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Abstract 
 

The European pork chains are currently facing with numerous challenges. Globalisation, 
emerging new markets, changing consumer requirements, new governmental regulations and 
restrictions on issues such as environmental pollution and food  safety,  require reconsideration 
and  implementation of new strategic decisions,  to continuously innovate supply chain network 
structure, relocate logistic initiatives and newly allocate agri-food chain activities in order to 
achieve sustainability in the chain. This paper illustrates  the possibilities  of achieving  a 
sustainability (reduction of costs and CO2 emissions)  in the pork supply chains using strategic 
decision making approach to spatially relocate pork supply chain activities in the Europe. Several 
scenarios are analysed. The model used to analyse the scenarios is based on mix integer linear 
programming (MILP) and it is applied to the European pork chain with regards to pig feed, pigs, 
piglets and pig meat. The results reveal major reduction opportunities in cost as well as in CO2 
emissions by means of relocation of different chain activities. Moreover, the findings of this 
study suggest that differentiation in strategic decision making could lead to opportunities for a 
transition towards a more sustainable pork sector in Europe. 
 

Introduction 
 

In this rapidly changing environment the European pork  supply chains are facing needs 
to make strategic and operational decisions such as which plants where to operate, what product 
mix should be per plant and which distribution centre supplies which customer (Tsiakis 
&Papageorgiou, 2008). Besides, there is a growing need for integrating environmentally sound 
and sustainable choices into supply chain research and practice. In recent years, consumers and 
governments have been pressing companies to reduce the environmental impact of their products 
and processes (Quariguasi Frota Neto et al., 2008). This pressure has pursued pork  supply chains 
to look at more sustainable developments by means of adopting different sustainability concepts 
such as for instance environmentally-friendly logistic networks reducing CO2 emissions.  

Currently the European pork supply chains with their self-sufficiency have a good 
position in the global market. However this position is threatened by recently challenging 
countries like Brazil, Canada and the USA (Lehmann, 2009).  Thus in order to keep its current 
position and to compete against the new players in the field it is necessary to reconsider supply 
chains strategies and to develop innovative, integrated and sustainable food production chains of 
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high quality pork and pork products matching the consumer demands at one side and supporting 
the economic and environmental sustainability on the other side.  

The production of high quality pork and pork products is a complex issue with  multiple 
interacting stages (Lehmann, 2009). The most important stages in the European pork chains are: 
breeding-farrowing-finishing-processing-retails.  

Several studies have shown that growth in consumption of pork meat per person is 
expected to continue in Europe, especially in the new EU state members, while consumers focus 
mostly on price (Hoste et al., 2004; Trienekens et al., 2009; Winter & Tacken, 2010). The 
research from The Netherlands has shown that prices in pork supply chains are distributed rather 
unevenly across the entire supply chain, where a pig farmer earns around 40 eurocent per kg 
product (6%) for his own labour and capital, while a retailer has a share of about 24% in the sales 
price (Hoste et al, 2004). Several studies have also shown that Greenhouse gas (GHG) emissions, 
expressed in g CO2 equivalents, are rather high in pork supply chains (Carlsson-Kanyama, 1988; 
De Vries & De Boer, 2010; Mogensen et al., 2009).  Thus it is evitable for European pork supply 
chain operators to reconsider their strategic decisions with regards to possibilities to substantially 
reduce CO2 emissions while at the same time to meet consumer demands and remain competitive 
and economically sustainable. 

The globalization introduces economic changes in labour, land and energy use leading to 
a more attractive foreign production capacity. This means that the entire pork production does not 
necessarily occur at the location where it is consumed because of the site-specific production 
benefits (e.g. food and raw material availability, labour, knowledge, etc.). This entails shifts in 
production processes, where Western European countries will most likely focus more on 
knowledge intensive activities, while labour-intensive activities may be more profitable to shift in 
the countries with low wages and more environmental spaces (e.g. Poland, Russia). Changing 
consumer requirements, new legal restrictions on food safety and environmental sustainability, 
foreign competitors that emerge to the market require  European pork supply chains to innovate 
their network structure, consider spatially shifts in production, renew logistic initiatives and 
newly allocate chain activities. Thus the current study introduces an approach that illustrates 
whether by means of spatial shifts of different chain activities in pork supply chains within 
different European countries it is possible to reduce environmental burden with regards to CO2 
emissions while keeping  the costs involved as low as possible. 
 

