints related to prices, production values and revenues: these cover consistencies with 

external forecast information, mainly with positions within the EAA. 

 Further constraints: these cover consumer behaviour, processed products, policy and growth 

rates, in order to ensure consistency and plausibility and maintain safeguards for the simulation 

process (see Britz et al., 2007). 

Based on this fairly general observation, the projection tool applies a top-down approach which first 

produces projections at the rather aggregated level of Member States and even the EU, then breaks 

these down into the regional, and finally farm-type, levels. One reason for this approach is that it is 

far less demanding and high-quality forecasts can be achieved when projecting larger aggregates, 

e.g. the development of overall cereal production, yield and acreage at EU level. A second reason for 

this approach is rooted in technical constraints. The projection is based on highest posterior density 

(HPD) estimators (Heckelei, et al. 2005), which are solved as constrained non-linear optimisation 

problems. The function of the HPD is further expressed in Chapter 3.5. As for the exogenous infor-

mation processed in the model, a number of parameters are considered, including general economic 

ones as well as trade-related data or domestic-policy-scheme changes of the EU CAP. For the CAP, 
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the Luxembourg Proposal basically contains the current CAP adjustments displayed in CAPRI. For 

this analysis, the decoupling scheme is highly relevant, since the full decoupling of suckler cows in 

the EU-25 is simulated in Chapter 5.3. Details on the exogenous parameters and the implementation 

of the 2003 CAP reform are given in Appendix 5 and Appendix 7. Reference is made to the so-called 

hybrid model, which has been adopted instead of a single farm premium in a number of countries. 

With their dynamic hybrid system, Germany, Finland and the UK will end up with uniform regional 

payments, so that the previous farm-specific payments for beef fattening will be spread out among 

all forms of eligible land, with accordingly minimised incentives to continue beef farming. Sweden 

keeps 75 per cent of the beef premiums coupled and 40 per cent of the slaughter premiums farm-

specific. Denmark also keeps 75 per cent of the beef premium coupled, and 75 per cent of the de-

coupled part is allocated to farm-specific premiums. In addition, 90 per cent of slaughter premiums 

for adult cattle are allocated to grassland, whilst 90 per cent of those for calves are kept farm-

specific. Consequently, there is less distribution of the previous coupled payments to other types of 

farming in these countries. All other member states use farm-premium schemes, so that the histori-

cal direct payments will remain in the farming system. A different approach is chosen for the 

energy-related coefficients, all of which are based on the base-period values and adapted according 

to trend projections as described in Chapter 3.6.  

3.3 Estimating direct energy use 

3.3.1 Estimating diesel-fuel energy use 

Diesel fuel is one of the most important direct-energy sources used in agricultural production. Moer-

schner (2000) estimated diesel-fuel use as 20 to 50 per cent of total primary-energy use. Outlaw et 

al. (2005) attested its importance, calculating that diesel and mineral fertiliser together account for 

over 55 per cent of energy use in US agriculture. For a European comparison, it is important to esti-

mate diesel use realistically and on a regional basis. Models estimating diesel-fuel use as a function 

of the most important influencing factors such as type of soil preparation, preparation depth, soil 

type and plot size (see Cortijo, 2000) have been developed e.g. by KTBL (2004). Other models use 

physical parameters and data on specific diesel or machinery use (such as Moerschner, 2000). Due to 

the lack of EU-wide data for calculations of this sort, diesel use is calculated here using the KTBL 

model (KTBL, 2004). Regional shares of conservation soil-preparation methods, activity-specific soil 

quality (Britz et al., 2005) and regional plot-size data are taken into account. Diesel use for grassland 

is calculated (by means of underlying predefined shares of different work processes) as a function of 

regional data on grass yield, cutting behaviour and pasture share. CAPRI is thus combined with ac-

tivity-based data on pasture which is in turn based on UNFCCC (2000).  

In order to achieve the required level of detail in the activity-based and regionalised CAPRI ap-

proach, a wide range of factors determining diesel use is considered. A database established by 

KTBL (2004) serves as the basis for the calculation procedure. In it, diesel consumption values are 

given for a broad range of production activities under specific structural and mechanisation condi-

tions, based on a uniform methodological approach. There is a strong focus on soil preparation, 

since it accounts for the majority of overall diesel consumption, as shown in Diepenbrock et al. 

(1995) and Moerschner (2000). The latter has stated that fuel consumption for tillage (soil prepara-
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Diesel-fuel consumption for soil preparation according to 
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tion) is determined by a number of factors, such as machining depth, type of machinery, soil type, 

slope inclination, plot size, etc. Following Cortijo (2000) and as cited in Moerschner (2000), the driv-

ing forces for diesel consumption can be classified according to their importance as shown in Tab. 3. 

Tab. 3 Share of different parameters affecting diesel-fuel consumption for crop activities 

Parameter Maximum variation 

Number of passes and type of work process (main parameter: machining depth) 30% 

Soil quality 25% 

Influence of the machinery operator 15% 

Suitability of the machine for the work process (incl. differences between machinery 
manufacturers) 

10% 

Plot size 5% 

Slip 2% 

Source: Cortijo (2000) 

Kalk et al. (1997) and VDLUFA (1997) illustrate the effect of both plot size and machinery type on 

diesel requirements for soil preparation. Figure 10 shows the declining diesel requirements with 

increasing plot size and decreasing engine power. Even so, plot size is more important than engine-

power class. 
 

Figure 10 Diesel requirement for soil preparation for different tractor-engine classes; Source: based on Kalk et 
al. (1997) 

The CAPRI model design allows us to consider soil type and plot size on an activity basis. Machinery 

type and machining depth cannot be displayed, owing to a lack of statistical data. Nevertheless, by 

integrating machinery-stock data into CAPRI, as shown in Chapter 3.4.2, an indication about the 
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machine used can be arrived at via exclusion (where mainly large tractors are used, large trailed ma-

chinery is very likely). Secondly, since soil quality is considered, soil-quality classes are established 

on the basis of the soil-quality methodology described in Chapter 3.2.3. Fuel consumption can be 

determined on the levels light/medium/heavy soil. Thirdly, plot-size information is used to consider 

important scale effects of fuel consumption. Accordingly, both national statistical data such as 

BMVEL (2001) or Pitlik (2006), which accurately give the activity-specific plot-size data on a NUTS-1 

or NUTS-2 level, and less-precise data such as EUROSTAT (1995), which encompass a wider defini-

tion of plot size, were used. Fourthly, average percentages of conservation tillage and no-till are 

considered on a national level. Such data was provided by ECAF (2006) on a NUTS-0 level. Finally, 

the production process is divided into a non-harvest and a harvest part, allowing us to take precise 

account of region-specific machinery stock in the non-harvest part. Equation 14 shows the calcula-

tion mechanism for diesel-fuel energy use [EFUL]. In order to cover diesel energy use for animal-

production systems, such as basic feed mixing or feed transport, the quantity consumed is calcu-

lated via the quantity of  feed component applied, as shown in Equation 28. 

 

Equation 14 Mechanism for calculating diesel-fuel consumption 

                                  FUL
sp

pu,sp,ps,sq,apu,sp,sq,ps,a E*FULEFUL   

a 
ps 
sq 
sp 
 
pu 
FUL 
E 

Production activity [ha/animals/1000 animals] 
Plot size [1/2/5/10/20/40/80 ha] 
Soil quality [light/medium/heavy] 
Work-process steps [soil preparation/seed preparation/seedbed preparation/fertiliser application/plant 
protection/harvesting/transport] 
Pasture share [% of grassland] 
Quantity of diesel fuel [l/ha] 
Energy content [MJ/l; MJ/kWh; MJ/m

3
; MJ/kg] 

 

3.3.2 Estimating electricity and heating-gas-energy use in animal production 

Although substantial use is made of electricity in all production activities, its main importance can be 

seen in animal production. Coefficients for electricity use in animal husbandry have been developed 

by Boxberger et al. (1997). These are used for the current study, with a distinction being made be-

tween EU-wide uniform basic values including lighting, ventilation, and manure management on the 

one hand, and yield-based (e.g. milk-cooling) or feed-specific (e.g. concentrate-preparation) com-

ponents on the other. As shown in Equation 15, the uniform basic values for electricity use [ELEC] 

are adjusted according to herd size, building type, and manure-management system. This is done to 

take account of degression effects dependent upon the herd size, as well as the different electricity 

requirements of manure-storage and daily-spread systems. Furthermore, animal-specific space re-

quirements are taken into consideration. For feedstuff electricity requirements, the share of farm-

specific feedstuff is calculated and the relevant electricity requirements for transport, milling and 

preparation are applied. Concentrate production is analysed separately, as shown in Chapter 3.4.4. 
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Equation 15 Electricity requirements in animal production (excluding feedstuffs and milk-cooling) 

LECpu,ms
pu,ms

pu,ms,bt,hs,ams,bt,hs,a E*LEC*PRELEC 
 

a 
hs 
bt 
ms 
pu 
PR 

LEC 
E 

Production activity [ha/animals/1000 animals] 
Herd size [cattle:<10/11-50/51-100/>100];[pigs/poultry/other: <5/5-50/51-100/100-399/>399] 
Building type [per animal activity; Northern-/Central-/Southern-European type] 
Manure-management system [manure storage/daily spread] 
Space unit [1m

2
] 

Space requirements of animal activity [m
2
/animal] 

Electricity use [kWh/m
2
] 

Energy content [MJ/l; MJ/kWh; MJ/m
3
; MJ/kg] 

 

In the Scandinavian and Baltic regions, where stable heating is required, energy use for heating gas 

[EGAS] in MJ/animal is quantified according to Equation 16. 

 

Equation 16 Heating-gas requirements in animal production (excluding feedstuffs) 

GASbths,bt,ahs,bt,a E*GAS*PREGAS   

a 
hs 
bt 
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GAS 
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Production activity [ha/animals/1000 animals] 
Herd size [cattle:<10/11-50/51-100/>100];[pigs/poultry/other: <5/5-50/51-100/100-399/>399] 
Building type [per animal activity;Northern-/Central-/Southern-European type] 
Space requirements of animal activity [m

2
/animal] 

Heating-gas use [m
3
/m

2
] 

Energy content [MJ/l; MJ/kWh; MJ/m
3
; MJ/kg] 

3.3.3 Complementary direct-energy use 

A range of production processes displayed in the current CAPRI approach show complementary 

direct-energy use covering different direct-energy sources. These are valid for a number of different 

cases: firstly, where a production process has an equal need for two different energy sources: this 

can be seen in greenhouse production, where electricity is required for lighting whilst heating gas 

provides temperature-balancing between the outside and the required optimal indoor temperature; 

and secondly, where a range of production processes can be performed with either of the direct-

energy sources, e.g. pumping for irrigation can be performed by electric pumps or diesel pumps. In 

order to simplify matters, the relevant usage shares within the EU regions are included in the calcu-

lation procedure, so the equation in question covers two direct-energy sources. A similar situation is 

considered by covering heating oil and electricity in the grain-drying-process formula, as both of 

these direct-energy sources are used for grain drying in the EU. A third case is where fuel substitu-

tion is observed in production processes. With grassland harvesting, for example, petrol-driven 

mowers are as common in a number of regions as diesel-driven ones. The same holds true for irriga-

tion pumping, where petrol-driven pumps are as common as diesel-driven pumps. In order to 

simplify the estimation of energy use, all such complementary energy sources are processed below 

in diesel-fuel equivalents. 

CAPRI feedstuff components used in concentrates are subject to further processing; for example, 

partial drying is employed when the initial moisture content of the components is above the techni-
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cally required level. Either electricity or heating oil is used in drying processes of this type. The com-

plementary nature of energy use in feedstuff processing is described in several literature sources 

such as Bockisch (2000), Sauer (1992), Moerschner (2000) and Keiser (1999). Consequently, the cur-

rent approach uses electricity and heating oil [ELEC/HOIL] for feedstuff preparation, as shown in 

Equation 17. Feedstuff preparation is modelled at such a level of detail since it is carried out in part at 

farm level. In addition, farm products are used as an intermediate means of production, and there-

fore do not leave the farm sector. 

 

Equation 17 Electricity and  heating-gas requirements for feedstuff production 

       
FC

OILm,FCm,FCLECFCam,FC,a E*OIL*m*E*LEC*FEEQHOILELEC 1  

a 
FC 
m 

FEEQ 
OIL 
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Production activity [ha/animals/1000 animals] 
Feed component [Cereals/Oilseeds/Energy-rich/Protein-rich] 
Moisture content of FC [%] 
Feed quantity applied 
Heating-oil use [l/kg] 
Energy content [MJ/l; MJ/kWh; MJ/m

3
; MJ/kg] 

 

Production in heated greenhouses requires direct-energy sources for both heating and lighting. For 

the sake of simplicity, the current approach distinguishes between heated and non-heated green-

houses. Non-heated greenhouses in Central and Northern European countries are assumed to be 

without lighting installations, whilst those greenhouses using heating technologies are lit in order to 

extend growth rates beyond sunlight phases. For Southern European regions, a simplified approach 

is chosen in which lighting is considered as an all-in quantity. Consequently, for Central and North-

ern European countries, direct energy used in heated greenhouses [ELEC/EGAS] is calculated as per 

Equation 18.  

 

Equation 18 Electricity and heating-gas requirements for greenhouses 
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Production activity [ha/animals/1000 animals] 
Greenhouse type [heated/non-heated] 
Heated greenhouse type 
Scope of production [ha/NUTS-II region] 
Electricity use [kWh/m

2
] 

Heating-gas use [m
3
/m

2
] 

Energy content [MJ/l; MJ/kWh; MJ/m
3
; MJ/kg] 

 

In Southern European regions in particular, irrigation accounts for a significant percentage of overall 

energy use in agricultural production. Different systems such as mobile or fixed installations, differ-

ent water sources (surface or reservoir water) and different pumping systems (diesel-driven pumps, 

electric pumps) are used. The relevant systems and their use are described in Derbala (2003) and Lal 
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(2004). In order to keep the uniform methodology, a standardised irrigation system based on Neme-

cek et al. (2003) is enlarged whilst taking account of the aforementioned studies. Energy use for 

irrigation can be quantified in MJ/ha on the basis of the regional, activity-specific water quantity 

divided by electricity [ELEC] and diesel fuel [EFUL]. Equation 19 shows the procedure. 

 

Equation 19 Electricity and diesel-fuel requirements for irrigation 

  
ip
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Production activity [ha/animals/1000 animals] 
Irrigation system and water source [mobile/fixed system, surface water/reservoir water] 
Water quantity [m

3
/ha,year] 

Electricity [kWh/m
3
] 

Diesel-fuel use [l/m
3
] 

Energy content [MJ/l; MJ/kWh; MJ/m
3
; MJ/kg] 

 

If carried out, grain drying represents significant direct-energy use, with heating oil and electricity 

usually being used (Nemecek et al., 2003; Moerschner, 2000). Drying is widespread across Central 

and Eastern Europe, with the frequency and intensity depending largely on climate data during the 

harvest period. Statistical data on both drying itself and on harvest moisture content of the cereals 

are scanty, and analysis is very spot-specific (Atzema, 1994; Ryniecki, 1993). Consequently, calcula-

tion procedures for water removal are also established for specific conditions. Nemecek et al. (2003) 

nevertheless offer a formula for a broader application framework. The formula expressed therein 

implies that the amount of water removed is determined by the original moisture content. Assum-

ing an original moisture content of 20 per cent, the weight of the water removed is about 7 per cent 

higher than with an original moisture content of 16 per cent. On the other hand, the energy used per 

kilogram of water removed is somewhat lower when drying from a higher original moisture content 

than from a lower one. By assuming a constant value of water removed per 0.1 per cent of moisture 

reduction, the water removed from the grain with high original moisture content is underestimated, 

with the lower energy use offsetting this underestimation. This context allows the use of a constant 

water-removal coefficient (Zimmermann, 2006). Calculation of energy use for electricity [ELEC] and 

heating oil [EOIL] is shown in Equation 20.  

 

Equation 20 Electricity and oil requirement for grain drying  

 OILmLECmaaa E*OILE*LEC*mEOILELEC    
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Production activity [ha/animals/1000 animals] 
Moisture content extracted [harvest moisture content less target moisture content in kg/ha] 
Electricity use [kWh/kg] 
Electricity [kWh/m

3
] 

Heating-oil use [l/kg] 
Energy content [MJ/l; MJ/kWh; MJ/m

3
; MJ/kg] 

 



51 

3.4 Estimating indirect-energy use 

3.4.1 Mineral fertiliser 

The important role of energy-intensively-produced mineral fertiliser has been described in a broad 

range of studies (see e.g. Fluck, 1992, Stanhill, 1984, Pimentel, 1980). CAPRI endogenously calcu-

lates the quantity of mineral fertiliser applied in each NUTS-II region, divided among the categories 

of nitrogen, phosphate and potassium, by considering the activity- and region-specific nutrient re-

quirements and the corresponding manure nutrient quantity available in a region. Here, the crop 

requirement, minus biological fixation for legumes, multiplied by a factor describing fertiliser appli-

cation in addition to exports, must be covered by: 

1) Inorganic fertiliser, corrected for ammonia losses during application in the case of N; 

2) Atmospheric deposition, taking into account a crop-specific loss factor in the form of ammonia;  

3) Nutrient content in manure, corrected for ammonia losses in the case of N, as well as a specific 

availability factor. 

Data on the quantity of inorganic fertiliser applied is available at national level. It is broken down at 

the activity- and region-specific level and expressed in terms of quantity of nutrient applied per hec-

tare, then assessed on the basis of its energy content (see Appendix 4). Energy use for mineral 

fertiliser in MJ/ha is therefore calculated as shown in Equation 21: 

 

Equation 21 Mineral-fertiliser requirements 

n
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n,an,a E*QEFERT   

a 
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Production activity [ha/animals/1000 animals] 
Mineral-fertiliser quantity [kg nutrient/ha,year] 
Nutrient category [nitrate/phosphate/potassium] 
Energy content [MJ/l; MJ/kWh; MJ/m

3
; MJ/kg] 

3.4.2 Machinery 

Machinery use accounts for a large share of indirect-energy use in plant production. The energy con-

tent of machinery is linked to its physical weight (Kalk and Hülsbergen, 1996). Furthermore, 

production and disposal as well as maintenance requirements are provided.  

A region- and activity-specific quantification displaying real conditions must distribute the current 

regional machinery stock on NUTS-II level shown in statistics among the different production activi-

ties. A distribution key therefore takes account of regional agricultural land use, the average service 

life of the machinery types, and machinery use times per activity. Whilst stock statistics are available 

for tractors and combine harvesters, as well as for other harvesters (see European Communities, 

2000; KBA, 2002), standardised numbers must be applied for service life of machinery, activity-

specific machinery use per ha, and machinery weight. These figures are available for a range of 

countries (see Nix, 2004, VÚZE, 2006 etc.), but are hardly comparable, owing to different methodo-

logical approaches as well as a degree of detail which is unsuitable for an EU-wide analysis. For this 



52 

reason, KTBL (2004) data are applied whilst bearing in mind Ammann (2004). These figures enable 

an activity-specific quantification of machinery-use time based on soil quality and plot size, as well 

as on the main soil-preparation system. In addition, a calculation is performed for grassland taking 

account of the number of cuttings and the further processing of the harvested product. Developed 

for German conditions, this approach easily lends itself to adaptation and use in other countries, 

owing to its high level of detail. Equation 22 shows the steps for calculating tractor weight [EMAG] 

in MJ/ha. The values calculated in the manner described are supplemented by coefficients for repair 

(following Nemecek et al., 2003) and activity-specific trailed-machinery weight. The relevant energy 

coefficients are shown in Appendix 4. 

 

Equation 22 Machinery requirements 
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Production activity [ha/animals/1000 animals] 
Plot size [1/2/5/10/20/40/80 ha] 
Soil quality [light/medium/heavy] 
Machinery stock [number of machines/NUTS-II-region] 
Machinery type as a function of engine-power class [<40 / 40-60 / 61-100 / >100 kW] 
Average service life [in years/mt] 
Machinery use [hrs/NUTS-II region] 
Machinery weight [kg/mt] 
Energy content [MJ/l; MJ/kWh; MJ/m

3
; MJ/kg] 

 

Irrigation and drying processes also require machinery. Unlike for tractor and trailed-machinery cal-

culation, total water quantity or total quantity of cereals dried is taken into account for the 

quantification process. Consequently, total energy (including the share for repair) is distributed over 

the time and use of the respective machinery. Equation 23 shows the calculation of irrigation- ma-

chinery [EMAG] requirements, and Equation 24 the asociated drying-machinery [EMAG] energy use 

in MJ/ha.  

 

Equation 23 Irrigation-machinery requirements 
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Production activity [ha/animals/1000 animals] 
Irrigation type [mobile/fixed/other] 
Irrigation-machinery type 
Average service life [in years/mt] 
Quantity of water used [m

3
/ha] 

Machinery weight [kg/mt] 
Repair-energy coefficient 
Energy content [MJ/l; MJ/kWh; MJ/m

3
; MJ/kg] 
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Equation 24 Drying-machinery requirements 

 dmdma
dmLT

dm
m,a ERE*m*C*

LT*C

WT
EMAG    

a 
m 

dm 
LT 
C 

WT 
ER 
E 

Production activity [ha/animals/1000 animals] 
Moisture content of the cereals [%] 
Drying-machinery type 
Average service life [in years/dm] 
Quantity of cereals dried [kg] 
Machinery weight [kg/dm] 
Repair-energy coefficient 
Energy content [MJ/l; MJ/kWh; MJ/m

3
; MJ/kg] 

3.4.3 Buildings 

Energy-use assessment of buildings follows the methodology described in Lalive d’Epinay (2000), in 

which a distinction is made between operations and building materials. This permits the introduc-

tion of a depreciation mechanism according to the average service life of the building materials, 

with Lalive d’Epinay (2000) introducing a “quantity of materials over service life” that includes quan-

tities of building materials for production and renewal for the entire period. This approach is 

extended for the CAPRI mechanism in the sense that depreciation and repair expenses are charged 

separately and independently of one other. This allows us to consider to a certain extent the variety 

of materials and elements used in farm buildings with their individual service lives and coefficients of 

renewal. 

In animal production, energy use for stable systems plays an important role. Unlike with machinery, 

little information is available about building stocks, age or construction pattern. Moreover, unlike 

EUROSTAT Farm Structure Survey data, stock data of this sort are not methodologically uniform. 

Alternative quantification procedures are therefore required, such as the use of building-stock data 

where available, and the use of standardised building data where no stock information exists. For 

the sake of comparability, a uniform standardised approach has been chosen for this study: standard 

building types set up to display Swiss animal production and based on SALCA061 (2006) are 

amended for Southern-European types and heating requirements for Scandinavian and Baltic coun-

tries. Southern European building types are relatively simple in their construction and less insulated 

than Central and Northern European ones. Scandinavian and Baltic stables, on the other hand, are 

commonly equipped with heating facilities. For these standardised building types, energy coeffi-

cients are available. Furthermore, different manure systems described in UNFCCC (2000) as well as 

regional herd-size data (European Communities, 2000) are taken into account. Such energy re-

quirements cover construction, maintenance and disposal of the building. The overall energy is 

distributed over the lifetime of the building. The coefficients are calculated on a square-metre basis, 

allowing for different space availability to be considered depending on the herd size of the respec-

tive NUTS-II region. Herd-size data of this type are classified in accordance with European 

Communities (2000) data, which are available for 21 countries. Equation 25 shows the methodology 

for quantifying energy use for buildings in animal production [EBUI] in MJ/head.  
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Equation 25 Energy requirements for buildings in animal production 
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Production activity [ha/animals/1000 animals] 
Herd size [cattle:<10/11-50/51-100/>100];[pigs/poultry/other: <5/5-50/51-100/100-399/>399] 
Building type [per animal activity; Northern-/Central-/Southern-European type] 
Manure-management system [manure storage/daily spread] 
Construction energy use [building structure+facilities] [MJ/m

2
] 

Disposal energy use [building structure+facilities] [MJ/m
2
] 

Maintenance energy use [replacement of construction materials+facilities][MJ/m
2
] 

Average service life [in years/bt] 
Space requirements [m

2
/head] 

 

In plant-production systems, the energy used for barns is considered. Two basic types of barns, a 

“Northern” and a “Southern” one, are modelled to take account of the simpler and less energy-

intensive manner of construction in Southern countries. In addition, a share of machinery not stored 

in barns is taken into account. Space requirement within the barn is calculated on the basis of the 

volume of the machinery used in the activity and region. Equation 26 shows the energy-use calcula-

tion for barns [EBN]. 

 

Equation 26 Building depreciation and repair requirements for barns 
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Production activity [ha/animals/1000 animals] 
Plot size [1/2/5/10/20/40/80 ha] 
Soil quality [light/medium/heavy] 
Machinery stock [number of machines/NUTS-II region] 
Machinery type as a function of engine-power class [<40 / 40-60 / 61-100 / >100 kW] 
Building type [per animal activity; Northern-/Central-/Southern-European type] 
Share of machinery stored in barns [%] 
Construction energy use [building structure+facilities] [MJ/m

2
] 

Disposal energy use [building structure+facilities] [MJ/m
2
] 

Maintenance energy use [replacement of construction materials+facilities][MJ/m
2
] 

Average service life [in years/bt] 
Energy content [MJ/l; MJ/kWh; MJ/m

3
; MJ/kg] 

 

Greenhouses require more energy for maintenance than other agricultural buildings. To enable us to 

consider such expenditure in the absence of standardised greenhouses within the methodological 

framework of SALCA061 (2006) described above, a standard barn was adapted to represent two 

different greenhouses, one covered in glass and one with solid plastic sheeting. This allows us to 

consider statistical data for this parameter from a range of countries. Accordingly, Equation 27 

shows the procedure for calculating energy use for greenhouses [EGH]: 
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Equation 27 Building depreciation and repair requirements for greenhouses 
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Production activity [ha/animals/1000 animals] 
Greenhouse cover type [glass/plastic] 
Scope of production [ha/NUTS-II region] 
Construction energy use [building structure+facilities] [MJ/m

2
] 

Disposal energy use [building structure+facilities] [MJ/m
2
] 

Maintenance energy use [replacement of construction materials+facilities][MJ/m
2
] 

Average service life [in years/bt] 

3.4.4 Feedstuffs 

In animal production, feedstuffs constitute the single most important energy-use component. In the 

present study, basic feedstuffs and concentrates are assessed according their geographic origin (on 

farm, regional, within EU-25, imported). Included here is the energy used for the production of the 

feedstuffs, as well as in their drying, transport and processing. Equation 28 shows the relevant pro-

cedure for calculating energy use for feedstuffs [EFEEB] in MJ/animal.  

 

Equation 28 Feedstuff requirements 
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ETRANS 
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Production activity [ha/animals/1000 animals] 
Feed component [grass/maize/root crops/cereals/protein/energy/others] [kg/head] 
Quantity of feedstuffs used for animal-production activity [kg/head] 
Production energy use [MJ/kg] 
Drying energy use [MJ/kg] 
Transport energy use [MJ/kg] 
Processing energy use [MJ/kg] 

 

Here, different levels are considered for basic energy assessment. For feedstuff components pro-

duced and consumed at the NUTS-II regional level, the equivalent energy use is assessed. For 

components traded within a country (NUTS-0 level), the equivalent weighted average is assessed. 

To the extent that feedstuff components are traded within the EU-25, the relevant weighted-

average energy use is assessed. As regards imported goods, a distinction is drawn between those 

components for which non-domestic basic energy-content data are available from the relevant da-

tabases set up according to the methodology described in Chapter 1.4 (e.g. soya, soya cake, soya oil, 

grain maize and soft wheat), and those for which no external data are available. In the latter case, 

the average EU-25 energy-use data is applied. In both cases, overseas-transport energy use is 

charged up to the EU border. 
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3.4.5 Pesticide use 

Pesticides are a minor parameter in plant-production-energy use (see Diepenbrock et al., 1995). Due 

to the lack of data for EU-wide application patterns and quantities, energy use is estimated based on 

pesticide costs per activity contained in the CAPRI database. Since these costs represent a pesticide-

cost term retrieved from FADN and EUROSTAT data which do not distinguish between different 

types of pesticide, this monetary approach requires additional data. Firstly, sectoral FAO statistics 

(FAO, 2005) on quantity of pesticides used expressed in terms of active substance are available for 

all EU member states, categorised as herbicides / insecticides / fungicides / others (e.g. growth regu-

lators). These consumption quantities are energetically assessed by applying SALCA061 (2006) 

coefficients. Secondly, sectoral pesticide costs shown in EAA (Europäische Gemeinschaften, 2000) 

datasets are required. These contain, on a member-state basis, sectoral expenditure on pesticides 

according to agricultural sector. Taken together, the FAO and EAA data sources permit the calcula-

tion of country-specific pesticide energy requirements per cost unit of pesticides. In a last step, 

CAPRI region- and activity-specific pesticide costs are used to calculate the activity- and region-

specific energy use for pesticides [EPLAP] in MJ/ha, as shown in Equation 29. 

 

Equation 29 Pesticide requirements 
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a 
as 
SE 
AE 

PLAP 
E 

Production activity [ha/animals/1000 animals] 
Active substance [herbicide/insecticide/fungicide] 
Pesticide costs [in €/country] 
Pesticide costs [€/ha] 
Pesticide application quantity [t/country] 
Energy content [MJ/l; MJ/kWh; MJ/m

3
; MJ/kg] 

3.4.6 Seed 

Energy use for seed is another minor parameter in plant-production processes. For this analysis, we 

distinguish between percentages of certified and non-certified seed. Databases such as GNIS (2004) 

offer detailed information on the quantity of certified seed used per production activity and re-

gion/country. Total quantities of seed used can be extracted from databases such as KTBL (2004). 

The remaining share between certified and total seed is assumed to be covered by domestically 

reproduced seed. Consequently, two different energy parameters are applied: for certified seed, the 

entire production process plus packaging, distribution and transport is considered, whereas for do-

mestically reproduced seed, cleaning, sorting and storage are taken into account. In both cases, 

basic energy is considered, with country-specific averages being assumed for certified seed and 

NUTS-II specific values being assumed for the domestically reproduced share. Equation 30 shows 

the calculation procedure for seed energy requirements [ESEED] in MJ/ha. 
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Equation 30 Seed requirements 
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Production activity [ha/animals/1000 animals] 
Production energy use [MJ/kg] 
Total seed requirements [kg/ha] 
Certified-seed quantity [kg/ha] 
Non-certified-seed quantity [kg/ha] 
Total seed quantity [kg/ha] 
Certification energy use [MJ/kg] 
Treatment energy use [cleaning, sorting, treatment] 
Transport energy use [MJ/kg] 

3.4.7 Lubricants 

Energy use by lubricants [ELUB] is a minor energy-use parameter in agricultural production. It is 

strongly correlated with machine-hour requirements and has thus been linked to activity-specific 

machine-hour requirements according to Equation 31. Here, engine and hydraulic oil is considered. 

The quantity coefficient [0.097] as shown in the equation below is based on quantitative estimates 

described in Ammann (2005). The calculated quantity of lubricant is energetically assessed on the 

basis of SALCA061 (2006). 

 

Equation 31 Lubricant requirements 

LUBaa E*
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a 
WL 
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Production activity [ha/animals/1000 animals] 
Machinery use [hrs/NUTS-II region] 
Lubricants [l] 
Machine-hour [h] 
Energy content [MJ/l; MJ/kWh; MJ/m

3
; MJ/kg] 

Source: based on Ammann, 2005 

3.5 Data sources and methodology for estimating data gaps 

The methodology for describing energy use in agricultural production as shown in Chapters 3.3 and 

3.4 is largely geared to NUTS-II-level data. The broad range of data available and the EU-wide ap-

proach result in the availability of data on different regional levels, i.e. NUTS-II, NUTS-I and NUTS-0 

(see European Communities, 2004). Furthermore, not all data are valid for the base-year period 

(Three-year average of 2001-2003). Tab. 4 shows the availability and the most important sources for 

the individual parameters. Later in this chapter, the procedure concerning data gaps is described, 

and the methodology for estimating the percentage of irrigated land and harvest moisture content 

is given for a number of examples.  
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Tab. 4 Data sources for calculating energy use 

Parameter Regionali-
sation 

Availability Data source 

Energy coefficients - (CH) / EU-25 SALCA061 (2006) 

Yields / Animal performance per 
activity 

NUTS-II EU-25 EUROSTAT (1995); Britz et al. (2007) 

Fertiliser quantity per ha (mineral 
/ organic) 

NUTS-II EU-25 EUROSTAT (1995); Britz et al. (2007) 

Basic feed and concentrates per 
animal activity 

NUTS-II EU-25 EUROSTAT (1995); Britz et al. (2007) 

Work processes per activity 
 

- DE, AT 
 

Based on KTBL (2004) (DE); Handler and 
Blumauer (2002) (AT) 

Conservation soil preparation NUTS-0 12 EU countries 
(BL, DK, DE, ES, 

IR, IT, PT, SE, 
UK, HU, SI, SK) 

ECAF (2006) 

Transport distances for 
feedstuffs 

NUTS-II EU-25 Based on Nemecek et al. (2003), using 
SALCA061 (2006) 

Soil quality NUTS-II EU-25 Jones et al. (2005); Britz et al. (2007) 

Plot size NUTS-II 18 EU countries 
(AT, BE, DE, DK, 

ES, FI, FR, EL, 
HU, IR, IT, LV, 
NL, PT, SE, SI, 

SK, UK) 

European Communities (2000); 
BMVEL (2001) (DE); Pitlik (2006) (HU) 

Machinery stock NUTS-II 19 EU countries 
(BL, DK, EL, ES, 

FR, IR, IT, LU, 
NL, AT, PT, FI, 
SE, UK, SI, BG, 

HU, CZ, SK)  

European Communities  (2000), 
DFT (2007) (UK); CSO (2005) (CZ); Pitlik 
(2006) (HU); SLOVSTAT (2005) (SK); KBA 
(2001, 2002, 2003) (DE) 

Pesticide use per activity NUTS-II EU-25 Britz et al. (2007) 

Sectoral pesticide use NUTS-0 20 EU countries 
(AT, BL, CZ, DK, 

EE, FI, FR, DE, 
EL, HU, IR, IT, 

LT, NL, PL, PT, 
SK, SI, ES, UK)  

FAO (2005) 

Grassland use for feeding NUTS-II 4 EU countries 
(DE, IT, AT, SI) 

Resch and Buchgraber (2003) (AT); 
Istat (2005) (IT); Munzert and Frahm 
(2005) (DE);  

Region-specific pasture use NUTS-0 23 EU countries 
(AT, IT, SI, DE, 
BL, DK, FI, FR, 
EL, IR, IT, NL, 

PT, ES, SE, UK, 
CZ, EE, HU, LT, 

LV, PL, SK) 

UNFCCC (2000); Istat (2005) (IT), SI-STAT 
(2002) (SI); Diepholder (2006) (DE) 
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Parameter Regionali-
sation 

Availability Data source 

Activity-specific seed quantity 
(certified seed and reproduced) 

NUTS-0 22 EU countries 
(SI, BL, DK, DE, 

EL, ES, FR, IT, IR, 
AT, PT, SE, UK, 
CY, CZ, EE, HU, 
LT, LV, PL, MT, 

SK) 

GNIS (2004) (several volumes); Istat 
(2005) (IT); SI-STAT (2002) (SI) 

Harvest moisture content of 
cereals 

NUTS-I 1 EU country 
(DE) 

BMVEL (2003) (DE) (several volumes) 

Activity-specific water quantity, 
water source and irrigation 
technique 

NUTS-0 / 
NUTS-I / 
NUTS-II 

25 EU countries 
(different levels 

of accuracy) 

European Communities  (2000); FAO 
(2006); Jacobsen (2006); Ivanova (2004) 
(BG); Istat (2005) (IT); DST (2006) (DK); 
Pitlik (2006) (HU); SCEES (2004) (FR); INE 
(2006); SPF (2004) (BE) 

Animal-specific housing systems NUTS-0 
groups 

(CH) / EU-25 Dux (2004), SALCA061 (2006); Hilty et al. 
(2005) 

Herd size (per animal activity) NUTS-II 22 EU countries 
(AT, DK, ES, FI, 
HU, IT, NL, PT, 
SE, SI, SK, HU, 
DE, FR, LU, LV, 
UK, CZ, PL, MT, 

LT, EE) 

European Communities  (2000) 

Manure management system NUTS-0 13 EU countries 
(UK, SE, IE, EL, 
FR, FI, DK, BL, 

AT, NL, PT, SK, 
ES) 

UNFCCC (2000) 

Electricity use (per animal) - EU-25 Dux (2004) 

Diesel-fuel use per work process NUTS-0 DE / EU-25  KTBL (2004) (DE) 

Source: Compiled by author 

Missing data must be estimated. If there are no data available for the reference years, alternative 

years must be included, or data for comparable regions considered. The procedure for processing 

data for different regionalisation levels is more complex. Besides filling in the gaps of missing infor-

mation, it is necessary here to ensure consistency among data of different sources displaying 

different regional levels (NUTS-0, NUTS-I, NUTS-II). As an example, we present the methodology 

for estimating irrigated areas. Here, the basic aim is to calculate the activity-based share of irrigated 

area. Although statistical data exist, the regional level is not usually available on an activity basis, as 

required. It might be the case that one source shows the irrigated area for one specific activity, 

whereas another source shows the total irrigated area for all activities within one NUTS-II region. 

