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• Essential nutrient for sustaining life 
 

• Essential fertilizer ingredient 
 

• Non-renewable resource 



Cordell et al., Chemosphere,  2011 



Goal: Identify opportunities to shift current P flow through 
system toward a circular P economy 
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1. Most food consumed in the 

Twin Cities (TC) is produced 
in MN, making findings 
actionable 
 

2. Allows regional scale 
analysis of top-down & 
bottom-up scenarios  
 

3. Detailed and realistic 
analysis could guide 
implementation of circular 
P economy  Agricultural region 

TC 

Upstream P Flows: “Food-shed Approach” 
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TC food consumption 
as % of MN Production 

→ Exported 
←Imported 

Wheat Flour 3.5% → 
Pork 4.2% → 
Milk & Dairy 7.3% → 
Potatoes 12.9% → 
Beef 23.3% → 
Chicken 98.2% ← 



 
Stage 

 
Count 

 
Feed 

P 

 
Manure 

P 

---Gg/Yr--- 

Piglet 10,800,000 3.2 1.4           Output P (Gg/Yr)      

Feeder 10,800,000 12.2 5.6 8.1 Pork Produced 

Sow 306,000 1.6 1.3 0.3 Rendered 

Gilt 291,000 1.4 0.6 0.2 Composted 

Boar 2,150 .008 .007 



P use Efficiencies for Minnesota 
Livestock Operations 

 
System 

 
P Input 

 
Product P 

P Use 
Efficiency 

------(Gg/Yr)------ 

Beef 12.7 2.5 20% 

Dairy 12.5 4.3 35% 

Pork 17.9 8.3 47% 

Broilers 1.3 0.6 47% 

Turkey 8.4 4.2 50% 



Fertilizer 
80.6 

Pork 8.3 
  
 

Milk  3.7 

Beef 3.1 

Crops  
121 
 

Dairy &  
beef feed    
    25.5 

Feed 
 18.4 

Manure/
Compost 

9.3 

Deliberate 
 exports: 138 

 Manure 
    18.9 

Inputs =94 

Units: Gg 

Chicks  0.004 

Turkey  2.1 
 Feed 

6.3 

Manure 
4.2 

Feed Imports 
2.9 

Atmospheric Deposition  
10.5 

Chicken 0.2 
 

Manure 
0.6 

Feed 
0.9 

Minnesota P use efficiency = 1.47 



Bone: 2.4 kg, 50% 

Digestion & 
Excretory System:  

0.1 kg, 2% Liver: 0.1 kg, 2% 

Hair & Hide:  
0.03 kg, 1% 

Lean & Flesh Fat:  
0.4 kg, 9% 

Paunch: 0.03 kg, 
1% 

Other: 1.7 kg, 
35% 

Distribution of P within Steer Carcass 
(Total P approx. 4.75 kg / 634 kg steer) 

Moulton, C.R. et al., (1922) Changes on Different Planes of Nutrition. Univ. of Missouri. Columbia, Missouri. 
Ockerman, H.W. and C.L. Hansen (2000) Animal By-Product Processing & Utilization. Technomic Publishing, Lancaster, PA. 



System 
Average 

Slaughter 
Wt. 

Edible 
Yield 

Livestock P 
Consumed 

    kg % % P 

Turkey 12 45.1   9 

Beef 634 40.2   9 

Broilers 2.5 47.0 12 

Pork 122 52.8 16 

Produce 2.0 Gg P in livestock, but only consume 0.22 Gg meat. 



TC Livestock P Balance

Crops Fed to Livestock: 

7.9 

Units: Gg 

Supplements & Add. 
Feed Inputs: 

0.59 

Consumed Meat & Dairy 

0.6 

Manure 

6.1 

Rendering or Waste ?? 

     1.8 

Total Consumption  8.5 

Livestock Product 

2.4 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=KRS4UQCxMEmgvM&tbnid=Qi6CDj5DovZdlM:&ved=0CAUQjRw&url=http://www.tjskl.org.cn/images/czad5b11-pz2441cfd-animal_feed_additives_swine_feed_supplements.html&ei=fML_UeaUGIWe2wW_uoD4CQ&bvm=bv.50165853,d.aWM&psig=AFQjCNE9zOsC2-UUIlDxJCgw36xcWN0dxQ&ust=1375802336788235
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=2yYqeTGCMTzw4M&tbnid=15vYp8DSLk_goM:&ved=0CAUQjRw&url=http://www.theguardian.com/lifeandstyle/2010/jun/19/how-to-use-manure-unruly-jasmine-plant&ei=eMP_UcmwG-rg2gXcxYHYBA&bvm=bv.50165853,d.aWM&psig=AFQjCNGKpVJz16OjuJubrGJ3hiWalB8EJg&ust=1375802612793524
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=C5r6paMNY8gw-M&tbnid=MxwWSeC5sBV0-M:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/Wild_Turkey&ei=wcb_UdqRHoeg2QWvo4GQCw&bvm=bv.50165853,d.aWM&psig=AFQjCNGogAUWkR3qCqtLSF0M2lQlCOrobw&ust=1375803451302446


 
 

1. Identify the fate of P “losses” in the farm-urban-farm system 
 

2. Determine the drivers and constraints in progressing toward a 
circular P economy 
 
 
 

Vision for Future Research 



Thank you! 
 

For additional information: 
 

Heidi Peterson:  pete6495@umn.edu  
Larry Baker:  baker127@umn.edu 

 
http://www.tchep.umn.edu/ 
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