Methodology 
 
The need to improve the sustainability of the chain from economic and environmental 

point of view has urged the development of integrated frameworks that combine economic and 
environmental aspects in one framework. This requires a quantification of the environmental 
impact of a supply chain (e.g. by means of LCA based indicators) and use of these measures in 
the optimisation models, potentially leading to multi-criteria frameworks (Papageorgiou, 2009). 
The examples of such frameworks are the works of Zhou et al., 2000, where the authors describe 
a goal programing approach to account for sustainability aspects for supply chains of continuous 
processes. Another example is the work of Hugo and Pisitikopoulos (2005), where authors 
combined the LCA criteria with design and long run planning of multi-enterprise supply chain 
networks in the optimisation model and applied it to a bulk chemicals supply chain.  

Supply chain models are quite often modelled by means of mathematical programming 
(Papageorgiou, 2009). For mathematical programming large number of tools and techniques have 
been utilised such as dynamic, multi-period, deterministic or stochastic models. Linear 
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programming  is the most common technique used to formulate and solve such problems 
followed by dynamic programing (Srivastava,2007). Other non-linear programming models have 
also been utilised. Jackson and Grossman (2003) describe a multi-period non-linear programming 
model for the production planning and distribution of multi-site continuous multiproduct plants 
where each production plant is represented by nonlinear processes. A mixed integer linear 
programming model is proposed by Timpe and Kallrath (2000) for the optimal planning of multi-
site production networks. The model was applied to a production network of four plants located 
in three different regions. This study follows the study of Timpe and Kallrath (2000) and uses 
mixed linear integer programming model (MILP) that combines two models: LCA model and 
Economic models.   
 
Model Description 

The developed model consists of Economic model and LCA model1 and is meant to 
analyse supply chains of agricultural products in the context of economic costs as well as 
environmental impact. This is done separately in euros and kg CO2-equivalents, but also 
integrated, where environmental impact is converted into costs. The model is applied to the pork 
supply chains in seven European countries, the Netherlands, France, Germany, Denmark, the 
United Kingdom, Poland and Russia. The production streams within and between countries in the 
rest of the world are kept constant and therefore neglected to overcome fixed production in the 
seven countries. The pork supply chain considered in this study consists of piglets (and sows), 
slaughter pigs, slaughtering, pork meat, and pork consumption. 

From a mathematical point of view the model is a mixed integer linear programming 
problem of one fixed year. The most important reason for the absence of dynamic models (in 
time) for the various aspects (production volume per link in the supply chain, price, etc.) and their 
interaction is the complexity of the pork supply network. Therefore the choice is made to create a 
model on a strategic level. To deal with this a static optimization is carried out and based on 
expert views the results are projected and adjustments are made according to present practice. 
The  developed model and scenarios for sustainable European pork supply chains have been 
discussed with experts in six expert meetings. The discussion session were held during the public 
conferences (Bonn 2009, Dublin 2010) , project meetings  (April 2009, May 2010) and  bilateral 
discussions with industry (November and December 2010).  

 
Scenarios 

Scenario analyses are carried out with the following optimization characteristics: baseline 
pork situation of 2009 (current pork chains), a cost optimization, a CO2-eq optimization (derived 
from the LCA analysis) and a combination of the former.  