Applying the Bayes estimator is one solution for compiling the required information. In this case, 

statistical data are not seen as fixed values, but as averages of a normally distributed random num-

ber whose variance is set according to the presumed degree of accuracy. The a priori information of 

the irrigated area ai  of an activity c  or an aggregate of activities ca  extracted from a data source 
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s  may be described as a probability density function (pdf) by the average   and the variance   as 

shown in Equation 32. 

 

Equation 32  Probability density function 

 

s 
ai 
c 

 
 

Data source 
A priori information on irrigated area 
Irrigation production activity 
Variance of the data source 
Average of the data source 

 

A Highest Posterior Density (HPD) estimator (Heckelei et al., 2005) maximises this probability by 

taking constraints into account, as shown in Equation 33:  

 

Equation 33 HPD estimator 
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ca 

Probability density function 
Data source 
A priori information on irrigated area 
Irrigation production activity 
Aggregate of irrigation production activity 

 

In this case, it must be ensured that the area of the individual activities adds up to the area of the 

aggregates, and that the irrigated area is smaller than the total production area a . After taking the 

logarithm and leaving out constant terms of the target function, we are left with the optimisation 

problem, as shown in Equation 34. 

 

Equation 34 Optimisation problem of the HPD estimator 
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Region Crop type

Source I* Source II** Source III***

Area

(1000s of ha)

Area

(1000s of ha)

Area

(1000s of ha)

Area

(1000s of ha)

Percentage

irrigated (%)

Potatoes 137.5 13.71 77.21 27.14

Sugar beet 179.42 25.84 97.73 21.68

Maize (silage) 18.68 14.09 1.23

Grain maize 5.77 5.31 1.26

Maize (total) 20.87 24.45 19.4

Irrigated area 234.58 496.87 248.06 316.2

Potatoes 1.26 4.18 13.56

Sugar beet 2 14.62 20.26

Maize (silage) 3.23 2.03 1.58

Grain maize 1.84 1.57 1.80

Maize (total) 5.06 3.6

Irrigated area 15.04 19.79 29.15

0.05 0.1 0.2Variation coefficient

A priori information
HPD solution

Germany

North Rhine-

Westphalia

 

s 
ai 
c 

ca 

 
 

Data source 
A priori information on irrigated area 
Irrigation production activity 
Aggregate of irrigation production activity 
Variance of the data source 
Average of the data source 

 

The result of such an HPD estimate is illustrated in Tab. 5, using the example of selected activities 

for Germany and North Rhine-Westphalia. 

Tab. 5 Results of an HPD estimate using the example of irrigation in Germany and North 
Rhine-Westphalia 

 

Source: * DESTATIS (2004); **Portmann et al. (2007) ; ***Own estimate 

Here, Source I delivers data on the total irrigated area. As these are statistical data of high expected 

accuracy, the variance of these values is set such that a variation coefficient of 0.05 results, and con-

sequently enters the final result as a higher percentage. Source II provides more data on the 

individual activities, but because these data are based on expert estimates and are thus likely to be 

less precise, higher assumed variation coefficients result. Consequently, Source II influences the final 

result in a more limited manner. Source III is the result of a simple estimation process based on 

HSMU land-use data and overall HSMU irrigation information incorporated in the CAPRI model (see 

Chapter 3.2.5 for description). Although consistent, this estimate is fairly rough. Consequently, the 

variance is set relatively high, resulting in the limited influence of Source III on the final result. By 
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taking account of these three sources, the HPD estimate provides comprehensive results that are as 

close as possible to each of the individual, sometimes contradictory data sources. 

A second example of comprehensive data provision is the provision of the harvest moisture content 

of cereals as a basis for calculating energy use in grain drying. Such data are required for a large 

number of regions and a range of production activities for which statistical data are somewhat rare. 

This problem was solved by developing a statistical estimation model. To deliver explanatory vari-

ables, German harvest statistics are applied (BMVEL, 2001; BMVEL, 2002; BMVEL, 2003). The 

average harvest moisture content of different crops such as soft wheat, oats, rye, winter barley, 

summer barley and triticale is used on a NUTS-I level. In a first step, a linear model is created using 

climate data to estimate the correlation between climate data and harvest moisture content. Next, 

the linear models are applied to other EU countries using EU climate data to project harvest mois-

ture content for regions for which no harvest statistics are available. Three different datasets are 

used to create such a model: German harvest statistics, EU climate data, and data on grain-growing 

in the EU: 

 German harvest statistics: data stem from a representative statistical survey of the years 2000, 

2001 and 2002 (BMVEL, 2001; BMVEL, 2002; BMVEL, 2003). Provided for 13 (non-urban) NUTS-I 

regions, the data concern the weighted average moisture content of harvested cereals, divided 

among the activities of winter wheat, rye, winter barley, summer barley, oats and triticale. 

 EU climate data: data stem from the Climate Research Unit (CRU) of the University of East An-

glia, version CRU TS 2.1 (New et al., 1999). Data from the years 2000, 2001 and 2002 are also 

used, as well as long-term climate data displaying a 30-year average over the years 1961-1990. 

Both the year-specific and long-term data are monthly-average data interpolated to 0.5-degree 

longitude/latitude grids. Monthly data is used for July and August. Data are projected to the cen-

tre of the grid. Furthermore, altitude data are given in a 0.5 x 0.5-degree grid average (no high-

resolution topography is applied). Long-term climate data are also processed into abnormality 

information calculated as shown in Equation 35. The parameters used are listed in Appendix 6, 

column 1. 

 EU grain-growing data: a dataset showing 0.5 x 0.5-degree grids with a cereal share lower than 

10  per cent of UAA (based on CAPRI disaggregation crop data: CAPRI-DynaSpat; Land-Use Dis-

aggregation; Agricultural Use Crop Data aggregated at 0.5 degrees for EU-27) was used to 

exclude grids assumed irrelevant for the estimation process. Consequently, 0.5-degree-wide 

polygons using the CRU classification longitude/latitude scheme as their respective centrepoints 

were created, in which all cereals at 1km2 resolution (including barley, durum wheat, maize, oats, 

rice, rye and common wheat, among others) were summed up. Next, a cereal share (cereals 

over/as a percentage of total agricultural crops) at 1km2 resolution was calculated on the basis of 

Marchi (2006). Finally, zonal statistics using the mean of the calculated cereal share at the scale 

of 0.5-degree polygons and point coordinates were created. Figure 11 and Figure 12 show the re-

sult of the classification process for the EU-15 and EU-10 countries, respectively. In both figures, 

nine classes are shown with their respective cereal share (expressed in per cent times 100). Based 

on this analysis, grids with less than 10 per cent of cereal share are excluded from the subsequent 

estimation process. 

 



63 

 

Figure 11 Equal-interval classification results for the EU-15. Source: Marchi (2006) 

There are several reasons for using the EU climate data, as described above. Firstly, by covering the 

same period as the harvest statistics, statistical distortions can be minimised. In order to counter-

balance exceptional circumstances in specific years, however, a long-term reference is incorporated 

in the approach. Finally, the two months chosen cover the vast majority of harvest periods within 

the EU for the selected cereals. Calculating the cereal share for the different regions helps to identify 

those areas where cereals are of minor relevance (e.g. mountain areas, grassland regions etc.). By 

excluding grids with a cereal share of less than 10 per cent from the statistical model, we also ex-

clude the corresponding data on climate – often one of the reasons for a marginal cereal share – 

from the statistical model. Such a procedure therefore improves the quality of the estimate. 
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Figure 12 Equal-interval classification results for the EU-10. Source: Marchi (2006) 

To create the statistical model for estimating harvest moisture, harvest-moisture statistical data and 

climate data were linked. Several grid points were available in the climate dataset for each NUTS-I 

region. The climate data were averaged for each NUTS-I region over all available grid points, exclud-

ing those at over 500 m height above sea level (Luder, 2006). Next, abnormality calculations 

[Abnormality] for the explanatory variables of precipitation, minimum, average and maximum tem-

perature, vapour pressure, and frequency of rainfall were performed for July and August as 

described in Equation 35 for the EU climate data. The first step of the core statistical model com-

prised a principal-component analysis (PCA), in which a broad range of variables27 was summarised 

into fewer principal components whilst preserving variability in the original variables. Appendix 6 

shows the original variables included in the PCA, the number of components used in the estimation 

model (step 2, see below) and the cumulative variability of the data that can be explained with this 

                                                                    
27

 A compilation of the main statistical parameters and selected results is given in Appendix 6. 
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set of components. All activities use five principal components for the estimation model, except for 

summer barley, for which four principal components are considered. Between 92.75 per cent (sum-

mer barley) and 98.35 per cent (oats) of the variability can be explained with the components 

considered. 

 

Equation 35 Abnormality calculation of climate-data parameter 
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Month 
Parameter 

Data  
Year  

Norm 

Observation-month average 
Climate-data parameter 
Observation-month average for the climate-data parameter  
Observation year of the climate-data parameter  
Long-term average of the climate-data parameter 

 

In a third step, the linear model was used to predict the average moisture content for regions for 

which no harvest-moisture-content data were available, and for which climate data as described 

above were therefore used. In addition to the exclusion of grid cells with a cereal-area share lower 

than 10 per cent of UAA, a number of regions where grain-drying does not occur, to wit, Greece, 

Portugal and Spain (except for its northern coast) were not considered any further. For the remain-

ing regions, a harvest-moisture-content estimate was calculated for each grid and production 

activity using the linear models described above. In a fourth step, average harvest-moisture-content 

estimates were calculated per NUTS-I and activity. To ensure that grid cells with a high share of ce-

real production were duly taken into account, the cereal-area share of the total UAA for each grid 

cell was used as a weighting factor.  

3.6 Trend projections for energy use 

The procedure for estimating non-renewable-energy resources and their corresponding emissions 

as shown in Chapters 3.3 and 3.4 relates to the CAPRI base period (three-year average of 2001-2003). 

Consequently, all underlying statistical parameters and expert knowledge are also extracted for the 

base period. Because alternative policy scenarios refer to the CAPRI baseline (established for the 

year 2013) for this analysis, trend estimates for energy-use parameters and their corresponding 

emissions are required to systematically follow the approach shown in Chapter 3.2.7. Since this im-

plies the consideration of trend projections conducted for CAPRI production activities and their 

corresponding input coefficients, trend projection for energy use is a two-sided approach. 

When considering plant-production activities, trend projection for two parameters – mineral-

fertiliser use and machinery use, including fuel use – appears to be crucial for the display of future 

energy use. The actual trend projections for mineral-fertiliser use comprise two parameters: shifts in 

the quantity of mineral fertiliser applied, and shifts in energy use per unit of mineral fertiliser. Con-

sequently, an adapted trend curve taking both components into account may be created as shown in 

Equation 36. 
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Equation 36 Adapted trend-estimation curve for mineral-fertiliser energy use 
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Intercept 
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Variable 
Represents the data subject to trend estimation [five-dimensional array spanning i, j, r, t, data status] 
Product 
Items [e.g. fertiliser use] 
Nutrient component of mineral-fertiliser use 
Region 
Points in time 
Data status [Trend/Observation] 

Source: based on Britz et al. (2007), adapted 

Trend estimation for energy use based on machinery use and its associated fuel consumption con-

sists of three basic parameters: changes in machinery stock per component 

(tractor/harvester/trailed machinery), changes in the composition of the component (tractor engine-

power class) and category-specific fuel consumption. The current analysis covers all of these pa-

rameters using specific methodological approaches. Changes in overall machinery stock are 

estimated by trend analysis of existing machinery-stock statistics and the respective forecasts. Here, 

a distinction is made between tractors and harvesters. The underlying data sources enable a coun-

try-specific (NUTS-0) forecast for tractor stock in the EU-15. No data were applicable for the EU-10 

countries owing to the abnormalities in machinery stock observable for the period 1990-2000. As 

regards harvesters, the data permit a comprehensive forecast for the EU-15 and a limited forecast 

(based on a short reference period) for the EU-10 countries. The relevant data for tractors show a 

slight decrease in stock for most of the EU-15 countries, and a slight increase for Greece, Spain, Italy 

and Portugal. The engine-power-class-specific analysis shows an above-average decrease for 

smaller tractors (<40 kW) and a below-average decrease or current increase for bigger tractors 

(>40kW). For harvesters, a negligible-to-small decrease in stocks can be observed for most of the 

EU-15 countries, whilst a small-to-significant increase was calculated for most EU-10 countries. The 

engine-specific fuel-requirement forecasts are calculated on the basis of indices given in FOEN 

(2007). This Internet database enables fuel use to be calculated per engine category, with trend pro-

jections being extracted whilst taking account of Landis (2007). Consequently, trend projection for 

machinery use and fuel consumption is calculated as shown in Equation 37 and Equation 38, respec-

tively. 

A more simplified approach is chosen to calculate the energy use of other input components of 

plant-production activities. Owing to the lack of statistical data required for trend projection of 

seeds and crop protection, expert knowledge is applied to set up simple adjustment coefficients and 

integrate these according to the procedure shown in Equation 37. For irrigation and drying proc-

esses, simple adjustments in energy use per production unit are applied based on expert knowledge 

(2 per cent annual reduction in energy use for irrigation processes; 1 per cent annual reduction in 

energy use for drying). Because of the rather unspecific nature of the base-year set-up for drying 

and irrigation processes in the different technical systems, the trend estimation covers basic esti-
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mates of technical progress in terms of the required equipment. As regards the application of diver-

sified production technologies such as conservation soil tillage, a simple trend estimation of the 

extensivisation rate of the years preceding the base period (plus 0.5 per cent of conservation-tillage 

share based on the base-period values) is carried out to adjust their respective application rates. 

 

Equation 37 Trend-estimation curve for machinery use 

                                  
mt,j,p,rc

j,p,rj,p,r
Trend,mt,j

t,p,r tbaX   

X 
p 
j 
mt 
r 
t 
Trend 

Represents the data subject to trend estimation [five-dimensional array spanning p, j, r, t, data status] 
CAPRI production activity 
Items [tractors/harvester] 
Machinery type as a function of engine-power class [<40 / 40-60 / 61-100 / >100 kW] 
Region 
Points in time 
Data status [Trend/Observation] 

Source: based on  Britz et al.( 2007), adapted 

Equation 38 Trend-estimation curve for fuel consumption 
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Represents the data subject to trend estimation [three-dimensional array spanning j, t, mt] 
Items [tractors/harvester] 
Machinery type as a function of engine-power class [<40 / 40-60 / 61-100 / >100 kW] 
Points in time 

Source: based on  Britz et al. ( 2007), adapted 

For animal-production activities, trend estimation must be divided into two basic parameters. 

Firstly, feedstuff components account for a range of adjustments carried out for plant-production 

activities, and as such constitute a major part of overall energy use in animal-production activities. 

Secondly, the range of animal-specific input components such as electricity, heating gas and build-

ings is subject to trend estimation. As for irrigation and drying, owing to the set-up chosen for the 

CAPRI approach and the rather meagre database for parameters such as buildings, expert knowl-

edge is applied to cover basic assumptions on technical progress, and is incorporated in the baseline 

modelling as shown in 3.2.7. 

4. Energy use and energy efficiency in the base period 

In order to elucidate the results of scenario simulation, this chapter deals with energy use, energy 

efficiency and energy-related emissions in the base period. In a first step, area- and product-related 

energy use is analysed in order to extract driving forces and link energy use with energy-related 

emissions. Here, plant- and animal-production activities are taken into account. Chapter 4.2 analy-

ses both technical energy efficiency and the relationship between energy use and profitability. 

Finally, Chapter 4.3 sets out the energy-related emissions for selected production activities. For the 

base period, all behavioural equations in the model as well as a majority of the input coefficients are 
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calibrated to observed statistical data, enabling us to draw an accurate picture of current energy-use 

patterns in EU agricultural production. 

4.1 Area-, animal- and product-related energy use and its driving forces 

In a first step, area-, animal- and product-related energy use will be analysed for selected represen-

tative activities. The area-related energy-use coefficient (expressed in [MJ/ha] or [MJ/head]) “can be 

used as an indicator of intensity of the alteration of natural ecological processes induced by farming” 

(Martinez-Alier, 1987). In order to provide a comprehensive sectoral picture of energy use, however, 

it is important to determine the relationship with supply. This is done via the product-related energy 

use, expressed by the coefficient [MJ input/kg of output], and allows us to extract the major and 

minor production zones within the EU, as well as to draw conclusions of a more general nature. 

4.1.1 Energy use of plant-production activities 

Here, we begin the analysis of the main plant-production activities, several of which are presented in 

detail in this chapter. The selection criteria are linked to total supply of the plant products, with the 

major part of crop supply being represented. The wide range of NUTS-II regions makes it necessary 

to set up a grouping of these regions in order to obtain results of greater visibility. Because supply 

quantity is an important criterion in partial-sector models, the supply is chosen as a grouping pa-

rameter. Consequently, taking the yield level into account by calculating the product-related energy 

use broadens the scope of interpretation of the results. In order to establish a link between site-

specific energy use and overall EU production quantity, the production function is scaled to the en-

ergy use per kg of output [MJ/kg]. The relevant graphs for various crop types are shown in Figure 13. 

Here, the most important crop-production activities have been selected to ensure clarity of the fig-

ure. For site-related analyses, the quantities and their associated production functions are 

subdivided into three groups differing in terms of their respective energy use (see Tab. 6): 

First group (Favourable supply share): production quantity with the lowest energy use (0 to 25 per 

cent of the total quantity); 

Second group (Average supply share): production quantity with an average energy use (26 to 75 per 

cent of the total quantity); 

Third group (Unfavourable supply share): production quantity with a high energy use (76 to 100 per 

cent of the total quantity). 

The remaining results of the energy-use calculations for plant products are presented synoptically in 

Tab. 6. The selection of activities in the table covers more than 80 per cent of total crop supply in the 

EU, thus illustrating a representative portion of production activities. 
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Figure 13 EU production quantity of various crop types graded according to energy use (MJ/kg product). 
Source: own calculations. Year: average of 2001-2003 

A glance at the yield level (see Tab. 6) shows that energetically favourable sites for the most part 

have higher natural yields per hectare than energetically average and unfavourable sites. If the en-

ergy use per hectare of arable land is considered, a more differentiated picture emerges. For wheat, 

oats, oilseed rape, silage maize, sugar beet and potatoes, the most favourable sites are also those 

with the lowest energy use per unit area, but also with high natural yields, whilst for barley and rye, 

unfavourable sites use the least energy. The standard deviation of the EU’s area-related energy use 

suggests that, especially in the case of the average and the unfavourable regions, we are dealing 

with very heterogeneous sites, for which the standard deviation in some cases lies markedly above 

25 per cent of the mean. The reason for this is that in this group there are both extensive (as in East-

ern Europe) and intensive sites. This can be illustrated using wheat as an example: for the EU-15 

(European Union with 15 member states, i.e. not counting the new Central and Eastern European 

members) the energy use per hectare of the average sites stands at 20,181 MJ/ha, and hence at 

around 1,372 MJ/ha above the comparable mean of the EU-25.  
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Region: European Union 25 Index / Unit Soft wheat Barley Rye Oats Rape Silage maize Potatoes Sugar beet

Energy requirement, product

Favourable sites* MJ/kg product 2.21 2.55 2.28 2.73 5.01 0.31 0.66 0.28

Average sites** MJ/kg product 3.00 3.35 3.42 3.96 5.89 0.43 1.47 0.40

Unfavourable sites*** MJ/kg product 4.64 4.80 4.67 5.26 7.07 0.92 3.70 0.91

Range

Unfavourable/favourable sites % 210 189 205 193 141 297 559 323

Energy requirement, area

Favourable sites MJ/ha 16'843 14'126 11'304 11'017 14'928 13'949 27'937 17'307

Average sites MJ/ha 18'809 16'344 11'195 12'293 16'405 21'778 45'475 22'777

Unfavourable sites MJ/ha 19'276 13'947 10'870 14'159 18'000 24'535 61'309 41'457

Standard deviation

Favourable sites MJ/ha 1'673 3'227 2'682 3'329 3'560 2'811 5'455 2'864

Average sites MJ/ha 4'760 4'455 4'830 3'686 3'733 6'046 14'024 4'767

Unfavourable sites MJ/ha 5'450 3'916 5'755 3'092 4'121 21'118 26'292 26'992

Yield level

Favourable sites kg/ha 7'628 5'546 4'952 4'037 2'982 44'954 42'216 61'534

Average sites kg/ha 6'260 4'874 3'269 3'104 2'787 50'676 30'850 56'794

Unfavourable sites kg/ha 4'150 2'905 2'328 2'691 2'546 26'650 16'571 45'672

Tab. 6 Energy use and yield level for crop farming in the EU-25 

 

Source: own calculations. Year: average of 2001-2003. * Contains the 25 per cent constituting the most favour-
able sites in terms of production quantity; ** Contains the 50 per cent constituting the average sites in terms of 
production quantity; *** Contains the 25 per cent constituting the least favourable sites in terms of production 
quantity 

There are major differences between unfavourable and favourable regions in the EU-25. For grain 

production, the unfavourable sites require about twice as much energy to produce one kilogram of 

product – for oilseed rape, around one-and-a-half times as much. For silage-maize and sugar-beet 

production, unfavourable regions require around three times as much energy as favourable regions; 

for potatoes, the figure is five times as much. Figure 13 shows that for potatoes and oilseed rape, 

over 50 per cent of the production quantity is achieved with a similar energy use, whilst the final 

third of the production quantity is produced under unfavourable energy conditions. This is because 

crops such as sugar beet and potatoes are frequently cultivated on good sites. With cereals, which 

dominate the crop rotation mainly on average sites, we see that only a relatively small percentage of 

the production quantity (around 15-30 per cent) is produced in an energetically favourable manner, 

whilst the remaining amount requires considerably more energy use. Common to all crop types is 

the fact that sites with an extremely high energy use constitute the least favourable 5 per cent of the 

production quantity. Included here among the least favourable sites are also those for which the 

crop type in question occupies only a small area. The yields accounted for by EUROSTAT (1995) 

therefore contain a high degree of uncertainty. Figure 14 lists the sites in question for selected crops. 

The geographical locations of the favourable, average and unfavourable regions give some indica-

tion as to the possible causes of the sharp differences in energy use. Thus, the few regions producing 

wheat in an energetically advantageous manner are in Eastern Germany, Denmark, the North of 

France, and Southwest England. Average sites are largely to be found in a belt extending from Hun-

gary across Slovakia, the Czech Republic, Western Germany and Belgium up to France, but also in 

England and Southern Scandinavia. Crops are produced under energetically unfavourable conditions 

in Southern Europe (Greece, Italy, Spain), as well as in Scandinavia, Poland and the Baltic. With rye, 

it is noticeable that the few favourable sites are to be found in Eastern Germany, France (Centre and 

Midi-Pyrénées) and Great Britain (Eastern). The average sites are to be found in Central and Eastern 

Europe, whilst the Baltic, parts of Scandinavia, Eastern Europe and individual regions of Spain, Italy 
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and Greece number among the least favourable regions. For sugar beet, favourable sites are again 

to be found among the countries bordering the North Sea and in Eastern Germany, whilst an aver-

age energy-use level predominates in a strip extending from Hungary across the Czech Republic, 

Germany and the Benelux region all the way to Great Britain. An unfavourable energy-use level is to 

be found primarily in Southern and Eastern Europe. 

 

Wheat in the EU-25: favourable 
sites 

Rye in the EU-25: favourable sites Sugar beet in the EU-25: favourable 
sites 

   

Wheat: average sites Rye: average sites Sugar beet: average sites 

   

Wheat: unfavourable sites Rye: average sites Sugar beet: unfavourable sites 

   

Figure 14 Typical arable sites of the EU-25 broken down according to their energy-use levels
28

. Source: own 
calculations. Year: average of 2001-2003 

                                                                    
28

  For a clearer graphical representation of the EU-25 results, only those regions having a minimum extent of 
arable farming and a minimum area for the crop type in question are included. 
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The few favourable sites (wheat: 9, rye: 10, oilseed rape: 13) nevertheless account for 25 per cent of 

the production quantity. For this reason, we must be dealing with specialised arable regions to be 

found in each case in the countries bordering the North Sea and in Eastern Germany. On the other 

hand, the 25 per cent of the production quantity with the highest energy use is produced in a large 

number of regions (wheat: 51, rye: 22, oilseed rape: 33). These sites, disadvantageous in energetic 

terms, are usually characterised by a low yield level and little arable farming. Moreover, these mar-

ginal-yield sites are scattered over the entire EU-25. 

4.1.2 Plant-production energy-use spectrum using the example of wheat 

When analysing the driving forces for a high or low energy use per kilogram of output, two aspects 

must be considered: the yield level on the one hand, and the area-related energy use on the other. 

Determining factors for these are outlined now, using wheat as an example. Figure 15 lists the pa-

rameters for all EU-25 sites, ordered according to their energy use per kilogram of product. It is 

noticeable that the favourable sites have above-average yields. These stand at around 7,600 kg/ha 

on average, ranking clearly above those of the average and unfavourable sites. Moreover, at around 

16,800 MJ, the energy use per hectare is 2,000 MJ less than that of the average regions, and over 

2,400 MJ less than that of the unfavourable regions. There are several reasons for this. Because fa-

vourable sites are characterised by a calculated harvest moisture that is usually below, or only 

slightly above, 14 per cent (East Midlands: 14.44 per cent; Mecklenburg-Western Pomerania: 14.86 

per cent) energy-intensive drying is seldom necessary. Average energy use for drying on favourable 

sites stands at around 220 MJ/ha. In the favourable regions, no or very little energy is expended for 

irrigation (only around 62 MJ/ha in the weighted mean). 

 
 

Figure 15 Energy use per hectare and per kilogram of product, and yield level for wheat (all EU-25 sites). 
Source: own calculations. Year: average of 2001-2003 
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A further criterion for favourable energy use is efficient machine use. Here, as shown in Equation 22, 

the existing machine weight of a region is distributed over the various production methods. Thus, 

the favourable sites require on average 9.7 kg tractor weight per ha (standard deviation 2.0 kg/ha). 

By contrast, the tractor weight of average production sites is 13.1 kg/ha (see Tab. 7); however, the 

standard deviation of 11.0 kg/ha shows how heterogeneous the average sites are. The correlation 

coefficient between tractor weight and total energy use per ha points to the important role played 

by machine use. Unfavourable regions have a calculated tractor weight of 8.7 kg/ha; however, the 

high standard deviation of 9.1 kg shows that both groups with very high and extremely low machine 

use are to be found in this group. Besides machine use, the diesel-fuel requirement, which is very 

strongly dependent upon soil type, is also significant. In the energetically favourable regions, around 

22 per cent of wheat is cultivated on light soils, and only about 5 per cent is grown on heavy soils, 

with the correlation coefficient between the percentage of light soil and the total energy use per ha 

pointing to the importance of light soil in this group. With the average sites, however, 14 per cent of 

the wheat sites have heavy soils, and only just under 10 per cent have light soils. Here too, though, 

the standard deviation for the average sites shows the variability within the group. Finally, the min-

eral-fertiliser input for the arable crops constitutes the greatest percentage of the total energy use. 

Here, for the present analysis, both the energy use for mineral fertilisers per ha arable land (in 

MJ/ha) and per kilogram of output (in MJ/kg) are investigated. It is noticeable that the area-related 

energy use for mineral fertilisers is highest for the average sites, although both these and the unfa-

vourable sites are characterised by a relatively high standard deviation. Because of the strong 

correlation between yield level and area-related total energy use for the favourable and average 

regions, it would appear to be more meaningful to investigate the product-related energy use for 

mineral fertilisers. Here, it is easy to see that favourable sites use less mineral fertiliser, but despite 

this boast higher natural yields. Average and in particular unfavourable regions, however, have a 

higher level of fertiliser use, whose variability is considerably higher (see Tab. 7). The assumption 

that – primarily in unfavourable areas – other influencing variables such as drying, irrigation, ma-

chine use, etc. have a stronger effect on energy use than mineral fertilisers, is corroborated by the 

low correlation coefficients (0.29) between energy use for mineral fertilisers and area-related total 

energy use. 
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Parameter Unit

Favourable sites Average sites Unfavourable sites

Yield level

Yield (kg/ha) 7'628 6'260 4'150

Standard deviation (kg/ha) 914 1'653 1'429

Correlation coefficient* - 0.90 0.89 0.26

Mineral fertiliser use

Energy requirement, mineral fertiliser use (MJ/ha) 8'640 9'663 7'348

Standard deviation (MJ/ha) 1'265 2'724 3'080

Energy requirement, mineral fertiliser per kg product (MJ/kg) 1.13 1.55 1.77

Standard deviation (MJ/kg) 0.11 0.22 0.39

Correlation coefficient** - 0.93 0.87 0.29

Machine use

Tractor weight (kg/ha) 9.65 13 8.71

Standard deviation (kg/ha) 2.04 11 9.14

Correlation coeffic ient*** - 0.19 0.63 0.27

Soil quality

Percentage of light soils (%) 22 9.51 19

Standard deviation (%) 17 10 17

Correlation coefficient° - -0.60 0.25 -0.09

Percentage of heavy soils (%) 5.28 14 20

Standard deviation (%) 6.85 15 14

Correlation coefficient°° - 0.45 -0.15 -0.11

Irrigation

Energy requirement, irrigation (MJ/ha) 62 51 1'633

Standard deviation (MJ/ha) 65 92 6'225
Correlation coefficient°°° - 0.17 -0.20 0.65

Drying

Energy requirement, drying (MJ/ha) 221 653 3'008

Standard deviation (MJ/ha) 462 1'474 2'757

Correlation coefficient̀ - 0.28 0.45 -0.08

EU-25

Tab. 7 Determining factors for energy use with wheat 

 

Source: own calculations. Year: average of 2001-2003. * Between yield level (kg/ha) and total energy (MJ/ha); ** 
Between energy from mineral fertilisers (MJ/ha) and total energy (MJ/ha); *** Between tractor weight (kg/ha) and 
total energy (MJ/ha); ° Between percentage of light soil  and total energy (MJ/ha); °° Between percentage of 
heavy soil  and total energy (MJ/ha); °°° Between irrigation energy (MJ/ha) and total energy (MJ/ha);  `Between 
drying energy (MJ/ha) and total energy (MJ/ha) 

4.1.3 Energy use of animal-production activities 

Tab. 8 gives an overview of the most important key figures of the dairy-cow, bull-fattening and pig-

fattening processes. As with crop farming, animal production is divided into favourable, average and 

unfavourable production regions. Favourable regions are those that input relatively little energy 

with reference to one kilogram of main product; output is assessed as shown in Tab. 1. Figure 16 

shows this breakdown for dairy-cow, bull-fattening and pig-fattening husbandry. Here, the selection 

of activities accounts for over 80 per cent of the supply of total marketable animal products in the 

EU, thus constituting a representative portion of the production activities. Due to the different di-

mensions in product-related energy use, the graphs are scaled to the maximum requirements of 

each production activity. It is noticeable that there is a wide range in terms of energy use for both 

dairy-cow and pig-fattening processes, and an even wider range for bull fattening. Hence, for dairy 

farming the most favourable sites require only about a third of the energy of the least favourable 

sites, whilst for fattening pigs the range is slightly narrower. Moreover, the curve trend for pig fat-
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tening is distinguished from that for dairy farming by sharp jumps in the energy-requirement level 

within the favourable-production-quantity group. This can be attributed to the fact that only 17 sites 

are responsible for 25 per cent of total EU production, with Brittany (FR), Denmark and Pays de la 

Loire (FR) alone accounting for around 18 per cent of the EU production quantity. By contrast, in 

dairy farming, 32 regions account for the most advantageous 25 per cent of the EU production quan-

tity. What is striking in dairy farming is that in the unfavourable portion of the production quantity, 

which encompasses 56 regions, there is a marked variability in energy use. This points to a lower 

degree of specialisation in dairy farming than in pig fattening in the EU. The same phenomenon can 

be found in the curve for bull fattening, which obviously shares a similar background. 

 
 

Figure 16 EU production quantity of different animal-production processes broken down according to relative 
energy use. Source: own calculations. Year: average of 2001-2003 

For the results analysis, as with plant production, energy use per kilogram of product is taken into 

account, with only the saleable milk, beef or pork being studied as a main product of the production 

process. In terms of yield levels, it is obvious that in both dairy farming and bull fattening, the most 

favourable sites have higher yield levels than the average and unfavourable sites. This is striking for 

dairy cows in particular, since unfavourable sites only produce around 72 per cent of the quantity of 

milk per animal of favourable regions. For fattening pigs, a different picture emerges. At 81 kg, the 

slaughter weight here is the lowest for the most favourable regions of the EU, whilst unfavourable 

sites produce weights of approx. 96 kg. Of the entire production quantity of the favourable sites, 

over 37 per cent is accounted for by Denmark alone, where slaughter traditionally takes place at a 

low final weight. By contrast, Southern and Eastern European regions with slaughter weights of 

around 100 kg are also to be found among the unfavourable sites. It should be noted here that at 

higher slaughter weights, the feed requirement rises with each kg of growth. This can be proven in 

the case of feed parameters for the respective groups. Whereas in Denmark, 138 kg of feed cereals 

(equivalent to 75 per cent of EU-15 average), 52 kg of protein-rich feed (76 per cent of EU-15 aver-
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Region: European Union 25 Index / Unit Dairy cattle Bull fattening Pig fattening

Energy requirement, product

Favourable sites* MJ/kg product 4.70 47 34

Average sites** MJ/kg product 5.39 60 40

Unfavourable sites*** MJ/kg product 7.52 100 45

Range

Unfavourable/favourable sites % 160 213 131

Energy requirement, animal

Favourable sites MJ/animal 36'026 16'766 2'737

Average sites MJ/animal 37'697 19'424 3'517

Unfavourable sites MJ/animal 43'261 30'182 4'264

Standard deviation

Favourable sites MJ/animal 3'727 1'207 452

Average sites MJ/animal 4'781 3'727 395

Unfavourable sites MJ/animal 8'248 8'463 913

Yield level°

Favourable sites kg/animal 6'745 357 81

Average sites kg/animal 6'150 321 89

Unfavourable sites kg/animal 5'062 302 96

age) and 9 kg of energy-rich feed (equivalent to 56 per cent of EU-15 average) are required per head, 

things are different for Tuscany (IT), where 330 kg of feed cereals (179 per cent of EU-15 average), 

140 kg of protein-rich feed (206 per cent of EU-15 average) and 27 kg of energy-rich feed (165 per 

cent of EU-15 average) are the norm. Here, it should be borne in mind that Denmark, with its aver-

age slaughter weight of 74 kg, represents 85 per cent of the EU-15 weight average, whilst Tuscany 

with its average slaughter weight of 119 kg represents 136 per cent of the EU-15 average. 

Tab. 8 Comparison of energy use in animal production for the EU-25 

 

Source: own calculations. Year: average of 2001-2003. * Contains the 25 per cent  constituting the most favour-
able sites in terms of production quantity; ** Contains the 50 per cent constituting the average sites in terms of 
production quantity; *** Contains the 25 per cent constituting the least favourable sites in terms of production 
quantity; ° Refers to the main product (by-products not considered) 

Evaluations of the energy use per animal reveal a more complex picture. Thus, for dairy farming, 

favourable and average regions are on a nearly identical energy-use level, with around 36,000 – 

38,000 MJ/animal. At unfavourable production sites (total energy use approx. 43,000 MJ/animal), the 

standard deviation of around 8,300 MJ/animal (corresponding to 19 per cent) is nearly twice as high 

as for the favourable regions. The assumption that we are dealing here with very heterogeneous 

sites is confirmed when we look at the standard deviation of the yield level. Whereas the favourable 

regions here have an energy use of around 708 kg/animal (corresponding to 10 per cent of the mean 

value), the unfavourable regions, with around 1,005 kg/animal (corresponding to around 20 per cent) 

reveal a less clear-cut picture. Figure 17 shows the dairy-farming, beef-production and pig-fattening 

regions in terms of energy use per kg of product. Owing to technical reasons, bull-fattening cannot 

be shown own its own here, but only as a part of all beef-production activities (including heifer-

fattening and calf-fattening). 
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Figure 17 Typical animal-husbandry sites of the EU graded according to their energy use. Source: own calcula-
tions. Year: average of 2001-2003. *Covers all beef-production activities 

The favourable sites for dairy-cow production are largely in the regions bordering the North Sea and 

in Eastern Germany, with the regions of Oevre Norrland in Sweden and Piemonte and Basilicata in 

Italy also standing out. Oevre Norrland shows an above-average milk-yield level of around 7,400 

kg/animal, which balances out its above-average energy use of around 38,500 MJ/animal. A different 

picture emerges for Piemonte, where for a yield level of 5,200 kg/animal, which is low for the group, 

below-average energy use of approximately 29,000 MJ/animal is required. With approximately 0.08 

per cent of the total EU production quantity and around 21,000 animals, Basilicata is a fairly unim-

portant site that produces milk at a low yield level with a low energy requirement. The average sites 

are to be found throughout the whole of Central Europe, but also along Spain’s Atlantic coast and in 
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parts of Great Britain and Italy, as well as in Ireland and Sweden. Unfavourable production sites are 

to be found in the South of France, in Galicia and Northern Portugal, and in parts of Italy and Greece, 

as well as in a belt extending from Slovenia across the new EU countries of Eastern Europe up to 

Finland. For beef production, a similar picture emerges, with favourable sites being found to a larger 

extent in Central Europe, and average sites all around Central and Northern Europe as well as parts 

of Italy. Unfavourable sites may be observed in southern and eastern parts of Europe. A similar pic-

ture also emerges for the unfavourable pig-fattening sites. By contrast, an average energy-use level 

is to be found in many parts of Spain and in the Benelux countries and Western Germany, as well as 

in parts of Poland and Sweden. Regions in Northwest France, Denmark, Southwestern Britain, 

Southern Sweden and Eastern Germany also boast favourable energy-use levels. 

