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The problem

• UK commitment to reduce NH3 and GHG emissions 
from agriculture.  

• Majority of it due to livestock

• Ruminants = methane. 

• Non-ruminants = ammonia 

• What configuration of livestock best meets the UK’s 
commitments?  

• Hill sheep? Or lowland sheep?

• Outdoor pigs? Or indoor?

• Higher yielding dairy cows? 

• Extensive grass fed beef? Intensive?



LCA results

Commodity Unit

Primary

Energy

Used

GJ

GWP

100 

kgCO2

Land

use

ha

NO3-N

to 

water, 

kg

NH3-N 

to air

kg

N2O-N 

to air

kg

CH4

to air

kg

Pig meat 1,000 kg dwt 22.8 4910 0.7 33 32 2.2 57

Beef 1,000 kg dwt 26.7 14704 3.4 150 71 11.6 264

Milk 10,000 litres 25.6 9875 1.0 55 35 5.8 195

Eggs 20,000 50g eggs 14.0 3799 0.6 26 28 3.6 7

Bread Wheat 1 t 2.4 549 0.1 4 1 0.8 0

Field Beans 1 t 2.4 469 0.3 8 1 0.7 0

Oilseed Rape 1 t 4.8 1083 0.3 12 3 1.6 1

Burdens Emissions



Linear regression 

against factors:

Pig meat

Proportion of Land use NH3 N2O CO2 CH4 GWP100

Intercept 0.691 34.0 2.8 2575.0 44.6 4994

Outdoor Breeding -0.002 -4.5 0.1 -163.5 -4.6 -209

FYM Breeding 0.002 3.4 0.1 13.7 3.4 152

Outdoor Weaning 0.001 -2.3 0.1 -90.7 -4.3 -154

FYM Weaning 0.001 1.7 0.1 6.4 -3.7 -56

Finish Light -0.018 0.2 0.0 18.9 1.1 25

Finish Medium -0.016 0.3 0.0 -10.5 0.6 -15

FYM Finishing 0.006 9.0 0.6 44.4 -9.5 98

Organic 0.539 -16.8 1.0 -279.6 -12.4 -115

If the proportion of outdoor breeding is 0.5, then the ammonia is reduced by 

0.5*4.5=2.25.

Emissions per tonne pig meat



Industry Structure 

Model (simplified)
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Lamb (Non-organic)

The most complicated structure is sheep, but all systems have the same 

concept of producing breeding stock which produce the final animals.

NB: The organic industry

has self-contained flocks



Beef suckler cows 



Dairy bred beef calves 

Our model-based LCA of UK 
agriculture analyses the 

impact of every sub-system, j 

of each livestock commodity, i

Thus we know 
GHG emissions – gij

NH3 emissions - aij



Mathematically

The problem is thus: Find the amount xij of 
livestock i, sub-system j, such that:

Maximise value of production: 
z = ∑vijxij 

such that 
GHG limit: ∑gijxij≤G 

NH3 limit: ∑aijxij≤A

Plus any other constraints
∑Bijxij ≤ ≥ Y

Which is a standard linear programme



Other constraints

• Food

• Limit on the amount of chicken people can eat!

• Land

• Only so much “Hill” land available

• Structure

• Beef calves from the dairy herd 

• System

• Need to replace breeding females

• Production

• Need to produce food all year round



Improvement analysis

• The model-based LCI also calculates the impacts after 

improvements

• Food Conversion Ratio

• Higher yielding dairy cows

• Greater dairy cow longevity

• Higher fecundity (more piglets per sow)

• More clover based grassland

• Covering slurry stores

• Reducing methane from ruminants

• (changes the coefficients gij, aij of the LP)



Seasonality of lamb
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The matrix!
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0.07 0.07 0.164 0.164 0.154 0.154 0.147 0.0075 0.0330 M
A