Based on expert sessions the following issues have been taken into account in the 
developed scenarios:  
• Level of self-sufficiency: if the production of a country is more than it’s consumption the 

price will increase for the extra available produce. This is incorporated in the model and the 
price increase is a flexible parameter (%). On the other hand if self-support decreases below a 
certain level the market price will decrease as well. This to create a barrier when a country 
becomes a net exporter, with the assumption when this happens, extra costs are made. These 

                                                   
1 The details of LCA model and the data used can be found at Nguyen et al., 2010. The mathematical explanation  
and restrictions/assumptions of Economic model are not presented in in this paper as it is considered to be out of 
scope for the conference.  If  desired, this information  can be obtained by request from the corresponding author. 
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might include transport costs, expenses related to establishing a distribution channel, or 
production costs (Bernard & Bredford, 1999) 

• Trust: although prices for production in East European countries might be lower than in the 
western part of Europe financial trust is lacking because of long term of payments and 
corruption (Johnson et al., 2000).  

• Differentiation: One of the important aspects of the discussion was the inclusion of possible 
differentiation to production system per country. This point has been elaborated for the Polish 
production, where a split has been made into a classic production (small scale family farm 
with low performance) and a modern integrated production, due to presence of large 
differences between production systems in this country. 

The first two issues have been used to perform sensitivity analysis to test the robustness of 
the model, while the last issue has been incorporated into the model. 

Baseline situation of pork supply chain 

Supply chain costs as described below are used to determine a baseline situation in 2009. 
Production costs of piglets (including feed for sows), slaughter pigs and slaughtering and 
transportation costs are used. Levels of 2009 production, import, export and consumption are 
used. For production, import and export this is done for piglets, pigs and slaughtering. 
Consumption of pig-meat is used as the end of the supply chain. Pig-meat is not further separated 
into different segments or other products to overcome difficulties with different products coming 
from the same part of the pig.  

Scenario 1 Cost optimized pork chain 

In Scenario 1 the baseline situation described above is optimized. Production level per 
country is taken variable, while the consumption level is kept fixed.   

Scenario 2 CO2-eq optimized pork chain 

The same model structure as in Scenario 1 but production costs of piglets, pigs and pig-
meat are exchanged by kg CO2-eq production. In addition,  kg CO2-eq per km are used  instead 
of  transport costs. 

Scenario 3 Combined cost and CO2-eq optimized pork chain 

To combine costs and CO2-eq an approach is chosen to convert  CO2 equivalents into 
financial  value. An average of the EU Emission Allowances over time is a way to express the 
equivalents into euros (Ellerman et al., 2010). The costs of CO2 emissions are internalised in the 
costs of production. €20 per ton CO2-eq is used. In this way the LCA results are expressed in 
values and added on top of the costs of Scenario 1. The same model structure as in Scenario 1 is 
used. 

Model Robustness  

The model results are tested for robustness. Some variations in costs are made in order to 
find out if the model results are changing. The figures to change are ratified by expert meetings 
and literature. 
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Data 
The production costs used in the model are derived from the InterPIG2 network and from 

the study of Hoste (2011). Costs are expressed per piglet and per kg of slaughter weight 
respectively and then, according to the InterPIG method recalculated to a standard weight of 30 
kg for piglets and to 90 kg hot slaughter weight for the slaughter pigs. Next, costs were estimated 
for slaughter and processing, based on Hoste and Bondt (2006) with a 15% increase to 
compensate for devaluation. These costs are expressed per tonne of carcass weight. Like farm 
production costs, slaughter and processing costs for the non-western countries were estimated 
based on the known figures of the other countries. Standardized cost prices as modelled in the 
MILP model are expressed in € per animal and € per ton pig meat. To explain more about the 
different components of the cost  structure the table is extended (Table 1). 
 