4.1.4 Energy-use spectrum of animal-husbandry processes, using the example of milk pro-
duction 

Figure 18 gives an overview of the energy use per animal and per kg of milk, as well as the milk yield 

in all EU regions (EU-25). Energy use per animal and yield level appears to be more variable at the 

average and unfavourable sites than at the favourable sites. High-energy-use sites tend to have 

lower milk yields than others. 

 

Figure 18 Energy use per animal and per kilogram of milk, as well as yield level for dairy farming (all EU-25 
sites). Source: own calculations. Year: average of 2001-2003 

There are a number of reasons for the variability in energy use in dairy farming. For favourable and 

average sites, a close connection emerges between milk yield and total energy use per animal (cor-

relation coefficients: 0.83 and 0.88, respectively). Even unfavourable sites show a statistically 
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Parameter Unit

Favourable sites Average sites Unfavourable sites

Yield level

Milk yield level (kg/animal) 6'745 6'150 5'062

Standard deviation (kg/animal) 708 889 999

Correlation coefficient* - 0.83 0.88 0.68

Concentrate input

Concentrate input (kg/kg milk) 0.24 0.31 0.51

Standard deviation (kg/kg milk) 0.11 0.14 0.18

Correlation coefficient** - 0.53 0.52 0.41

Concentrate energy input (MJ/kg milk) 1.45 1.70 3.58

Standard deviation (MJ/kg milk) 0.49 0.68 1.29

Correlation coefficient*** - 0.59 0.60 0.53

Buildings

Building energy MJ/animal 5'347 5'524 5'247

Standard deviation MJ/animal 1'010 1'251 1'578

Correlation coefficient° - 0.33 0.17 0.04

EU-25

significant correlation (correlation coefficient: 0.68). One significant determining factor is feed-

ration composition. Concentrate use plays an important role. In addition to giving milk yield, Tab. 9 

also provides key figures on concentrate use. 

Tab. 9 Determining factors for energy use in dairy farming 

 

Source: own calculations. Year: average of 2001-2003. * Between yield level (kg/animal) and total energy 
(MJ/animal); ** Between concentrate input (kg/kg milk) and total energy (MJ/animal); *** Between concentrate 
energy use (MJ/kg milk) and total energy (MJ/animal); ° Between building energy (MJ/animal) and total energy 
(MJ/animal) 

Concentrate input consists of grain as well as protein- and energy-rich feed. The coefficient kg con-

centrate/kg milk shows that favourable regions only require 0.24 kg concentrate per kg milk, whilst 

the requirements for average and unfavourable sites lie markedly above this, at 0.31 kg/kg and 0.51 

kg/kg, respectively. The standard deviation comes to around 45 per cent of the mean value for the 

favourable and average regions, and to around 35 per cent for the unfavourable regions, underscor-

ing the relatively high variability in concentrate input in all groups. The positive correlation 

coefficient between concentrate input per kg milk (kg/kg) and energy use per animal (MJ/animal) 

illustrates the influence of concentrates on total energy use. The “energy use for concentrates per kg 

milk” coefficient (in MJ/kg milk) encompasses the requirement for the production, transport (feed 

imported into the EU, as well as feed not produced in the region), preparation and drying of concen-

trates. With a concentrate input of only 1.45 MJ/kg milk, favourable sites clearly input markedly less 

concentrate per kg milk than average and unfavourable sites, as well as inputting concentrates with 

a lower energy use than the latter. Thus, favourable sites on average require 3.79 MJ/kg for the pro-

duction of concentrates, whilst average and unfavourable regions expend 4.41 MJ/kg and 4.67 

MJ/kg, respectively. As regards energy use by buildings, the low correlation coefficient in relation to 

total energy use shows that the buildings are of secondary importance in explaining differences in 

animal-related energy use. The different standard deviation can be explained by different types of 

buildings in the Northern, Central and Southern European regions, as well as by herd size. 
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4.2 Technical energy efficiency and profitability 

Area- and product-related energy-use coefficients do not permit a comprehensive comparison of 

different production activities according to their nutrient value and their corresponding income. 

Nevertheless, technical efficiency and profitability measurements permit a horizontal comparison 

between different production activities. For this reason, two coefficients related to technical energy 

efficiency and profitability are introduced in this chapter. Technical energy efficiency [TEffic] is de-

fined as shown in Equation 39. This efficiency parameter assumes utilisation of the main product for 

human-nutrition purposes and considers the caloric energy content of the primary agricultural prod-

ucts. For plant products, there is usually only one marketable primary product: by-products such as 

straw are excluded from this analysis. Animal products are assessed according to their economic 

value, as shown in Tab. 1, with the main marketable product being analysed in this context. 

 

Equation 39 Technical energy efficiency 

p

nm

ENER

)ENER*OUTPUT(
TEffic   

m 
ENERn 
ENERp 

Metric output of marketable products [1kg] 
Nutrient energy content of the product according to FAO (2003) and Mittenzwei (2007, 2007a) 
Product-related energy use [MJ/kg] 

 

Furthermore, a relation is set up between non-renewable-energy use and profitability of the produc-

tion activity. The economic-energy output/input coefficient adapts the approach of IW (2006), in 

which a relation is set on a sectoral basis between non-renewable-energy use and economic indices. 

In the current analysis, the economic output/input parameter [PO/I] is defined as shown in Equation 

40, with income being calculated as defined in Chapter 3.2.2. 

 

Equation 40 Economic output/input parameter 

a

a
I/O

INCOME

ENER
P   

ENERa 
INCOMEa 

Area-related energy use [MJ/ha] 
Area-related income [EURO/ha] 

Source: based on IW (2006), adapted 

Tab. 10 shows the energy-efficiency results for plant products with reference to the base period. For 

the analysis, the grouping into favourable/average/unfavourable regions as described in Chapter 4.1 

is retained, as it permits a more precise view of the structure of the different regions. Across all 

products, favourable regions exhibit the highest efficiency and unfavourable regions the lowest. 

With cereals, comparable technical efficiency is displayed by soft wheat, rye and barley, whilst oats 

are less efficient over all regional groups, partly due to their higher energy requirement per kg of 

product, and partly owing to their lower output-energy content. The low efficiency of oilseed rape is 

a result of its high energy use, since at 15.3 MJ/kg its output content is higher than that of the major-

ity of cereals. The standard deviation results show a broader perspective. For soft wheat, barley, 
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Region: European Union 25

Output energy (MJ)

/ Input energy (MJ) Soft wheat Barley Rye Oats Rape Potatoes Sugar beet**

Favourable regions* Average 5.16 4.50 5.31 3.95 3.01 4.21 1.44

Average regions* Average 3.78 3.41 3.47 2.59 2.56 2.09 1.03

Unfavourable regions* Average 2.46 2.40 2.67 1.90 2.09 0.75 0.51

Favourable regions Standard deviation 0.29 0.38 1.27 1.50 0.14 0.55 0.18

Average regions Standard deviation 0.42 0.37 0.52 0.19 0.18 0.86 0.15

Unfavourable regions Standard deviation 0.66 0.34 0.70 0.25 0.58 0.12 0.14

Region: European Union 25

Output energy (MJ)

/ Input energy (MJ) Dairy cows Bull fattening Pig fattening

Favourable regions* Average 0.43 0.12 0.26

Average regions* Average 0.37 0.10 0.22

Unfavourable regions* Average 0.27 0.06 0.20

Favourable regions Standard deviation 0.02 0.01 0.01

Average regions Standard deviation 0.02 0.01 0.01

Unfavourable regions Standard deviation 0.04 0.01 0.02

oilseed rape and sugar beet, the standard deviation in relation to the average increases for average 

and unfavourable regions, with rye and oats having a high standard deviation for the favourable 

regions. In the case of rye, two French regions (Bretagne and Centre) show very low energy re-

quirements per kg of product, but do not contribute significantly to total EU supply. With oats, by 

contrast, the scope of the favourable regions is relatively wide (45 regions), which is reflected in the 

fairly broad range of energy use. Comparing the technical energy efficiency of average regions for 

different products, sugar beet has a low level of efficiency, explained by a nutritional value of 14.9 

MJ/kg of sugar and a sugar content of around 17 per cent fresh-matter weight, resulting in 2.53 

MJ/kg of fresh-matter yield. Potatoes, on the other hand, contain 2.74 MJ/kg fresh-matter yield, 

resulting in a higher technical efficiency than for sugar beet. In the product-specific energy-content 

analysis, the range between the favourable and unfavourable regions equals one. Except for pota-

toes and sugar beet in unfavourable regions, all activities and region aggregates have an efficiency 

greater than 1, indicating that from a nutritional standpoint, the energy yield of the agricultural 

products is higher than the non-renewable-energy used in their production. 

Tab. 10 Technical energy efficiency of plant products 

 

Source: own calculations. Year: average of 2001-2003. * As per the classification in Chapter 4.1; ** Containing 17 
per cent sugar 

The technical efficiency of animal-production activities is shown in Tab. 11. For all activities, favour-

able regions have the highest level of efficiency and unfavourable ones the lowest, with the range 

being highest for bull fattening and lowest for pig fattening. From a nutritional standpoint, dairy-

cow production is more efficient than the other activities, whilst pig fattening is still more efficient 

than bull fattening. The standard deviation of all production activities is relatively low. 

Tab. 11 Technical energy efficiency of main products of animal-production activities 

 

Source: own calculations. Year: average of 2001-2003. * As per the classification in Chapter 4.1. Reference: main 
product of the production activity 
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Region

Energy Input (MJ)

/ Income (€) Soft wheat Barley Rye Oats Rape Potatoes Sugar beet

European Union 15 Average 36.46 39.85 39.33 36.01 33.76 11.30 14.70

European Union 10 Average 88.59 92.46 135.47 137.59 63.41 106.34 42.74

European Union 25 Average 50.75 50.38 105.65 106.93 42.67 60.44 20.95

European Union 15 Standard deviation 15.77 11.01 14.99 12.33 7.06 4.66 8.27

European Union 10 Standard deviation 36.76 31.39 31.02 30.90 12.25 47.89 12.67

European Union 25 Standard deviation 33.33 30.16 41.45 42.07 17.36 35.48 14.43

Comparing plant and animal production, we see that no animal product has an efficiency higher 

than 1 (i.e. greater than 100 per cent), indicating that the requirements for the production of all ani-

mal products are higher than their nutritional output value. Consequently, bull fattening exhibits the 

highest energy-conversion losses among the activities analysed. Reasons for such a disadvanta-

geous ratio are relatively high feedstuff requirements per kg of meat, as well as a comparatively low 

dressing percentage, the latter referring to the percentage of the live weight found in the carcass 

(carcass weight/live weight times 100). Whereas dressing percentages of 56 to 65 per cent are com-

mon for beef, those for pork are in the 65 to 75 per cent range (see UW Extension, 2003). 

The grouping of the EU-25 into favourable/average/unfavourable regions cannot be maintained for 

the analysis of the economic output/input coefficients. For historical reasons and owing to the cur-

rent policy scheme, price and premium regimes differ substantially between the EU-15 and EU-10. 

Consequently, the comparison of an income-dependent coefficient over the EU-25 carries the risk of 

misinterpretation of the results. For this reason, three country groups are analysed in Tab. 12: EU-15 

(the Western European countries), EU-10 (the “new” EU countries) and the EU-25. This permits an 

assessment for the different products as well as for the country aggregates. The results indicate 

significant differences between the EU-15 and the EU-10 in energy used to achieve one EURO of 

income, with the EU-10 requiring more than double the energy required by the EU-15 for all activi-

ties except oilseed-rape production. For some crops such as potatoes, nine times the energy is 

actually needed. The standard deviation (in relative terms: i.e. the standard deviation in relation to 

the average value) does not differ greatly between the EU-15 and the EU-10, and hence permits no 

further interpretation. Comparing the different production activities, for the EU-15 all cereals and 

oilseed rape require similar amounts of energy to generate one EURO of income; considerably less 

energy is required for sugar beet and potatoes. In the EU-10, cereal crops exhibit a wider range of 

energy use, with rye and oats having a higher energy requirement than soft wheat and barley. Sugar 

beet has a lower energy requirement, whilst potatoes have a relatively high one. The results for the 

EU-25 therefore lie between those of the EU-10 and EU-15, with the standard deviation showing the 

broad range of sites included in the indicator. 

Tab. 12 Economic-energy output/input for plant products 

 

Source: own calculations. Year: average of 2001-2003 

In keeping with the groupings for plant production, animal production is also shaped by different 

income situations between the EU-15 and EU-10. Consequently, in Tab. 13, the results are broken 

down according to the same system. Particularly in the EU-10, because of low stocks, there are an 

insufficient number of bulls per country to allow the calculation of an interpretable income average. 

In an overall EU-25 share, less than 10 per cent of all fattening bulls are in the EU-10, whilst more 
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Region

Energy Input (MJ)

/ Income (€) Dairy cows Bull fattening* Pig fattening

European Union 15 Average 24.48 57.75 71.05

European Union 10 Average 142.52 74.77

European Union 25 Average 45.67 71.78

European Union 15 Standard deviation 6.91 51.14 20.10

European Union 10 Standard deviation 73.94 46.23

European Union 25 Standard deviation 44.53 29.47

than 90 per cent are to be found in the EU-15. In dairy-cow production, there are significant differ-

ences between the EU-15 and the EU-10 in the energy required to generate one EURO of income, 

whereas values are almost equal for pig fattening. The standard deviation shows a similar pattern to 

that of plant-production activities, i.e is significantly higher for the EU-25 level. 

Tab. 13 Economic-energy output/input for animal-production activities 

 

Source: own calculations. Year: average of 2001-2003. Income covering main and marketable by-products; * Ade-
quate stocks for calculating average values available for EU-15 only 

Comparing plant and animal production within their appropriate geographical settings, it can be 

seen that dairy-cow production in the EU-15 requires less energy input per euro of income than most 

plant-production activities, surpassed only by potato and sugar-beet production. Bull and pig fatten-

ing, on the other hand, require significantly more energy input per euro of income than all plant-

production activities. On the EU-25 level, only oilseed-rape and sugar-beet production require less 

energy input per euro of income than dairy-cow production. Pig fattening requires less energy input 

than rye and oats production. 

To conclude, the interpretation of the figures differs substantially depending on whether technical 

energy efficiency alone is considered, or income is taken into account: both the outcome of a com-

parison between plant products as well as the preference for either plant or animal production 

changes. In addition, the geographic focus between these two coefficients changes the interpreta-

tion of the data. 

4.3 Energy-related emissions 

After the preceding broad analysis of the base-period production conditions, this chapter investi-

gates the climate-related emissions linked to non-renewable-energy use. For greater ease of 

interpretation, the system set up in chapters 4.1.1 and 4.1.3 which classifies the sites as favour-

able/average/unfavourable, is retained for this analysis. Emissions linked to energy use are assessed 

as described in 1.5. Furthermore, for the sake of consistency, GHG emissions are expressed in rela-

tion to area or head of livestock. Tab. 14 shows the emissions for plant-production processes. 

Several aspects are striking when we compare these emissions with the energy use shown in Tab. 6. 

Firstly, the ratio between the different production activities can be found for both emissions and for 

energy use, with potato production having the highest energy-requirement level, followed by sugar 

beet. Secondly, the ratio between the standard deviation and the average is similar for both energy 

use and emissions. Moreover, differences occur, particularly in the values of soft wheat, barley and 

rye, between the emissions of unfavourable and favourable regions, the emissions being lower in 
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Region: European Union 25

CO2 Emissions from

fossil energy use (kg CO2/ha) Soft wheat Barley Rye Oats Rape Potatoes Sugar beet

Favourable regions* Average 1'682 1'243 988 907 1'438 2'516 1'332

Average regions* Average 1'659 1'357 869 937 1'499 3'200 1'937

Unfavourable regions* Average 1'512 1'145 809 1'155 1'381 3'961 3'026

Favourable regions Standard deviation 317 382 315 347 396 630 449

Average regions Standard deviation 479 396 401 259 339 880 1023

Unfavourable regions Standard deviation 401 323 387 247 311 1563 1798

Region: European Union 25

CO2 Emissions from

fossil energy use (kg CO2/head) Dairy cows Bull fattening Pig fattening

Favourable regions* Average 2'587 1'308 189

Average regions* Average 2'655 1'485 240

Unfavourable regions* Average 2'725 2'051 271

Favourable regions Standard deviation 406 175 39

Average regions Standard deviation 392 230 33

Unfavourable regions Standard deviation 538 592 41

the former. This phenomenon can be explained by the significance of grain drying and irrigation, 

which are performed on these sites. Both are linked to the consumption of electricity, with drying 

processes also tied to heating-gas consumption. Both energy sources produce lower emissions per 

MJ of energy content than does diesel fuel. Consequently, the correlation coefficient between en-

ergy use and emissions is significantly lower than 1 for the unfavourable sites, resulting in the 

described emission pattern. Nevertheless, the overall pattern shows a strong correlation between 

energy use and its associated emissions for plant-production activities. 

Tab. 14 Energy-related GHG emissions for crop farming in the EU-25 

 

Source: own calculations. Year: average of 2001-2003. * As per the classification in Chapter 4.1 

Placing these emissions within the context of animal-production activities, Tab. 15 shows the results 

of the per-head calculations. As with plant-production activities, the GHG emission data contain 

valuable information when compared to the energy-use data per animal shown in Tab. 8. In contrast 

to plant-production activities, the pattern of increasing energy use for average and unfavourable 

regions compared to favourable ones is maintained for dairy-cow production, bull fattening and pig 

fattening. Nevertheless, the range between unfavourable and favourable sites is decreasing for 

dairy-cow production and bull fattening. There are two basic reasons for this. Firstly, the direct-

energy-use patterns in regional feed production are applied to dairy-cow production and bull fatten-

ing. Consequently, as shown above, there is a relative advantage for those regions using irrigation 

and grain drying. Secondly, the direct-energy-use pattern in animal production itself plays a role. As 

soon as significant electricity and heating-gas requirements arise (e.g. for ventilation, cooling and 

heating systems), comparative “emission savings” can be observed. Nevertheless, the high correla-

tion between energy use and its associated emissions is maintained in the picture for animal 

production. 

Tab. 15 Energy-related GHG emissions for animal production in the EU-25 

 

Source: own calculations. Year: average of 2001-2003.* As per the classification in Chapter 4.1 
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(kg/ha)

(% of EU-25)

(1000s of t)

(% of EU-25)

66.0 11'158

100% 100%

74.7 10'033

113% 90%

32.3 1'125

49% 10%

166.7 255

253% 2%

96.0 1'633

145% 15%

89.6 2'691

136% 24%

211.6 410

321% 4%

Nitrate Surplus

Region

European Union 25

European Union 15

Netherlands

European Union 10

Belgium

Germany

France

This can also be proven by analysing the activity-specific emissions per MJ of energy use. The range 

of this coefficient is relatively low for all plant- and animal-production systems, being between 0.06 

and 0.10 kg CO2/MJ for plant-production and 0.06 to 0.08 kg CO2/MJ for animal-production activi-

ties. 

4.4 Nitrate-surplus and landscape indicator in the base period 

As explained in Chapter 3.2.4, the CAPRI modelling system allows us to show the side-effects of 

agricultural production. In this context, environmental indicators play an important role. As de-

scribed above in this study, nitrogen losses must be analysed. This can be done indirectly by 

calculating the nitrate surplus of agricultural production, which is closely linked to nitrogen losses. 

As regards nitrate surplus in the CAPRI base year, significant differences may be observed both be-

tween EU member states and within the member states on the regional level. In order to provide an 

overview of nitrate-surplus levels, Tab. 16 shows the said surplus for selected EU member states in 

terms of area (kg/ha) as well as in terms of total surplus per member state.  

Tab. 16 Nitrate surplus for selected EU member states in the base year 
 

Source: own calculations. Year: average of 2001-2003 

Here, coverage is limited to countries making a significant (i.e. about 50 per cent of total EU-15 

losses as a whole) or above-average contribution to the EU-25 nitrate surplus: Belgium, the Nether-

lands, Germany and France. Remarkably, the Netherlands show largely above-average losses, at 321 

per cent of the EU-25 average. Nevertheless, the country-specific image is only one part of the equa-

tion. Nitrate-surplus levels differ greatly between regions. Figure 19 shows the regional differences 

for the aforementioned EU member states. A heavy concentration of surplus levels may be seen in 

the Northern Netherlands, the Northwest of France, Northwestern Germany, Northern Belgium, 

and – less significantly – Southern Germany. By contrast, regions such as the Pyrenees or Central 

Germany have far lower levels of nitrate surplus. 
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Figure 19 Regional distribution of nitrate surplus in selected EU-25 regions. Source: own calculations. Year: 
average of 2001-2003. Unit: kg/ha 

The reason for such differences is to be found in the livestock patterns of the regions in question. As 

Figure 20 shows, regions with large nitrate-surplus levels also have a relatively high ruminant density 

on grassland. The nitrate-surplus level is a result of both this high ruminant density as well as inten-

sive plant-production activities with high levels of mineral-fertiliser application. 

 
 

 

Figure 20 Ruminant density on grassland in selected regions of the EU-25. Unit: livestock units/ha. Source: 
own calculations. Year: average of 2001-2003. Unit: kg/ha 
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As regards the landscape indicator for the CAPRI base period, the range of HNV indicator values as 

described in Chapter 3.2.5 is shown for a selected part of Germany in this Chapter (see Figure 21). 

It can be seen that across Germany, there is a whole range of HNV indicator results, from almost 0 to 

over 9. A rough picture shows above-average HNV values for the Southwest of Germany in particu-

lar, but also for Central Germany as well as some eastern parts of the country. Consequently, 

landscape quality is relatively high. According to the definition of the HNV indicator, this implies 

that a relatively large share of grassland and a relatively wide variety of plant-production activities 

per area unit, or a combination of these factors, are required. The HNV indicator results also permit 

a geographically explicit level interpretation. A view of the insert of Southeastern Germany shows 

these differences. The southernmost part representing the Alpine area has high HNV values. This 

region is covered by large areas of grassland, as well as by low-intensity arable-crop production. By 

contrast, high-intensity arable-crop production with low shares of grassland characterises the mid-

dle band of the insert, representing the Lower Bavarian loess area. Furthermore, large average plot 

sizes are to be found in this band. In the easternmost part of this insert, which is covered by the Ba-

varian forest, climate, slope and soil conditions prevent any significant arable-crop production from 

taking place, and small plot size as well as high shares of grassland production are characteristic. 

This contributes to a fairly high landscape quality with correspondingly high HNV values. 

 

HNV indicator results for Germany Insert of  HNV indicator results (Southeast) 

 

 

 

0< x ≤ 0.1 0.1< x ≤ 3.6 3.6 < x ≤ 6.5 6.5 < x ≤ 8.5 8.5 < x ≤ 9.29 

Figure 21 HNV indicator results for Germany. Source: own calculations. Year: average of 2001-2003 
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5. Selected policy instruments and their energy effects 

5.1 Definition of the simulation scenarios 

In this chapter, two specific policy instruments are analysed in terms of their effects on energy use 

as well as on related emissions in the European Union: the existing set-aside obligation and the cou-

pled suckler-cow premiums. In addition to the energy and emission effects, the economic impacts in 

terms of “energy effects” and “emission effects” are analysed for both policy instruments. Impacts 

on imports and exports are considered in terms of their mechanism for controlling production quan-

tities. Since the policy background of their establishment was driven by market intervention rather 

than by environmental motives, both policy instruments are assumed to exert a regulatory function 

on energy use as a side effect. 

In the first part of this chapter, the existing CAP set-aside obligation is analysed. This regulation 

obliges farmers to take 10 per cent of their field-crop land out of production in exchange for land-

based premiums. The land thus taken out of production is called “obligatory set-aside land”. This 

regulation applies to the EU-15. Nevertheless, “small-scale farming” is excluded from the obligation, 

with “small-scale” being defined as production equivalent to 90 metric tons of cereals per farm. This 

production quantity was transformed into UAA equivalents for each region. Consequently, those 

regions where either small agricultural structures predominate (e.g. Belgium) or the share of cereals 

in the production portfolio is low (e.g. the Netherlands, Austria or Portugal) have relatively small 

proportions of obligatory set-aside land in the reference scenario. For purposes of analysis, a policy 

scheme in which the current set-aside obligation is abolished is set up and simulated with the CAPRI 

modelling system under the name of “no-set-aside scenario”. The no-set-aside scenario is designed 

under ceteris paribus conditions, and its effects are compared with those of the “reference” scenario 

described in Chapter 3.2.7. The timeframe for both scenarios is the year 2013. 

In a second step in the analysis of currently applied policy schemes, we analyse the effects of the 

coupled suckler-cow premium on non-renewable-energy use. As seen earlier with the set-aside obli-

gation, the effects are estimated by simulating the abolition of the coupling of the suckler-cow 

premium and comparing the effects with the reference scenario. The origin of the coupling of the 

premium is the decision of specific countries (such as France, Austria, Portugal, Spain and Greece) to 

couple premium payments to livestock numbers. This creates an incentive for maintaining or in-

creasing livestock numbers. Owing to path dependencies, this incentive affects the numbers of 

young animals available for fattening in the EU. In order to analyse the effects of this policy scheme, 

the abolition of the regulation hereinafter referred to as “DCSCOW” (“decoupling of the suckler-cow 

premium”) is simulated and the results compared with the reference scenario. To take account of 

the scope of the scenario, the suckler-cow-premium scheme is only changed insofar as it concerns 

the coupling of the payments to production quantity (i.e. livestock numbers) and not to the overall 

level of the premium. 

When modelling the abolition of the coupling, it is important to mention that both the “reference” 

and the “DCSCOW” scenario simulations stem from the base period (three-year average for 2001-

2003), and the results are expressed for the year 2013. This means that for the DCSCOW scenario, 

different policy settings (the premise of decoupling) are valid from the base period onwards, with 



89 

the result that total premium payments in the reference scenario might differ from those modelled 

in the DCSCOW scenario. This aspect is important as it affects the drive path of the model and can 

be displayed explicitly in the welfare analysis. Another point should be mentioned in connection 

with the suckler-cow premium. Linked to the premium’s original intention of compensating farmers 

for losses owing to price decreases when prices were adjusted in line with world market prices, the 

total premium payments were linked to the individual regions. The linking procedure is strongly 

associated with area and average yields. Consequently, the total premium payments for a region 

have been fixed and authorised. With the abolition of the coupled suckler-cow premium, this 

authorised total regional premium remains unchanged, resulting in shifts in the distribution key for 

premiums. Plant-production activities are better off. This implies that a farmer with an “average” 

regional production portfolio receives an identical number of premiums with the coupled and the 

decoupled suckler-cow-premium scheme. This partially explains the course followed by the model 

when simulating the DCSCOW scenario. 

5.2 Set-Aside obligation 

The objective of this scenario is to show how farmers react if the set-aside obligation is abolished, 

how their reactions can be explained, and what the consequences of their reactions are. By the same 

token, this allows us to assess the impact of the policy regulation. Thus, in a first step, the market 

situation is analysed before an energy balance is set up and welfare, relocation and cross-effects are 

highlighted. 

5.2.1 Market analysis 

Before we can answer the question of how farmers react if they receive additional cropping area for 

their production portfolio, the size of the set-aside area must be clarified. In this context, the “unuti-

lised” area can be classified into three types: obligatory set-aside area, voluntary set-aside area, and 

fallow land. Obligatory set-aside is the area taken out of production in compliance with the policy 

scheme in order to receive area-related premiums. Voluntary set-aside is the area taken out of pro-

duction on a voluntary basis (mainly for reasons of profitability), but remaining “potentially suitable 

as production area”. Minimum cultivation activities such as mulching are performed to avoid herba-

ceous-perennial weed growth on the non-utilised area. Fallow land, by contrast, is the land taken 

out of production in the medium term, on which afforestation is avoided but for which a short-term 

shift to production land requires preparatory work. Whereas voluntary set-aside is fully eligible for 

premium payments, fallow is assumed to receive only half of the premium amount. This is because 

good agricultural practice, which is a criterion of premium eligibility, is assumed to be missing from 

the fallow scenario (see Britz et al., 2007). As regards geographical frameworks, a distinction may be 

drawn between EU-15 and EU-10 owing to the validility of the set-aside obligation for the EU-15 

only. Tab. 17 shows the shifts in production levels in this scenario as compared to the reference sce-

nario29. It is striking that the obligatory set-aside area accounts for only 26 per cent of the total set-

aside and fallow area of the reference scenario. Moreover, at 29 per cent, the voluntary set-aside 

and fallow area of the EU-10 countries constitutes a considerable proportion of the total “unused” 

                                                                    
29

 The results for all EU countries are shown in Appendix 8. 
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Scenario

Parameter
Obligatory

set-aside area*

Total set-aside 

and fallow land 

area

Field-crop area

Changes in total 

set-aside

and fallow land 

Changes in field-

crop

area

Unit

European Union 25 2'928 11'448 62'494 -23.6 3.7

European Union 15 2'928 8'088 44'155 -33.6 5.3

European Union 10 0 3'360 18'339 0.5 -0.1

(%) Change to reference

Reference

(1000s of ha)

No-set-aside

area of the EU. Consequently, the overall reduction in “unused” area with the abolition of the set-

aside obligation comes to just 24 per cent. Naturally, the EU-15 contributes to this reduction, 

whereas in the EU-10 there is even a slight increase in the “unused” area. As demonstrated later in 

this chapter, this is owing to market-price effects, and hence inverse price incentives. On the other 

hand, there is an increase in the size of EU-15 field crops of 5 per cent, which with a fairly unchanged 

size in the EU-10, results in an increase of 4 per cent. 

Tab. 17 Shifts in production-area levels in the no-set-aside scenario 

 

Source: own calculations. Year: 2013. *Non-food production on set-aside is not considered in this analysis 

The shifts in the “unused” area differ within the EU-15. Whereas a number of countries reduce this 

share significantly, such as the UK (-100 per cent), Germany (-90 per cent) or France (-54 per cent), 

others shift only a small share of their “unused” area back into production, such as Greece (-1 per 

cent) or Portugal (-10 per cent). The detailed regional shift is given in Figure 22. 
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 Share of “unused” area in reference scenario compared to total UAA (%) 

 

Share of “unused” area in no-set-aside scenario compared to total UAA (%) 

 

Figure 22 Shifts in share of “unused” area between reference and no-set-aside scenario. Source: own calcula-
tions. Year: 2013. Remark: due to technical reasons, NUTS-II regions outside EU-25 are shown in 
this Figure 

It is worth noting that on sites in Spain, Portugal, Greece and Italy, the proporition of “unused” area 

is increasing, whilst in others it is decreasing. The supply quantity is increasing in line with the in-

creased agricultural area used for crop production. Tab. 18 shows the relevant shifts. The results 

show an increase in the production of cereals and oilseeds. The supply of other arable products such 

as potatoes or sugar beet is increasing only slightly (plus 1 per cent for the EU-25), whilst the supply 

of fodder and vegetables remains stable (changes below 1 per cent). It can be seen that overall 

changes in supply result only from changes in the EU-15, whilst in the “new” member states of the 
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Scenario Reference No-set-aside Reference No-set-aside

Parameter

Unit (1000s of t) (%) Change to Reference (1000s of t) (%) Change to reference

European Union 25 282'371 3.7 20'091 4.0

European Union 15 220'078 4.8 15'405 5.2

European Union 10 62'294 -0.3 4'686 0.0

Cereals supply Oilseeds supply 

Scenario Reference No-set-aside

Parameter*

Product (EUR/t) (%) Change to reference

Wheat 112.24 -3.0

Rye and meslin 87.32 -7.6

Barley 102.25 -2.3

Oats 87.59 -5.7

Oilseed rape 175.00 -2.7

Pulses 195.68 -6.9

Potatoes 103.75 -0.7

Beef 1729.86 -1.0

Pork 1345.38 -0.7

Dairy products 1175.10 -0.1

Sugar 701.01 -1.2

Market price

EU-10, the situation remains unchanged. The effects on the supply of animal products are negligi-

ble. 

Tab. 18 Shifts in supply in the no-set-aside scenario 

 

Source: own calculations. Year: 2013 

Not only does the supply of plant products change; significant market-price shifts for the products in 

question also occur. Tab. 19 shows these changes for the European Union 25. Higher supply quanti-

ties tend to cause prices to fall, noticeably over 5 per cent for rye and meslin, oats and pulses. 

Moderate price decreases can be seen for wheat, barley and oilseed rape. Other arable crops such as 

potatoes or sugar beet, as well as animal products, are subject to minor changes of around or below 

1 per cent. 

Tab. 19 Shifts in market prices in the no-set-aside scenario 
 

Source: own calculations. Year: 2013. *Regional unit: European Union 25 

To conclude the overview of the market, the impact on the import patterns of the EU-25 common 

market is surveyed. Tab. 20 shows the relevant changes in import quantities. As for shifts in the EU 

supply, the imports follow the same pattern, i.e. a reduction in cereal imports of 5 per cent com-

pared to the reference scenario. Furthermore, a reduction of 1 per cent (from a high absolute level) 

may be observed for oilseeds. All other changes are negligible, owing either to their rate of change 

or their absolute quantities. 
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Reference No-set-aside

Product

18'496 17'551

-5.1

30'372 30'143

-0.8

1'546 1'429

-7.6

28'412 28'401

0.0

1'028 1'019

-0.8

36 36

-1.6

1'902 1'904

0.1

184 184

-0.2

27'903 27'773

-0.5

3'004 2'846

-5.3

Import quantities* (1000s of t)

(%) Change to reference

Cereals

Oilseeds

Other arable field crops

Oils

Oil cakes

Secondary products

Vegetables and permanent crops

Meat

Other animal products

Dairy products

Tab. 20 Shifts in import quantities in the no-set-aside scenario 

 

Source: own calculations. Year: 2013. *Regional unit: European Union 25 

To conclude this chapter, it can be shown that producers react to the availability of additional agri-

cultural area with a (region-specific) increase in the production of cereals and oilseeds in particular, 

resulting in a greater supply of these products, lower prices, and lower import quantities. 

5.2.2 Energy use and energy-related emissions 

The change in production patterns brought about by the abolition of the set-aside regulation results 

in changes in energy use. In order to display these changes, a sectoral analysis is carried out. This 

implies that the area-related or animal-related energy of each individual NUTS-II region as described 

in Chapter 4.1 is multiplied by the surface area covered by the production activity or the number of 

animals, respectively. This region-specific procedure is then carried out for all the regions in a coun-

try, in order to calculate total energy use (expressed in petajoules [PJ]). Energy use is calculated for 

the EU-15 and EU-10 and summed to yield a total for the EU-25. A similar calculation is performed to 

determine the energy content of the products (termed “energy output”). Each product unit pro-

duced in a NUTS-II region is assessed to determine its region-specific energy content, then 

multiplied by the quantity produced in a NUTS-II region. As for energy use, the procedure is carried 

out for each individual NUTS-II region in the country and a country-specific total is calculated which 

is afterwards aggregated to the aforementioned EU levels and an overall EU-25 total. The EU-25 

values are labelled “domestic” to distinguish them from imported-energy quantities. An overview of 

the results for the no-set-aside scenario is given in Tab. 21. 
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Region Reference (RS) No-set-aside Reference (RS) No-set-aside

(in petajoules) (%) Change to RS (in petajoules) (%) Change to RS

European Union 25 5'002 1.0 5'396 2.6

European Union 15 4'254 1.1 4'405 3.2

European Union 10 747 0.0 991 -0.2

Domestic energy outputDomestic energy use

Reference (RS) No-set-aside

(in petajoules)
(in petajoules)

(%) Change to RS

5'002 5'050

1.0

953 944.5

-0.9

263 281

6.7

5'691 5'713

0.4
Energy balance

Domestic energy use

Energy exports*

European Union 25

Energy imports*

Tab. 21 Shifts in energy use and energy output in the no-set-aside scenario 

 

Source: own calculations. Year: 2013 

A first look shows a 1 per cent increase in energy use on the EU-25 level, which is the result of higher 

energy use on the EU-15 level. The EU-10 level remains unchanged. By contrast, output increases by 

3 per cent on the EU-15 level. Several aspects are included in these shifts. Firstly, the increase in do-

mestic-energy use must be viewed in the context of the increase in field-crop surface area. This 

implies that with the minor increase of 1 per cent, an increase in agricultural yield of 3 per cent (EU-

15) can be achieved. Secondly, the minor role of the extended production area in terms of total en-

ergy use of the individual countries is undermined. In some countries, e.g. Germany30, the field-crop 

area is expanded by 6.5 per cent, whilst the overall energy use increases by only 2.3 per cent; for 

Spain, with a 5.1 per cent increase in field-crop surface area and a 0.6 per cent increase in energy 

use, this difference is even more striking. Nevertheless, the shifts in production portfolios are limited 

to plant-production activities. This can be seen when considering the technical-efficiency level of the 

additional energy use (applying the number shown in Appendix 10). The energy output/input ratio of 

the additional use is greater than 1 (with animal-production activities showing a ratio far below 1). 

This above-1 ratio can be seen for all countries with increased energy use. The shifts in energy use 

and energy output on the EU-10 level are negligible. In order to set up an energy balance over the 

EU-25, the system described in Chapter 1.3 is applied. Consequently, imports into the EU are as-

sessed with their respective energy use plus transport-energy use, and added to the domestic-

energy use. Exports, on the other hand, are subtracted. The results of the balance are shown in Tab. 