X

Hrear32 0.4597 -1 E 0

Hrear36 0.0388 -1 E 0

Hewes -0.283 -0.233 1 1 -1 1 E 0

Uprear32 0.173 -1 E 0

Uprear36 0.2883 -1 E 0

Upewes -0.107 1 1 -1 E 0

Urear32 0.0137 -1 E 0

Urear36 0.1367 -1 E 0

Uewes 0.4361 -0.233 -0.25 1 1 -1 -1 1 E 0

Urams32 0.0519 -1 E 0

Urams36 0.0865 -1 E 0

Urams 0.0305 -0.007 1 1 E 0

Lpew es32 0.012 -1 E 0

Lpew es36 0.1322 -1 E 0

Lpew es 0.2482 1 1 -1 E 0

Lew es32 0.001 0.0016 0.0013 -1 E 0

Lew es36 0.0138 0.0165 0.0147 -1 E 0

Lewes 0.0667 0.0551 0.0586 1 1 -1 E 0

bmewes 0.2025 -1 E 0

Lrams32 0.0036 -1 E 0

Lrams36 0.0397 -1 E 0

Lrams 0.1442 -0 .017 -0 .017 -0 .017 1 1 E 0

Hfat32 0.0822 -1 E 0

Ufat32 0.3286 0.0748 0.0085 -1 E 0

Lfat32 0.0403 0.0046 0.0082 0.0158 0.0247 0.0198 -1 E 0

Hfat36 0.0069 -1 E 0

Ufat36 0.0277 0.1246 0.0844 -1 E 0

Lfat36 0.0671 0.0455 0.0903 0.2144 0.2552 0.228 -1 E 0

Hstore32 -1 -1 1 E 0

Hstore36 -1 -1 1 E 0

Ustore32 -1 -1 1 E 0

Ustore36 -1 -1 1 E 0

Lstore32 -1 -1 1 E 0

Lstore36 -1 -1 1 E 0

Hskeep32 -0 .4 0 .6 E 0

Hskeep36 -0.4 0.6 E 0

Uskeep32 -0 .4 0.6 E 0

Uskeep36 -0.4 0.6 E 0

Lskeep32 -0.6 0.4 E 0

Lskeep36 -0.6 0.4 E 0

Tieearly 0.1 0.1 -0 .9 0 .1 E 0

SPrime 1.4317 3.8298 17.378 13.293 41.717 34.013 36.321 34.135 36.058 40.616 43.772 41.077 44.477 39.813 41.894 44.248 47.38 44.728 48.116 41.894 47.38 39.813 44.728 -1 E 0

Lamb 0.47 0.47 L 271
Hrear 0.3868 -1 -1 E 0

Hbreed -0.222 1 E 0

Urear 0.2503 -1 -1 E 0

Ubreed -0.022 1 E 0

Lrear 0.0894 -1 -1 E 0

Lbreed 0 1 E 0

Hfat 0.0696 -1 -1 1 E 0

Ufat 0.1546 -1 -1 1 E 0

Lfat 0.2785 0.0832 0.0885 -1 -1 1 E 0

STotal 1.4643 7.7951 41.591 36.625 38.996 38.566 44.391 44.228 47.601 -1 E 0

SOrgTie 0.0117 -0.988 E 0

Arable 0.0028 0.0046 0.0046 0.006 0.006 0.0138 0.006 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0023 0.0011 0.0017 0.0011 0.0017 0.0011 0.0017 0.0011 0.0017 0.0011 0.0017 0.0011 0.0017 0.0023 0.0023 0.0023 0.0023 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0076 0.0076 0.0172 0.0059 0.0059 0.0059 0.0021 0.0053 0.0021 0.0053 0.0021 0.0042 0 0 0 0 0.03786421 0.162829 0.165732 0.162883 0.007969 0.008036 0.008332 0.025965 0.026275 0.032833 0.033209 0.04047 0.040905 1.186769 0 0 0.0116379 0 0 0.093455 0.093455 0.095394 0.095394 0.121143 0.121143 0.394312 0.394312 0.363295 0.363295 0.187987 0.187987 0.033647 0.033647 0.020982 0.020982 0.037 0.037 0.020963 0.020963 0.019503 0.025633 0.025633 0.011638 0.049634 0.049634 0.249866 0.249866 0.081982 0.081982 0 0.065741 0.308327 0.285526 0.302934 0.139688 0.079269 0.078441 0.065741 0.092818 0 0.00933 0 0.001417 0.00933 0 0.001417 0.00933 0 0.000879 0.00115 0.00257 0 0 0.008873 0 0.001417 0.008873 0 0.001417 0.008873 0 0.004564 0.005956 0.005959 0.008987 0 0 0 0 0 0.006592 0 0.000786 0.006592 0 0.000786 0.006592 0 0.000786 0.001234 0.006567 0.008477 0.007869 0.013729 0 0 0 0.204078 0.204078 0.299078 0.299078 0.409765 0.409765 0.108372 0.108372 0.192334 0.192334 0.287438 0.287438 0.219885 0.219885 0.414416 0.414416 0.629717 0.629717 0.103331 0.103331 0.241244 0.241244 0 0 0 0 G 0