Table 1. Cost structure of piglet and slaughter pig production and slaughtering costs in 
different countries 

 Costs DK NL DE FR PL 

(classic) 

PL 

(modern) 

UK RU 

Production cost of Piglets (€/piglet) 49.98 45.71 58.88 50.50 66.00 51.00 63.82 66.00 

Piglet weight (kg) 31.40 25.10 29.90 31.57 35.00 30.00 36.6 35.00 

Piglet production cost at harmonized 
30 kg (€/piglet) 

48.57 50.59 58.97 54.12 61.00 51.00 57.22 61.00 

         

Production cost of finishing pig (€/kg 
live weight increase) 

0.86 0.91 0.92 0.80 1.02 0.75 1.23 1.02 

Cost of finishing pig at harmonized 90 
kg slaughter weight (€/pig) 

71.79 75.64 76.29 66.57 86.82 64.05 102.58 86.82 

Total costs Finishing pig (€/pig) 142.03 153.16 168.71 143.15 166.16 133.51 191.17 166.16 

         

Mortality rate of finishers 4.10% 2.40% 3.10% 3.60% 4.50% 3.00% 3.20% 4.50% 

Slaughtering costs (€/slaughter pig) 17.58 15.65 15.15 16.16 17.25 14.09 19.55 14.09 

Processing costs (€/kg carcass weight) 0.60 0.46 0.37 0.48 0.41 0.41 0.52 0.41 

Live weight of slaughter pigs (kg) 106.70 118.20 119.80 115.80 98.50 110.00 103.30 98.50 

Carcass weight of slaughter pigs (kg) 81.40 92.10 94.60 90.90 76.83 86.90 79.80 76.83 

Slaughter and processing costs, 
harmonized weights (€/ton carcass  
weight) 

793.37 633.91 536.28 662.53 605.67 570.52 734.72 570.52 

 
From Table1 it becomes obvious that the cost of production varies between countries. For 

instance, the cost for producing a 30 kg piglet is about 25% higher in Russia and in Poland (for a 
classical production system) than in Denmark. Similar pattern can be observed for the costs 
structure at the fattening, the slaughtering and processing stages.  
 

                                                   
2 InterPIG is an international group of pig production economists of 14 countries, covering mainly Western Europe, but also 
Canada and Brazil (http://www.lei.dlo.nl/wever/docs/InterPIGEngels.pdf). Hoste (2011)  has described the InterPIG network in 
his study about  the production costs of pigs (see references for more details) 
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Results 
 

The results of different scenarios per country are presented in Figure 2. Model 
optimizations show large shifts of production between countries. 

 

 
Figure 1. Production of piglets, slaughtering pigs and pigmeat in different countries for scenario’s 
1, 2 and 3.  
 

The results of Scenario 1 “Optimizing cost” results into producing piglets in Denmark 
only. The production of slaughter pigs is shifting to Poland, whereas the slaughtering and 
processing of meat shifts to Poland and Germany. This large shift compared to the baseline 
scenario and the more than 15% savings on the costs is possible due to the relative small portion 
of transportation cost in the supply chain. The optimized solution is more or less equal to 
allocating production to the country with lowest production cost per derived unit. Denmark has 
the lowest production costs of piglets and slaughtering pigs and, therefore, the majority of 
production takes place in this country. There are hardly any trade off effects. 

Scenario 2 shows quite different results, with shifts of the entire piglet production in the 
Netherlands and slaughter pig production in the Netherlands and Poland. This is explained by the 
fact that the level of CO2 emission for the production of piglets and pigs in the Netherlands are 
relatively low. Slaughtering and processing do hardly contribute to CO2 emissions, this is not 
shown in the figure.  

The optimization on costs and CO2 together in Scenario 3 gives comparable results as the 
optimization on costs only, however with all slaughtering being done in Poland.  

The results on Figure 2 that the costs can be reduced by more than 15% for Scenario 1. If 
the production is optimized based on costs and costs for CO2 compensation (Scenario 3), the 
total costs reduction results in about 15%. In Scenario 1 costs for piglet production are reduced 
from 34 to 24%, the cost share of the fattening stage increased by about 6%, whereas slaughter 
and processing reduced costs from 40 to 24%. However, transport costs have increased from 1 to 
4% in Scenario 1. 
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Figure 2. Aggregated production cost for the baseline scenario, for scenario 1 (cost optimization) and for 
scenario 3 (combined optimization) (Baseline = 100%) 
 

 

 
 Figure 3. Aggregated CO2 equivalents for baseline scenario and for scenario 2 (CO2-eq. optimization) 
 

Figure 3 shows a decrease in CO2 emission in the optimized scenario (Scenario 2) for 
more than 20%, due to on one hand emission decrease in the piglet and pig production, and on 
the other hand for about fourfold  increase in CO2 emission in the transport. 

