
 
U N I V E R S I T Y   O F   A A R H U S 
Faculty of Agricultural Sciences 

A A L B O R G   U N I V E R S I T Y 
Faculty of Engineering, Science and Medicine  

    
 

 
 

The environmental impact of pork production 
from a life cycle perspective 

 
 
 

Ph.D. Thesis 
by 

Randi Lundshøj Dalgaard 
 
 

 

 



 

 



 

Ph.D. Thesis: 
 

The environmental impact of pork production  
from a life cycle perspective 

 
by 

 
Randi Lundshøj Dalgaard 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

University of Aarhus 
Faculty of Agricultural Sciences 

Department of Agroecology and Environment 
P.O. Box 50, DK-8830 Tjele 

 
& 
 

Aalborg University 
Department of Development and Planning 

Fibigerstræde 13 
DK-9220 Aalborg East 

 
 

 
 



 

 



 

Preface and acknowledgements 

This thesis intends to meet the requirements for obtaining a Ph.D. degree from Aalborg Uni-
versity. The Ph.D. project was initiated in 2004 and carried out at Department of Agroecology 
and Environment at University of Aarhus and at Department of Planning and Development at 
Aalborg University. The PhD. project was part of the project ‘Evaluation of innovative agri-
cultural production systems through a life cycle assessment methodology’ which was funded 
by The Directorate for Food, Fisheries and Agri Business.  
 
I would like to sincerely thank my two supervisors, Senior Scientist Niels Halberg (University 
of Aarhus) and Professor Per Christensen (Aalborg University) for their much appreciated 
guidance and advice.  
 
I am grateful to all the people who have supported me in different ways with this thesis. In 
particular I wish to thank:  
 
Lene Kirkegaard, Margit Schacht, Jytte Christensen and Birgit Sørensen for their tireless as-
sistance with figures, language corrections and preparation of the manuscripts 
 
The two private farmers and their co-workers for their helpfulness and cooperation during the 
period of collecting data and slurry samples  
 
Orla Nielsen and Kristine Riis Hansen for their hard work in collecting data and slurry sam-
ples from the private farms 
 
My colleagues from Department of Development and Planning at Aalborg University for 
making my one year stay at Aalborg University to an enjoyable and instructive experience 
 
My colleagues from Farming Systems Group and Department Administration at University of 
Aarhus for their support, especially during the last couple of months 
 
Laura, Anna and Bjarne for always being tremendous supporters and sources of happiness  
 
 
 

Foulum, September 2007 
 

Randi Lundshøj Dalgaard 
 
 



 

 



 

CONTENTS 
 
Papers included .......................................................................................................................... 1 
Summary .................................................................................................................................... 3 
Summary (Danish) ..................................................................................................................... 5 
1  Background and aim............................................................................................................... 7 

1.1  Structural changes in the Danish pig sector .................................................................... 8 
1.2  Pig production and the environment ............................................................................... 9 
1.3  Environmental regulation.............................................................................................. 10 
1.4  Environmental assessment tools.................................................................................... 13 
1.5  Research questions and outline of the thesis ................................................................. 14 

2  Environmental hotspots in the product chain of Danish pork.............................................. 15 
2.1  A short introduction to LCA ......................................................................................... 15 
2.2  Goal and scope definition.............................................................................................. 17 
2.3  Life cycle inventory ...................................................................................................... 17 
2.4  Life cycle impact assessment ........................................................................................ 22 
2.5  Interpretation ................................................................................................................. 22 

3  Options for improvements in the product chain of pork ...................................................... 26 
3.1  Improving the digestibility of the feed.......................................................................... 26 
3.2  Improving the slurry handling....................................................................................... 29 

4  Considerations regarding LCA of agricultural products ...................................................... 30 
4.1  LCA in comparison with other environmental indicators............................................. 30 
4.2  Consequential LCA....................................................................................................... 32 
4.3  Quantification of emissions........................................................................................... 36 

5  Suggestions for improved environmental regulation of the pig sector ................................ 38 
6  Conclusion............................................................................................................................ 41 
7  References ............................................................................................................................ 42 
  
Paper 1.  
 