Grass lnd 0 0.0797 0.0974 0.086 0.0932 0.0745 0.0845 0 0 0.0498 0.05 0.0624 0.0625 0.0584 0.0584 0.0584 0.0584 0 0 0.0085 0.0148 0.0083 0.0141 0 0 0.0094 0.0163 0.0092 0.0154 0.0498 0.05 0.0584 0.0584 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0861 0.092 0 0.0542 0.0544 0 0 0.0062 0.0137 0.0097 0.0156 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.175349 0 0 0.267478 0.248407 0.277638 0.260286 0.373617 0.349789 -0.014985 -0.036563 -0.015618 -0.037673 0.177595 0.148499 0.480744 0.461602 0.407327 0.381887 0.424556 0.400238 0.38957 0.366018 1.467361 0.056163 0.045981 0.175349 0.112482 0.095575 -0.008627 -0.022845 0.096 0.077922 0 0.230598 0.321279 0.277799 0.315465 0.666676 0.48467 0.025295 0.230598 0.111417 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.445472 0.409102 0.417131 0.375733 0.367789 0.321031 0.563844 0.543976 0.550619 0.528006 0.523964 0.498423 0.558845 0.463641 0.526876 0.417248 0.485288 0.360318 0.687607 0.688594 0.921395 0.794613 0 0 0 0 G 0

Hil l 0.3157 0 0 0 0 0 0 0.2021 0.2059 0 0 0 0 0 0 0 0 0.026 0.0509 0 0 0 0 0.0314 0.0604 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.311 0 0 0.2039 0 0 0.0298 0.0496 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.363585 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.758961 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 G 0

NH3-N 0.4566 0.5519 0.7176 0.9332 1.0033 1.4586 0.8712 0.2894 0.2946 0.3362 0.338 0.4195 0.4368 0.5076 0.4912 0.5076 0.4912 0.0406 0.0774 0.0605 0.1056 0.0618 0.1031 0.048 0.0905 0.0662 0.1148 0.0676 0.1121 0.3362 0.338 0.5076 0.4912 0 0 0 0 0 0 0 0 0 0 0 0 0 0.4428 0.6318 1.0057 0.2873 0.3842 0.4958 0.0435 0.0747 0.0442 0.0999 0.0709 0.1147 0 0 0 0 3.10506201 7.311009 12.37893 4.057362 0.190085 0.309554 0.113097 1.4602 2.02708 1.77675 2.464522 2.06518 2.860885 33.12415 0 0 1.2489287 0 0 16.43411 10.98341 15.13238 10.17314 20.71696 13.90671 18.28497 12.11775 18.54321 12.23981 23.39719 15.08133 17.47226 12.00121 21.60161 14.33049 21.38864 14.43852 20.17272 13.44125 12.51879 8.060236 5.150112 1.248932 13.4149 8.58287 12.01068 7.947227 14.4731 9.306102 0 9.330482 13.10564 12.0017 12.5833 20.92976 15.63356 15.98304 9.330482 19.2234 0 0.338353 0 0.005511 0.338353 0 0.005511 0.338353 0 0.020064 0.0276 0.056316 0 0 0.210811 0 0.005511 0.210811 0 0.005511 0.210811 0 0.148624 0.236026 0.244652 0.263314 0 0 0 0 0 0.314087 0 0.049696 0.314088 0 0.049696 0.314088 0 0.049696 0.040588 0.305702 0.413578 0.352752 0.409451 0 0 0 30.4565 19.52372 34.8441 22.40166 39.63935 25.5868 25.04578 14.57515 28.58008 16.66366 32.44876 18.99035 25.05202 15.14784 28.6502 17.2458 32.46203 19.4619 19.82963 9.987171 6.735175 7.570718 0 0 0 0 -1 E 0