Sensitivity Analysis 
In order to test the robustness of the results, a sensitivity analysis was performed on two 

aspects considered to be important during the expert discussion sessions: corruption level and 
self-sufficiency of the country (see Section Scenarios). The corruption level was estimated based 
on corruption indices published by Transparency International (2009) and method proposed by  
Johnson (2000). 

Since these two aspect do not have an impact on the CO2 emissions, a sensitivity analysis 
was performed for only two scenarios (Scenario 1 and Scenario 3). The results are presented in 
Figures below. From the results of Figure 4 it can be seen that correction for corruption and self-
sufficiency do not affect the results of Scenario 1, implying the robustness of the results. The 
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results of the sensitivity analysis for Scenario 3 (Figures 5 ) showed that the level of corruption 
and the level of self-sufficiency have a slight impact on the results of Scenario 3, suggesting a 
shift production between countries. 

 
 

 
Figure 4. Sensitivity analysis for Scenario 1 Figure 5. Sensitivity analysis for Scenario 3 
 

Conclusions and Discussion 
 

This study analysis possibilities of reduction of environmental burden with regards to CO2 
emissions in one hand and reduction of production costs  on the other hand by means of a spatial 
location allocation of different chain activities for pork supply chains in different European 
countries.  

The scenario calculations reveal major reduction opportunities in cost as well as in CO2 
emissions by means of relocation of different chain activities. Moreover, optimizing cost will 
result into a spatial allocation rather different from the allocation achieved when optimizing CO2-
eq. Cost efficiency and CO2 reduction do not seem to go hand in hand in this case. Both for cost 
and for CO2 transportation is of minor concern compared to production. In other words, 
differences regarding production cost (or CO2-eq.) almost completely determine the found 
solution (spatial allocation). 

The results  show that regional advantages of some parts of the supply chain come 
together with moderate results in other stages of the chain within the country. For example piglet 
production in Denmark is very cost effective, but slaughter and processing is expensive. Results 
of this analysis show that both costs and CO2 emissions can be saved if the production would take 
place in the country with the lowest costs. 

However, optimal costs will not always lead to optimal CO2 emission reduction, due to 
the fact that countries may be optimal in either cost or CO2 emission. Optimization of CO2 
emission would not necessarily lead to the lowest cost, thus for CO2 emission reduction, 
additional measures would be needed. 

For either cost reduction or CO2 emission reduction, different strategic decisions have to 
be made. Therefore, the preliminary results of this study suggest that differentiation in strategic 
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decision making (e.g. a combination of both scenario strategies) could lead to opportunities for a 
transition towards a more sustainable pork sector in Europe. The uniqueness of the utilised 
approach is that decision support in strategic decision making could reveal major opportunities 
for cost reduction and CO2 emission reduction. However, further research is required to evaluate 
the following limitations of the study:  

• The dynamics of investment possibilities are not taken into account. Small changes in 
production cost or production CO2-eq may change the found spatial allocation 
completely. In reality, the adaptation time of the production system towards changing 
production cost is much longer because of long term investments that have been done. 
The model does not take this into account. 

• Relocation of production needs willingness to move for entrepreneurs, which is not 
always the case for farmers, as Silvis et al. (2002) have shown. 

• Several aspects probably impact strategic location decisions, which have not been taken 
into account in the present study: like proximity between trade partners, transport distance 
(product freshness, time to deliver, welfare constraints), reputation, transaction costs, risk 
(currency exchange fluctuations, payment security) etc. Taking into account such factors 
would expectedly lead to more realistic results. 
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