22. It can be shown that the increase in domestic-energy use is partly offset by rising exports and 

reduced imports. A surplus of 0.4 per cent of the balance sum results, owing to shifts in the make-up 

of the overall EU-25 feed composition.  

Tab. 22 Energy balance in the  no-set-aside scenario 
 

Source: own calculations. Year: 2013. *Transport energy requirements for imports are charged up to EU-25 border 

                                                                    
30

 The detailed shifts in energy use and energy output are shown in Appendix 10. 
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Reference (RS) No-set-aside

Region
TOTAL domestic 

emissions (1000s of t) (%) Change to RS

European Union 25 348'810 1.2

European Union 15 293'026 1.5

European Union 10 55'780 -0.1

One important driving force for the shift in energy balance is the significant decrease in imports of 

soya, oilseed rape, sunflowers and grain maize as well as their cake equivalents (total shift: minus 

872,000 tonnes) for which EU energy use per kg of product is significantly higher than overseas, and 

their replacement by domestic products. Rising exports (mainly of wheat) owing to lower domestic 

market prices are a second important driving force for these shifts, which nevertheless remain rela-

tively small at 0.4 per cent. 

The aforementioned shifts in production pattern therefore bring about changes in energy-related 

emissions. Tab. 23 shows these shifts vis-à-vis the reference scenario. The difference in these 

changes compared to those for energy use can be explained by the prevailing changes in plant-

production activities, in which energy sources with relatively high emissions per MJ of energy use, 

such as nitrate fertiliser or diesel fuel31, make up a large share of the production factors. Neverthe-

less, the changes compared to those of the individual countries32 are closely linked to shifts in 

energy use. 

Tab. 23 Shifts in energy-related emissions in the no-set-aside scenario 

 

Source: own calculations. Year: 2013 

5.2.3 Welfare and welfare-related emissions  

The abolition of the set-aside obligation results in significant supply and price changes for agricul-

tural products. Consequently, changes in total welfare can be expected. Tab. 24 shows the results of 

the welfare analysis. 

                                                                    
31

 For details of energy-related emissions per production factor see Appendix 4. 

32
 Shifts in emissions per country are shown in Appendix 11. 
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Reference No-set-aside

Welfare Parameter

32'918 33'342

423

11'311 11'224

-88

44'229 44'565

336

8'710'791 8'712'322

1'531

366'874 366'277

-597

218'840 218'421

-419

40'270 40'269

-1

188'304 188'124

-179

8'866'177 8'867'105

929

(in € M)

(Changes in € M)

TOTAL WELFARE

Output revenues

Input costs

Premiums

Agricultural income

Budgetary expenditure

Tariff revenues

FEOGA budget outlays, first pillar

Money metric*

Tab. 24 Welfare effects of the no-set-aside scenario 

 

Source: own calculations. Year: 2013. * Includes changes in the processing industry 

As previously seen for the market prices, the decrease results in lower agricultural income. A trans-

fer away from producers of an estimated EUR 179 million takes place. An increase in budgetary 

expenditure of EUR 423 million may be observed. This is due in part to lower tariff revenues resulting 

from lower imports, higher FEOGA budget outlays for export subsidies, intervention stock costs, 

and subsidies owing to partially coupled premium schemes. On the other hand, consumers benefit 

from a EUR 1.5 billion increase in their welfare, primarily as a result of lower consumer prices. Over-

all welfare is assessed as positive, standing at plus EUR 929 million. 

The link between shifts in total welfare and shifts in energy-related emissions permits the compari-

son of different scenarios. Consequently, the additional emissions per additional welfare can be 

derived for the abolition of the set-aside obligation. Tab. 25 shows the compilation of both parame-

ters. While the abolition generates additional welfare of EUR 929 million, additional emissions of 4.2 

million t are generated owing to the expansion of agricultural production. 

Emissions of 4.6 kg per € of additional welfare are generated, without considering future costs of 

additional GHG emissions. Nevertheless, this shows that welfare gains owing to a policy initiative 

might be associated with additional emissions. 
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European Union 25 Reference No-set-aside

353'084

4'274

8'867'105

929

Additional-welfare emissions (kg CO2/€) - 4.60

Domestic emissions (in 1000s of t CO2): absolute difference

Total welfare (in € M): absolute difference

348'810

8'866'177

Product Domestic quantities* Import quantities Domestic quantities* Import quantities

(1000s of t) (1000s of t) (%) Change to RS (%) Change to RS

Grain maize 51'714 4'447 2.4 -9.7

Soya seed 616 23'952 0.0 0.0

Soya cake 18'889 26'409 0.0 -0.5

TOTAL 71'219 54'808 1.7 -1.0

(kg); (GJ) (kg); (GJ) (%) Change to RS (%) Change to RS

Total RP** 12'877'849 21'356'376 0.8 -0.4

Total NEL*** 518'687 435'491 1.7 -0.9

(g/MJ) (g/MJ) (g/MJ) (g/MJ)

Average RP/NEL 25 49 11 23

Reference (RS) No-set-aside

 

Tab. 25 Emissions resulting from additional welfare within the no-set-aside scenario 
 

 

Source: own calculations. Year:  2013 

5.2.4 Relocation effects 

As discussed in theory in Chapter 2.5, relocation effects for energy use might occur. The setting of 

the scenario tends to reduce imports and cause relocation of production to the European Union. In 

this chapter, relocation effects of this type will be analysed from a qualitative point of view. Pro-

ceeding as shown in Chapter 2.5, in a first step the import changes in feedstuff components will be 

outlined. Here, as qualitative estimates for overseas energy production are only available for soya 

and grain maize, changes in both of these components are taken into account. The sum of the met-

ric changes in import quantities, as well as their assessment in terms of nutritional values for protein 

(RP) and nutritional energy (NEL) content, are shown in Tab. 26. 

Tab. 26 Import-quantity changes in relocation-based feed components 

 

Source: own calculations. Year: 2013. *Geographical reference is the EU-25; **RP stands for raw protein; *** 
NEL stands for nutritional energy expressed as Net Energy Lactation 

The table shows an increase in the domestic production of grain maize, coupled with a decrease in 

imports of grain maize and soya cake. Similarly, an increase in the domestic supply of RP and NEL as 

well as a corresponding decrease in their imports can be seen. Furthermore, this table shows the 

average RP/NEL ratio to be maintained in the relocation analysis, thereby furnishing the data for 

meeting the first condition of the relocation analysis according to Chapter 2.5. In a second step, the 

relocation barrier is calculated as per Equation 6. For this scenario, an x-value of x=0.72 can be calcu-

lated. Before interpreting this, we must be certain, as per Equation 7, that the preference condition 
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Reference (RS) No-set-aside

(1000s of t) (%) Change to RS

European Union 25 10'136 0.9

European Union 15 8'925 1.1

European Union 10 1'211 -0.1

Region

Nitrate Surplus

is met, which requires x to be greater than 0 and less than 1 (which is the case here). Consequently, 

one might reason that relocating the given feedstuff combination from overseas back to the EU is 

only attractive in energy terms if the overseas energy use is greater than 72 per cent of the relevant 

EU energy use. In any other case, overall energy savings are higher if production remains overseas. 

Nevertheless, the limited scope of this result must be stressed: firstly, a very limited compilation of 

feedstuff components (three different ones, two of which are linked by path dependencies) are ana-

lysed here. For a comprehensive analysis, substitution effects must be examined in more detail. 

Secondly, this analysis can only be performed since the existing animal-production portfolio is rela-

tively unchanged in the no-set-aside scenario. Nevertheless, this methodology offers scope for more 

in-depth analysis of relocation effects, at least for feedstuff components. 

5.2.5 Cross-effects: nitrate losses and landscape indicators 

A broad range of cross-effects occur, with shifts in production patterns resulting from policy-scheme 

changes. In this study, complementary positive and negative externalities will be analysed. Nitrate 

losses can be seen as negative externalities of agricultural production due to their environmental 

impacts as described e.g. in Nemecek et al. (2005). The nitrate surplus as defined in Chapter 3.2.3 is 

chosen as an indicator for nitrate losses. Tab. 27 shows an overview for the EU. 

Tab. 27 Nitrate surplus in the no-set-aside scenario 
 

Source: own calculations. Year: 2013 

It can be seen that the increase in field-crop area results in a higher nitrate surplus for the EU-25, 

caused primarily by an increase in the EU-15. Except for Spain and the UK, the country-specific re-

sults33 show a correlation between the extension of field-crop area and the nitrate surplus. Spain has 

large extensively farmed areas, resulting in less total nitrate-surplus pressure (61 kg nitrate surplus in 

RS compared to 68 kg in the EU-15 average). With its large grassland areas (over 50 per cent of total 

UAA), the UK has a lower nitrate-surplus pressure and is not subject to substantial additional-surplus 

pressure. As with the ratio between extensions of field-crop area, a correlation between the increase 

in energy use and the nitrate surplus can be seen on the different EU levels. An increase at both the 

EU-25 and EU-15 levels as well as negligible changes at the EU-10 level can be observed. From the 

country-specific perspective, the picture remains the same as for the comparison between the in-

crease in field-crop area and nitrate surplus. Nevertheless, the scenario specific to Spain is less clear-

cut, owing to the minor role of field crops compared to total energy use. 

                                                                    
33

 The country-specific results can be found in Appendix 12. 
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To conclude, the nitrate surplus tends to follow the energy-use trend on an overall sectoral level as 

well as on a country level. Nevertheless, other factors such as grassland share or importance of ani-

mal production play an important role in the scope of the change. 

It is not just nitrate-surplus patterns that are changing due to the abolition of the set-aside obliga-

tion; impacts on the landscape caused by adjustments in production can be demonstrated. By 

applying the HNV indicator as described in Chapter 3.2.5, the effects of such adjustment measures 

can be quantified. Two examples are chosen to illustrate these adjustment processes: Denmark, 

with its average decrease in “unused” area of 32 per cent (EU-15: 34 per cent), and Spain, whose 

decrease of 13 per cent is lower than the EU-15 average. 

In Denmark, the decrease in the unused area goes hand-in-hand with an increase of 5 per cent in 

field-crop area. As regards Denmark’s high livestock density (1.47 ruminant density on grassland 

expressed in livestock units per ha compared to 1.06 for the EU-15), and bearing in mind the struc-

ture of land use in Denmark (7 per cent of UAA is grassland, compared to 36 per cent for the EU-15), 

the HNV indicator in the reference scenario for Denmark gives values which are almost all lower 

than 6 for the North of the country (see Figure 23, picture on left). This tendency is increasing sig-

nificantly within the no-set-aside scenario, as can be seen in the right-hand half of Figure 23. The 

shift in the policy scheme has a clearly negative impact on the landscape in the aforementioned 

region. 

 

HNV indicator results for DK (reference  

scenario) 

HNV indicator results for DK (no-set-aside  

scenario) 

    

Figure 23 HNV indicator results for Denmark in the reference and no-set-aside scenarios. Source: own calcula-
tions. Year: 2013 
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A different picture can be observed for Spain. Whilst the same increase in field-crop area (plus 5 per 

cent) occurs in Spain, this is not necessarily accompanied by a significant decrease in the unused 

area. Furthermore, other conditions differ from the Danish situation: at 1.26, the ruminant density 

on grassland expressed in livestock units per ha is slightly higher than the EU-15 average, but still 

lower than the Danish value of 1.47. Furthermore, grassland accounts for 28 per cent of UAA. In ad-

dition, there are significant differences between individual Spanish regions. In the Northwest of the 

Pyrenees as well as in central and western parts of the country, high HNV values can be found in the 

reference scenario (see Figure 24, left-hand side), whilst other parts of Spain such as the Southeast 

of the Pyrenees and the South have HNV values lower than 2. This tallies with observations made in 

Chapter 6.2.2 of this analysis. As no clear tendency can be shown when considering Spain as a 

member state (Figure 24, right-hand picture), a focus on two regions (see inserts) should provide a 

more detailed view of the policy effects caused by the abolition of the set-aside obligation. 

 

HNV indicator results for ES (reference) HNV indicator results for ES (no-set-aside  

scenario) 

 
 

 

Figure 24 HNV indicator results for Spain in the reference and no-set-aside scenarios. Source: own calcula-
tions. Year: 2013 

We shall begin by analysing an insert located in the West of the country. This region, here-inafter 

referred to as ES-WEST, is highly fragmented, with large regions having HNV values higher than 4 

(see Figure 25, left-hand picture). Some small regions within this insert have low HNV values (col-

oured red). With the abolition of the set-aside obligation, these regions are tending to grow in size. 

Furthermore, some other regions display a trend towards lower HNV values, whilst the basic frag-

mentation remains as in the reference scenario. Consequently, the effect is far less significant than 

for the Danish region shown above. 
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HNV indicator results for ES-WEST (reference) HNV indicator results for ES-WEST (no-set-aside 

scenario) 

   

Figure 25 HNV indicator results for Spain (ES-WEST) in the reference and no-set-aside scenarios. Source: own 
calculations. Year: 2013 

Looking at the eastern part of the Pyrenees (hereinafter referred to as ES-EAST), large areas of the 

insert have HNV values below 2 in the reference scenario (see Figure 26, left-hand picture); however, 

these red colour-coded regions are part of a fragmented picture where, by contrast, high HNV val-

ues are to be found. As for ES-WEST, fragmentation does not change per se in the no-set-aside 

Scenario: rather, the area in the insert tends towards a decreasing HNV value and a geographical 

extensification of low-HNV regions. The extent of these shifts remains smaller in every case than for 

Denmark. 
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HNV indicator results for ES-EAST (reference 

scenario) 

HNV indicator results for ES-EAST (no-set-aside 

scenario) 

 
 

 

Figure 26 HNV indicator results for Spain (ES-EAST) in the reference and no-set-aside scenarios. Source: own 
calculations. Year: 2013 

To conclude these observations, the HNV values indicate that in terms of landscape, the abolition of 

the set-aside obligation follows the trends which can be demonstrated for the extensivisation of 

production as well as for energy use. Regions with a relatively high production intensity in the refer-

ence scenario tend to reduce the unused area significantly and intensify the production portfolio. 

The consequences in terms of landscape are a reduced likelihood of HNV areas in the relevant 

NUTS-II regions. In addition to a lower increase in energy input, regions not reducing their unused 

area within the entire potential framework (minus 100 per cent of the obligatory set-aside area) also 

show fewer significant decreases in HNV values, and hence limited impacts on landscape. 

5.3 Suckler-cow premiums 

This chapter attempts to answer the question as to how farmers change their production portfolio if 

the coupled suckler-cow premium is decoupled. In addition, driving forces for changes in the produc-

tion portfolio are analysed, and consequences of energy use and energy-related emissions of 

agricultural production, mainly in those countries with coupled suckler-cow premiums but also at EU 

level, are examined. This requires a market analysis. Finally, the link between changes in energy-

related emissions and shifts in welfare is established. 

5.3.1 Market analysis 

The parameters determining market conditions must be analysed in order to discover the driving 

forces for shifts in the EU agricultural-production portfolio. Basically, decoupling is expected to in-

fluence the number of animals kept in the countries in question. In order to illustrate such changes, 

Tab. 28 shows the shifts in numbers of suckler cows and total cattle for the EU-25, EU-15 and EU-10. 
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Scenario

Parameter Suckler cows Total cattle Suckler cows Total cattle

Unit

European Union 25 14'573 91'385 -4.9 -1.7

European Union 15 14'243 82'318 -5.0 -1.9

European Union 10 331 9'068 1.1 0.3

DCSCOW

(%) Change to reference

Reference

(1000s of heads)

The regional levels in this analysis are chosen for several reasons. Firstly, the coupled suckler-cow 

premium is a regulation valid for the EU-15 which also affects the EU-10. Secondly, there are differ-

ences in market prices and premium schemes between the EU-15 and the EU-10 for plant- and 

animal-production activities and their associated products. Lastly, this analysis pattern permits 

comparability between the different scenarios shown in this analysis. 

Tab. 28 Shifts in number of animals in the DCSCOW scenario 

 

Source: own calculations. Year: 2013 

It can be observed that the abolition of the coupling regulation has a significant effect on the num-

ber of suckler cows in the EU-25, with the total decrease resulting from a reduction of 5 per cent in 

the EU-15 and a slight increase in the number of animals within the EU-10. Choosing the total num-

ber of cattle as a reference point, the decrease is minus 1.7 per cent for the EU-25 level, resulting 

from 1.9 per cent fewer cattle in the EU-15 and a minor increase in the EU-10. This trend proves that 

the coupling of premiums has a significant effect on suckler-cow numbers, at least in those countries 

applying the coupling system. The rising trend in suckler-cow numbers in the EU-10 can possibly be 

explained by market-price effects on beef. The country-specific results34 show a more differentiated 

picture. On the one hand, countries currently receiving coupled payments for suckler cows in the 

reference scenario, namely Austria, France, Portugal, Spain and Greece, are significantly reducing 

their suckler-cow stock (France by 11 per cent, Austria by 17 per cent), resulting in a 4 per cent reduc-

tion in cattle stocks in Austria and  a 5 per cent  reduction in France. On the other hand, however, 

this decrease is partly offset by other countries increasing their suckler-cow stocks (e.g. Ireland by 5 

per cent, the UK by 6 per cent). Since coupled suckler-cow premiums have not been implemented in 

these countries, their relative competitiveness increases compared to e.g. France. As cattle stocks 

remain almost unchanged, however, this increase is mainly due to shifts within the different cattle 

activities. Cross-effects in terms of number of other animals and scope of plant-production activities 

are negligible on a European level. 

As for the regional shifts in production patterns, Figure 27 provides an overview of the changes in 

suckler-cow numbers on NUTS-II level. For countries such as Spain and France, where high numbers 

of suckler cows (i.e. more than 54,000 per NUTS-II region) are found in the reference scenario, there 

are regional differences in the decrease in numbers of suckler cows in the DCSCOW scenario. In 

Spain, the North in particular is undergoing a substantive reduction of more than 15 per cent, as are 

the midwestern regions of France (i.e. Île de France, Haute-Normandie and Pays de la Loire). Austria 

is experiencing a significant decrease in regions such as Upper Austria and Steiermark, and a minor 

decrease in the Tirol and Vorarlberg. In Greece, the South (except for the Attiki region) is more sub-

                                                                    
34

 The country-specific results for shifts in number of animals are shown in Appendix 13. 
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ject to this reduction than the North. There is a fairly simple explanation for this phenomenon: re-

gions with a significant scope for alternative profitable production activities (e.g. dairy-cow pro-

production in Northern Spain, significant arable-crop production in the Midwest of France and dairy-

cow production in Upper Austria and Steiermark in Austria) are tending to reduce their suckler-cow 

numbers substantially, since the comparative advantage owing to the coupled premium scheme has 

disappeared, resulting in the relative gain in competitiveness by the alternative production activi-

ties. In regions where economically strong alternative production activities do not exist, suckler-cow 

production tends to continue because its losses in relative competitiveness do not fluctuate in com-

parison with other activities. 

 

 

Regional distribution of 

suckler-cow herds in 

the EU-25 reference 

scenario (in 1000’s of 

head) 
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Percentage shifts in 

suckler-cow herds in 

the DCSCOW scenario 

(in per cent compared 

to reference scenario) 

 

Figure 27 Regional distribution of shifts in suckler-cow herds in the EU-25 DCSCOW scenario. Source: own 
calculations. Year: 2013 

Clearly, through path dependencies (provision of young animals for other fattening activities), this 

shift in suckler-cow numbers causes shifts in the supply of beef. An overview of these shifts is given 

in Tab. 29. According to the changes in the number of animals, the results show a decrease in the 

supply of beef. Compared to the changes in livestock numbers, the decrease in beef supply is dis-

proportionately small, with the changes on the different geographic levels (EU-15, EU-10 and EU-25) 

being equivalent to the ratios for number of animals. The reason for this disproportion is that other 

animal-fattening activities (e.g. bull fattening) contribute more to the supply of beef than suckler-

cow production, whose main product is young animals. Consequently, shifts in suckler-cow produc-

tion are not necessarily assigned to an equivalent shift in beef supply. The shifts in total supply of 

meat are negligible, indicating the importance of other meat-production activities: in the reference 

scenario, 19 per cent of the total meat supply comes from beef activities, whilst 51 per cent comes 

from pork and 28 per cent from poultry activities. Focusing on the country-specific results35, the 

shifts in numbers of animals are reflected in the largest decrease in beef supply occurring for Austria 

(minus 3 per cent) and France (minus 3 per cent). Even for these countries, however, changes in 

meat supply are negligible (below 1 per cent). 

                                                                    
35

 The country-specific results for shifts in supply are shown in Appendix 14. 
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Scenario Reference DCSCOW

Parameter*

Product (EUR/t) (%) Change to reference

Wheat 112 -0.3

Rye and meslin 87 -0.6

Barley 102 -0.4

Oats 88 -1.0

Oilseed rape 175 -0.2

Pulses 196 -0.9

Potatoes 104 -0.1

Beef 1'730 3.6

Pork 1'345 -0.2

Dairy products 1'175 0.0

Sugar 701 0.0

Market price

Scenario

Parameter Total meat supply Beef supply Total meat supply Beef supply

Unit

European Union 25 42'436 7'929 -1.3 -0.2

European Union 15 36'803 7'455 -1.4 -0.2

European Union 10 5'633 475 0.8 0.1

Reference DCSCOW

(1000s of t) (%) Change to reference

Tab. 29 Shifts in beef and total meat supply in the DCSCOW scenario 

 

Source: own calculations. Year: 2013 

Cross-effects on other animal products as well as on plant products are negligible on a European 

level. 

The shifts in supply result in changes in product prices. An overview of the important products is 

given in Tab. 30. A 4 per cent increase in market prices for beef can be demonstrated, whereas price 

changes for all other products remain negligible (1 per cent or lower). 

Tab. 30 Shifts in market prices in the DCSCOW scenario 
 

Source: own calculations. Year: 2013. * Regional Reference: EU-25 

To complete the market analysis, shifts in import quantities are shown in Tab. 31. In keeping with 

shifts in the number of suckler cows and the associated shifts in beef supply, there is a 2 per cent 

increase in meat imports in the DCSCOW scenario; however, this shift applies to fairly low-level im-

ports in the reference scenario of 1 million metric tons of meat. Furthermore, shifts in the EU 

production portfolio result in a lower demand for imported feedstuff components (minus 2 per cent 

for both oil cakes and cereals). Shifts in import quantities for other products are fairly negligible. 
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Reference DCSCOW

Product

18'496 18'170

-1.8

30'372 30'314

-0.2

1'546 1'526

-1.3

28'412 28'376

-0.1

1'028 1'049

2.1

36 36

-0.6

1'902 1'902

0.0

184 184

-0.3

27'903 27'484

-1.5

3'004 2'995

-0.3

Import quantities* (in 1000s of t)

(%) Change to reference

Cereals

Oilseeds

Other arable field crops

Oils

Oil cakes

Secondary products

Vegetables and permanent crops

Meat

Other animal products

Dairy products

Tab. 31 Shifts in imports in the DCSCOW scenario 
 

Source: own calculations. Year: 2013.* Regional Reference: EU-25 

To conclude the analysis of changes in market parameters, we can state that the decoupling of the 

suckler-cow premium has fairly limited overall effects, with the exception of the production scope of 

suckler cows, the associated supply of beef, and the required feedstuff imports. Cross-effects on 

other animal- or plant-production activities are negligible. This limited effect can partly be explained 

by the structure of the suckler-cow premium in terms of the total premiums authorised in the indi-

vidual regions as shown in Chapter 5.1. Since, taken overall, farmers receive the same amount of 

premiums after the decoupling as before, the incentive for changes to the production pattern is 

fairly limited, except for the lower quality of suckler cows. Furthermore, the distinct decrease in 

suckler cow numbers in Portugal, Southern Spain and Greece, where other profitable cattle-

production activities (e.g. dairy-cow production) are rare, means that there are strong indications for 

windfall gains for the suckler-cow premium. 

5.3.2 Energy use and energy-related emissions 

Shifts in the scope of animal production resulting from the abolition of the coupled suckler-cow 

premium are expected to result in shifts in energy use and related emissions. The aggregated sector 

results for these shifts are shown in Tab. 32. Except for the country level, where shifts in sectoral 

energy use occur for France, Austria, Portugal and Spain (each of them minus 1 per cent), changes 

are fairly negligible, both on the EU-25 level and on the EU-15 and EU-10 sub-levels. 
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Reference (RS) DCSCOW Reference DCSCOW

Region* (in petajoules)
(in petajoules)

(%) Change to RS
(in petajoules)

(in petajoules)

(%) Change to RS

5'002 4'988 5'396 5'396

-0.3 0.0

4'254 4'239 4'405 4'405

-0.4 0.0

747 749 991 991

0.2 0.0

72 72 79 79

-1.3 0.0

832 823 1'063 1'063

-1.1 0.1

95 94 44 44

-1.3 0.0

1'010 1'004 668 668

-0.7 0.0

200 199 196 196

-0.2 0.0

France

Portugal

European Union 25

European Union 15

European Union 10

Austria

Domestic energy use Domestic energy output

Greece

Spain

Reference (RS) DCSCOW

(in petajoules)
(in petajoules)

(%) Change to RS

5'002 4'988

-0.3

690 686

-0.5

5'691 5'674

-0.3

European Union 25

Energy balance

Domestic energy use

Net imported energy*

Tab. 32 Shifts in sectoral energy use in the DCSCOW scenario 

 

Source: own calculations. Year: 2013.* Only those countries currently receiving payments in the reference scenario 
are analysed in detail 

Even less significant are changes in the domestic energy output, where there is no telling evidence 

for changes on either the country or EU level. 

This results in the energy balance shown in Tab. 33. At under 1 per cent, both the shifts in domestic 

energy use and in net imported energy are negligible. 

Tab. 33 Energy balance in the DCSCOW scenario 
 

Source: own calculations. Year: 2013.*Transport energy uses for imports are charged up to the EU-25 border 

How are the changes in energy use displayed in domestic emissions? As Tab. 34 shows, the shift 

pattern is equivalent to the shifts in domestic energy use. There are no demonstrable shifts in en-

ergy-related emissions, either on the EU-15 or EU-10 level, or on the EU-25 level. On a country basis, 

minor changes for Austria, France and Portugal can be shown. Nevertheless, in overall terms, a de-

crease of 779,000 t of CO2 is calculated. 
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Reference DCSCOW

Region*

348'810 348'032

-0.2

293'026 292'145

-0.3

55'780 55'886

0.2

4'914 4'860

-1.1

60'767 60'222

-0.9

5'798 5'733

-1.1

66'109 65'727

-0.6

12'482 12'461

-0.2
Greece

Austria

France

Portugal

Spain

TOTAL domestic emissions (in 1000s of t);

(%) Change to reference

European Union 25

European Union 15

European Union 10

Tab. 34 Shifts in energy-related emissions in the DCSCOW scenario 
 

Source: own calculations. Year: 2013.*Only those countries currently receiving payments in the reference scenario 
are analysed in detail 

Consequently, no noteworthy changes on either the energy-use level or the energy-related-

emissions level occur as a result of the decoupling of the suckler-cow premium. This is due both to 

the minor role of suckler cows in the total energy-use pattern of EU agricultural production, and to 

the limited effects of the shift in the premium scheme, which is in turn due to limited incentives for 

change in the regional production portfolio. 

5.3.3 Welfare and welfare-related emissions 

The changes in market prices and beef supplies described above, as well as the associated changes 

in imports, do result in shifts in welfare parameters. These shifts are listed in Tab. 35. There is a slight 

increase in budgetary expenditure owing to losses in tariff revenues (lower import quantities of 

feedstuff components), and slightly higher FEOGA budget outlays for the first pillar due to coupled 

premium schemes. Because of higher market prices for meat products, consumers are faced with 

losses in their quota rent (minus €391 M). This in turn results in higher output revenues for the agri-

cultural sector, leading to an income increase of €946 M. In overall welfare terms, a marginal 

increase of €515 M results from the decoupling of the suckler-cow premium. 
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Reference DCSCOW

32'918 32'959

40

11'311 11'277

-34

44'229 44'235

6

8'710'791 8'710'401

-391

366'874 368'689

1'815

218'840 219'762

922

40'270 40'322

52

188'304 189'249

946

8'866'177 8'866'691

515

(in € M)

(Changes in € M)

Budgetary expenditure

Tariff revenues

FEOGA budget outlays, first pillar

Money metric*

TOTAL WELFARE

Output revenues

Input costs

Premiums

Agricultural income

European Union 25 Reference DCSCOW

348'810 348'032

-779

8'866'177 8'866'691

515

Emission savings per additional welfare (kg CO2/€) - 1.51

Domestic emissions (in 1000s of t CO2): absolute difference

Total welfare (in € M): absolute difference

Tab. 35 Welfare effects of the DCSCOW scenario 
 

Source: own calculations. Year: 2013.*Includes changes in the processing industry 

To permit comparability of emission changes and welfare changes within the no-set-aside scenario, 

Tab. 36 shows the changes in welfare and in emissions, and the relationship between these two pa-

rameters. Unlike for the no-set-aside scenario, the description of the relationship changes. As with 

the no-set-aside scenario, additional emissions occur with a welfare increase, whilst in this case 

emissions decrease (minus 779 t of CO2) with an increase in total welfare (plus € 515 M).  

Tab. 36 Emission savings per additional welfare in the DCSCOW scenario 

 

Source: own calculations. Year: 2013 

This implies emission savings of 1.51 kg CO2 per € of additional welfare, which represents a prefer-

able outcome in emission-savings terms whenever the scope of the reduction is fairly small. 
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6. New policy instruments designed to reduce energy use and en-
ergy-related emissions 

6.1 Definition of the simulation scenarios 

This chapter shows the results of a theoretical policy design that aims to reduce total EU-25 energy 

use and the related emissions. From a methodological viewpoint, this approach resembles a sectoral 

input-factor limitation as described in Chapter 2.4. Nevertheless, in order to achieve an economi-

cally optimal distribution of the burden, an iterative regionalised optimisation approach is chosen, 

with shadow prices of energy use being taken into account. This procedure aims to enable a regional 

distribution of energy-reduction commitments allowing for a reduction in energy use in those 

NUTS-II regions in which costs for reduction are low. The methodological background for such 

shadow prices is given in Chapter 2.4, with Figure 3 showing the condition for a Pareto optimum in 

emission reduction. The modelling procedure is as follows:  

 A simulation is run which sets the reduction boundary for the EU-25 as a whole and attempts to 

equalise shadow prices via an exchange of reduction obligations between the NUTS-II regions. 

This permits an overall boundary to be maintained by regionally specific reduction commit-

ments. 

 This process must be repeated until the shadow price approximates over all regions and the 

reduction commitment is met. Although the scope of reduction is determined without refer-

ence to current reduction commitments, the dimension reflects the scope, which is taken into 

account for agreements currently under consideration. In economic terms, the pareto-relevant 

scope of energy use or its associated emission reductions can be determined via the approach 

described in Chapter 2.4. 

6.2 Limiting energy use 

The objective of this simulation scenario is to describe and explain the adaptive behaviour of farmers 

when the overall non-renewable-energy use of the European Union must be reduced by 10 per 

cent36. Special attention is paid to the regional pattern of the adaptive processes, since the reduction 

is made in those regions and for those production activities with low shadow prices for energy use. 

Following the analysis procedure of the foregoing chapters, a market analysis is followed by an ex-

amination of the energy-use pattern. A mitigation-cost analysis is subsequently performed, using 

shifts in welfare as well as a relocation analysis. In addition, cross-effects for nitrate losses and land-

scape indicators are examined. 
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 The  scenario is abbreviated hereinafter in this analysis as “ENER_SIM10”. 
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Scenario

Parameter Cereals Oilseeds
Other arable 

crops

Fodder 

activities

Voluntary set-

aside and fallow 

land**

Unit

European Union 25 -2.0 -0.2 -3.4 1.0 10.7

European Union 15 -2.1 -1.4 1.8 0.8 9.1

European Union 10 -1.9 2.6 -17.2 1.8 13.3

ENER_SIM10

(%) Change to reference

6.2.1 Market analysis 

In order to document changes in the product market, changes in plant- and animal-production port-

folios are first analysed. To provide an overview, the geographic settings of EU-15, EU-10 and EU-25 

are maintained here. Furthermore, national and regional aspects are examined.  

Tab. 37 Shifts in plant-production-area levels in the ENER_SIM10 scenario 

 

Source: own calculations. Year: 2013. **In the detailed analysis, only countries with areas greater than 1000 ha 
are considered; Remark:  “Other arable crops” includes pulses, potatoes, sugar beet, flax, hemp and tobacco 

The overview given in Tab. 37 shows adjustments in the scope of plant production. There is a greater 

decrease in the scope of production of cereals and other arable crops than for oilseed and fodder, 

where only a minor decrease occurs. Voluntary set-aside and fallow land area37, on the other hand, 

shows a strong increase of 10.7 per cent. Concerning the distribution of these adjustments between 

the EU-15 and the EU-10, a strong decrease of minus 350,000 ha in other-arable-crop production 

(covering pulses, potatoes, sugar beet and others) can be shown, whereas production in these sec-

tors is increasing in the EU-15 (plus 97,000 ha). Furthermore, the increase in unused area (plus 

914,000 ha) is mainly the result of shifts in the EU-10 (plus 446,000 ha), whereas in the (relatively 

larger) EU-15, the increase in unused area (plus 468,000 ha) is less significant. 

Regarding the regional aspects of these shifts in unused area, Figure 28 shows the relative shifts in 

the ENER_SIM10 scenario as compared to reference. A strong increase in Eastern Europe as well as 

parts of Southern Europe and Ireland is manifesting itself. Note, however, that even in countries 

with a significant increase in unused area (e.g. Poland), certain regions such as Mazowieckie or Ku-

jawsko-Pomorskie are exceptions to this trend. Similarly, the Közép-Dunántúl region in Hungary 

shows a below-average increase in unused area. 
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 Equivalent to “unused area”. 
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Figure 28 Shift in set-aside and fallow area in the EU-25 in the ENER_SIM10 scenario. Unit: percentage share 
compared to reference scenario. Year: 2013. Source: own calculations 

An analysis of the specific production-portfolio adjustments of the member states38 reveals a multi-

faceted picture. Whereas Germany shows a slight decrease in cereal and oilseed production, an 

increase in other-arable-crop production, and a significant increase in unused area (plus 50 per cent 

from a low overall level, or 30,000 ha), France shows a substantial decrease in cereal production and 

an increase in the oilseed, other arable crops and fodder sectors as well as in unused area (plus 5 per 

cent from a high level, or plus 35,000 ha). Spain is increasing its other-arable-crops area by 15 per 

cent, and significantly increasing its unused area (plus 237,000 ha). Common to all EU-10 countries is 

a significant increase in unused area, with Poland contributing substantially to the increase (plus 14 

per cent or 327,000 ha). By contrast, there is a decrease in the cereal and (with some exceptions) 

other-arable-crops sectors in the EU-10 countries. 

The changes in scope of cereal production must be examined in detail. Tab. 38 shows the details of 

the shift. A significant decrease in grain maize is observable for all EU levels. This is mainly due to 

high energy requirements for drying or irrigation. The lack of feedstuff is partly compensated by an 

increase in barley, rye and other cereal production, as well as by an increase in fodder on arable land 

and pulse production (see scope of “other arable crops” in Tab. 37). 
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 The shifts in production-area levels for member states are shown in Appendix 15. 
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Scenario

Parameter
All cattle

activities

Bull 

fattening

Dairy cow 

production

Pig 

production

Poultry

fattening

Unit

European Union 25 -3.7 -3.3 -0.7 -3.6 -4.3

European Union 15 -3.3 -2.4 -0.1 -3.4 -4.6

European Union 10 -7.0 -14.0 -3.5 -4.9 -2.6

ENER_SIM10

(%) Change to reference

Scenario

Parameter Soft wheat Durum wheat Rye Barley Oats Grain maize Other cereals

Unit

European Union 25 -1.6 2.6 7.7 2.3 0.5 -25.2 8.7

European Union 15 -0.9 2.6 -1.1 1.7 3.3 -21.9 3.0

European Union 10 -3.3 -3.8 10.9 4.4 -1.8 -32.5 13.1

ENER_SIM10

(%) Change to reference

Tab. 38 Shifts in cereal-production scope in the ENER_SIM10 scenario 

 

Source: own calculations. Year: 2013 

To conclude an analysis of these shifts, in addition to the increase in unused area, we are seeing the 

replacement of energy-intensive fodder components (such as grain maize) by more efficient produc-

tion activities. The reason for such adjustments is the more or less stable demand for fodder for 

animal production, especially for dairy cows. We shall therefore analyse these shifts in greater de-

tail. 

Tab. 39 shows an overview of the simulation results for shifts in animal-production sectors on the EU 

level. A decrease in number of animals can be observed for both aggregated cattle activities and pig 

production, although the decrease in the former stems mainly from a reduction in the number of 

bulls for fattening, whereas dairy-cow production remains almost unchanged on the EU-25 level. 

EU-10 countries account for a disproportionately high share of the overall reduction. 

Tab. 39 Shifts in number of animals in the ENER_SIM10 scenario 

 

Source: own calculations. Year: 2013  

The results on country level39 show an almost balanced reduction pattern across the member states, 

with that of the EU-10 countries being more heterogeneous. Poland, Slovenia and the Slovak Re-

public account for a disproportionately low share and the Baltic countries for a disproportionately 

high share of the reduction. 