N2O-N 0.1068 0.208 0.2517 0.2458 0.2648 0.2689 0.2414 0.0699 0.0711 0.1282 0.1289 0.1592 0.1596 0.1592 0.159 0.1592 0.159 0.0113 0.0207 0.0241 0.0411 0.0239 0.0397 0.013 0.0237 0.0262 0.0445 0.026 0.043 0.1282 0.1289 0.1592 0.159 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1044 0.1395 0.1831 0.0693 0.0888 0.097 0.0127 0.0241 0.013 0.0296 0.019 0.0319 0 0 0 0 0.16134238 0.638428 0.732129 0.963988 0.024353 0.026862 0.033911 0.09709 0.123516 0.121552 0.153613 0.147662 0.184754 4.477444 0 0 0.7542806 0 0 1.715242 1.593535 1.735847 1.526465 2.324377 2.036844 1.529116 1.268732 1.437031 1.170897 1.802274 1.451173 2.405346 2.174355 2.170943 1.863951 2.394431 2.100993 2.162165 1.877959 1.569173 0.492122 0.369254 0.754301 0.919357 0.715346 0.99108 0.819519 0.9815 0.763346 0 0.96015 1.540735 1.381415 1.500814 2.19854 1.604279 1.453961 0.96015 0.915428 0 0.042577 0 0.004203 0.042577 0 0.004203 0.042577 0 0.004032 0.005274 0.009236 0 0 0.04026 0 0.004203 0.04026 0 0.004203 0.04026 0 0.024646 0.036626 0.036674 0.035566 0 0 0 0 0 0.034192 0 0.005665 0.034192 0 0.005665 0.034192 0 0.005665 0.005343 0.034717 0.044365 0.043262 0.041985 0 0 0 3.341038 3.377489 3.663911 3.69761 4.002392 4.033069 3.469156 3.460241 3.789547 3.77161 4.128542 4.100897 1.87581 1.987639 2.241656 2.36506 2.632477 2.768104 3.894691 3.81149 1.876343 2.102825 0 0 0 0 -1 E 0

CO2row 10.759 27.896 32.414 37.473 39.861 60.762 38.234 6.1249 6.1897 14.522 14.589 17.546 17.575 20.24 20.234 20.24 20.234 2.3927 3.7959 4.418 6.8931 4.356 6.6983 2.4574 3.9196 4.6662 7.2598 4.5971 7.0447 14.522 14.589 20.24 20.234 0 0 0 0 0 0 0 0 0 0 0 0 0 10.378 12.429 25.111 7.3337 8.4888 10.929 2.2015 5.2725 2.7866 6.1079 3.0407 5.3549 0 0 0 0 77.3309402 481.4868 500.9513 240.2616 15.5249 15.95254 10.27799 52.32722 55.04392 64.15359 67.44965 76.40948 80.2228 1061.529 0 0 72.36525 0 0 384.0614 404.4009 400.89 419.3957 483.6971 509.1099 534.1885 557.2018 512.148 535.6694 496.8993 527.9304 320.3426 340.7581 314.0964 341.2289 330.0164 355.9511 309.2464 334.3651 266.7806 144.8969 155.7562 73.65275 260.8639 278.8948 345.5327 360.6956 318.8262 338.1071 0 149.3711 702.6749 672.2241 695.2824 304.7886 213.1735 188.5892 149.3711 233.4497 0 12.60025 0 1.815728 12.60025 0 1.815728 12.60025 0 1.580472 1.652541 2.17656 0 0 13.33464 0 1.815728 13.33464 0 1.815728 13.33464 0 8.448035 8.389358 8.0038 8.033354 0 0 0 0 0 13.90364 0 1.578777 13.93184 0 1.578777 13.93184 0 1.578777 1.638994 13.89652 11.29811 11.1717 11.95633 0 0 0 1019.254 1104.848 1177.644 1272.508 1316.04 1420.401 840.2334 908.3738 994.3684 1069.367 1134.537 1216.459 525.1985 588.8277 719.0366 789.3928 930.9711 1008.088 682.8698 713.7239 453.2752 388.4507 0 0 0 0 -1 E 0