Modelling representative and coherent Danish farm types based on farm 
accountancy data for use in environmental assessments………..………..………

 
49 

Paper 2. LCA of Soybean Meal………………………………………..………….………. 67 
Paper 3.  Environmental assessment of Danish pork……………………………....………. 85 
Paper 4. Environmental assessment of digestibility improvement factors applied in ani-

mal production – a case study of Ronozyme WX CT xylanase applied in Danish 
grower pig production……………………………………………………………

 
 

111 
Paper 5. Slurry technologies and their potential for environmental improvements………. 121 



 







































































































mailto:Randi.Dalgaard@agrsci.dk
http://dx.doi.org/10.1016/j.agee.2006.04.002
























http://www.vmp3.dk/Files/Filer/Slutrapporter/del-4-1012031-med-logo.pdf
http://www.vmp3.dk/Files/Filer/Slutrapporter/del-4-1012031-med-logo.pdf


http://webpubs.eea.eu.int/content/irena/Latestproducts.htm
http://webpubs.eea.eu.int/content/irena/Latestproducts.htm
http://europa.eu.int/eur-lex/en/com/cnc/2003/com2003_0302en01.pdf
http://europa.eu.int/eur-lex/en/com/cnc/2003/com2003_0302en01.pdf
http://europa.eu.int/comm/agriculture/rica/index_en.cfm
http://www2.dmu.dk/1_viden/2_Publikationer/3_arbrapporter/rapporter/AR213.pdf
http://www2.dmu.dk/1_viden/2_Publikationer/3_arbrapporter/rapporter/AR213.pdf
http://www.lr.dk/planteavl/diverse/groent_regnskab.htm
http://www.lr.dk/planteavl/diverse/groent_regnskab.htm
http://www.nitrogenworkshop.org/PDF/Rapport_83_drukversie.pdf
http://www.nitrogenworkshop.org/PDF/Rapport_83_drukversie.pdf
http://www.lr.dk/planteavl/informationsserier/planteavlsorientering/pl07-539.htm
http://www.lr.dk/planteavl/informationsserier/planteavlsorientering/pl07-539.htm
http://www.lr.dk/planteavl/informationsserier/planteavlsorientering/pl07-543.htm
http://www.lr.dk/planteavl/informationsserier/planteavlsorientering/pl07-543.htm
http://www.mst.dk/udgiv/publikationer/2004/87-7614-395-3/html/kolofon.htm
http://www.mst.dk/udgiv/publikationer/2004/87-7614-395-3/html/kolofon.htm
http://www.mst.dk/udgiv/publikationer/2004/87-7614-395-3/html/kolofon.htm
http://www.ipcc.ch/pub/guide.htm
http://www.ipcc.ch/pub/guide.htm
http://www.ipcc.ch/pub/guide.htm
http://www.agrsci.org/var/agrsci/storage/original/application/5a688dc9a578d95250a831cfaac06735.pdf
http://www.agrsci.org/var/agrsci/storage/original/application/5a688dc9a578d95250a831cfaac06735.pdf
http://www.mst.dk/udgiv/publikationer/2004/87-7614-395-3/html
http://www.mst.dk/udgiv/publikationer/2004/87-7614-395-3/html
http://www.nitrogenworkshop.org/PDF/Rapport_83_drukversie.pdf
http://www.nitrogenworkshop.org/PDF/Rapport_83_drukversie.pdf
http://www.lr.dk/planteavl/diverse/plantekongres2005_tema_11.htm
http://www.lr.dk/planteavl/diverse/plantekongres2005_tema_11.htm
http://www.lr.dk/planteavl/diverse/plantekongres2005_tema_11.htm
http://www.lcafood.dk/


http://www.kvl.foi.dk/upload/foi/docs/publikationer/working%20papers/2001/11.pdf
http://www.kvl.foi.dk/upload/foi/docs/publikationer/working%20papers/2001/11.pdf
http://www.lcafood.dk/
http://www.lcafood.dk/
http://www.uneptie.org/pc/sustain/lcinitiative/
http://www.uneptie.org/pc/sustain/lcinitiative/
http://www.nitrogenworkshop.org/PDF/Rapport_83_drukversie.pdf
http://www.nitrogenworkshop.org/PDF/Rapport_83_drukversie.pdf













































































































































	Ph_d_afhandling.pdf
	Artikel_1_FADN.pdf
	Modelling representative and coherent Danish farm types based on �farm accountancy data for use in environmental assessments
	Introduction
	Methods
	Farm account statistics
	Modelling coherent and representative farm types
	Modelling farm nutrient balances and emissions
	Securing consistency with the national statistics

	Results
	Establishment of farm types and their consistency with national statistics
	Selected farm types’ characteristics and resource use
	Nutrient balances and emissions from selected farm types

	Discussion
	Methodology: establishment of farm types
	Farm nutrient balances and emissions
	Environmental indicators

	Conclusion
	References