When examining the reasons for the scope of reduction, it is important to bear in mind the relation-

ship between income and energy use, both in regional/country terms and in terms of agricultural 

products as shown in Chapter 4.2. The energy use per income unit shows animal-production activi-

ties to be more attractive in certain cases than plant-production activities in EU-25 terms. Looking at 

the EU sub-units EU-15 and EU-10, we see that higher amounts of energy are used to generate one 

euro of income in the EU-10 than in the EU-15. Furthermore, comparing different plant-production 

activities, we see that products which are not primarily feedstuffs and which show unfavourable 

energy use per income unit, such as potatoes (60.44 MJ/€ compared to 50.75 MJ/€ for soft wheat), 
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 The country-specific shifts in numbers of animals are shown in Appendix 16. 
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Scenario

Parameter: Supply Cereals Oilseeds
Other arable 

field crops
Vegetables Fodder

Unit

European Union 25 -4.1 0.2 -5.2 -3.3 -2.4

European Union 15 -3.8 -0.5 -1.3 -2.9 -2.3

European Union 10 -5.0 2.3 -18.8 -7.2 -3.4

ENER_SIM10

(%) Change to reference

are subject to a greater decrease in production level (-20 per cent). For a comprehensive analysis of 

the market situation, we must look at supply quantities. Tab. 40 shows the equivalent shifts in quan-

tity of plant products supplied. It can be shown that differences in shifts in production area and shifts 

in supply occur. Taking cereals, a 2.0 per cent decrease in area and a 4.1 per cent decrease in supply 

are occurring, primarily due to shifts in the cereals portfolio. Whereas soft-wheat production area is 

reduced by only 1.6 per cent, with a decrease in supply of 1.2 per cent, grain maize is reduced by 25.2 

per cent in area and 22.9 per cent in supply. Consequently, the cereals portfolio is less determined 

by grain maize with its high yield level (8.5 tonnes per hectare in the reference scenario). The reason 

for the reduction in grain-maize production is linked with its energy-use pattern. On the one hand, 

there are regions such as Germany, the Netherlands, France, etc. where grain maize is dried,  and on 

the other hand, in Southern European countries such as Spain, Italy and Greece, grain maize is irri-

gated to a larger extent. Both production patterns contribute to high energy use in grain-maize 

production and strong reduction pressure in the simulation process. A similar shift in product-

category composition is taking place with other arable field crops, where a decrease of 3.4 per cent 

in area is linked with 5.2 per cent less supply, with potatoes being subject to an above-average re-

duction in supply quantity. With fodder-production activities, a slight increase (plus 1 per cent) in 

production area is linked to a decrease in supply mainly accounted for by a decrease in fodder maize 

(minus 1.6 per cent from a high overall level in the reference scenario) due to energy-intensive irriga-

tion.  

Tab. 40 Shifts in supply of plant products in the ENER_SIM10 scenario 

 

Source: own calculations. Year: 2013 

Bearing in mind the changes in production area and in the relevant category portfolios described 

above, the country-specific analysis of shifts in plant-product supply40 displays equivalent shifts, 

with the highlighted differences between EU-15 and EU-10 countries. 

Shifts in numbers of animals result in different supplies of animal products. Tab. 41 shows the rele-

vant changes. Whilst there is a 3-4 per cent decrease in supply for all meat-production activities, milk 

production remains almost unchanged. Except for poultry, there is a higher relative reduction in 

meat production for EU-10 countries than for EU-15. In poultry production, where energy uses are 

similar in the EU-15 and EU-10, with market prices in the latter being less than half of those in the 

former, significantly more energy is used for the generation of one euro of income. 
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 The country-specific supply changes for plant products are shown in Appendix 17. 
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Scenario

Parameter: Supply Beef Pork Poultry Milk

Unit

European Union 25 -3.0 -3.5 -3.5 -0.4

European Union 15 -2.7 -3.3 -3.7 0.0

European Union 10 -8.5 -4.7 -2.5 -3.2

ENER_SIM10

(%) Change to reference

Scenario Reference ENER_SIM10

Parameter*

Product (EURO/t) (%) Change to reference

Cereals 103.59 1.2

Oilseeds 175.20 -0.4

Potatoes 103.75 12.5

Beef 1729.86 12.1

Pork 1345.38 16.7

Dairy products 1175.10 0.4

Sugar 701.01 0.8

Market price

Tab. 41 Shifts in supply of animal products in the ENER_SIM10 scenario 
 

Source: own calculations. Year: 2013 

To a large extent, the country-specific results41 for shifts in supply of animal products reflect a high 

correlation between shifts in numbers of animals and shifts in supply. Exceptions apply only for 

beef-production activities, where farmers can shift between different production activities such as 

bull-, heifer- or calf-fattening. 

Owing to the significantly lower energy-efficiency values of animal-production activities, the de-

crease following the reduction of energy use in the EU can be seen to be rather limited. A further 

analysis of the market prices is required to explain this. Tab. 42 shows the relevant changes in the 

EU-25 market prices for the most important agricultural commodities. The results show negligible 

changes for wheat, oilseed rape and sugar as well as minor decreases in barley prices, moderate 

decreases in pulses and a strong decrease for rye and meslin as well as oats. Concerning animal 

products, the market prices of dairy products remain stable, whilst beef and pork show a strong in-

crease. 

Tab. 42 Shifts in market prices in the ENER_SIM10 scenario 
 

Source: own calculations. Year: 2013.*Regional reference: European Union 25 

The reasons for these price shifts are manifold. In the case of sugar and dairy products, the existing 

quota systems contribute to stable prices due to minor shifts in supply. The achievable quota rent 

means that farmers in both cases try to fulfil their production quota. As for cereals, the slight price 

increase of 1.2 per cent is composed of stable prices (e.g. for wheat), a price increase for grain maize, 

a slight price decrease (e.g. for barley or other cereals) and a strong price decrease (e.g. for rye and 

oats). For potatoes, a strong price increase and a significant decrease in scope of production can be 

observed. Demand is also decreasing correspondingly. There are a number of reasons for this 

movement. Firstly, the standard deviation for energy use in potato production is comparatively 

                                                                    
41

 The country-specific supply changes for animal products are shown in Appendix 18. 
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high. Secondly, a relatively large share of the 35 per cent of production scope in potatoes is located 

in EU-10 countries. Thirdly, yield levels for potatoes vary significantly, especially in EU-10 regions. 

Lastly, demand for feedstuff provision has shown a relative increase, due to significant areas being 

transferred to unused land. Taken together, these factors contribute to the decision of many farm-

ers to move away from potato production to other activities. 

Other plant products must be viewed in the context of market-price changes for animal products. 

Whereas the strong increase in beef and pork prices indicates high consumer demand, the price 

trend constitutes a strong incentive for maintaining animal production in the ENER_SIM10 scenario, 

even though technical energy efficiency is significantly lower than for plant products. This is demon-

strated by the decrease of just 1.7 per cent in the quantity of meat consumed by people. Despite 

this, domestic production of meat products is decreasing – as shown in Tab. 41 – whilst imports are 

increasing. Consequently, feedstuff requirements are decreasing, accompanied by lower market 

prices. The context becomes clear when we look at rye as well as oats. A significant proportion of 

both is used as fodder (46 per cent of net rye production and  89 per cent of net oat production is 

used as feed). Additionally, both grains tend to be grown in regions where animal production is de-

creasing at an above-average rate, and where alternative production activities carried out in an 

energy-efficient manner are rare, such as Eastern and Northeastern Europe (see Figure 29).  

The main result of this reduced requirement for rye and oats for animal nutrition is the increased 

availability of these cereals on the market for human consumption. In this context, the situation for 

both cereals differs little from that of wheat or barley, both of which also contribute substantially to 

the quantity of feed cereals. Both wheat and barley, however, are easily exported commodities, with 

a consequent export increase for wheat of plus 400,000 tonnes or 0.7 per cent, and for barley of plus 

636,000 tonnes or 6.2 per cent. Moreover, intervention is an alternative way of compensating for the 

domestic surplus of barley. An additional 1.7 M tonnes is stored in intervention in the ENER_SIM10 

scenario. The situation for rye and meslin as well as for oats is different. Intervention is not a political 

instrument of cache, nor is export a “standard” instrument for the reduction of domestic surplus. 

Consequently, the model simulation results show significant price reductions, which are required to 

expand exports in the ENER_SIM10 scenario (rye and meslin, plus 205,000 tonnes or 28 per cent; 

oats, plus 743,000 tonnes or 80 per cent). 
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Production value Domestic supply Market prices Production value

(%) of total production

value in RS*

Cereals 11.9 -4.1 1.2 -3.5

Oilseeds 1.8 0.2 -0.4 -0.3

Other arable field crops 4.8 -5.2 10.5 0.1

Vegetables and permanent crops 34.5 -3.4 6.5 2.9

Meat 28.7 -3.4 14.2 10.7

Cow's milk and buffalo milk 15.1 -0.4 0.4 0.6

Eggs 3.2 -2.6 8.4 6.0

Quantity effect Price effect Production value

-3.0 7.3 3.9

(%) Change to RS*

(%) Change to RS*
Product**

  
Areas with significant rye and meslin production in the 

reference scenario (<20,000 ha per NUTS-II region) 
Areas with significant oats production in the reference 

scenario (<20,000 ha per NUTS-II region) 

Figure 29 Regions with significant rye and meslin or oat-production areas. Year: 2013. Source: own calcula-
tions 

In order to analyse both the shift in supply quantities and market balances in more detail, we exam-

ine the driving forces for the shifts in the value of agricultural production in terms of changes in 

market price and domestic supply. Tab. 43 shows the effect of shifts in production value on quantity 

and price. Both effects are calculated by weighting shifts in supply and production value by the share 

of the individual products of the overall production value. It can be shown that a fairly small quantity 

effect (minus 3 per cent) and a significant price effect (plus 7 per cent) account for the changes in 

production value. 

Tab. 43 Driving forces for shifts in production value in the ENER_SIM10 scenario 

 

Source: own calculations. Year: 2013.*RS stands for reference scenario as described in 3.2.7; **Regional reference 
for changes is the EU-25 framework 

The price effect is largely caused by a strong increase in market prices for other arable field crops 

(such as potatoes, sugar beet, etc.) and meat. Furthermore, the substantial percentage of the pro-

duction value accounted for by vegetables and permanent crops as well as meat helps to explain the 
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Reference ENER_SIM10

Product

18'496 22'217

20.1

30'372 29'960

-1.4

1'546 2'026

31.0

28'412 29'122

2.5

1'028 1'302

26.7

36 52

42.2

1'902 1'903

0.0

184 181

-1.8

27'903 26'499

-5.0

3'004 3'172

5.6

Import quantities* (in 1000s of t)

(%) Change to reference

Cereals

Oilseeds

Other arable field crops

Oils

Oil cakes

Secondary products

Vegetables and permanent crops

Meat

Other animal products

Dairy products

shifts in the production value. It can be stated that strong market-price shifts in the model for some 

of the commodities together with the decrease in supply result in an increase in production value. 

In order to complete the picture of shifts in market parameters, we must examine shifts in import 

quantities. Tab. 44 shows the relevant results for the most important commodities. A substantial 

increase in imports of cereals and other arable field crops (from a low level in the reference scenario) 

can be shown for plant products. Furthermore, a minor decrease in imports of oilseeds, oils and oil 

cakes (from a high level in the reference scenario), as well as a minor increase in imports of vegeta-

bles and permanent crops may be observed. In the animal-product sector, a significant increase in 

imports of meat and other animal products (including eggs, whose reference-scenario level is fairly 

low) can be demonstrated, together with unchanged import quantities of dairy products. The driv-

ing forces for these shifts in imports stem from adjustments in domestic production. With a 

decrease in domestic meat production occurring (together with an almost-stable consumer demand 

for meat), rising market prices attract additional imports. As for imports of cereals, the increase is 

caused solely by additional grain-maize imports (plus 4.7 M tonnes or plus 106 per cent), which off-

set the strong decrease in domestic production of this commodity. The decrease in oil cakes is due 

to the drop in domestic-animal production. Shifts in other arable field crops result from an increase 

in potato imports (plus 627,000 tonnes or plus 54 per cent). 

Tab. 44 Shifts in import quantities in the ENER_SIM10 scenario 
 

Source: own calculations. Year: 2013.*Regional reference: European Union 25 

In order to determine the reasons for the adaptation patterns in the market situation, the demand 

side must be emphasised. With demand for meat decreasing only slightly (by 1.8 per cent in overall 
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Region Reference (RS) ENER_SIM10 Reference (RS) ENER_SIM10

(in petajoules) (%) Change to RS (in petajoules) (%) Change to RS

European Union 25 5'002 -9.9 5'396 -3.2

European Union 15 4'254 -9.2 4'405 -2.6

European Union 10 747 -13.5 991 -5.8

Domestic energy use Domestic energy output

terms), demand for beef decreasing even less (by 1.1 per cent), and the market prices for meat fol-

lowing the strong demand side (with an increase in beef of 12.1 per cent and in pork of 16.7 per cent), 

this is a main driving force. The production side is adapting accordingly. Although production levels 

for beef activities are decreasing, these comparatively inefficient production activities remain rela-

tively important in terms of supply of agricultural products. Plant production is adapting in a similar 

way. The supply of feedstuffs is an important element, with barley, rye and other cereals filling the 

gap left by decreasing grain-maize production. On the other hand, the demand for potatoes, toma-

toes and other vegetables is decreasing significantly, down by 9.3 per cent, 7.1 per cent and 4.4 per 

cent, respectively. Taken as a whole, these data lead us to the conclusion that demand elasticities 

for meat, quota rents, and energy requirements per euro of income are the main driving forces for 

adaptations in the production portfolio of the EU-25, with adaptations being substantially regionally 

differentiated. 

6.2.2 Energy use and energy-related emissions 

We now turn our attention to the analysis of the changes in energy use and energy-related emis-

sions for the ENER_SIM10 scenario. Tab. 45 shows the relevant overview for the EU-25, EU-15 and 

EU-10 geographical units. The 10 per cent decrease in domestic energy use is achieved by a 9 per 

cent reduction in EU-15 energy use and a 14 per cent reduction in EU-10 energy use. The equivalent 

domestic energy output is reduced by 3 per cent on the EU-25 level. This aspect is related to shifts in 

the production portfolio in the EU-25 and to the high level of technical energy efficiency42 of plant 

production as shown in Tab. 10, as well as to the low level of technical energy efficiency in animal 

production shown in Tab. 11. This implies that the reduction is achieved to an above-average extent 

by limiting animal production and to a below-average extent by limiting plant production. As further 

illustration, in the case of cereals, oilseeds and other arable field crops, with an average technical  

energy efficiency in the reference scenario of 3.23 MJ/MJ, 2.61 MJ/MJ and 3.14 MJ/MJ respectively, a 

reduction in energy use for plant-production activities would result in a maximum reduction in do-

mestic-energy output of 38 per cent of the reduced energy quantity. 

Tab. 45 Shifts in energy use and energy output in the ENER_SIM10 scenario 

 

Source: own calculations. Year: 2013 

The country-specific analysis43 gives a comprehensive overview of the individual countries’ contribu-

tion to the reduction in domestic energy use. In this context, EU-15 countries account for 80 per cent 

of the EU-25 reduction commitment, whilst EU-10 countries account for the remaining 20 per cent. 

                                                                    
42

 As per the calculation procedure shown in Equation 39. 

43
 The country-specific reductions in energy use and domestic energy output are shown in Appendix 19. 
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Comparing the individual countries’ reduction commitments to the EU-15 and EU-10 average, it is 

clear to see that Spain contributes a very large share (54 per cent) to the EU-15 reduction commit-

ment, followed by France with 15 per cent and the Netherlands with 10 per cent. By contrast, 

countries such as Germany, the UK and Italy contribute only to a minor extent, with 6, respectively 3 

and 3 per cent. The contributions of Portugal (1 per cent), Finland (0.4 per cent) and Sweden (0.4 per 

cent) are negligible. As for the EU-10, Poland assumes the majority of the burden (59 per cent of the 

EU-10 reduction commitment), followed by Hungary (18 per cent) and Lithuania (11 per cent). The 

share of the other EU-10 countries is either minor or negligible. Several factors account for this dis-

tribution. The driving force for reduction commitment is the energy use per creation of 1 Euro of 

income, both in terms of the production activity and in terms of countries/regions. Those regions 

requiring relatively high amounts of energy per Euro of income can reduce energy use in order to 

lower prices. Similarly, those production activities requiring comparatively high levels of energy for 

the provision of one unit of feed-energy value (which is the link with the price) tend to be replaced 

by other production activities. Specifically, energy-intensive production patterns such as grain dry-

ing or irrigation lower the competitiveness of the production activity or regions in terms of 

economically efficient energy use. 

In keeping with the geographic distribution of the reduction commitment, it is important to analyse 

how the reduction is fulfilled in the individual countries, and what drives their reduction levels. Here, 

as the driving force for energy-use reduction, the shadow price for energy use should be borne in 

mind. 

When adjustments geared towards a reduction in energy use are considered, a range of production 

patterns are brought into focus. Firstly, the simplest measure contributing to energy reduction is the 

expansion of set-aside and fallow land. Here, the regional level is very important. Special focus is 

placed on Spain and Poland, owing to their significant contributions to meeting the reduction com-

mitment. As shown in Fig. 30, there is a regionally differentiated pattern in both Spain and Poland 

for the set-aside obligation. Spain, for its part, has a significant unused area of over 20 per cent of 

the total utilised agricultural area (UAA), located in an arc extending from Aragón through Castilla-

La Mancha to Murcia. In Poland, on the other hand, there is a high proportion of unused area (over 

20 per cent of UAA) in the northern regions of Pomorskie, Zachodniopomorskie and Lubuskie, 

whilst in the southern regions of Malopolskie, Swietokrzyskie and Podkarpackie, a smaller share of 

the UAA (15-20 per cent) remains unused. 
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Share of set-aside and fallow land in Spanish NUTS-
II regions in the ENER_SIM10 scenario (per cent of 

UAA) 

Share of set-aside and fallow land in Polish NUTS-
II regions in the ENER_SIM10 scenario (per cent of 

UAA) 

  

 

<5% 5-<10% 10-<15% 15-<20% >20% 

Figure 30 Regional distribution of set-aside and fallow land for Spain and Poland in the ENER_SIM10 sce-
nario. Year: 2013. Source: own calculations 

Both this southern part of Poland and the arc described for Spain have mountainous geographic 

conditions in common, and the North and West of Poland are already characterised in the reference 

scenario by a large percentage of fallow land (i.e. parts of the UAA not in production and not avail-

able for short-term return to production). In the reference scenario, fallow land stands at 18 per cent 

in Pomorskie, 27 per cent in Zachodniopomorskie and 28 per cent in Lubuskie. Extending the unuti-

lised area is a logical measure in regions where the technical-efficiency level is comparatively low. 

Two elements contribute to efficiency: yield level and energy use. As regards the yield level of im-

portant cereal production activities in Poland (soft wheat and oats for all regions), some regions 

produce significantly less than the Polish average (e.g. Lubuskie: soft-wheat production is 3.3 ton-

nes/ha, which is 26 per cent below the Polish average; oat production is 2.6 tonnes/ha, or 13 per cent 

below the average). For the mountainous southern regions, yield level of grassland and fodder from 

arable land is significantly lower than for the Polish average (e.g. Podkarpackie, 39 per cent below 

the average). The Spanish regions reflect a similar situation: on the one hand, all three regions show 

significant unused area in the reference scenario (Aragón 22 per cent, Castilla-La Mancha 22 per 

cent, Murcia 36 per cent). Furthermore, these regions show a lower yield than the country average 

for several plant-production activities (e.g. Castilla-La Mancha, cereals 10 per cent below Spanish 

average; fodder activities 43 per cent below Spanish average). As regards the second element of 

technical efficiency, the aforementioned regions are in an equally unfavourable position: energy use 

is relatively high for diesel and fertiliser in the aforementioned Spanish regions and for machinery 

and electricity in the respective Polish regions, which contributes to low efficiency levels. 

Increasing unused area is an important instrument of energy-use reduction for other countries be-

sides Spain and Poland: France is increasing its unused area by 75,000 ha or 3 per cent, Hungary by 

33,000 ha or 13 per cent, and Lithuania by 38,000 ha or 11 per cent. Only the Netherlands is failing to 

make use of this instrument to any great extent. A further significant production pattern contribut-
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ing to high energy-use levels is irrigation. Shifts in the production portfolio of irrigated activities can 

be expected in the ENER_SIM10 scenario. Taking Spain as the most important contributor to energy 

reduction in the EU-15, the scope of production of a number of plant-production activities using 

relatively large quantities of irrigation water is reduced significantly. Thus, oilseeds (in an overall 

average applying 1,478 m3 of irrigation water per ha, or 2.2 times the EU-15 average) are reduced by 

9 per cent or 78,000 ha. Vegetable production, applying an average of 2,049 m3 of irrigation water 

(1.7 times the EU average) is reduced by 5 per cent or 254,000 ha. Fodder production, applying 347 

m3 water per ha (2.7 times the EU-15 average) is reduced by 2 per cent or 125,000 ha. Besides Spain, 

similar effects driven by irrigation patterns can be shown for Portugal, Greece and Italy, although 

the effect of the shifts is fairly small compared to Spain. 

In terms of a reduction in energy use, grain maize is an important production activity for two rea-

sons: in Southern countries, irrigation increases energy use for grain-maize production whilst in 

Central and Northern European regions, grain drying increases energy use. For France, a substantial 

reduction of 32 per cent or 508,000 ha can be shown for grain-maize production, which involves sig-

nificant irrigation of 441 m3 per hectare. To a certain extent, this reduction is offset by the increase in 

other cereal-production activities such as barley or oats, but overall France still shows a reduction of 

417,000 ha in cereal production. A similar effect can be shown for Hungary, where grain-maize area 

is reduced by 34 per cent or 386,000 ha due to the use of drying energy, with the effects being partly 

offset by an increase in soft-wheat and barley production. Owing to high levels of irrigation (4,992 

m3 of irrigation water per ha), Spain is reducing its grain-maize production by 34 per cent or 138,000 

ha. In addition, other countries not contributing significantly to the reduction, such as Germany, 

where grain drying is required, are shifting their production away from grain maize (minus 23 per 

cent or 116,000 ha). 

The Netherlands is reducing its under-glass production of tomatoes (minus 150 ha or 13 per cent) 

and other vegetables (minus 13,000 ha or 16 per cent). Compared to Southern countries such as 

Spain, the Netherlands uses significant energy resources in its heating processes, resulting in a total 

energy use of 11,277 GJ per ha for glasshouse tomato production, and 1,038 GJ per ha for other 

vegetables. Spain, on the other hand, requires just 314 GJ for tomatoes and 345 GJ for other vegeta-

bles. The high yields of Dutch greenhouse production do not entirely compensate for the country’s 

heating requirements. Consequently, Dutch tomatoes require 22 MJ/kg of product, whereas Spanish 

ones need only 4 MJ/kg. The reduction in greenhouse production in the Netherlands contributes 

greatly to the Dutch energy-reduction commitment.  

In addition to the “core” energy effects on plant production, shifts in production patterns and energy 

use systematically bring about changes in energy use for animal-production activities. As shown in 

4.1.4, plant-production energy use to a large extent determines energy use in animal-production 

systems, owing to the feedstuff-ratio composition. For this reason, shifts in numbers of animals in 

the ENER_SIM10 scenario will be analysed in light of plant-production energy use. In this case, the 

focus of our attention will remain on the countries that contribute significantly to the EU reductions. 

Looking at Spain, we see a diversified picture in terms of shifts in animal production. Along with the 

negligible changes in dairy-cow production (confirming the strong correlation between shifts in 

dairy-cow production and the existing quota system), a substantial reduction in suckler-cow num-

bers (minus 8 per cent or 196,000 animals) can be observed. This reduction is consistent with a range 
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Reference (RS) ENER_SIM10

(in petajoules)
(in petajoules)

(%) Change to RS

5'002 4'508

-9.9

690 748

8.5

5'691 5'256

-7.6

European Union 25

Energy balance

Domestic energy use

Net imported energy*

of energy-relevant factors. On the one hand, shifts towards fallow land reduce the extent of land 

available for grazing/growing fodder. Animal-production activities with differing degrees of eco-

nomic and energetic favourability therefore compete for fodder. On the other hand, suckler-cow 

production in the base scenario is already less advantageous in technical-energy-efficiency terms in 

many Spanish regions, mainly due to comparatively high energy use for fodder production in the 

base fodder ratio. In keeping with the reduction in the scope of suckler-cow production, the avail-

ability of calves is limited, which reduces other cattle-production activities such as bull fattening 

(minus 26,000 animals) and heifer fattening (minus 22,000 animals), which suffer the same problem 

of energy-intensive fodder requirements. In terms of pork production, a significant decrease in ani-

mal stock (minus 1.8 M animals or 4 per cent) can be observed. This is also linked to energy use for 

feedstuffs. Pig fattening in Spain requires 3.2 per cent more energy overall than the EU-15 average. 

Because of the important role of feedstuffs in overall energy terms, this above-average energy con-

sumption (plus 3.4 per cent compared to the EU-15 average) creates a disadvantage for Spanish 

production. 

The changes in domestic energy use result in shifts in the energy balance, which is shown in Tab. 46. 

The model results show that the 9.9 per cent decrease in domestic energy use is to a certain extent 

offset by additional imports (plus 8.5 per cent), yielding an energy-balance sum 7.6 per cent lower 

than in the reference scenario. 

Tab. 46 Energy balance in the ENER_SIM10 scenario 
 

Source: own calculations. Year: 2013.*Transport-energy use for imports is charged up to the EU-25 border 

In keeping with the changes in energy use, the energy-related emissions are subject to shifts on a 

European as well as on a national level. For the sake of consistency with earlier chapters, a distinc-

tion is maintained between the EU-15 and the EU-10. Tab. 47 shows the results for the EU 

aggregates. With the ratio between the individual EU units being maintained in the comparison with 

the reduction in energy use, there are differences in level. With the energy-use changes amounting 

to 9.9 per cent, the energy-related emissions are reduced by just 9.3 per cent. For the EU-15, a 9.2 

per cent reduction in energy use accounts for an 8.5 per cent reduction in energy-related emissions. 

The EU-10 reduces energy use by 13.5 per cent and the related emissions by just 13 per cent. Com-

paring the percentage of emissions reduction with the energy-reduction percentage, we can 

therefore see that the EU-15 achieves a lower relative reduction (92 per cent decrease in emissions 

compared to the decrease in energy use) than the EU-10 (97 per cent decrease). 
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Reference (RS) ENER_SIM10

Region

European Union 25 348'810 -9.3

European Union 15 293'026 -8.5

European Union 10 55'780 -13.0

TOTAL domestic emissions (in 1000s of t)

(%) Change to RS

Tab. 47 Shifts in energy-related emissions in the ENER_SIM10 scenario 
 

Source: own calculations. Year: 2013 

Although these differences are hardly substantial and it is consequently difficult to trace their origin 

in model results, there are some indications as to their origin. We must therefore analyse energy use 

and energy-related emissions on the individual input-component level, given in Appendix 4. Fur-

thermore, in addition to the EU overview, a closer look into the country-specific results44 is essential. 

Taking Denmark as an example, where the reduction in energy use (minus 3.2 per cent) is linked to a 

lower reduction in energy-related emissions (minus 2.6 per cent), the shifts in the production portfo-

lio show a significant reduction in pig fattening (minus 4 per cent or 1.1 M animals) and 

consequently, a reduction in pig breeding (minus 4 per cent or 71,000 animals). Both pig fattening 

and pig breeding – the latter in particular – are linked to high electricity use (14 per cent or 29 

kWh/animal for pig fattening, and 35 per cent or 467 kWh/animal for pig breeding). On the other 

hand, electricity has associated emissions of 0.05 kg CO2/MJ, which is lower than for most other 

energy parameters. The extent of decrease in production for pig fattening and pig breeding results 

in lower energy-related-emission reductions than energy reductions. A similar phenomenon can be 

observed for Finland, where reductions in the number of cattle, which require heating gas in some 

cases and electricity for lighting in all cases, result in a disproportionately low reduction in energy-

related emissions. The opposite may be observed for the United Kingdom, however. The UK energy 

reduction is accomplished in part by a decrease in cereal production (minus 3.8 per cent or 114,000 

ha) as well as by an increase in grass-production on arable land (plus 10 per cent or 122,000 ha). Con-

sequently, significant savings in nitrate-fertiliser use can be observed (the average quantity of 

nitrogen applied in the reference scenario is 201.5 kg/ha for cereals, whilst grass production on ar-

able land consumes 155.8 kg/ha). Owing to the energy–related emissions of mineral nitrate fertiliser 

(0.13 kg CO2/MJ), savings in quantity applied result in above-average savings in energy-related emis-

sions. 

To conclude, it can be stated that the ratios and reduction rates between energy-use change and 

energy-related-emissions change are comparable, with some input parameters accounting for 

above- or below-average reduction rates. Owing to the modelling approach, however, the scope of 

reduction in the ENER_SIM10 scenario and its associated effects does not permit significant analysis 

of these changes. 

                                                                    
44

 The country-specific shifts in energy-related emissions for the ENER_SIM10 scenario are shown in Appendix 
20. 
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Reference ENER_SIM10

32'918 32'229

-689

11'311 11'999

688

44'229 44'228

-1

8'710'791 8'693'328

-17'464

366'874 380'314

13'440

218'840 218'980

140

40'270 40'378

108

188'304 201'712

13'408

8'866'177 8'862'810

-3'367

Money metric*

TOTAL WELFARE

Output revenues

Input costs

Premiums

Agricultural income

(in € M)

(Changes in € M)

Budgetary expenditure

Tariff revenues

FEOGA budget outlays, first pillar

6.2.3 Welfare and mitigation costs 

Analysing the shifts in production patterns caused by the adaptations in the ENER_SIM10 scenario 

and the associated shifts in supply and import balance described above, changes in welfare can be 

observed. Tab. 48 gives an overview of the relevant shifts. A significant decrease in budgetary ex-

penditure (minus €689 M) can be shown to occur, owing to additional tariff revenues resulting from 

additional imports, mainly of meat and vegetables/permanent crops, as shown in Tab. 44.  

Tab. 48 Shifts in welfare in the ENER_SIM10 scenario 
 

Source: own calculations. Year: 2013.*Includes changes in the processing industry and displays consumer surplus 

Consumer surplus is decreasing significantly (minus €17 billion), mainly because of rising market 

prices for meat products. By contrast, agricultural income is increasing (plus €13 billion). Here, the 

decrease in production quantity is offset by the increase in market prices. As shown in Tab. 43, this 

price effect exceeds the quantity effect. Consistent with this, output revenues are increasing, which 

can be shown in the rising agricultural income. A €3.4 billion reduction in total welfare may be ob-

served in the overall result, which in overall terms constitutes a negligible shift of minus 0.04 per 

cent. Nevertheless, this €3.4 billion decrease is significantly greater than the shifts in existing policy 

schemes such as the abolition of the set-aside obligation or the decoupling of the suckler-cow pre-

mium. 
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European Union 25 Reference ENER_SIM10

316'504

-32'306

8'862'810

-3'367

Mitigation costs (€/t CO2) - 104.21

Domestic emissions (in 1000s of t CO2): absolute difference

Total Welfare (in € M): absolute difference

348'810

8'866'177

Reference (RS) ENER_SIM10

(in 1000s of t) (%) Change to RS

European Union 25 10'136 -3.6

European Union 15 8'925 -3.3

European Union 10 1'211 -5.6

Nitrate surplus

Region

Tab. 49 Emission mitigation costs in the ENER_SIM10 scenario 

 

Source: own calculations. Year: 2013 

Emission-mitigation costs can be compiled by considering the shifts in energy-related emissions. 

The results are shown in Tab. 49. On the one hand, energy-related emissions are reduced by 32,306 

tonnes of CO2 (i.e. by 9.3 per cent). On the other hand, welfare is reduced by the aforementioned 

€3.4 billion. Emission-mitigation costs of €104 per tonne of CO2 can be assumed for the 

ENER_SIM10 scenario. 

6.2.4 Cross-effects: nitrate losses and landscape indicators 

The shifts in the domestic production pattern described above produce shifts in the cross-effects of 

agricultural production. Firstly, changes in nitrate surplus are modelled in order to give an idea of 

nitrate losses. Tab. 50 shows the relevant data on the different EU levels. In general terms, nitrate 

surplus is decreasing on the EU-25 level (minus 3.6 per cent) as well as for the sub-units EU-15 (mi-

nus 3.3 per cent) and EU-10 (minus 5.6 per cent). This decrease is in line with lower domestic 

production of arable crops and livestock. 

Tab. 50 Shifts in nitrate surplus in the ENER_SIM10 scenario 
 

Source: own calculations. Year: 2013 

A closer analysis of the results requires a country-specific compilation45 as well as a look at the 

sources of the surplus. Firstly, there are the countries reducing nitrate surplus to an above-average 

extent compared to their respective EU sub-units, such as Spain, Greece, Ireland, the UK, the Czech 

Republic, Lithuania, Poland and Slovenia.  

Secondly, a number of countries are reducing their nitrate surplus relatively sharply in comparison 

with their relevant energy-use reductions, such as Belgium, Greece, Ireland, the UK and Slovenia. 

Others, such as the Netherlands, France, Spain, Italy and Latvia, are reducing their nitrate surplus to 

                                                                    
45

 The country-specific data for nitrate surplus are shown in Appendix 21. 
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a fairly small extent in comparison with their energy-use reductions, or are even increasing their 

nitrate surplus (as in the case of Sweden and Estonia). 

In the case of Spain and Greece, imports of inorganic fertiliser into the sector are decreasing sharply 

(minus 7.2 per cent for both countries), leading to a reduction in ammonia losses from inorganic 

fertiliser. For Ireland and Slovenia, shifts in animal production result in a significant reduction in 

losses linked to organic-fertiliser application (e.g. ammonia losses from manure on pastures or in 

animal housing, or from manure storage or application). The effect of these shifts is minus 6 per cent 

for Ireland and minus 8.9 per cent for Slovenia. In the case of the UK, a mixture of shifts in plant pro-

duction and in animal numbers results in a 7.3 per cent reduction in inorganic fertiliser imports (and 

consequently, a decrease in ammonia losses from inorganic fertiliser) and a 3.6 per cent reduction in 

ammonia losses from organic fertiliser. 

As with the case described above, there is a wide range of reasons for the differences between the 

reduction in energy use and the reduction in nitrate surplus. On the one hand, Belgium shows com-

paratively high ammonia losses from organic fertiliser (50.2 kg/ha) in the reference scenario, whilst 

Germany shows 49 per cent lower losses, and France, losses a full 74 per cent lower; the respective 

changes in the ENER_SIM10 scenario produce a relatively strong effect. Ireland, on the other hand, 

shows significant imports of inorganic fertiliser, which at 84 kg/ha are significantly higher than those 

of the UK (58 kg/ha), Sweden (56 kg/ha) and Finland (65 kg/ha). Consequently, bearing in mind the 

shifts in animal-production patterns described above, shifts in production pattern reveal clear-cut 

effects in terms of nitrate surplus. The explanation for the minor changes in nitrate surplus com-

pared to those in energy-use reduction depends on the situation of the countries in question. For the 

Netherlands, inorganic-fertiliser imports of 103 kg/ha (which are higher than those of the majority of 

EU countries) as well as very high ammonia losses from organic fertiliser (61 kg/ha; Belgian, German 

and French losses are 18, 58 and 79 per cent lower, respectively) can be observed. The below-EU-15 

changes in number of cattle (minus 2 per cent, compared to minus 3.3 per cent in the EU-15), as well 

as the slightly-above-EU-15 average for reduction in pig production (minus 4.7 per cent, as opposed 

to minus 3.4 per cent for the EU-15) are not large enough to significantly reduce ammonia losses 

from organic fertiliser. For Latvia, a different picture can be drawn. On the one hand, inorganic-

fertiliser imports are low in absolute terms in the reference scenario (30 kg/ha), as well as in relative 

terms compared to other EU-10 countries (less than half of Lithuania’s and 33 per cent less than Po-

land’s; only Estonia’s are comparable in quantity). On the other hand, however, ammonia losses 

from organic fertiliser are also low at 5.2 kg/ha, which is lower than those of all other EU-10 coun-

tries (Lithuania’s and Estonia’s losses are 10 and 15 per cent higher, respectively). Because of the low 

reference level, shifts in energy use are not necessarily reflected in an equivalent reduction in nitrate 

surplus. 

To conclude this chapter on nitrate losses, it can be stated that the path dependencies between en-

ergy use and nitrate losses essentially result in an equivalent driving trend in terms of shifts in 

production patterns. Nevertheless, a wide range of countries show specific production conditions 

(above-average animal numbers; low levels of inorganic nutrition and animal numbers) which do not 

convert shifts in production patterns into equivalent shifts in ammonia losses. 

It is not just nitrate surplus which is influenced by the reduction of energy input into EU agricultural 

production; effects on EU landscape can also be observed. Bearing in mind the methodological de-
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scriptions given in Chapter 3.2.5, the HNV indicator represents shifts in landscape for this analysis. 

Selected member states and regions are analysed in order to highlight the shifts that go hand-in-

hand with the limitation of energy use. This chapter not only shows countries such as Denmark and 

Greece, which are reducing their energy use to a disproportionately low extent (Denmark, minus 3 

per cent; Greece, minus 6 per cent; EU-15 average, minus 9 per cent); it also analyses those reducing 

their energy use to a disproportionately high extent46, such as the Netherlands (minus 14 per cent) 

and Hungary (minus 13 per cent). 