CH4row 7.0958 8.7711 10.532 10.563 11.347 12.015 10.398 4.4705 4.5491 5.2024 5.2306 6.4639 6.4759 6.5289 6.5267 6.5289 6.5267 0.7439 1.3639 1.0518 1.7799 1.0627 1.7576 0.8567 1.563 1.1394 1.9195 1.151 1.894 5.2024 5.2306 6.5289 6.5267 0 0 0 0 0 0 0 0 0 0 0 0 0 6.813 8.1942 11.355 4.5048 5.2083 6.1188 0.7891 1.4506 0.736 1.6718 1.0917 1.8219 0 0 0 0 1.82968366 7.95717 12.59134 4.500146 0.411428 0.1804 0.025566 1.766001 1.206211 2.141978 1.462809 2.479172 1.693419 14.22536 0 0 17.136683 0 0 41.70693 50.80621 42.41459 50.69344 57.29797 68.66685 37.00797 47.30341 34.41731 44.94008 42.15794 56.04026 52.80536 61.93862 46.70831 58.84657 50.82305 62.42544 46.27595 57.51332 57.5197 13.01501 17.87311 17.13954 24.60761 32.6741 24.78455 31.56799 28.17873 36.80441 0 41.67831 70.0622 63.17109 68.03224 101.4599 74.34402 78.03236 41.67831 60.56864 0 0.053502 0 0.001912 0.053502 0 0.001912 0.053502 0 0.002934 0.00297 0.003374 0 0 0.026478 0 0.001912 0.026478 0 0.001912 0.026478 0 0.018232 0.020325 0.019363 0.015361 0 0 0 0 0 0.056163 0 0.007176 0.056191 0 0.007176 0.056191 0 0.007176 0.00663 0.058406 0.053514 0.054299 0.047844 0 0 0 121.6117 143.198 141.9262 166.3378 170.1974 197.606 137.7394 152.4297 159.2327 175.7952 186.9191 205.4621 137.5146 154.4117 150.2619 169.507 161.5352 183.2607 82.54055 92.03081 96.92939 96.8586 0 0 0 0 -1 E 0

GW P100 256.81 354.74 425.63 427.87 459.59 498.94 422.47 162.56 165.36 210.81 211.94 261.39 261.88 265.32 265.23 265.32 265.23 27.942 50.75 43.156 72.621 43.235 71.127 31.93 57.798 46.704 78.248 46.778 76.576 210.81 211.94 265.32 265.23 0 0 0 0 0 0 0 0 0 0 0 0 0 248.42 295.66 407.47 164.84 188.67 217.44 29.895 56.336 28.427 64.417 40.947 68.71 0 0 0 0 209.118942 1022.105 1205.881 825.5325 38.5865 34.60297 27.8452 145.1935 150.3517 178.7397 184.9979 212.6149 219.8552 3395.33 0 0 875.43298 0 0 2290.914 2488.205 2336.626 2469.933 3083.109 3266.172 2224.137 2389.915 2093.56 2262.998 2460.504 2684.038 2842.873 2989.937 2569.972 2765.423 2793.228 2980.05 2544.824 2725.769 2559.544 720.3471 798.5725 876.8026 1341.782 1471.669 1460.761 1569.988 1521.187 1660.078 0 1516.053 2967.896 2700.675 2899.552 3602.704 2616.061 2593.453 1516.053 1815.082 0 35.384 0 4.016233 35.384 0 4.016233 35.384 0 3.744292 4.442051 6.705459 0 0 34.92474 0 4.016233 34.92474 0 4.016233 34.92474 0 21.41108 27.45646 26.9252 25.04073 0 0 0 0 0 32.49739 0 4.654595 32.52687 0 4.654595 32.52687 0 4.654595 4.251727 33.07001 34.58667 33.81711 32.82161 0 0 0 5740.116 6356.183 6571.144 7261.983 7588.222 8357.947 6015.701 6429.234 6869.856 7330.171 7873.583 8382.932 4712.164 5093.827 5385.42 5813.749 6051.267 6528.344 4695.84 4885.744 3822.443 3725.38 0 0 0 0 L 4784.776