Starting with Denmark, this country’s energy-use reduction goes hand-in-hand with marginal shifts 

in cereals, oilseeds and the “other arable crops” production sector. Voluntary set-aside and fallow 

area, however, are increasing by 10 per cent. A significant decrease may be noted for cattle activities 

and poultry fattening. This combination of an increase in unused area and a decrease in animal 

numbers, however, has a significant impact on the composition of the HNV for Denmark. The results 

can be seen in Figure 31. Significant increases in the HNV values can be observed for large parts of 

the country and in particular for the islands, whilst the eastern coastline and the Northwest of the 

country are the only regions where HNV values remain below 2. 

 

HNV indicator results for Denmark (reference) HNV indicator results for Denmark (ENER_SIM10) 

 
 

 

Figure 31 HNV indicator results for Denmark in the reference and ENER_SIM10 scenarios. Source: own calcu-
lations. Year: 2013 

Greece shows a different adjustment pattern. A decrease in other arable crops can be observed (mi-

nus 6 per cent), as well as a lower increase in set-aside (plus 6 per cent) and fallow area (plus 10 per 

cent) than for Denmark. The decrease in cattle activities is likewise lower than Denmark’s (minus 2 

per cent), and poultry fattening also shows a sharp decrease (minus 11 per cent). 

                                                                    
46

 For technical reasons, and unlike with the no-set-aside scenario, Spain, although showing disproportion-
ately high reductions, cannot be simulated in this scenario. 
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Shifts in HNV values for Greece are graphically illustrated in Figure 32. Because the picture is rela-

tively fragmented, clear-cut trends cannot be observed on this level. Greater clarity is provided by 

the detailed view in the insert on the left-hand side of Figure 32. The insert is illustrated in Figure 33. 

Whilst the fragmented picture is retained, it may nonetheless be observed that certain regions show 

a decrease in (i.e. worsening of) the landscape indicator, e.g. between Thessaloniki and Katerini, 

which is small-scale in geographic terms but significant in terms of HNV values. In the Trikala region 

(centre of the insert), by contrast, large areas show an improvement (i.e. increasing HNV values) in 

terms of landscape. 

 

HNV indicator results for Greece (Central) (ref-

erence scenario) 

HNV indicator results for Greece (Central) 

(ENER_SIM10 scenario) 

   

Figure 32 HNV indicator results for Greece (Central) in the reference and ENER_SIM10 scenarios. Source: own 
calculations. Year: 2013 
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HNV indicator results for Greece (Central) (ref-

erence) 

HNV indicator results for Greece (Central) 

(ENER_SIM10) 

   

Figure 33 HNV indicator results for Greece (Central) in the reference and ENER_SIM10 scenarios. Source: own 
calculations. Year: 2013 

Having analysed those countries with a disproportionately low decrease in energy use, we may ex-

pect more significant results for those countries contributing to a disproportionately high extent to 

total EU-25 energy savings. Taking the Netherlands, energy use is reduced by 14 per cent in the 

ENER_SIM10 scenario as a result of adaptations in both plant- and animal-production activities. 

With cereals (minus 1 per cent), oilseeds (unchanged), other arable crops (minus 1 per cent) and fod-

der activities (plus 1 per cent) remaining almost unchanged, additional set-aside and fallow area 

may be observed (plus 11 per cent), as well as a significant decrease in vegetable production (toma-

toes, minus 13 per cent; other vegetables, minus 16 per cent). Such vegetables are cultivated mainly 

in heated greenhouses – as shown above, an energy-intensive production method. In terms of ani-

mal-production activities, a small decrease in cattle production (minus 2 per cent) and pig 

production (minus 5 per cent) as well as a significant decrease in poultry fattening (minus 25 per 

cent) can be observed. The effects of these production-portfolio adjustments on the HNV values are 
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fairly limited, since changes in heated-greenhouse production have a significant impact on energy 

use but a limited effect in terms of UAA. The shifts for the Netherlands can be seen in Figure 34. 

 

HNV indicator results for the Netherlands (ref-

erence) 

HNV indicator results for the Netherlands 

(ENER_SIM10) 

 
 

 

Figure 34 HNV indicator results for the Netherlands in the reference and ENER_SIM10 scenarios. Source: own 
calculations. Year: 2013 

The insert shown in Figure 35, however, reinforces our impression of the Netherlands: very low re-

sults for the HNV indicator in the reference scenario, mainly due to high livestock numbers. With a 

coefficient of 2.13, the Netherlands, together with Belgium, has the highest EU ruminant density on 

grassland, expressed in livestock units per ha; the EU-15 average is just 1.06. In the ENER_SIM10 

scenario, the relevant values are increasing (i.e. improving) slightly in the centre of the country and 

along the north coast, whereas the values remain low in the South and the East. 

Assembling a picture for the Netherlands, slight improvements may be observed, starting from a 

rather low HNV value, i.e. a poor landscape situation in the ENER_SIM10 scenario. 
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HNV indicator results for the Netherlands (in-

sert) (reference scenario) 

HNV indicator results for the Netherlands (insert) 

(ENER_SIM10 scenario) 

   

Figure 35 HNV indicator results for the Netherlands (Central) in the reference and ENER_SIM10 scenarios. 
Source: own calculations. Year: 2013 

The situation looks different with regard to Hungary47. In comparison with the reference scenario, 

and unlike the Netherlands, large areas of the country have HNV values above 3.68, with regions 

mainly in the South and the East accounting for values below 3.68. This picture is improving to a 

large extent in the ENER_SIM10 scenario, owing to adjustments made in the scope of plant- and 

animal-production activities, as shown in Appendix 15 and Appendix 16. In terms of plant produc-

tion, a slight decrease in cereal production is accompanied by an increase in oilseed production and 

a significant increase in voluntary set-aside and fallow land, both representing improvements in 

landscape quality. As for animal production, a 3.6 per cent decrease in beef activities as well as a 2.2 

per cent decrease in pig numbers can be observed, both of which contribute to the decrease in HNV 

values. The picture for Hungary is shown in Figure 36.   

 

                                                                    
47

 For technical reasons, the classification in the HNV print-outs is specific. Whereas the first class describes 
only the spot-0 HNV values, the second class shows values greater than 0 and less than 3.68. 
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HNV indicator results for Hungary (reference) HNV indicator results for Hungary (ENER_SIM10) 

   

Figure 36 HNV indicator results for Hungary in the reference and ENER_SIM10 scenarios. Source: own calcu-
lations. Year: 2013 

Shown in Figure 37, the insert underscores the adaptations in Hungarian production described 

above. Significant increases in the HNV value, and hence in landscape quality, may be observed over 

large areas of the insert.   

 

HNV indicator results for Hungary (insert) (ref-

erence scenario) 

HNV indicator results for Hungary (insert) 

(ENER_SIM10 scenario) 

   

Figure 37 HNV indicator results for (South-Central) Hungary in the reference and ENER_SIM10 scenarios. 
Source: own calculations. Year: 2013 
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Scenario

Parameter Cereals Oilseeds
Other arable 

crops

Fodder 

activities

Voluntary 

set-aside 

and fallow 

land

Unit

European Union 25 -3.3 -0.3 -0.6 1.2 12.8

European Union 15 -3.6 -1.4 5.3 1.1 10.0

European Union 10 -2.7 2.1 -16.1 1.8 17.0

CO2_SIM10

(%) Change to reference

To conclude our analysis of the above results, above-average energy-use reductions are not neces-

sary to achieve improvements in the HNV values and hence in the landscape quality of a region; 

indeed, shifts in production patterns are more important for the HNV potential of a region. Further-

more, the HNV value of the reference scenario is important for the improvement potential. With a 

very low HNV value (and hence poor landscape quality), significant changes in the production port-

folio are required before improvements in the HNV value can be claimed, as can be shown for large 

regions of the Netherlands. Where the HNV value is high in the reference scenario, improvements 

occur relatively quickly, as the example of Hungary shows. 

6.3 Limiting energy-related emissions 

Unlike the adaptation processes of the ENER_SIM10 scenario, this scenario aims to examine the 

shifts in production patterns as well as their driving forces where the overall aim is a reduction in 

energy-related emissions, as described in Chapter 1.5. Nevertheless, the methodological approach is 

in keeping with the ENER_SIM10 scenario. Consequently, a 10 per cent reduction in energy-related 

CO2 emissions is to be achieved for the EU-25, with the reduction occurring in regions with low 

shadow prices for energy-related CO2 emissions. The scenario results are analysed in line with the 

scenarios described above, focusing on a comparison with the ENER_SIM10 scenario so as to allow 

the identification of differences in adaptation processes between the two scenarios. This scenario is 

analysed in order to determine whether the simulation results are comparable with the 

ENER_SIM10 scenario. Because emission levels differ per unit of energy use, differences in simula-

tion results are likely to occur, although the extent of these is unclear. The relevant emission-

reduction scenario is shortened to “CO2_SIM10 scenario” in the following chapters. 

6.3.1 Market analysis 

As for the above scenario results, shifts in plant- and animal-production patterns are an important 

element of the market analysis, as they cause shifts in supply. Beginning with shifts in plant produc-

tion, Tab. 51 shows the relevant results for the individual EU aggregates. An initial look at the results 

shows a similar driving trend to that of the ENER_SIM10 scenario: a significant increase in unused 

area (composed of voluntary set-aside and fallow land) is accompanied by a decrease in cereal pro-

duction, a slight decrease in other arable crops, negligible changes in oilseed production, and a slight 

increase in fodder activities on the EU-25 level.  

Tab. 51 Shifts in the plant-production sector in the CO2_SIM10 scenario 
 

Source: own calculations. Year: 2013 
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Parameter Total nitrogen input per income*

Unit (kg/€)
Production activity

Soft wheat 0.56

Rye and meslin 0.66

Barley 0.57

Oats 0.54

Grain maize 0.56

Oilseed rape 0.42

Sunflower 0.42

Pulses 0.21

Potatoes 0.10

Sugar beet 0.22

Tomatoes 0.01

Other vegetables 0.01

A second look at the results, however, reveals slight differences in the directions in which farmers 

are shifting their production patterns. A greater decrease in cereal production and a slightly higher 

increase in unused area can be observed for all aggregates (EU-15, EU-10 and EU-25). When search-

ing for driving forces for these differences, it is useful to examine the energy-related emission 

coefficients48. Of those parameters which are relevant for plant production, nitrate fertiliser (which 

accounts for a large share of the energy use) shows relatively high CO2 emissions per MJ (0.13 kg 

CO2 per MJ). Consequently, farmers are also forced to reduce plant-production activities requiring 

high amounts of nitrate fertiliser. The structure of the model with the sectoral income as part of the 

objective function – in this case, the ratio between inputs of nitrogen fertiliser and income per plant-

production activity – gains in importance. To give an indication of the shares of the various plant-

production activities, Tab. 52 shows the total nitrogen input (expressed in kg/ha) divided by the in-

come (expressed in € per ha). The results for the EU-15 show that cereals require relatively high 

levels of nitrogen fertiliser (above 0.5 kg/€) compared to oilseeds and other arable products. The 

pressure to shift away from such production activities is increasing to a greater extent than in the 

ENER_SIM10 scenario. Looking at nitrogen as a driving force, minor pressure is created for pota-

toes, sugar beet, pulses and vegetables. 

Tab. 52 Application of nitrogen fertiliser in comparison with income 
 

Source: own calculations. Year: 2013. *Regional scope: EU-15; valid for reference scenario 

The country-specific analysis49 of shifts in the scope of plant-production activities essentially follows 

the pattern of substantial expansion in unused area and reduction in cereal, oilseed and other-

arable-crop production activities already described for the ENER_SIM10 scenario. 

Tab. 53 gives an overview of shifts in animal-production activities for the EU aggregates. Essentially, 

the shifts follow the trend found in the ENER_SIM10 scenario, implying a significant reduction in 

numbers of all cattle activities, although the decrease in dairy-cow numbers is relatively limited. 

                                                                    
48

 The energy-related emissions are shown in Appendix 4. 

49
 The country-specific analysis of shifts in plant production in the CO2_SIM10 scenario is shown in Appendix 

22. 
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Scenario

Parameter
All cattle

activities

Bull 

fattening

Dairy cow 

production

Pig 

production

Unit

European Union 25 -4.0 -3.6 -0.7 -3.2

European Union 15 -3.6 -2.6 -0.1 -3.0

European Union 10 -7.6 -16.2 -3.5 -4.9

CO2_SIM10

(%) Change to reference

Furthermore, a decrease in pig production can be observed. As for the regional distribution of the 

shifts, the pattern is similar to the ENER_SIM10 scenario, which means a substantial decrease in the 

EU-10 and a moderate decrease in the EU-15 countries. As with the plant-production activities, 

however, a second look shows slight differences between the two scenarios. In particular, the de-

crease in cattle activities is slightly greater, whilst the decrease in pig production is somewhat lower. 

Tab. 53 Shifts in animal-production activities in the CO2_SIM10 scenario 
 

Source: own calculations. Year: 2013 

Because energy-use parameters relevant to animal-production activities (e.g. buildings, electricity, 

and transport of feedstuffs) have different emission levels compared to their energy use (see Ap-

pendix 4), different reduction pressures may be brought to bear on individual production activities. 

In particular, building depreciation (0.09 kg CO2/MJ) and repair (0.08 kg CO2/MJ) show relatively high 

emissions per energy use, whilst emissions per energy use of electricity (0.05 kg CO2/MJ) and trans-

port (0.05-0.07 kg CO2/MJ) are lower. Looking at the role of building energy use compared to total 

energy use, we see that for cattle production, buildings account for 12 per cent of total energy use, 

whereas for pig fattening, they use 3 per cent of the total energy (regional scope EU-15, reference 

scenario). Although quantitative proof cannot be provided owing to the relative precision of the 

modelling results, this still furnishes an indication of the effects described above. 

In terms of their relative scope, the country-specific50 results of shifts in animal production follow a 

similar pattern to those of the ENER_SIM10 scenario, with a significantly greater reduction in cattle 

numbers – primarily in selected EU-10 countries – being observable. 

Shifts in scope of production result in changes in supply. Tab. 54 shows the relevant shifts in supply 

of plant products compared to the reference scenario, following the aforementioned reaction of 

producers to the new restrictions in the model. 

 

                                                                    
50

 The country-specific results of shifts in animal-production scope in the CO2_SIM10 scenario are shown in 
Appendix 23. 
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Scenario

Parameter: Supply Cereals Oilseeds
Other arable 

field crops
Vegetables Fodder

Unit

European Union 25 -5.2 -0.6 -5.0 -3.3 -4.2

European Union 15 -5.0 -1.3 -0.5 -2.5 -3.8

European Union 10 -5.8 1.8 -20.4 -9.3 -7.4

CO2_SIM10

(%) Change to reference

Scenario

Parameter: Supply Beef Pork Poultry Milk

Unit

European Union 25 -3.2 -3.1 -3.3 -0.4

European Union 15 -2.9 -2.8 -3.4 0.0

European Union 10 -9.4 -4.7 -3.0 -3.2

CO2_SIM10

(%) Change to reference

Tab. 54 Shifts in supply of plant products in the CO2_SIM10 scenario 
 

Source: own calculations. Year: 2013 

It can be seen that the supply of both cereals and other arable field crops has decreased signifi-

cantly. Fodder and vegetables are also subject to reductions, whereas the oilseed supply remains 

stable. As for other scenarios described above, reductions are greater for the EU-10 countries and 

lower for the EU-15, markedly so for other arable field crops, vegetables and fodder. This is in keep-

ing with the sharp increase in unused area in the EU-10 countries. This forecast is confirmed by the 

country-specific results51. Shifts in the supply of plant products can be shown to be in line with shifts 

in scope of production. In addition, except for the different absolute values of supply change, the 

country-specific changes are in keeping with those described for the ENER_SIM10 scenario.  

Tab. 55 Shifts in supply of animal products in the CO2_SIM10 scenario 
 

Source: own calculations. Year: 2013 

Looking at these results, and bearing in mind the relevant ENER_SIM10 results shown in Tab. 41, it is 

clear that the basic shifts are similar in both scenarios. With the milk supply in the EU-25 remaining 

stable, and thus unchanged in the EU-15 owing to the strong quota-rent effect of the milk-quota 

system and slight decrease for the EU-10 countries, the picture is a bit different for meat products. A 

decrease in beef, pork and poultry supplies on the EU level can be shown, with an above-average 

decrease for beef and pork and a slightly below-average decrease for poultry in the EU-10 countries. 

Tab. 56 shows the shifts in market prices on the EU-25 level. Essentially, these changes must be 

viewed in the same context as for the ENER_SIM10 scenario. Taken overall, the trend is similar for 

both scenarios. Whereas fairly sharp price increases can be observed for beef, pork and potatoes, 

prices for dairy products and sugar remain fairly stable. By contrast, price decreases apply for oats as 

well as for rye and meslin, whilst wheat and barley prices remain more or less stable. In addition to 

the ENER_SIM10 scenario, the pattern of regional change in production activities is partly responsi-

ble for the described shifts. The above-average reduction in animal production in regions where rye 

                                                                    
51

 The country-specific results of shifts in the supply of plant products in the CO2_SIM10 scenario are shown in 
Appendix 24. 
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Scenario Reference CO2_SIM10

Parameter*

Product (EURO/t) (%) Change to reference

Wheat 112.24 1.9

Rye and meslin 87.32 -22.9

Barley 102.25 -1.4

Oats 87.59 -17.1

Oilseed rape 175 3.3

Pulses 195.68 6.7

Potatoes 103.75 11.8

Beef 1729.86 13.1

Pork 1345.38 14.9

Dairy products 1175.1 0.6

Sugar 701.01 1.3

Market price

and oat production is fairly high, as shown in Figure 29, creates additional price pressure on these 

cereals.  

Tab. 56 Shifts in market prices in the CO2_SIM10 scenario 
 

Source: own calculations. Year: 2013. *Regional reference: EU-25 

There are marked differences between the ENER_SIM10 and CO2_SIM10 scenarios for oilseed rape 

and pulses. Whilst the ENER_SIM10 scenario reveals negligible price shifts for oilseed rape and a 

significant price reduction for pulses (minus 10 per cent), the CO2_SIM10 scenario shows a slight 

increase for oilseed rape (plus 3 per cent) and a significant increase for pulses (plus 7 per cent). The 

reason for this trend is to be found in the scope of production of these activities. In the ENER_SIM10 

scenario, oilseed-rape production remains almost unchanged, whilst in the CO2_SIM10 scenario we 

can observe a decrease of 1.4 per cent on the EU-25 level, resulting in a 1.7 per cent reduction in sup-

ply. This effect contributes to price increases. For pulses, a marked increase in scope of production 

(plus 12 per cent in area terms) can already be observed for the ENER_SIM10 scenario, resulting in a 

6 per cent increase in supply. Price decreases of 10 per cent are observable. For the CO2_SIM10 sce-

nario, the production area is extended even more (plus 25 per cent), resulting in an additional supply 

of 19 per cent. Nevertheless, the market price for pulses is decreasing by 7 per cent. The reason for 

this decrease can be found in shifts in export quantity. In the ENER_SIM10 scenario, exports are al-

ready increased by 72 per cent or 86,000 tonnes, whilst in the CO2_SIM10 scenario an increase in 

export quantity of 451 per cent or 540,000 tonnes can be observed. Increased competitiveness ow-

ing to price reductions on the domestic market is responsible for these additional exports. 

In conclusion, it can be stated that the shifts in both production patterns and market prices corre-

spond largely to the trends of the ENER_SIM10 scenario, and that the driving forces for price and 

quantity effects are thus similar to those shown in Tab. 43. Consequently, shifts in import quantities 

are expected to be similar in both scenarios. As Tab. 57 shows, this assumption can be confirmed for 

oilseeds, vegetables and permanent crops, dairy products, oils, oil cakes and secondary products. 
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Reference CO2_SIM10

Product

18'496 23'087

24.8

30'372 30'110

-0.9

1'546 1'902

23.0

28'412 29'034

2.2

1'028 1'274

23.9

36 48

33.6

1'902 1'885

-0.9

184 179

-2.8

27'903 26'804

-3.9

3'004 3'179

5.8

Import quantities* (in 1000s of t)

(%) Change to reference

Cereals

Oilseeds

Other arable field crops

Oils

Oil cakes

Secondary products

Vegetables and permanent crops

Meat

Other animal products

Dairy products

Tab. 57 Shifts in import quantities in the CO2_SIM10 scenario 
 

Source: own calculations. Year: 2013. * Regional reference: EU-25 

Nevertheless, slight differences can be observed for cereals, other arable field crops, meat, and 

other animal products. With cereals, the slightly higher import quantity in the CO2_SIM10 scenario 

can be explained by the stronger decrease in domestic production and the resultant import incen-

tive. In the case of other arable field crops, the increase in imports is less significant in the 

CO2_SIM10 scenario. This is largely a result of lower potato imports due to a less significant decrease 

in domestic production. For meat, the lower decrease in domestic production of pork (minus 3.2 per 

cent in the CO2_SIM10 scenario compared to minus 3.6 per cent in the ENER_SIM10 scenario) and 

the resultant less significant increase in market prices generate a lower incentive for additional im-

ports of pork. To a lesser extent, a similar effect can be observed for poultry. Owing to the high 

share of pork and poultry in meat imports (43 per cent of total meat imports), the relevant effect can 

be shown in the import balance. A similar effect of lower decrease in domestic production in the 

CO2_SIM10 scenario can be shown for other animal products, particularly eggs. 

To conclude the market analysis, it can be stated that – despite some minor differences –  there are 

broad similarities in the basic trends, model-simulated domestic-production adaptation processes, 

market prices, and import shifts of the ENER_SIM10 and CO2_SIM10 scenarios. Nevertheless, con-

sumers’ high willingness to pay for animal products leads to the appropriate adjustments to the 

model: namely, sharp price increases for meat, coupled with the associated increase in imports to 

cover domestic demand. 
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Region Reference (RS) CO2_SIM10 Reference (RS) CO2_SIM10

(in petajoules) (%) Change to RS (in petajoules) (%) Change to RS

European Union 25 5'002 -9.8 5'396 -3.7

European Union 15 4'254 -9.0 4'405 -3.1

European Union 10 747 -14.6 991 -6.5

Domestic energy use Domestic energy output

6.3.2 Energy use and energy-related emissions 

The shifts in domestic production described above lead us to expect reductions in domestic energy 

use and in energy-related emissions. An initial examination of the results shown in Tab. 58 confirms 

this expectation. Total domestic energy use is reduced by almost 10 per cent, with negligible differ-

ences from the ENER_SIM10 scenario. Only the corresponding reduction for the EU-10 is slightly 

higher in the CO2_SIM10 scenario. A similar picture is painted for domestic energy output. With the 

overall reduction consisting of lower EU-15 and higher EU-10 reductions in both scenarios, the de-

crease in domestic energy output is somewhat greater in the CO2_SIM10 scenario. Because the 

structure of the model complicates the interpretation of these minor differences, however, the re-

duction pattern can be said to be similar for both scenarios. 

Tab. 58 Shifts in energy use and energy output in the CO2_SIM10 scenario 

 

Source: own calculations. Year: 2013 

The country-specific analysis52 confirms this assumption. A comparison between the country-

specific results of the ENER_SIM10 and the CO2_SIM10 scenarios shows similar reduction commit-

ments for nearly all of the countries. Only for specific EU-10 countries such as Lithuania and Poland 

do slight differences occur. Owing to the aforementioned model design, these differences are rather 

difficult to interpret. Similar observations can be made regarding domestic energy output. Almost 

all countries show adequate energy-output shifts for both scenarios. The slightly disproportionately 

higher reduction in domestic energy output for the CO2_SIM10 scenario (3.7 per cent lower output 

with 9.8 per cent lower input, compared to the 3.2 per cent lower output with 9.9 per cent lower 

input of the ENER_SIM10 scenario) is not interpretable, owing to its negligible size. Nevertheless, 

several parameters lead us to expect model results according to this trend. As Chapter 6.3.1 shows, 

relatively strong pressure is brought to bear on cereal production, owing to the sector’s consump-

tion of nitrate fertiliser. On the other hand, given that cereals show a favourable technical energy 

efficiency (see Chapter 4.2 for details) and generate a relatively high level of energy output com-

pared to animal-production activities, this pressure to reduce cereal production tends to reduce 

cereals in the overall energy-output portfolio, thereby reducing output to a disproportionately high 

extent. 

Tab. 59 gives the energy balance for the EU-25. It can be shown that the aforementioned lower ad-

ditional imports for animal products result in a lower increase in net imported energy in the 

CO2_SIM10 scenario (plus 4.2 per cent compared to plus 8.5 per cent in the ENER_SIM10 scenario). 
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 The country-specific results for shifts in domestic energy use and output for the CO2_SIM10 scenario are 
shown in Appendix 26.  
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Reference (RS) CO2_SIM10

(in petajoules)
(in petajoules)

(%) Change to RS

5'002 4'511

-9.8

690 755

4.2

5'691 5'265

-7.5
Energy balance

Domestic energy use

Net imported energy*

European Union 25

Reference (RS) CO2_SIM10

Region

European Union 25 348'810 -9.5

European Union 15 293'026 -8.6

European Union 10 55'780 -14.6

TOTAL domestic emissions (in 1000s of t)

(%) Change to RS

Consequently, bearing in mind the 9.8 per cent decrease in domestic energy use, the energy balance 

shows a 7.5 per cent reduction (compared to minus 7.6 per cent in the ENER_SIM10 scenario). 

Tab. 59 Shifts in the energy balance in the CO2_SIM10 scenario 
 

Source: own calculations. Year: 2013. *Transport-energy use for imports is charged up to EU-25 border 

Nevertheless, the slight differences in net imported energy and energy balance can be seen to be 

similar in both scenarios. 

As for the energy-related emissions, the scenario definition requires a reduction of 10 per cent com-

pared to the reference scenario. Tab. 60 shows the relevant results for the EU aggregates. The 

additional reduction commitments, determined by comparing the results with the relevant 

ENER_SIM10 reduction pattern shown in Tab. 47, are achieved by stronger reductions in the EU-10 

countries. 

Tab. 60 Shifts in energy-related emissions in the CO2_SIM10 scenario 
 

Source: own calculations. Year: 2013 

In line with this, the country-specific results53 present a similar picture. Whereas the EU-15 countries 

remain almost unchanged in terms of scope of reduction, substantially higher reduction commit-

ments can be observed for Lithuania and Poland. 

6.3.3 Welfare and mitigation costs 

Due to the shifts in market parameters detailed above, welfare changes might be structured slightly 

differently than in the ENER_SIM10 scenario results. Tab. 61 shows the relevant changes. To inter-

pret these changes, we must bear in mind the welfare effects of the ENER_SIM10 scenario as shown 

in Tab. 48. The current scenario reveals a number of differences in terms of the energy-reduction 

commitment. Here, budgetary expenditure (consisting of tariff revenues and FEOGA budget outlays 
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 The country-specific shifts in energy-related emissions in the CO2_SIM10 scenario are shown in Appendix 27. 
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Reference CO2_SIM10

32'918 32'059

-860

11'311 11'985

674

44'229 44'044

-186

8'710'791 8'693'262

-17'530

366'874 380'806

13'932

218'840 219'803

963

40'270 40'391

121

188'304 201'394

13'090

8'866'177 8'862'597

-3'580

(in € M)

(Changes in € M)

Budgetary expenditure

Tariff revenues

FEOGA budget outlays, first pillar

Money metric*

TOTAL WELFARE

Output revenues

Input costs

Premiums

Agricultural income

of the first pillar) decreases by €860 M (compared to €689 M in the ENER_SIM10 scenario), largely as 

a result of significant reductions in FEOGA budget outlays. The reason for these differences can be 

found by looking more closely at the FEOGA budget outlays for cereals. 

Tab. 61 Shifts in welfare in the CO2_SIM10 scenario 
 

Source: own calculations. Year: 2013. * Includes changes in the processing industry 

The ENER_SIM10 scenario shows a slight increase in FEOGA budget outlays for cereals owing to 

higher export subsidies and intervention stock costs, which exceed the savings in premium pay-

ments. In the CO2_SIM10 scenario, the picture changes: on the one hand, premium payments are 

decreasing yet further (minus €142 M compared to the ENER_SIM10 scenario); on the other hand, 

export subsidies are decreasing compared to the reference scenario (minus €11 M) and intervention 

stock costs are significantly lower than in the ENER_SIM10 scenario (minus €146 M). These signifi-

cant changes are reflected in the overall budgetary expenditures. Agricultural income shows a lower 

increase than in the ENER_SIM10 scenario. This cost increase is mainly the result of shifts in the 

animal-production sub-sector, with cattle production accounting for a substantial share of the rising 

input costs (plus 19 per cent in the CO2_SIM10 scenario compared to plus 17 per cent in the 

ENER_SIM10 scenario). These rising costs can be explained by a further decrease in cattle stocks and 

consequent rising prices for young animals owing to the reasons set out in Chapter 6.3.1. Neverthe-

less, rising input costs are partly offset by rising output revenues owing to price shifts, which in turn 

result in a slightly stronger reduction in the money-metric position of the welfare analysis. In general 

terms, welfare is decreasing to a slightly greater extent in the CO2_SIM10 scenario (additional reduc-

tion of €213 M compared to the ENER_SIM10 scenario). 

Consequently, a slightly different picture emerges for the mitigation costs arising in the current sce-

nario,  which are shown in Tab. 62. 
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European Union 25 Reference CO2_SIM10

348'810 315'541

-33'270

8'866'177 8'862'597

-3'580

Mitigation costs (€/t CO2) - 107.60

Domestic emissions (in t CO2): absolute difference

Total welfare (in € M): absolute difference

Tab. 62 Emission-mitigation costs in the CO2_SIM10 scenario 

 
 

Source: own calculations. Year: 2013 

Although slightly higher emission reductions can be observed in this scenario than in the 

ENER_SIM10 scenario, welfare is decreasing to a greater extent, resulting in mitigation costs of 

€107.60 per tonne of reduced energy-related CO2 emissions. 

7. Outlook: allocation of production in l ight of rising energy 
prices 

7.1 Introduction 

Except for the purely quantitative results supplied by the ENER_SIM10 scenario, these results are to 

a certain extent suitable for providing a forecast in  light of rising energy prices. Chapter 8.1 shows 

the conditions under which such an analysis can be performed. Two aspects are of particular interest 

in this respect. Firstly, the broad range of agricultural-production activities covered in this analysis 

allows us to provide information on agricultural products used for bioenergy purposes. Secondly, 

and very much linked to this assessment, are the geographic aspects. Both the structure of the CA-

PRI model and the performed energy-use assessment permit allocation of favourable and less 

favourable production locations within the EU-25 in terms of both technical energy efficiency and 

economic profitability. Consequently, this chapter is intended to provide qualitative indications in 

terms of which regions are suitable for the production of certain product categories and less favour-

able for others. 

7.2 Geographic aspects and bioenergy crops 

Rising energy prices provide coupled incentives for the agricultural sector, which enjoys relative 

freedom in terms of both geographic allocation of production and choice of production activity. 

Because the existing (almost entirely decoupled) EU payment scheme increases freedom of choice 

in production activities for agricultural producers, the optimal solution found in the simulation very 

precisely describes the optimal product portfolio under the given economic and policy conditions. 

On the one hand, the coupled incentive described is the reduction of energy use within the given 

economic framework; on the other hand, an increase in agricultural products grown as biofuels may 

be observed. When combined, these incentives create relative advantages for regions whose pro-

duction is energy-efficient both in technical and economic terms. Furthermore, together with the 

demand side expressed by consumer preferences, incentives for the optimal production activity are 
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Product Top-three producer countries
Top-three producers' share (%) of 

total EU-25 supply

Soft wheat DE, FR, UK 62.4

Barley DE, FR, ES 52.8

Rye and meslin DE, DK, PL 84.9

Grain maize FR, IT, HU 65.2

Oilseed rape DE, FR, UK 71.4

Sugar beet DE, FR, PL 52.8

Potatoes DE, NL, PL 52.6

created. In terms of crops suitable for bioenergy production, the CAPRI product portfolio focuses 

mainly on cereals and sugar beet for bioethanol and on oilseed rape for biodiesel production. The 

worldwide potential of such bioenergy sources is shown by Outlaw et al. (2005), whose analysis only 

covers renewable liquid fuels, owing to transport aspects. With reference to 2003, Brazil and the 

USA dominate world fuel-ethanol production, with Brazil contributing about 14 billion litres. The 

second-highest quantity is produced by the USA and Canada. A number of countries such as Ger-

many, France, Spain, China, India and Thailand are increasing their production, but remain far 

smaller producers than Brazil and the USA, although biodiesel remains strong in Europe. Neverthe-

less, Outlaw et al. (2005) state that “rapid expansion in ethanol trade is unlikely until countries 

remove the protective measures imposed to stimulate development of the industry” - implying that 

we are dealing here mainly with domestic markets. 

A number of EU-oriented questions arise from these circumstances. Firstly, clarification is needed as 

to which geographic regions might be considered for growing biofuels. Secondly, the relevant eco-

nomic conditions should be outlined. And thirdly, with the focus on the policy framework within 

which such production might take place, potential new policy schemes should be evaluated. In this 

context, a general economic condition is to be assumed: rising energy prices imply sharper increases 

in energy prices than in food prices, i.e. the incentive of additional demand for agricultural goods for 

bioenergy purposes stems from the relative increase in demand for food products compared to their 

supply. Likewise, each energy-use unit is subject to an equal energy-price increase, i.e. the relative 

economic position of an agricultural product changes according to its technical-energy-efficiency 

level. 

When examining the suitability of the EU and its individual regions for supplying bioenergy crops, it 

is important to assess the origin of the respective quantities. Tab. 63 shows the top-three producer 

countries with their respective contribution to total EU-25 supply of individual crops. Note that in 

each instance, just three countries produce over 50 per cent of the total supplies of a product, and as 

much as 85 per cent for some of these, such as rye and meslin. Equally striking is the presence of 

Germany (DE), France, Poland (PL) and the UK in this context. 

Tab. 63 Contribution of top-three producer countries 

 

Source: own calculations. Year: 2013 
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Two further elements in this respect are the technical energy efficiency and economic profitability of 

the above countries. An overview for both soft wheat and rye and meslin is given in Figure 3854. 

Looking at soft wheat, we can see that high technical-energy-efficiency values (i.e. comparatively 

high energy output and low energy use) as well as high economic profitability (i.e. comparatively low 

energy use for the creation of 1 Euro of income) apply for Germany, France and the UK. For barley, 

both Germany and France show high technical energy efficiency, whereas Spain shows average val-

ues. Economic profitability is high for all three countries. 

Technical energy efficiency and economic profitability for rye and meslin as well as grain maize is 

shown in Figure 39. In the production of rye and meslin, technical energy efficiency for Germany, 

Denmark and Poland is almost entirely above average. Economic profitability, on the other hand, is 

significantly below average for Poland, but average or above-average for Germany and Denmark. 

For grain maize, the picture is even more fragmented. Taking the top-three producer countries of 

France, Italy, and Hungary, Italy is well above the average technical energy efficiency level, Hungary 

slightly above average. For France, different regions have different efficiency levels. Turning to eco-

nomic profitability, Italy is also above average; France is about average, though above-average for 

some regions, whilst Hungary is well below the average. 
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 Because these figures represent the entire EU-25, results which are technically distorted (owing to a mar-
ginal scope of production in the region in question) are discarded, and will not be discussed further in this 
context. 
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Soft wheat in the EU-25: technical energy efficiency Soft wheat in the EU-25: economic profitability 
  

Legend: technical energy efficiency (Unit: [Output energy MJ / Input energy MJ]) 
 

Legend: economic profitability (Unit: [Input energy MJ / € Income]) 
 

Barley in the EU-25: Ttechnical energy efficiency Barley in the EU-25: economic profitability 
  

Legend: technical energy efficiency (Unit: [Output energy MJ / Input energy MJ]) 
 

Legend: economic profitability (Unit: [Input energy MJ / € Income]) 
 

Figure 38 Technical energy efficiency and economic profitability of soft wheat and barley in the EU-25. 
Source: own calculations. Year: average of 2001-2003 
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Rye and meslin in the EU-25: technical energy 
efficiency 

Rye and meslin in the EU-25: economic profitability 

  

Legend: technical energy efficiency (Unit: [Output energy MJ / Input energy MJ]) 
 

Legend: economic profitability (Unit: [Input energy MJ / € Income]) 
 

Grain maize in the EU-25: technical energy efficiency Grain maize in the EU-25: economic profitability 
  

Legend: technical energy efficiency (Unit: [Output energy MJ / Input energy MJ]) 
 

Legend: economic profitability (Unit: [Input energy MJ / € Income]) 
 

Figure 39 Technical energy efficiency and economic profitability of rye and meslin and grain maize in the EU-
25. Source: own calculations. Year: average of  2001-2003 

Figure 40 shows the situation for oilseed rape, focusing on the top-three producers Germany, France 

and the UK. Technical energy efficiency can be seen to be above average for most of the regions 

involved, except for the South of France and the Pyrenees, where scope of production is negligible. 