Ammonia - 0.18 5.21 0.30 3.62 0.44 - 1 L 92.05518

piglets 21.111 21.111 22.019 -1 -1 -1 E 0

weaner -1 0.949 0.949 0.969 -1 -1 -1 -1 -1 -1 E 0

replacms 0.935 -0.42735 -0.42735 -0.381679 E 0

Porganic 999.12 -1 E 0

Pigmeat 59.9148 59.9148 69.23813 69.23813 78.0549 78.0549 -1 E 0

Pork 1.00 1.00 L 0

OrgTie 0.994 -0.006 E 0

BreedTie -0.33 -0.33 0.67 E 0

WeanTie -0.25 -0.25 0.75 E 0

SowFYM -0.5816 0.4184 E 0

WeanFYM -0.5 0.5 E 0

LighFYM -0.65 0.35 E 0

MedFYM -0.65 0.35 E 0

HeavFYM -0.65 0.35 E 0

Light -40.1397 -40.1397 22.8492 22.8492 25.7565 25.7565 E 0

Medium 29.955 29.955 -34.62 -34.62 39.025 39.025 E 0

Heavy 10.1847 10.1847 11.7708 11.7708 -64.7815 -64.7815 E 0
Dairy-w 1.00 -1.0 -1.0 E 0

Dairy-X 1.00 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 -1.0 E 0

PropDInt -0.45 -0.45 -0.45 -0.45 -0.45 -0.45 0.55 0.55 0.55 0.55 E 0

PropInSi -0.5 -0.5 0.5 0.5 E 0

Prop22 -0.25 -0.25 -0.25 -0.25 0.75 0.75 E 0

PropMFDx -0.5 -0.5 0.5 0.5 E 0

Replace 1 -0.133333 -0.133333 -0.125 -0.125 -0.153846 -0.153846 -0.142857 -0.142857 E 0

PropUp -0.36 -0.36 -0.36 -0.36 0.64 0.64 0.64 0.64 -0.36 E 0

PropHill -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 -0.25 0.75 E 0

Sucklera -1 0.895 0.895 0.903 0.903 -1 -1 E 0

Sucklers 0.885 0.885 0.893 0.893 0.882 -1 -1 -1 -1 -1 -1 E 0

Winterf -0.18 1 1 -1 E 0

PropSlow -0.33 -0.33 0.67 0.67 E 0

Propsup -0.33 -0.33 0.67 0.67 E 0

PropCer -0.136 0.864 0.864 -0.136 -0.136 E 0

PropSil -0.136 -0.136 -0.136 0.864 0.864 E 0

Finished 302 302 268.8 268.8 320.7 320.7 276.2 276.2 304.1 304.1 304.1 304.1 309.1 326.3 326.3 304.1 304.1 296.2 296.2 -1 E 0