Economic profitability is also in the upper band of values for these three countries, except in the 

aforementioned French regions. 
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Oilseed rape in the EU-25: technical energy efficiency Oilseed rape in the EU-25: economic profitability 
   

Legend: technical energy efficiency (Unit: [Output energy MJ / Input energy MJ]) 
 

Legend: economic profitability (Unit: [Input energy MJ / € Income]) 
 

Figure 40 Technical energy efficiency and economic profitability of oilseed rape in the EU-25. Source: own 
calculations. Year: average of 2001-2003 

To round off our analysis, we look at sugar beet and potatoes, shown in Figure 41. For sugar beet, 

the top-three producers (Germany, France, Poland) differ significantly in their respective technical 

energy efficiency levels. Whilst Germany and the Northwest of France boast above-average effi-

ciency levels, Western and Southern France as well as Poland show a broader, average or below-

average efficiency level, although the scope of production is negligible in some of these regions (e.g. 

the Pyrenees). Economic-profitability levels are similar to those of technical energy efficiency55, with 

Eastern German regions boasting higher economic profitability than most of the other regions. As 

for many production activities, economic profitability is lower for Poland, with higher amounts of 

energy being required in order to create one euro of income there. A similar picture can be shown 

for potatoes, with high technical-energy-efficiency levels observable for Germany and the Nether-

lands, whilst Poland’s potato production lags well behind that of the other two top-three producers. 

In terms of economic profitability, both Northern and Eastern Germany as well as the Netherlands 

show favourable values, whilst Poland requires significantly more energy to create the respective 

level of income. 
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 Certain French regions, mainly in the South and West, boast high economic-profitability values. Such values, 
however, are unrepresentative owing to the negligible scope of production. 
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Sugar beet in the EU-25: technical energy efficiency Sugar beetin the EU-25: economic profitability 
  

Legend: technical energy efficiency (Unit: [Output energy MJ / Input energy MJ]) 
 

Legend: economic profitability (Unit: [Input energy MJ / € Income]) 
 

Potatoes in the EU-25: technical energy efficiency Potatoes in the EU-25: economic profitability 
  

Legend: technical energy efficiency (Unit: [Output energy MJ / Input energy MJ]) 
 

Legend: economic profitability (Unit: [Input energy MJ / € Income]) 
 

Figure 41 Technical energy efficiency and economic profitability of sugar beet and potatoes in the EU-25. 
Source: own calculations. Year: average of 2001-2003 

Any comprehensive analysis must focus on the technical-energy-efficiency levels of the country-

specific production portfolios. Here, therefore, we analyse the relevant animal-production activities. 

Figure 42 shows technical-energy-efficiency levels for cow’s-milk, beef and pork production in the 
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EU-2556. Here, we shall focus on the top-three producer countries of the plant products described 

above, with the aim of discovering any overlap in terms of technical energy efficiency. Looking at 

cow’s-milk production, regions with above-average technical-energy-efficiency levels can be found 

in Germany, the UK, Northern France, Denmark and Northern Italy. Poland, Hungary, Spain and 

Southern Italy have below-average efficiency levels. A similar situation emerges for beef production, 

although Hungary has some regions with above-average efficiency. The picture changes for pork, 

with most of the French regions, the UK, Netherlands, Denmark, Northern and Eastern Germany 

and certain regions in Poland showing above-average efficiency levels. Southern Germany, Hungary 

and parts of Italy and Spain show below-average technical-energy-efficiency levels. 

 

Cow’s-milk production in the EU-
25: technical energy efficiency 

Beef production in the EU-25: 
technical energy efficiency 

Pork production in the EU-25: 
technical energy efficiency 

    

Legend: technical energy efficiency, cow’s-milk production (Unit: [Output energy MJ / Input energy MJ]) 
 

Legend: technical energy efficiency, beef production (Unit: [Output energy MJ / Input energy MJ]) 

 

Legend: technical energy efficiency, pork production (Unit: [Output energy MJ / Input energy MJ]) 
 

Figure 42 Technical energy efficiency of cow’s-milk, beef and pork production in the EU-25. Source: own calcu-
lations. Year: average of 2001-2003 

Putting together the pieces of puzzle, several conclusions can be drawn from the impressions 

gleaned above. Firstly, it can be stated that the top-three producers for the plant products in ques-

tion rarely show a relative advantage in terms of technical energy efficiency for one production 

activity alone. Indeed, countries such as France, Germany and the UK are advantageous for a num-

ber of plant-production activities. Others such as Spain, the Netherlands, Italy and Denmark can 

claim comparative advantages for just one of the abovementioned production activities (although 

other production activities should not be forgotten). The situation differs significantly for Poland 

and Hungary. Whereas Poland has very low and low technical-energy-efficiency values for dairy and 

beef production, respectively, pig fattening is only slightly less efficient there than in the Western 
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 The “plant products” figure includes regions where technical-energy-efficiency levels are not representative, 
owing to the marginal scope of production; this analysis focuses on the important production regions. 
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European countries. Hungary, by contrast, lies slightly below the EU average for dairy-cow produc-

tion and somewhat above the average for beef production, but well below the average for pig 

fattening. A further aspect which should be borne in mind is the supply of animal products. Whilst 

Poland makes a significant contribution to the EU-25 supply of pork (9.4 per cent) and cow’s milk 

(7.8 per cent), it plays only a minor role in the provision of beef57 (3.0 per cent). Hungary contributes 

3.0 per cent of the EU-25 supply of pork, 1.4 per cent of the cow’s milk and 0.4 per cent of the beef 

supply. In addition to technical energy efficiency, economic profitability in Poland and Hungary is 

well below that of France, the UK and Germany.  Consequently, although both Poland and Hungary 

show slight comparative advantages in terms of technical energy efficiency for more than one prod-

uct,  neither country shows a comparative advantage over the top Western European producers. 

This is borne out by an examination of the ENER_SIM10 scenario, in which large proportions of the 

energy reduction are performed by EU-10 countries, with Poland and Hungary both reducing their 

energy use by more than 10 per cent. 

Drawing, in qualitative terms, a picture of rising energy prices on the one hand and increased de-

mand for agricultural crops for use in bioenergy production on the other, the aforementioned 

parameters create the following scenario: for the reasons described in Chapter 6, it is fairly easy to 

save energy (i.e. reduce energy use) owing to higher prices in the EU-10 and in Southern and South-

western Europe. This creates competition for valuable utilised agricultural area in the “remaining” 

regions, which are the more favourable regions in terms of technical energy efficiency and economic 

profitability, including as they do the top-three producers as described above. Without any policy 

incentive, the basic tendency is to maintain animal production in order to make use of the high addi-

tional value-added (and hence, income) that can be achieved. This implies a relative “intensification” 

of production in the top-three producer countries, and a relative “extensification” in the marginal 

regions. Policy instruments aiming to increase the production of “bioenergy crops”58 create distor-

tions in several ways. If such instruments are created regardless of geographic aspects (valid for the 

entire EU-25), they distort the allocation of production under the energy-saving premise. If they aim 

to stimulate biofuel production in regions where crops of this sort can be provided with the greatest 

(technical and economic) energy efficiency, they are in strong competition with the value-added of 

animal-production activities. If these instruments aim to increase bioenergy-crop production in 

“marginal” production regions such as Eastern, Southern or Southwestern Europe, the stimulus 

would artificially increase production in regions with below-average technical energy efficiency and 

economic profitability. There are also several reasons why such instruments are counterproductive 

in environmental terms. Being valid in overall geographic terms, they create incentives for addi-

tional “intensification” in favourable regions, where they increase the energy-input pressure. In less 

favourable regions, they represent an incentive to increase production under less efficient produc-

tion conditions. 

                                                                    
57

 Reference:  Beef from bull-fattening activities 

58
 Here, reference is made to crops equally suitable for human nutrition and bioenergy production. Specifically, 

the crops listed in Tab. 63 are assumed to be “bioenergy crops”, despite the fact that other crops are also suit-
able as such. 
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To conclude, we may assume that under conditions of rising energy prices and increased demand for 

agricultural crops for bioenergy production, policy instruments aiming to incentivise an increase in 

the production of “staple” agricultural crops such as cereals, oilseed rape, sugar beet and potatoes 

for bioenergy purposes are not to be recommended. The reason for this is that such instruments 

create distortion effects in production allocation both in the (technically) energy-efficient and (eco-

nomically) profitable regions on the one hand, and in the relatively inefficient and unprofitable 

regions on the other. This causes both intensification in efficient and profitable regions as well as 

increased production under fairly inefficient and unprofitable conditions. The precondition for such 

tendencies is also pointed out by Martinez-Alier (1987), who states that “a land constraint, with re-

spect to the population, implies a higher cost of agricultural production in terms of non-renewable 

energy use than does a labour force constraint”. 

8. Conclusions and discussion 

8.1 Limitations of the current research study 

The current study has a number of limitations which are discussed in this chapter in order to provide 

transparency and identify other potential research fields. Three basic aspects are analysed: database 

issues, methodological matters, and the correlation with life-cycle analysis. 

A regionalised modelling approach such as the current analysis relies heavily on a comprehensive (in 

terms of parameters, regional coverage and time), methodologically uniform and detailed database. 

Despite this being the explicit advantage of the given approach, it is also a sensitive point. In terms 

of certain parameters such as regional machinery stock, the database largely meets the criteria of 

comprehensiveness (different engine-power classes and harvesters), coverage in terms of time (at 

least partially available from 1990 onwards) and regionalisation (usually available on NUTS-II level); 

other parameters such as regional grain-drying requirements are available for certain regions and 

must be modelled for other ones. Nevertheless, the statistical approach described in Chapter 3.5 is 

not capable of supplying the level of precision that comprehensive, rationalised statistics can pro-

vide. A further weak point of the database is its coverage in terms of time. Taking the newly acceded 

EU-10 countries, statistics are rarely available for more than the last 5 to 8 years in a standardised 

methodological form consistent with EUROSTAT settings. Bearing in mind the process of transfor-

mation with which agricultural production in these countries is faced, this permits a fairly spot-

specific analysis. Because, however, this database is not particularly well suited to dealing with trend 

estimation, the quality of the reference-scenario statistics is slightly lower than that of the base pe-

riod. Likewise, building stocks and building types are not covered by common EU-wide statistics. 

Consequently, a standardised approach taking into account properties of buildings in EU sub-sectors 

(such as EU-North, EU-Central and EU-South) must be used. This limits the ability of the modelling 

approach to display region-specific aspects of animal-production activities. In conclusion, the avail-

ability of a more comprehensive dataset would improve the quality of the results. On the other 

hand, fundamental changes in the results of this study are not expected. Taking the example of Po-

land on one hand and the Czech and Slovak Republics on the other, this aspect can be clarified: 

whereas a detailed database is available for the latter two countries, less precise data is available for 
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Poland. Despite this, all three countries fit in better with the observations modelled for the EU-10 

than for the EU-15. Moreover, the range of results for all three countries are contained within a 

meaningful framework. 

In order to analyse the methodological limitations of the model, a basic distinction must be drawn 

between the chosen agricultural-sector model on the one hand and the energy or energy-related 

GHG modelling methodology on the other. Firstly, a number of methodological limitations in the 

CAPRI model prevent the scenarios from providing additional information. Although the structure of 

the CAPRI model permits the explicit modelling of a relatively large number of agricultural-

production activities, adaptations within a production activity that can be performed by the farmer 

under given changes in the policy framework, e.g. a reduction in the intensity level, are limited. As a 

result, the farmer tends to change from one production activity to another. In terms of energy use, 

an adaptation involving a reduction in the intensity of production and a consequent reduction in 

energy use cannot be modelled within the given framework. This implies that the modelled emis-

sion-mitigation costs are maximum mitigation costs rather than precise ones. 

As regards the correlation with life-cycle analysis, this study analyses given parameters dealt with in 

LCA, whilst disregarding others such as soil depletion, ecotoxicity and acidification. As a result, this 

study should not be viewed in the light of other LCA studies. Nevertheless, it adheres to the meth-

odological principles and data-processing approaches of LCA studies in terms of energy use and 

energy-related CO2 emissions. Regarding the analysis of mitigation costs in the energy-reduction 

and GHG-emission-reduction scenarios, this study considers energy-related GHGs only, and does 

not incorporate surplus-nitrate levels or other environmental data into a single indicator, as combin-

ing several aspects into one mitigation indicator would reduce comparability with the data found in 

other studies. 

Finally, we venture a few remarks on the relative suitability of the results of this study for analysing 

rising energy prices. The chosen approach can be considered for the display of comprehensive en-

ergy-price increases applying to all energy sources and all levels of the agricultural-production chain, 

as well as to agricultural production itself. This, however, implies that differences in price increases 

between different energy sources (such as electricity and diesel) cannot be shown. Furthermore, 

neither a geographical distinction in terms of energy-price increases (e.g. France being different 

from Italy) nor an activity-specific distinction (e.g. a lower price increase for Dutch greenhouse pro-

ducers) can be shown with the current approach. As far as geographic allocation of production is 

concerned, additional adaptation strategies undertaken by farmers (e.g. an above-average expan-

sion of conservation tillage) are not considered. The decision-making process unfolding in the 

scenario simulation tends to be under ceteris paribus conditions once the technological framework is 

set (which is done by defining the reference scenario). Nevertheless, the given methodological ap-

proach provides information on the regions and production activities facing additional pressure as a 

result of rising energy prices, and determines the reason for this increase in pressure. 

The scope of assessment of the chapter section dealing with bioenergy crops is limited. Not only 

does the modelling approach cover a limited number of the crops used for bioenergy production 

(e.g. cereals, maize, oilseed rape and sugar beet), with others  such as miscanthus not being explic-

itly modelled, but the processing steps (which differ significantly between the individual products) 

must be taken into account for an entirely assessment-based approach. Nevertheless, an indication 
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European Union 25 Reference No-set-aside DCSCOW

Domestic emissions (in 1000s of t CO2): absolute difference
348'810 4'274 -779

Total welfare (in € M): absolute difference 8'866'177 929 515

Additional-welfare emissions (kg CO2/€)
- 4.60 -

Emission savings per additional welfare (kg CO2/€)
- - 1.51

is given as to the relative energy-efficiency of agricultural crops as raw materials for biofuel produc-

tion. In addition, advantageous and disadvantageous regions for bioenergy production can be 

determined using the given approach. 

8.2 Cross-comparison of efficiency of policy instruments in terms of energy 
and energy-related GHG-emissions reduction 

This chapter has two main objectives: to compare the simulation results of this analysis in terms of 

their efficiency in dealing with changes in energy input, and to compare the results with the data 

from other literature in this field. As a basis for comparison, reference is made to the shifts in en-

ergy-related GHG emissions as defined in Chapter 1.5. Furthermore, changes in welfare are taken 

into account. Because of the different effects of each of the four scenarios, no uniform comparison 

unit can be shown. Consequently, in a first step, the no-set-aside and DCSCOW scenarios are ana-

lysed. Tab. 64 shows the respective change in domestic-energy-related GHG emissions and shifts in 

welfare compared to the reference scenario, as well as the parameters “emissions of additional wel-

fare” and “emission savings per additional welfare”. 

Tab. 64 Overview of emission and welfare effects of simulation results (1) 

 

Source: own calculations. Year: 2013 

For emissions, a first glance reveals a 1.2 per cent increase in the no-set-aside scenario and a 0.2 per 

cent decrease in the DCSCOW scenario with respect to the reference scenario. As regards shifts in 

welfare, an additional €929 M (equivalent to 0.01 per cent of total welfare) and €515 M (0.006 per 

cent of total welfare) can be seen in the no-set-aside and DCSCOW scenarios, respectively. 

Because the “price” in the no-set-aside scenario is relatively high in terms of the additional emis-

sions of 4.60 kg CO2 per € of additional welfare, this scenario is not recommended in terms of 

emissions reduction. A different picture emerges in the DCSCOW scenario, however, where, al-

though the total quantity is rather limited, additional welfare is accompanied by a reduction in 

emissions. From a policy perspective, this scenario is highly recommended.  

The picture is different for both the ENER_SIM10 and the CO2_SIM10 scenarios. Tab. 65 gives an 

overview of the relevant parameters.  
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European Union 25 Reference ENER_SIM10 CO2_SIM10

Domestic emissions (in 1000s of t CO2): absolute difference
348'810 -32'306 -33'270

Total welfare (in € M): absolute difference 8'866'177 -3'367 -3'580

Mitigation costs (€/t CO2) - 104.21 107.60

Tab. 65 Overview of emission and welfare effects of simulation results (2) 

 

Source: own calculations. Year: 2013 

A reduction in emission levels of 9.3 per cent in the ENER_SIM10 scenario and 9.5 per cent in the 

CO2_SIM10 scenario can be shown to result. Decreases of €3,367 M (0.04 per cent of total welfare) 

and €3,580 M (0.04 per cent of total welfare) can be observed in the ENER_SIM10 and CO2_SIM10 

scenarios, respectively. Taken together with the emission reductions of 9.26 per cent in the 

ENER_SIM10 and 9.54 per cent in the CO2_SIM10 scenarios, this results in mitigation costs of 

€104.21  per tonne of CO2 for the ENER_SIM10 scenario and €107.60 per tonne for the CO2_SIM10 

scenario. As for the policy assessment of these two scenarios, significant emission reductions of a 

comparable scope for both scenarios are achieved. On the other hand, real “costs” in terms of wel-

fare reduction are linked to those reduced emissions, unlike with the DCSCOW scenario. The slightly 

greater scope of reduction for the CO2_SIM10 scenario is linked to somewhat higher costs (€107.60  

per tonne of CO2 compared to €104.21 per tonne of CO2 in the ENER_SIM10 scenario). Bearing in 

mind the level of precision of the modelling approach, both scenarios can be viewed as equally rec-

ommendable in terms of their reduction “costs”. Nevertheless, this cost dimension requires further 

analysis before we are able to pronounce on the relative recommendability of these policy scenarios. 

More background clarity on this aspect can be achieved by comparing the relevant literature 

sources. When ranking the calculated mitigation costs that result in the ENER_SIM10 and 

CO2_SIM10 scenarios into international estimates of mitigation costs for agriculture and land use, 

different observations can be made. Bearing in mind mitigation costs for avoided deforestation, 

costs below $US 5/tCO2 (Stern, 2006) can be achieved. Emissions savings from improvements in 

animal- and land-management practices are achievable at costs of $US 20-27/tCO2 (Stern, 2006). 

Taking into account other GHG sources such as methane and nitrous oxide, the relevant marginal-

mitigation-cost framework is simulated in the range of $28 per tonne of CO2-eq. for a cut in fertiliser 

application for rice and $190 per tonne for a beef tax, both implemented to reduce methane emis-

sions (see McCarl, 2006). Reductions in nitrogen fertiliser to cut nitrous-oxide emissions are 

estimated at $15 per tonne of CO2-eq. (see McCarl, 2006). As regards the overall contribution of 

policy adjustments to CO2 reduction, this must be viewed in the light of IPCC (1996a), cited in IPCC 

(2001a), where appropriate management practices are estimated to increase carbon sinks by 0.4 to 

0.9 PgC/yr. Energy-efficiency improvements and production of energy through dedicated crops and 

residues show a further mitigation potential of 0.3 to 1.4 PgC/yr (IPCC 1996, cited in IPCC, 2001a). 

According to Smith et al. (2008), improvements in cropland and grassland management as well as 

management of water, rice production, livestock and manure are expected to yield a mitigation 

capacity in the range of 4,000-4,300 Mt CO2-eq/yr at costs of up to $US 100 per tonne of CO2-eq. 

Focusing our attention briefly outside the agricultural sector on a number of studies analysing the 

costs of emissions reduction, we examine the costs of an emissions duty on fuels described in Keller 

and Zbinden (2003) – a similar instrument to the ones described in this study. The purely control part 
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of the duty is estimated at €44 per tonne of CO2, whilst additional effects such as relocation are as-

sumed to be much higher (roughly €220 per tonne). Bahn and Frei (2000) show mitigation costs for 

the energy-use sectors (industry, services, household and transport) in Switzerland under different 

price scenarios ranging between €52-€64 per tonne of CO2. On a global scale, Enkvist et al. (2007) 

estimate abatement costs across sectors and countries as no more than €40 per tonne for up to 26.7 

gigatonnes of CO2-eq. This scope, however, is spread across sectors, with over half of it to be found 

in developing economies. As regards the scope of reduction of an individual EU country, McKinsey 

(2007) calculates average mitigation costs of €32 per tonne of CO2, achievable through renewable-

resource-based electricity generation, up to €175 per tonne of CO2 with the provision of biofuels. In 

this context, a 31 per cent reduction in German emissions from 1990 levels until 2020 is assumed. 

To conclude this section, it can be shown that the scenarios described above must be assessed in 

fairly different ways. On the one hand, the no-set-aside scenario is not at all to be recommended in 

terms of energy-related GHG-emissions reduction, whilst the DCSCOW scenario is highly recom-

mendable in terms of emission and welfare changes; on the other hand, the ENER_SIM10 and 

CO2_SIM10 scenarios can be cross-compared with other relevant data from the literature. Since the 

scope of results is similar for both, the absolute value of emissions reduction is relatively high com-

pared to both “other energy-related emissions reduction” and mitigation of other climate-changing 

greenhouse gases such as N2O or methane. 

8.3 Cross-effects with other externalities 

In addition to analysing the efficiency of individual policy instruments in terms of reducing energy 

use or energy-related GHG emissions, we must also focus on cross-effects with other externalities. 

Basically, this chapter aims to determine whether the GHG-emission effects of a policy scenario 

tend to show similar changes to those of “other externalities” parameters, or if they instead coun-

teract the emission effects in question. Consequently, nitrate losses and a landscape indicator 

(expressed by the CAPRI HNV indicator) as described in Chapters 3.2.4 and 3.2.5 will be examined. 

The respective cross-effects for nitrate surplus and energy-related GHG emissions are shown in Tab. 

66. It can be seen that both of these parameters tend to follow a similar trend after policy changes. 

Furthermore, the adaptations for both parameters are independent of the regional reference (EU-

15, EU-10 or EU-25). Nevertheless, the scope of change for nitrate-surplus levels differs from that for 

GHG emissions. In addition to other causes such as adaptation patterns in livestock density, the 

GHG emission per energy-use unit plays a role in this respect. At 0.13 kg CO2 per MJ, mineral-nitrate 

fertiliser has above-average GHG emissions compared to other energy sources such as diesel fuel, 

machinery or electricity59. Consequently, higher levels of nitrate-fertiliser application have a dispro-

portionately strong effect on energy-related GHG-emission levels. Similarly, reductions in inputs of 

mineral-nitrate fertiliser contribute disproportionately to GHG-emissions reduction. 

                                                                    
59

 See Appendix 4 for details. 
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Reference (RS) No-set-aside ENER_SIM10

(in 1000s of t) (%) Change to RS (%) Change to RS

European Union 25 10'136 0.9 -3.6

European Union 15 8'925 1.1 -3.3

European Union 10 1'211 -0.1 -5.6

European Union 25 348'810 1.2 -9.3

European Union 15 293'026 1.5 -8.5

European Union 10 55'780 -0.1 -13.0

Region

Nitrate surplus

Energy-related GHG emissions

Tab. 66 Cross-effects in the no-set-aside and ENER_SIM10 scenarios 

 

Source: own calculations. Year: 2013 

Cross-effects between the emissions level and the HNV landscape indicator can be analysed to a 

fairly limited extent only. This is due in the first place to the explicit spatial level of the HNV indicator 

results, which, because it is far lower than for NUTS-II, makes it difficult to carry out comparisons on 

NUTS-II level. Secondly, the HNV approach chosen for this analysis focuses on the mapping, i.e. the 

graphic illustration of the HNV results (see Chapter 3.2.5 for details). Results are therefore not ex-

pressed on a NUTS-II level in average terms. For the cross-effect analysis in this chapter, a 

qualitative examination is performed. In this context, the geographic overlapping of the NUTS-II 

emission results and the HNV mapping results shown in Chapter 5.2.5 can only be performed to a 

limited extent. 

Beginning with the no-set-aside scenario, the HNV indicator was analysed for regions in Denmark 

and Spain (see Chapter 5.2.5). Denmark itself constitutes a single NUTS-II region, so both GHG 

emissions and the HNV landscape indicator refer to the identical geographical reference unit. For 

Spain, the insert “ES-EAST” described in Chapter 5.2.5 corresponds to a large portion of the NUTS-II 

framework of Catalunya, and is used for comparison of the cross-effects. Figure 43 shows the rele-

vant results60. The “ES-WEST” insert of the aforementioned chapter represents a minor part only of 

the NUTS-II region of Castilla-León, and is therefore not suitable for comparison in this context. 

                                                                    
60

 These figures, identical to those given in Figure 23 and Figure 26, are shown in this chapter to permit greater 
ease of comparison. 
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HNV indicator results for Denmark (reference) HNV indicator results for Denmark (no-set-aside 

scenario)   

 

HNV indicator results for ES-EAST (reference) HNV indicator results for ES-EAST (no-set-aside 

scenario) 
   

 

Figure 43 HNV indicator results for Denmark and Spain (ES-EAST) in the reference and no-set-aside scenarios. 
Source: own calculations. Year: 2013 

To complete the picture for the cross-effects, Tab. 67 shows the shifts in energy-related GHG emis-

sions for the relevant NUTS-II regions of Denmark and Catalunya. A simultaneous comparison of the 

shifts in emission levels and HNV indicator values shows that both are following a similar trend in 

Denmark’s case. A 2.1 per cent increase in emissions goes hand-in-hand with a comprehensive de-

crease in (i.e. worsening of) landscape quality –  expressed by the HNV indicator – in large parts of 

the country. 
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Reference (RS) No-set-aside

Region
TOTAL domestic emissions 

(in 1000s of t)
(%) Change to RS

Denmark 6'929 2.1

Catalunya 4'503 0.8

Tab. 67 Shifts in energy-related GHG emissions in the no-set-aside scenario for selected NUTS-
II regions 

 

Source: own calculations. Year: 2013 

For the Spanish NUTS-II region of Catalunya, a minor increase in energy-related emissions is ob-

servable. In addition, the HNV indicator shows continued fragmentation in landscape quality in both 

the reference and no-set-aside scenarios. Despite this, a downward trend in HNV level can be ob-

served along the pre-Pyrenees strip. 

To conclude this compilation, it can be stated that significant increases in energy-related emissions 

go hand-in-hand with reduced landscape quality, whilst marginal shifts in emission levels have a 

minimal impact on the existing landscape structure. 

A second cross-effect analysis can be conducted for the ENER_SIM10 scenario, i.e. the reduction of 

energy use in the EU-25 by an average of 10 per cent. As described in Chapter 6.1, the reduction 

levels in the individual NUTS-II regions differ largely on the basis of shadow prices for energy use. In 

addition, the shifts in emission levels differ. A number of regions are considered for this analysis: 

Denmark, which, as described above, is geographically identical in both the NUTS-II and the HNV 

analyses; Thessalia (Greece), which is covered to a large extent by the insert in Figure 33; Friesland, 

Noord-Brabant and Limburg, all Dutch NUTS-II regions shown in the relevant insert in Chapter 6.2.4, 

and Dél-Dunántúl (Hungary), which is largely covered by the (South-Central) Hungary insert. For 

greater transparency, the HNV results of all these regions61 are compiled in Figure 44 and Figure 45. 

                                                                    
61

 These figures, identical to those given in Chapter 6.2.4, are shown in this chapter to permit greater ease of 
comparison. 
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HNV indicator results for Denmark (reference) HNV indicator results for Denmark (ENER_SIM10) 

   

HNV indicator results for Greece (Central) (ref-

erence) 

HNV indicator results for Greece (Central) 

(ENER_SIM10) 
   

 

Figure 44 HNV indicator results for Denmark and (Central) Greece in the reference and ENER_SIM10 scenar-
ios. Source: own calculations. Year: 2013 
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HNV indicator results for the Netherlands (ref-

erence) 

HNV indicator results for the Netherlands 

(ENER_SIM10)   

 

HNV indicator results for (South-Central) Hun-

gary (reference) 

HNV indicator results for (South-Central) Hungary 

(ENER_SIM10) 
   

 

Figure 45 HNV indicator results for the Netherlands and (South-Central) Hungary in the reference and 
ENER_SIM10 scenarios. Source: own calculations. Year: 2013 

Tab. 68 shows the second element in our cross-effects comparison: the percentage shift in energy-

related emissions in the ENER_SIM10 scenario for the aforemetioned NUTS-II regions. 
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Reference (RS) ENER_SIM10

Region

Denmark 6'929 -2.6

Thessalia 1'752 -6.1

Friesland 936 -2.1

Noord-Brabant 4'170 -10.8

Limburg (NL) 1'412 -20.1

Dél-Dunántúl 1'682 -13.0

TOTAL domestic emissions (in 1000s of t)

(%) Change to RS

Tab. 68 Shifts in energy-related GHG emissions in the ENER_SIM10 scenario for selected NUTS-
II regions 

 

Source: own calculations. Year: 2013 

Denmark shows a slight decrease (2.6 per cent) in energy-related emission levels, whilst landscape 

quality changes far more significantly in large parts of the country – mainly in the islands –  with the 

reference-scenario starting point showing poor HNV values for these regions. The situation differs 

for Thessalia (Greece), where significant emission reductions of 6.1 per cent are accompanied by 

fragmented changes in HNV values, and improvements in landscape quality for large areas (centre 

of the insert) are counterbalanced by a decrease in HNV values for the north of the insert. 

Looking at the Netherlands, shifts in emission levels differ significantly from one NUTS-II region to 

another, with Friesland showing a decrease of 2.1 per cent and Limburg of 20.1 per cent. The small 

decrease in Friesland, however, is accompanied by significant improvements in landscape quality 

along the coastline. Noord-Brabant’s 10.8 per cent decrease in emission levels has no significant 

effects on landscape quality, which is already relatively high in the reference scenario. Likewise, 

Limburg’s substantial decrease in emission levels of 20.1 per cent is not accompanied by a similarly 

significant impact on landscape quality. Moreover, the fragmentation within the NUTS-II region of 

Limburg is maintained, with high landscape quality (i.e. high HNV results) in the North and low land-

scape quality (i.e. low HNV values) in the South. The reasons for these differences between emission 

levels and landscape quality are to be found in the adaptation processes of the Limburg region. A 

substantial decrease in the scope of vegetable production (minus 2,320 ha of largely under-glass 

production) can be seen. The change in this high-energy-consumption production activity has sig-

nificant effects on the total energy-related-emissions balance for the region, but this comparatively 

small share of the UAA of Limburg (5.8 per cent of the total UAA is devoted to vegetable and flower 

crops) has a negligible effect in terms of landscape. 

With Hungary, we can observe a substantial decrease in emission levels for the Dél-Dunántúl region 

(minus 13 per cent compared to the reference scenario). An equally strong shift occurs in terms of 

landscape quality. The relevant insert shows significant improvements in HNV value for large parts 

of the region. Despite this, certain parts of the insert remain unchanged in terms of HNV values. 

In conclusion, we may note that the HNV values, and hence landscape quality, follow the trend set 

by the relevant shifts in energy-related emission levels. Nevertheless, a number of factors limit the 

1-to-1 transmission of emission-level results. Firstly, once the HNV picture is heavily fragmented for 

a region, emission reductions do not necessarily imply a corresponding improvement in the HNV 

level. Significant improvements in a certain part of a NUTS-II region may be accompanied by un-

changed or even decreasing HNV values in other parts of the same region. Secondly, if certain 
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activities such as heated-greenhouse production contribute significantly to the reduction commit-

ments of a region, the effects on the HNV results are very limited. Consequently, an improvement in 

emission levels need not necessarily go hand-in-hand with an improvement in landscape quality. 

Thirdly, the given production portfolio in the reference scenario has a significant impact on the shifts 

occuring in an adaptation process. Taking Denmark as an example, the high livestock numbers in 

the reference scenario coupled with the associated reduction rate in the ENER_SIM10 scenario have 

a positive effect on landscape quality. In the case of Hungary, the Dél-Dunántúl region shows a 

strong decrease of 31.1 per cent in grain-maize production. These shifts in a production activity 

made energy-intensive by drying requirements pave the way for an increase in a wide range of other 

plant-production activities such as soft wheat (plus 20.4 per cent), barley (plus 39.1 per cent), oats 

(plus 37.6 per cent) and other cereals (plus 28.7 per cent). 