OrgSuck -0.5 -0.5 -0.5 0.5 0.5 0.5 E 0

ODairyX -0.39 -0.39 0.61 E 0

OrgMFDx -0.5 0.5 E 0

OReplace 1 -0.142857 -0.153846 -0.18 E 0

PropOUp -0.36 0.64 -0.36 E 0

PropOHll -0.25 -0.25 0.75 E 0

OSuckler -1 0.86 0.88 0.876667 -1 -1 E 0

PropOsil -0.5 0.5 E 0

Ofinish 301.9756 268.7705 275.0435 289.845 295.947 293.328 -1 E 0

Organic 0.0076 -0.9924 E 0

Beef 1 1.00 L 0

Bf18MSF 0.6724 -0.3276 E 0

Bf18FSF 0.6724 -0.3276 E 0

Beef22SF 0.6724 -0.3276 E 0

CerealF 0.6724 -0.3276 E 0

CerealXF 0.6724 -0.3276 E 0

SilageF 0.6724 -0.3276 E 0

LsuckASF 0.6724 -0.3276 E 0

Lsuc-SSF 0.6724 -0.3276 E 0

UsuckASF 0.6724 -0.3276 E 0

UsuckSSF 0.6724 -0.3276 E 0

WfeedSF 0.6724 -0.3276 E 0

WinFiSF 0.6724 -0.3276 E 0

CerealSF 0.6724 -0.3276 E 0

SilageSF 0.6724 -0.3276 E 0

Eggs1 136 -1 E 0

Chicks1 0.85 -1 E 0

Breed1 0.55 -1 E 0

Eggs2 136 -1 E 0

Chicks2 0.85 -1 E 0

Breed2 0.55 -1 E 0

Eggs3 136 -1 E 0

Chicks 0.45 0.45 0.85 -1 -1 -1 E 0

EFinishd 1.6128 1.56 -1 E 0

EOrgFin 1.8525 -1 E 0

TEggs1 116.8 -1 E 0

TChicks1 0.8 -1 E 0

TBreed1 0.55 -1 E 0

TEggs2 116.8 -1 E 0

TChicks2 0.8 -1 E 0

TBreed2 0.55 -1 E 0

TEggs3 116.8 -1 E 0

TChick3 0.8 -1 -1 -1 -1 E 0

Tfinish 5.496327 6.970842 6.896723 -1 E 0

OrgTFin 6.896723 -1 E 0

Cmeat 1 1 -1 E 0

Tmeat 1 1 -1 E 0

Pmeat 1 1 -1 E 0

FRTie -0.01 0.99 E 0

COrgTie -0.009 0.991 E 0

PoleTie -0.15 0.85 E 0

TFRTie -0.01 0.99 E 0

OrgTTie -0.009 0.991 E 0

Ttie -0.15 0.85 E 0

Poultry 1 L 0

EEggs1 260.2941 -1 E 0

EChicks1 0.425 -1.03 E 0

EBreedr1 0.55 -1.05 E 0

EEggs2 260.2941 -1 E 0

EChicks2 0.425 -1.03 E 0

EBreedr2 0.55 -1.05 E 0

EEggsL 260.2941 -1 E 0

EPchicks 0.425 -1.03 -1.03 E 0

ELayers 1 -1.05 -1.08 -1.07 E 0

EOlchick 1 -1.08 E 0

EggsNo 295 289.486 288 -1 E 0

OEggsNo 261.9159 -1 E 0

ETotal 1 1 -1 E 0

Eggs 1 L 0.00

FreRTie 0.36 -0.64 -0.64 E 0

BarnTie -0.06 -0.06 0.94 E 0

EOrgTie -0.02 0.98 E 0

ReplH -0 .223091 -0 .223091 -0 .263158 -0 .263158 -0 .316706 -0 .316706 -0 .223091 -0 .223091 -0.263158 -0.263158 -0.316706 -0.316706 1 1 E 0

OrgReplH -0 .193 -0 .193 -0.222222 -0.222222 -0.259375 -0 .259375 1 1 E 0

AutMilk 5946.164 5946.164 7225.342 7225.342 8602.74 8602.74 -1 E 0

SprMilk 5946.164 5946.164 7225.342 7225.342 8602.74 8602.74 -1 E 0

OrdMilk 4758.904 4758.904 6027.397 6027.397 7390.411 7390.411 -1 E 0

Milktie 1 1 1 -1 E 0

OMilkTie -0.025 -0 .025 0.975 E 0

AutLowTi 0.8 0.8 -0 .2 -0 .2 -0 .2 -0 .2 E 0

AutHigTi -0 .55 -0 .55 0.45 0.45 -0.55 -0.55 E 0

SprLow Ti 0.8 0 .8 -0 .2 -0 .2 -0 .2 -0.2 E 0

SprHigTi -0.55 -0.55 0.45 0.45 -0.55 -0.55 E 0

OLow Tie 0.8 0.8 -0.2 -0.2 -0.2 -0.2 E 0

OHigTie -0.55 -0 .55 0.45 0.45 -0 .55 -0 .55 E 0

Milk 1 L 0.00

AutSprTi 0.5 -0 .5 E 0

ACLOw 0.216254 -0 .783746 E 0

ACMed 0.216254 -0 .783746 E 0

ACHig 0.216254 -0 .783746 E 0

SCLow 0.216254 -0 .783746 E 0

SCMed 0.216254 -0.783746 E 0

SCHig 0.216254 -0.783746 E 0

OrgLow 0.318021 -0.681979 E 0

OrgMed 0.318021 -0.681979 E 0

OrgHig 0.318021 -0 .681979 E 0

Repl 0.614725 -0 .385275 E 0

OrgRepl 0.9175 -0 .0825 E 0

DairyXm -1 -1 0.200782 0.200782 0.236842 0.236842 0.285036 0.285036 0.200782 0.200782 0.236842 0.236842 0.285036 0.285036 0.1737 0.1737 0.2 0.2 0.233438 0.233438 E 0