Generally speaking, a link can often be made between shifts in energy-related emissions and land-

scape quality, thanks to the adaptation processes following on from the emission-reduction 

commitments. 
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Appendix 1 Coverage and classification of energy sources 

 

Table A: Direct and Indirect Components 

Direct Components Indirect Components 

Diesel fuel Mineral fertiliser 

Petrol Machinery 

Heating oil Buildings 

Electricity Feedstuffs 

Heating gas Pesticides 

Coal Seed 

 Lubricants 

 

Table B: Constitution of Coupled Systems 

Coupled Systems 

System Name Direct Components Indirect Components 

Irrigation Diesel fuel, Electricity Machinery 

Greenhouse production Heating gas, Electricity Buildings, Machinery 

Grain drying Heating gas, Electricity Machinery 

Concentrate production Heating oil, Electricity Feedstuffs 
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Appendix 2 Definition of country groups in the CAPRI system 

 

European Union 25 (EU-25) European Union 15 (EU-15) European Union 10 (EU-10) 

Belgium Belgium Czech Republic 

Luxembourg* Luxembourg* Estonia 

Denmark Denmark Hungary 

Germany Germany Lithuania 

Austria Austria Latvia 

Netherlands Netherlands Poland 

France France Slovenia 

Portugal Portugal Slovak Republic 

Spain Spain Malta 

Greece Greece Cyprus 

Italy Italy  

Ireland Ireland  

Finland Finland  

Sweden Sweden  

United Kingdom United Kingdom  

Czech Republic   

Estonia   

Hungary   

Lithuania   

Latvia   

Poland   

Slovenia   

Slovak Republic   

Malta   

Cyprus   

 
*Usually modelled together with Belgium 
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Appendix 3 Input coefficients considered for income calculation 

 

Plant-Production Activities Set-Aside and Fallow Land Animal-Production Activities 

Nitrogen fertiliser Maintenance, materials Fodder cereals 

Phosphate fertiliser Maintenance, buildings Protein-rich feed  

Potassium fertiliser Fuels Energy-rich feed 

Calcium fertiliser Lubricants Feed from dairy products 

Seed Water Feed, other 

Plant protection Other inputs Grass 

Maintenance,materials  Fodder maize 

Maintenance, buildings  Milk for feed 

Electricity  Fodder root crops 

Heating gas and Heating oil  Fodder, other, on arable land 

Fuels  Straw 

Lubricants  Pharmaceutical inputs 

Water  Maintenance, materials 

Other inputs  Maintenance, buildings 

  Electricity 

  Heating gas and heating oil 

  Fuels 

  Lubricants 

  Water 

  Other inputs 

  (Young animals) 

 
Source: CAPRI modelling system  
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Appendix 4 Energy and emission coefficients of selected 
parameters 

 

Parameter Energy Use GHG Emissions Linked to 
Energy Uses 

GHG Emissions per 
Energy Use (kg 

CO2/MJ) 

Diesel fuel 45.71 (MJ/l) 3.08 (kg CO2/l) 0.07 

Heating oil 46.88 (MJ/l) 3.16 (kg CO2/l) 0.07 

Electricity 11.72 (MJ/kWh) 0.54 (kg CO2/kWh) 0.05 

Heating gas 43.16 (MJ/Nm
3
) 2.46 (kg CO2/Nm

3
) 0.06 

Nitrate fertiliser (mineral) 58.99 (MJ/kg Nutrient) 7.81 (kg CO2/kg) 0.13 

Phosphate fertiliser (mineral) 40.06 (MJ/kg Nutrient) 2.24 (kg CO2/kg) 0.06 

Potassium fertiliser (mineral) 9.25 (MJ/kg Nutrient) 0.52 (kg CO2/kg) 0.06 

Depreciation, buildings 

(Specified in the analysis) (Aggregated to averages) 

0.09 

Repair, buildings 0.08 

Depreciation, machinery 0.06 

Repair, machinery 0.05 

Depreciation, tractor 52.38 (MJ/kg) 

(Aggregated to averages) 
(Aggregated to 

averages) 

Repair, tractor 48.92 (MJ/kg) 

Depreciation, harvester 49.27 (MJ/kg) 

Repair, harvester 24.55 (MJ/kg) 

Depreciation, trailed 
machinery 

36.44 (MJ/kg) 

Repair, trailed machinery 19.69 (MJ/kg) 

Transport, overseas, ship 166.48 (MJ/1000t,km) 10.57 (kg CO2/1000t,km) 0.06 

Transport, barge 643.29 (MJ/1000t,km) 45.83 (kg CO2/1000t,km) 0.07 

Transport, lorry, 32t 2770.78 (MJ/1000t,km) 166.43 (kg CO2/1000t,km) 0.06 

Transport, lorry, 16t 6011.78 (MJ/1000t,km) 370.40 (kg CO2/1000t,km) 0.06 

Transport, rail 701.82 (MJ/1000t,km) 37.48 (kg CO2/1000t,km) 0.05 

Herbicide (active substance) 218.62 (MJ/kg) 7.07 (kg CO2/kg) 0.03 

Insecticide (active substance) 299.02 (MJ/kg) 10.99 (kg CO2/kg) 0.04 

Fungicide (active substance) 124.38 (MJ/kg) 4.31 (kg CO2/kg) 0.03 

 
Source: SALCA 061 (2006) ; Nemecek et al. (2003); BUWAL (1996) 
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Appendix 5 Exogenous parameters underlying the reference 
scenario 

 
 

Issues Baseline (Luxembourg proposal)

General economic

Per-capita growth of GDP
2.0% nominal per annum for EU-10, 5% for India, 1.5% for USA, 4% 

for Russia, 1.5% for LDCs and ACPs, and 1% for the rest

Inflation 1.9% per annum = 23% in total

Demographic changes
EUROSTAT projections for Europe and UN projections for the 

remaining countries

Exchange rate 1.15 USD/Euro

Technical progress

Generally, input needs are yield dependent; 0.5% input savings per 

annum; for N, P, K, rate of technical progress estimated from time 

series; feed efficiency for EU-10 shifted towards EU-15

Supply, demand, price shifts: EU

DG-Agri Baseline EU-15 or single EU member states; matching 

trends on sub-national level; all prices in nominal terms to match 

definition of CAP in legal texts

Supply, demand shifts: world FAPRI, FAO projections

Trade

Trade policy (tariffs, export subsidies etc.)
Final implementation of the 1994 Uruguay Round plus some further 

elements such as NAFTA

Preferential access
ACP and EBA - sugar protocol, quota- and duty-free import for all 

products except sugar from ACP and LDC to the EU

Domestic policies of the EU-25

General CAP Reform 2003

Prices
Slight reduction of cereals intervention price; abolition of rye 

intervention, reduced administrative prices for butter and skimmed 

milk powder as well as for rice (compared to Agenda 2000)

Sugar regime No reform

Dairy regime Expansion of milk quota as decided back in the Agenda 2000

LFA payments Not covered in current version

Commodity premiums
National decisions on coupling options with their expected 

implementation date for the EU-25

Decoupling-schemes (SFP, SPS) Most member states have chosen the farm-premium model. A hybrid 

model was chosen by Germany, Finland, the UK and Sweden
 

 
 Source: Britz et al. (2007a) 
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Appendix 6  Description of drying-estimation procedure 

 

 Soft 
wheat 

Oats Rye 
Winter 
barley 

Summer 
barley 

Triticale 

a) Original explanatory  
variables 

 

Longitude x x x x x x 

Latitude x x x x x x 

Elevation x  x x x x 

Precipitation, July x  x x x x 

Abnormality precipitation, July x  x x x x 

Precipitation, August x x x x x x 

Abnormality precipitation,  
August 

x x x x x x 

Minimum temperature, July x  x x x x 

Abnormality minimum tempera-
ture, July 

x  x x x x 

Minimum temperature, August x x x x x x 

Abnormality minimum tempera-
ture, August 

x x x x x x 

Temperature, July x  x x x x 

Abnormality temperature, July x  x x x x 

Temperature, August x x x x x x 

Abnormality temperature,  
August 

x x x x x x 

Maximum temperature, July x  x x x x 

Abnormality maximum tempera-
ture, July 

x  x x x x 

Maximum temperature, August x x x x x x 

Abnormality maximum tempera-
ture, August 

x x x x x x 

Vapour pressure, July x  x x x x 

Abnormality vapour pressure, 
July 

x  x x x x 

Vapour pressure, August x x x x x x 

Abnormality vapour pressure, 
August 

x x x x x x 

Frequency of days with rainfall, 
July 

x  x x x x 

Abnormality frequency of days x  x x x x 
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 Soft 
wheat 

Oats Rye 
Winter 
barley 

Summer 
barley 

Triticale 

with rainfall, July 

Frequency of days with rainfall, 
August 

x x x x x x 

Abnormality frequency of days 
with rainfall, August 

x x x x x x 

b) Statistical model results  

Number of datasets included in 
PCA 

33 17 30 27 19 24 

Number of components involved 
in linear model 

5 5 5 5 4 5 

Cumulative variability of data 
explained by components in-
volved in linear model (%) 

94.47 98.35 94.83 94.89 92.75 95.36 

Two-way interaction of compo-
nents taken into account 

some none some some none some 

Multiple R-squared (%) 71.34 60.87 69.06 90.16 70.50 82.42 

F-value 3.201 3.423 3.653 10.69 11.95 3.607 

DF of residual standard error  18 11 18 14 15 10 

p-value  0.01111 0.04142 0.00736 <0.00005 0.00029 0.02445 

 
Source: own calculations. Note: x means variable is included in the PCA analysis and linear model 



 

 

Appendix 7  Implementation data on the 2003 CAP reform 
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Source: Britz et al. (2007a) 



 

Scenario

Parameter*
Obligatory

set-aside area**

Voluntary set-aside and

fallow land area

Total set-aside 

and fallow land 

area

Field-crop area

Changes in total set-

aside

and fallow land area

Changes in field-crop 

area

Unit

European Union 25 2'928 8'520 11'448 62'494 -23.6 3.7

European Union 15 2'928 5'159 8'088 44'155 -33.6 5.3

European Union 10 0 3'360 3'360 18'339 0.5 -0.1

Belgium 13 16 30 497 -41.3 2.2

Denmark 99 179 278 1'579 -32.2 4.8

Germany 668 59 727 9'764 -89.9 6.5

Austria 46 66 112 861 -40.1 4.8

Netherlands 7 26 33 413 -18.2 0.9

France 915 764 1'679 11'831 -53.8 6.4

Portugal 22 156 178 452 -10.2 2.4

Spain 539 2'438 2'977 7'229 -13.4 5.1

Greece 8 497 505 1'072 -1.3 0.5

Italy 154 699 853 4'083 -15.3 2.5

Ireland 15 6 21 296 -64.7 1.4

Finland 60 85 145 1'202 -41.0 4.9

Sweden 69 166 235 1'124 -28.5 4.2

United Kingdom 314 0 314 3'752 -99.9 5.8

Czech Republic - 126 126 2'113 0.9 -0.1

Estonia - 48 48 316 0.3 -0.2

Hungary - 251 251 3'659 0.4 -0.1

Lithuania - 338 338 1'055 0.4 -0.2

Latvia - 168 168 477 0.5 -0.4

Poland - 2'407 2'407 9'410 0.5 -0.2

Slovenia - 0 0 155 - -0.1

Slovak Republic - 14 14 1'093 0.2 -0.1

No-set-aside

(%) Change to reference

Reference

(1000s of ha)

Appendix 8 Shifts in production-area levels in the no-set-aside scenario 

 

 
Source: own calculations. Year: 2013. *Malta and Cyprus are not considered in the detailed analysis; Luxembourg is modelled together with Belgium; 
** Non- food production on set-aside is not considered in this analysis 

18
5 



 

Scenario Reference No-set-aside Reference No-set-aside

Parameter*

Unit (1000s of t) (%) Change to reference (1000s of t) (%) Change to reference

European Union 25 282'371 3.7 20'091 4.0

European Union 15 220'078 4.8 15'405 5.2

European Union 10 62'294 -0.3 4'686 0.0

Belgium 2'690 2.2 34 1.9

Denmark 9'462 4.5 295 3.0

Germany 52'213 6.3 6'010 4.6

Austria 4'478 3.9 233 3.6

Netherlands 1'888 0.9 3 0.3

France 65'151 6.0 5'383 6.3

Portugal 1'186 1.5 12 4.7

Spain 23'275 3.4 845 6.6

Greece 3'942 -0.1 16 0.3

Italy 20'909 1.9 736 4.5

Ireland 2'391 1.3 10 0.6

Finland 4'182 4.4 93 5.3

Sweden 5'570 3.8 149 1.3

United Kingdom 22'739 5.0 1'586 4.3

Czech Republic 8'246 -0.5 793 0.4

Estonia 675 -0.3 78 -0.4

Hungary 14'075 -0.1 1'749 0.0

Lithuania 3'489 -0.5 139 0.1

Latvia 1'203 -0.5 74 -0.1

Poland 30'302 -0.3 1'381 -0.2

Slovenia 799 0.0 10 0.1

Slovak Republic 3'363 -0.3 462 0.1

Cereals supply Oilseed supply

Appendix 9 Shifts in supply in the no-set-aside scenario 

 

 
Source: own calculations. Year: 2013.  *Malta and Cyprus are not considered in the detailed analysis; Luxembourg is modelled together with Belgium 

 



 

Reference (RS) No-set-aside Reference (RS) No-set-aside

Region* (in petajoules)
(in petajoules)

(%) Change to RS
(in petajoules)

(in petajoules)

(%) Change to RS

5'002 5'050 5'396 5'537

1.0 2.6

4'254 4'303 4'405 4'548

1.1 3.2

747 747 991 989

0.0 -0.2

105 106 151 156

1.4 3.5

570 583 911 956

2.3 4.9

832 851 1'063 1'115

2.2 5.0

1'010 1'017 668 679

0.6 1.6

463 465 523 529

0.4 1.0

43 44 60 62

1.7 3.6

61 62 87 90

1.3 3.0

306 310 390 405

1.4 3.8

Domestic energy use Domestic energy output

European Union 25

European Union 15

European Union 10

Denmark

United Kingdom

Sweden

Finland

Germany

France

Spain

Italy

Appendix 10 Shifts in domestic energy use and domestic energy output in the no-set-aside scenario 

 
 

 
Source: own calculations.Year: 2013. * Only those countries with over 50,000 ha of obligatory set-aside area in "Reference" are listed 
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Reference No-set-aside

Region*

348'810 353'084

1.2

293'026 297'346

1.5

55'780 55'736.55

-0.1

6'929 7'072

2.1

41'828 43'023

2.9

60'767 62'430

2.7

66'109 66'599

0.7

30'686 30'863

0.6

3'187 3'248

1.9

4'489 4'564

1.7

23'041 23'415

1.6

Denmark

Germany

TOTAL domestic emissions (in 1000s of t);

(%) Change to reference

European Union 10

European Union 25

European Union 15

Sweden

United Kingdom

France

Spain

Italy

Finland

Appendix 11 Shifts in domestic-energy-related emissions in the no-
set-aside scenario 

 
 

 
Source: own calculations. Year: 2013.* Only those countries with over 50,000 ha of obligatory set-aside area in 
"Reference" are listed 
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Reference (RS) No-set-aside

(1000s of t)
(1000s of t)

(%) Change to RS

10'136 10'229

0.9

8'925 9'019

1.1

1'211 1'210

-0.1

265 269

1.5

1'610 1'636

1.6

1'985 2'024

2.0

1'476 1'487

0.7

832 836

0.5

106 107

1.1

131 132

1.0

1'116 1'122

0.6

Region*

Germany

European Union 10

European Union 25

European Union 15

Sweden

United Kingdom

France

Spain

Italy

Finland

Denmark

Appendix 12 Shifts in nitrate surplus in the no-set-aside scenario 

 
 

 
Source: own calculations. Year: 2013.* Only those countries with over 50,000 ha of obligatory set-aside area in 
"Reference" are listed 
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Scenario

Parameter* Suckler cows Total cattle Suckler cows Total cattle

Unit

European Union 25 14'573 91'385 -4.9 -1.7

European Union 15 14'243 82'318 -5.0 -1.9

European Union 10 331 9'068 1.1 0.3

Belgium 713 2'901 4.0 -0.1

Denmark 144 1'771 5.7 -1.6

Germany 980 12'069 6.6 -1.4

Austria 359 2'113 -17.0 -4.2

Netherlands 92 3'599 7.6 -1.6

France 4'735 19'971 -11.4 -3.6

Portugal 591 1'831 -12.2 -4.7

Spain 2'421 10'048 -15.2 -4.6

Greece 153 782 -13.6 -3.4

Italy 558 8'906 8.1 0.2

Ireland 1'543 6'438 4.8 0.3

Finland 13 841 15.7 -0.6

Sweden 173 1'470 5.0 -0.1

United Kingdom 1'768 9'577 6.2 0.5

Czech Republic 97 981 0.9 0.5

Hungary 27 652 1.7 0.4

Latvia 40 451 0.1 0.4

Poland 16 4'951 4.0 0.3

Slovenia 100 465 1.1 0.8

Slovak Republic 23 286 2.1 1.1

Reference

(1000s of heads)

DCSCOW

(%) Change to reference

Appendix 13 Shifts in suckler-cow and total cattle numbers in the 
DCSCOW scenario 

 

 

Source: own calculations. Year: 2013. * All countries with less than 10,000 suckler cows and Cyprus are excluded 
from detailed analysis 
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Scenario

Parameter* Total meat supply Beef supply beef Supply Total meat supply

Unit

European Union 25 42'436 7'929 -1.3 -0.2

European Union 15 36'803 7'455 -1.4 -0.2

European Union 10 5'633 475 0.8 0.1

Belgium 1'724 297 0.3 0.1

Denmark 2'252 126 -2.5 -0.1

Germany 7'053 1'195 -1.2 -0.1

Austria 797 193 -3.0 -0.7

Netherlands 2'327 321 -2.3 -0.2

France 6'723 1'893 -3.1 -0.7

Portugal 808 127 -1.7 -0.1

Spain 5'882 812 -2.4 -0.3

Greece 447 54 -1.7 0.0

Italy 3'559 980 0.5 0.2

Ireland 1'058 597 -0.4 -0.2

Finland 370 78 -0.6 -0.1

Sweden 516 140 0.2 0.1

United Kingdom 3'286 642 0.2 0.1

Czech Republic 705 58 1.4 0.3

Hungary 1'291 38 0.8 0.0

Latvia 38 17 0.5 0.2

Poland 2'924 246 0.6 0.1

Slovenia 126 32 1.9 0.5

Slovak Republic 258 22 2.4 0.2

Reference

(in 1000s of t) (%) Change to reference

DCSCOW

Appendix 14  Shifts in beef and total meat supply in the DCSCOW 
scenario 

 

 

Source: own calculations. Year: 2013. * All countries with less than 10,000 suckler cows and Cyprus are excluded 
from detailed analysis 
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Scenario

Parameter* Cereals Oilseeds
Other arable 

crops

Fodder 

activities

Voluntary set-

aside and fallow 

land**

Unit

European Union 25 -2.0 -0.2 -3.4 1.0 10.7

European Union 15 -2.1 -1.4 1.8 0.8 9.1

European Union 10 -1.9 2.6 -17.2 1.8 13.3

Belgium -3.2 0.2 2.0 0.5 3.5

Denmark -1.8 -0.7 0.5 1.0 10.1

Germany -0.9 -0.9 2.0 0.5 50.2

Austria -3.0 1.9 2.4 0.5 5.6

Netherlands -1.3 0.0 -0.8 1.3 11.3

France -4.8 3.3 2.6 2.0 4.6

Portugal -1.2 -21.9 -8.7 0.4 22.6

Spain 0.8 -9.0 14.9 -1.6 9.7

Greece 2.4 -0.4 -6.4 0.0 6.3

Italy -1.7 -5.5 -6.4 1.2 8.6

Ireland -1.6 -2.0 -0.9 0.0 66.3

Finland 0.0 11.7 -9.1 0.0 2.7

Sweden -7.1 -0.2 0.5 4.2 4.3

United Kingdom -3.8 -2.7 -0.4 1.0 -

Czech Republic -3.0 0.8 5.6 0.7 17.5

Estonia -13.9 -1.9 -5.5 10.0 10.7

Hungary -4.7 8.3 4.0 3.1 13.2

Lithuania -1.4 4.5 -16.5 0.6 11.2

Latvia -12.3 -0.9 -28.6 6.8 11.7

Poland 0.4 -3.7 -32.7 0.5 13.6

Slovenia -0.7 1.3 11.3 -0.2 -

Slovak Republic -4.5 2.8 5.4 2.5 5.9

(%) Change to reference

ENER_SIM10

Appendix 15  Shifts in production-area levels in the ENER_SIM10 
scenario 

 

 

Source: own calculations. Year: 2013. * Malta and Cyprus are not considered in the detailed analysis; Luxembourg 
is modelled together with Belgium; ** Only areas of over 1000 ha are considered 
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Scenario

Parameter*
All cattle

activities

Bull 

fattening

Dairy cow 

production

Pig 

production

Poultry

fattening**

Unit

European Union 25 -3.7 -3.3 -0.7 -3.6 -4.3

European Union 15 -3.3 -2.4 -0.1 -3.4 -4.6

European Union 10 -7.0 -14.0 -3.5 -4.9 -2.6

Belgium -2.0 -0.9 -0.1 -2.8 -1.1

Denmark -7.7 -14.1 0.0 -4.3 -12.4

Germany -4.3 -6.9 -0.1 -2.4 -4.5

Austria -3.3 -2.6 -0.1 -5.2 -3.7

Netherlands -2.0 -3.7 0.0 -4.7 -25.3

France -2.2 -0.4 0.0 -4.3 2.5

Portugal -4.5 -0.7 -0.2 -2.4 -5.3

Spain -4.0 -1.7 -0.2 -4.1 -3.1

Greece -2.1 0.6 -0.4 -2.1 -11.4

Italy -1.9 0.2 0.0 -1.8 -0.6

Ireland -5.3 -4.7 -0.1 -6.9 -6.6

Finland -4.3 -4.3 -0.8 -0.8 -12.1

Sweden 0.8 -0.1 0.0 -0.4 -6.5

United Kingdom -3.9 -2.3 -0.1 -0.3 -3.9

Czech Republic -3.0 -33.8 -1.3 -9.9 -9.7

Estonia -3.1 -39.2 -3.4 -9.6 -7.7

Hungary -3.6 -36.1 -1.2 -2.2 -0.2

Lithuania -13.9 -31.7 -3.8 -1.4 7.6

Latvia -0.3 -14.7 -3.1 -3.5 -

Poland -7.8 -7.0 -4.2 -4.6 -0.4

Slovenia -7.9 -6.2 -3.5 8.3 -6.0

Slovak Republic -4.6 -18.1 -1.6 0.9 -4.4

ENER_SIM10

(%) Change to reference

Appendix 16  Shifts in numbers of animals in the ENER_SIM10 
scenario 

 

 

Source: own calculations. Year: 2013. * Malta and Cyprus are not considered in the detailed analysis; Luxembourg 
is modelled together with Belgium; ** Countries with under 1000 head of livestock are not considered in this table 
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Scenario

Parameter*: Supply Cereals Oilseeds
Other arable 

field crops
Vegetables Fodder

Unit

European Union 25 -4.1 0.2 -5.2 -3.3 -2.4

European Union 15 -3.8 -0.5 -1.3 -2.9 -2.3

European Union 10 -5.0 2.3 -18.8 -7.2 -3.4

Belgium -2.6 5.4 2.1 1.7 -1.4

Denmark -1.7 -1.7 0.1 -1.3 -0.2

Germany -1.3 -0.7 1.0 -3.4 -1.8

Austria -9.1 2.6 -1.8 -0.3 -0.4

Netherlands -2.1 0.9 -0.9 -12.6 -1.6

France -5.9 3.1 2.2 -3.7 -0.2

Portugal -8.3 -20.8 -9.2 -0.3 -0.8

Spain -4.8 -12.4 -15.1 -3.1 -4.2

Greece -11.3 -25.1 -21.8 -1.4 0.7

Italy -1.4 -7.3 -4.9 -2.2 0.6

Ireland -1.6 -2.1 -1.0 -0.2 -4.0

Finland 0.0 11.3 -18.6 1.6 -1.3

Sweden -6.7 -0.6 -1.1 -2.6 1.6

United Kingdom -3.6 -3.1 -1.0 0.0 -5.8

Czech Republic -4.3 0.8 1.6 -1.4 -4.2

Estonia -13.2 -1.8 -22.7 1.9 4.9

Hungary -10.9 7.6 6.3 -4.5 1.5

Lithuania -1.2 4.5 -24.1 1.1 -7.1

Latvia -11.6 -1.0 -21.8 -7.0 -1.4

Poland -2.5 -3.5 -29.6 -9.5 -4.4

Slovenia 0.4 2.2 5.2 -0.2 -2.8

Slovak Republic -6.3 3.1 5.5 -6.9 -1.2

(%) Change to reference

ENER_SIM10

Appendix 17  Shifts in plant-product supplies in the ENER_SIM10 
scenario 

 

 

Source: own calculations. Year: 2013. * Malta and Cyprus are not considered in the detailed analysis; Luxembourg 
is modelled together with Belgium 
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Scenario

Parameter*: Supply Beef Pork Poultry** Milk

Unit

European Union 25 -3.0 -3.5 -3.5 -0.4

European Union 15 -2.7 -3.3 -3.7 0.0

European Union 10 -8.5 -4.7 -2.5 -3.2

Belgium -1.6 -2.9 -1.6 0.0

Denmark -9.1 -4.3 -12.2 0.0

Germany -5.8 -2.5 -4.2 0.0

Austria -3.3 -5.4 -3.3 0.0

Netherlands -1.9 -4.9 -24.4 0.0

France -1.4 -4.1 2.4 0.0

Portugal -1.4 -2.3 -5.2 0.0

Spain -2.1 -4.0 -2.9 -0.1

Greece 0.5 -2.5 -11.1 -0.1

Italy 0.1 -1.8 -0.6 0.0

Ireland -5.3 -7.1 -6.6 0.0

Finland -3.7 -1.7 -11.8 -0.8

Sweden 0.2 -0.4 -6.2 0.0

United Kingdom -3.2 -0.5 -3.9 0.0

Czech Republic -15.7 -10.2 -9.5 -1.3

Estonia -13.2 -9.2 -6.7 -3.1

Hungary -10.5 -2.5 -0.2 -1.1

Lithuania -17.4 -1.2 6.0 -3.9

Latvia -4.1 -4.2 - -3.2

Poland -5.2 -4.5 -1.6 -4.4

Slovenia -8.4 5.5 -5.8 -3.4

Slovak Republic -7.6 1.0 -4.5 -1.3

ENER_SIM10

(%) Change to reference

Appendix 18  Shifts in animal-product supplies in the ENER_SIM10 
scenario 

 
 

Source: own calculations. Year: 2013. * Malta and Cyprus are not considered in the detailed analysis; Luxembourg 
is modelled together with Belgium; ** Countries with under 1000 head of livestock are not considered in this table 
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Region* Reference (RS) ENER_SIM10 Reference (RS) ENER_SIM10

(in petajoules)
(in petajoules)

(%) Change to RS
(in petajoules)

(in petajoules)

(%) Change to RS

5'002 4'508 5'396 5'224

-9.9 -3.2

4'254 3'861 4'405 4'291

-9.2 -2.6

747 647 991 934

-13.5 -5.8

82 81 78 77

-1.7 -0.9

105 101 151 148

-3.2 -1.8

570 549 911 903

-3.8 -0.9

72 68 79 75

-5.6 -5.9

298 257 104 101

-13.7 -3.0

832 775 1'063 1'024

-6.9 -3.6

95 91 44 42

-4.1 -5.0

1'010 797 668 647

-21.1 -3.2

200 188 196 188

-5.8 -3.9

463 449 523 515

-2.9 -1.5

116 111 51 50

-5.0 -1.8

43 42 60 60

-3.8 -1.1

61 59 87 83

-2.8 -4.9

306 294 390 379

-4.0 -2.8

70 66 136 132

-6.2 -2.9

11 10 11 10

-8.7 -10.8

134 117 213 199

-13.2 -6.8

51 40 55 53

-22.5 -4.3

24 20 20 17

-15.6 -11.7

403 344 483 452

-14.7 -6.4

17 16 13 13

-4.3 0.4

30 28 55 53

-6.8 -3.4

Sweden

United Kingdom

Czech Republic

Estonia

European Union 25

European Union 15

European Union 10

Austria

Belgium

Denmark

Germany

Netherlands

Italy

Ireland

Finland

France

Portugal

Spain

Greece

Domestic energy output

Slovenia

Slovak Republic

Domestic energy use

Hungary

Lithuania

Latvia

Poland

Appendix 19  Shifts in domestic energy use and output in the 
ENER_SIM10 scenario 

 
 

Source: own calculations. Year: 2013. *Malta and Cyprus are not explicitly considered; Luxembourg is mod-
elled together with Belgium 
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Reference (RS) ENER_SIM10

Region*

348'810 316'504

-9.3

293'026 268'001

-8.5

55'780 48'502

-13.0

5'404 5'322

-1.5

6'929 6'750

-2.6

41'828 40'373

-3.5

4'914 4'653

-5.3

18'382 15'980

-13.1

60'767 57'053

-6.1

5'798 5'567

-4.0

66'109 52'677

-20.3

12'482 11'780

-5.6

30'686 29'852

-2.7

9'013 8'577

-4.8

3'187 3'083

-3.3

4'489 4'367

-2.7

23'041 21'967

-4.7

5'867 5'535

-5.7

786 721

-8.2

9'780 8'613

-11.9

4'150 3'181

-23.4

1'868 1'569

-16.0

29'385 25'148

-14.4

1'167 1'124

-3.7

2'356 2'215

-6.0

Denmark

Germany

Austria

Netherlands

European Union 25

European Union 15

European Union 10

Belgium

Portugal

Spain

Estonia

Greece

Italy

Ireland

Finland

Czech Republic

TOTAL domestic emissions (in 1000s of t)

(%) Change to RS

Slovenia

Slovak Republic

Hungary

Lithuania

Latvia

Poland

Sweden

United Kingdom

France

Appendix 20 Shifts in energy-related emissions in the ENER_SIM10 
scenario 

 
 

Source: own calculations. Year: 2013. * Malta and Cyprus are not explicitly considered; Luxembourg is modelled 
together with Belgium 
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Reference (RS) ENER_SIM10

Region* (in 1000s of t)
(in 1000s of t)

(%) Change to RS

10'136 9'774

-3.58

8'925 8'631

-3.30

1'211 1'143

-5.64

219 214

-2.00

265 259

-2.31

1'610 1'573

-2.30

146 140

-4.04

374 359

-3.96

1'985 1'945

-2.05

114 110

-3.60

1'476 1'399

-5.24

100 93

-6.90

832 826

-0.71

452 426

-5.70

106 103

-3.49

131 132

0.87

1'116 1'053

-5.62

211 199

-5.86

17 17

1.78

207 195

-5.73

140 131

-6.32

37 36

-2.23

462 435

-6.00

52 49

-6.13

69 66

-3.62

Greece

Ireland

European Union 25

European Union 15

Denmark

Germany

European Union 10

Belgium

United Kingdom

France

Slovak Republic

Latvia

Poland

Slovenia

Spain

Italy

Finland

Portugal

Nitrate surplus

Estonia

Hungary

Lithuania

Austria

Netherlands

Sweden

Czech Republic

Appendix 21  Shifts in nitrate surplus in the ENER_SIM10 scenario 

 
 

Source: own calculations. Year: 2013. *Malta and Cyprus are not explicitly considered; Luxembourg is modelled 
together with Belgium 
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Scenario

Parameter* Cereals Oilseeds
Other arable 

crops

Fodder 

activities

Voluntary set-aside 

and fallow land**

Unit

European Union 25 -3.3 -0.3 -0.6 1.2 12.8

European Union 15 -3.6 -1.4 5.3 1.1 10.0

European Union 10 -2.7 2.1 -16.1 1.8 17.0

Belgium -3.6 -0.4 2.0 0.7 3.7

Denmark -2.0 -1.0 0.9 1.0 11.9

Germany -1.3 -2.3 4.3 0.8 61.4

Austria -3.2 -0.2 4.5 0.6 6.4

Netherlands -1.9 0.0 -2.2 1.6 13.4

France -6.3 1.4 7.6 2.5 5.7

Portugal -2.9 -20.5 -3.8 0.4 20.6

Spain -3.1 -3.9 21.9 -1.3 10.9

Greece 1.4 -0.2 -4.9 0.0 5.7

Italy -3.2 -3.8 -2.4 1.6 9.0

Ireland -3.0 -3.6 -0.9 0.1 81.4

Finland -0.7 16.3 -4.1 0.0 3.3

Sweden -9.2 0.1 1.7 5.3 5.3

United Kingdom -4.8 -4.7 3.8 1.2 356.8

Czech Republic -4.0 2.6 6.5 0.5 23.6

Estonia -15.4 -1.2 -4.1 10.5 12.6

Hungary -5.2 8.6 4.9 3.1 17.0

Lithuania -4.3 9.0 -17.1 0.0 20.5

Latvia -14.4 -0.7 -23.1 7.1 13.3

Poland -0.2 -8.2 -31.3 0.4 16.6

Slovenia -1.9 3.5 13.2 0.1 -

Slovak Republic -5.3 3.0 6.5 3.0 7.5

CO2_SIM10

(%) Change to reference

Appendix 22  Shifts in plant-production activities in the CO2_SIM10 
scenario 

 

 

Source: own calculations. Year: 2013. * Malta and Cyprus are not considered in the detailed analysis; Luxembourg 
is modelled together with Belgium; ** Only areas of over 100 ha are considered 

 



200 

Scenario

Parameter*
All cattle

activities

Bull 

fattening

Dairy cow 

production

Pig 

production

Unit

European Union 25 -4.0 -3.6 -0.7 -3.2

European Union 15 -3.6 -2.6 -0.1 -3.0

European Union 10 -7.6 -16.2 -3.5 -4.9

Belgium -1.9 -0.3 -0.1 -2.2

Denmark -8.0 -15.6 0.0 -3.7

Germany -4.8 -7.5 -0.1 -1.9

Austria -3.8 -3.0 -0.1 -4.6

Netherlands -2.4 -3.5 0.0 -4.7

France -2.3 -0.2 0.0 -4.3

Portugal -4.3 -0.1 -0.1 -1.9

Spain -3.9 -1.7 -0.1 -3.5

Greece -1.8 0.7 -0.2 -1.4

Italy -1.5 0.9 0.0 -0.6

Ireland -7.0 -5.8 -0.1 -6.1

Finland -3.6 -4.1 -0.4 -0.7

Sweden 1.6 0.2 0.0 0.1

United Kingdom -4.8 -2.7 -0.1 -0.5

Czech Republic -4.7 -38.5 -1.3 -8.8

Estonia -2.6 -41.9 -3.1 -9.6

Hungary -4.0 -38.4 -1.1 -1.9

Lithuania -21.2 -41.8 -5.4 -5.2

Latvia -0.5 -15.8 -3.1 -2.8

Poland -7.2 -7.9 -4.0 -4.9

Slovenia -6.6 -4.8 -2.8 8.2

Slovak Republic -4.5 -18.1 -1.2 0.7

CO2_SIM10

(%) Change to reference

Appendix 23  Shifts in animal-production scope in the CO2_SIM10 
scenario 

 
 

Source: own calculations. Year: 2013. * Malta and Cyprus are not considered in the detailed analysis; Luxembourg 
is modelled together with Belgium 
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Scenario

Parameter*: Supply Cereals Oilseeds
Other arable 

field crops
Vegetables Fodder

Unit

European Union 25 -5.2 -0.6 -5.0 -3.3 -4.2

European Union 15 -5.0 -1.3 -0.5 -2.5 -3.8

European Union 10 -5.8 1.8 -20.4 -9.3 -7.4

Belgium -3.3 4.3 2.1 1.6 -1.9

Denmark -1.9 -2.8 0.0 -1.2 -0.7

Germany -1.7 -1.9 2.1 -3.1 -3.0

Austria -8.2 0.4 -1.5 -0.3 -1.2

Netherlands -2.6 -0.3 -3.0 -11.4 -2.4

France -7.2 1.7 3.3 -3.4 -1.0

Portugal -7.4 -19.3 -7.8 -0.2 -0.7

Spain -8.9 -6.9 -14.1 -2.9 -6.0

Greece -10.0 -17.4 -16.2 -1.1 0.4

Italy -2.9 -5.7 -3.1 -1.8 0.9

Ireland -2.9 -3.5 -1.3 0.0 -6.2

Finland -0.7 15.8 -11.8 1.6 -2.1

Sweden -8.9 -0.8 -2.3 -2.2 1.8

United Kingdom -4.5 -5.2 0.0 0.3 -9.3

Czech Republic -5.4 3.2 -2.0 -0.6 -7.0

Estonia -14.8 -1.0 -16.5 3.7 3.7

Hungary -10.9 7.9 6.0 -4.1 -3.2

Lithuania -4.3 9.0 -32.1 2.6 -16.8

Latvia -13.7 -0.6 -18.4 -5.8 -4.7

Poland -3.2 -7.7 -30.4 -13.3 -7.3

Slovenia -2.2 5.8 5.8 0.4 -2.9

Slovak Republic -6.8 3.5 4.8 -8.1 -3.2

CO2_SIM10

(%) Change to reference

Appendix 24  Shifts in plant-product supply in the CO2_SIM10 
scenario 

 
 

Source: own calculations. Year: 2013. * Malta and Cyprus are not considered in the detailed analysis; Luxembourg 
is modelled together with Belgium 
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Scenario

Parameter*: Supply Beef Pork Poultry Milk

Unit

European Union 25 -3.2 -3.1 -3.3 -0.4

European Union 15 -2.9 -2.8 -3.4 0.0

European Union 10 -9.4 -4.7 -3.0 -3.2

Belgium -1.5 -2.2 -1.1 0.0

Denmark -9.9 -3.7 -11.4 0.0

Germany -6.2 -1.9 -3.9 0.0

Austria -3.7 -4.7 -3.4 0.0

Netherlands -2.2 -4.8 -22.4 0.0

France -1.5 -4.1 2.1 0.0

Portugal -1.1 -1.8 -5.1 0.0

Spain -2.2 -3.5 -2.7 0.0

Greece 0.7 -1.5 -8.4 0.0

Italy 0.6 -0.6 0.2 0.0

Ireland -6.6 -6.2 -6.4 0.0

Finland -3.4 -1.4 -10.3 -0.4

Sweden 0.6 0.1 -5.9 0.0

United Kingdom -3.9 -0.6 -3.8 0.0

Czech Republic -18.1 -9.0 -10.1 -1.3

Estonia -13.3 -9.2 -6.1 -2.8

Hungary -11.0 -2.2 -0.3 -1.0

Lithuania -23.5 -5.2 3.4 -5.5

Latvia -3.9 -3.5 2.2 -3.2

Poland -5.3 -4.8 -2.5 -4.3

Slovenia -6.8 5.9 -3.7 -2.7

Slovak Republic -7.4 0.8 -5.1 -0.9

CO2_SIM10

(%) Change to reference

Appendix 25 Shifts in animal-product supplies in the CO2_SIM10 
scenario 

 
 

Source: own calculations. Year: 2013. * Malta and Cyprus are not considered in the detailed analysis; Luxembourg 
is modelled together with Belgium 
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Reference (RS) CO2_SIM10 Reference CO2_SIM10

Region* (in petajoules)
(in petajoules)

(%) Change to RS
(in petajoules)

(in petajoules)

(%) Change to RS

5'002 4'511 5'396 5'196

-9.8 -3.7

4'254 3'872 4'405 4'270

-9.0 -3.1

747 638 991 926

-14.6 -6.5

82 81 78 77

-1.4 -1.1

105 102 151 148

-3.1 -1.9

570 550 911 901

-3.6 -1.1

72 69 79 75

-5.1 -5.3

298 259 104 101

-13.0 -3.6

832 776 1'063 1'017

-6.8 -4.3

95 92 44 42

-3.6 -4.3

1'010 803 668 638

-20.5 -4.4

200 190 196 189

-4.8 -3.2

463 451 523 514

-2.5 -1.9

116 109 51 50

-6.4 -2.5

43 42 60 60

-2.5 -1.0

61 59 87 81

-3.1 -6.5

306 290 390 378

-5.1 -3.2

70 65 136 131

-6.9 -3.7

11 10 11 10

-8.6 -11.5

134 117 213 199

-12.8 -6.7

51 37 55 51

-26.7 -7.5

24 20 20 17

-15.3 -12.5

403 337 483 448

-16.3 -7.3

17 16 13 13

-3.8 -1.0

30 28 55 53

-6.7 -3.7

Latvia

Slovenia

Slovak Republic

Belgium

Denmark

Austria

Portugal

Greece

Italy

Finland

Sweden

Poland

Lithuania

European Union 10

Germany

United Kingdom

Czech Republic

Estonia

Domestic energy use Domestic energy output

Ireland

Hungary

Netherlands

France

Spain

European Union 25

European Union 15

Appendix 26 Shifts in domestic energy use and output in the 
CO2_SIM10 scenario 

 
 

Source: own calculations. Year: 2013. * Malta and Cyprus are not considered in the detailed analysis; Luxembourg 
is modelled together with Belgium 
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Reference (RS) CO2_SIM10

Region*

348'810 315'541

-9.5

293'026 267'931

-8.6

55'780 47'612

-14.6

5'404 5'324

-1.5

6'929 6'752

-2.6

41'828 40'360

-3.5

4'914 4'671

-4.9

18'382 16'073

-12.6

60'767 57'007

-6.2

5'798 5'596

-3.5

66'109 52'895

-20.0

12'482 11'890

-4.7

30'686 29'925

-2.5

9'013 8'423

-6.5

3'187 3'113

-2.3

4'489 4'346

-3.2

23'041 21'554

-6.5

5'867 5'480

-6.6

786 719

-8.4

9'780 8'623

-11.8

4'150 2'994

-27.9

1'868 1'564

-16.3

29'385 24'498

-16.6

1'167 1'125

-3.6

2'356 2'210

-6.2

European Union 25

European Union 15

European Union 10

Belgium

Denmark

Germany

Austria

Netherlands

France

Portugal

Spain

Estonia

Greece

Italy

Ireland

Finland

TOTAL domestic emissions (in 1000s of t)

(%) Change to RS

Slovenia

Slovak Republic

Hungary

Lithuania

Latvia

Poland

Sweden

United Kingdom

Czech Republic

Appendix 27 Shifts in energy-related emissions in the CO2_SIM10 
scenario 

 
 

Source: own calculations. Year: 2013. * Malta and Cyprus are not considered in the detailed analysis; Luxembourg 
is modelled together with Belgium 
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Appendix 28 Indicators compiled in the IRENA project 

 

 

Source : Europäische Gemeinschaften (2001), cited in Paracchini et al. (2004) 
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Appendix 29 HNV farming-systems typology 

 
 

Source: EEA (2004) 
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