BeefXdy -1 -1 -1 0.453818 0.453818 0.373684 0.373684 0.266587 0.266587 0.453818 0.453818 0.373684 0.373684 0.266587 0.266587 0.514 0.514 0.455556 0.455556 0.38125 0.38125 E 0

Nflock 1 G 5.57

Solve using 

CoinMP

Fiil invalues

So we will look at it in bits



The concept – current 

livestock structure
Pig Poultry Beef Sheep Dairy Layers CO2 CH4 N2O RHS

OBJ 1.55 0.90 2.27 2.38 2.53 0.83 0 0 0

CO2k 2.55 1.83 3.21 3.13 2.50 1.98 -1 0 0 = 0

CH4k 0.06 0.00 0.33 0.35 0.21 0.01 0 -1 0 = 0

N2O 2.88 3.30 12.59 14.25 6.22 3.56 0 0 -1 = 0

sumGHG 0.00 0.00 0.00 0.00 0.00 0.00 1 23 0.296 < 22.15

NH3 36.72 17.69 70.44 27.77 40.52 29.37 0 0 0 < 109.48

Pig_prod 1 0 0 0 0 0 0 0 0 > 0.45

Poul_prod 0 1 0 0 0 0 0 0 0 > 1.03

Beef_prod 0 0 1 0 0 0 0 0 0 < 0.44

Shp_prod 0 0 0 1 0 0 0 0 0 < 0.22

Dairy_prod 0 0 0 0 1 0 0 0 0 > 0.89

Eggs_prod 0 0 0 0 0 1 0 0 0 > 0.30

LU_G1max 0.00 0.00 0.00 0.00 0.03 0.00 0 0 0 < 0.07

LU_G2max 0.00 0.00 0.05 0.08 0.21 0.00 0 0 0 < 0.68

LU_G3max 0.00 0.00 0.09 0.26 0.40 0.00 0 0 0 < 2.98

LU_G3amax 0.00 0.00 0.82 1.44 0.00 0.00 0 0 0 < 2.71

LU_G4max 0.00 0.00 0.66 1.16 0.00 0.00 0 0 0 < 2.36

LU_G5max 0.00 0.00 1.41 2.87 0.00 0.00 0 0 0 < 1.26

Grassland 0.00 0.00 3.03 5.82 0.65 0.00 0 0 0 > 0.65

Total_land 0.69 0.62 3.58 6.08 1.03 0.57 0 0 0 < 10.06

LU_G1<100 0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 > 0.00

LU_G2<100 0.00 0.00 0.05 0.08 0.00 0.00 0 0 0 > 0.01

LU_G3<100 0.00 0.00 0.09 0.26 0.00 0.00 0 0 0 > 0.03

Beefdairytie 0.00 0.00 2.02 0.00 -0.80 0.00 0 0 0 = 0.00



The concept – current 
livestock structure -

emissions
Pig Poultry Beef Sheep Dairy Layers

OBJ 1.55 0.90 2.27 2.38 2.53 0.83

CO2k 2.55 1.83 3.21 3.13 2.50 1.98

CH4k 0.06 0.00 0.33 0.35 0.21 0.01

N2O 2.88 3.30 12.59 14.25 6.22 3.56

sumGHG 0.00 0.00 0.00 0.00 0.00 0.00

NH3 36.72 17.69 70.44 27.77 40.52 29.37

Pig_prod 1 0 0 0 0 0

Poul_prod 0 1 0 0 0 0



Objective

• Total energy (tends to favour fatty production)

• Total protein (ignores non-protein in eggs and milk)

• Total economic value

• Tends to combine all the above and added value 

of vitamins and minerals

• BUT also includes social factors such as food-
scare effects (eggs!!)

• We actually used all three – in many cases the 

solution turns out to be the same



The concept – current 

livestock structure
Pig Poultry Beef Sheep Dairy Layers CO2 CH4 N2O RHS

OBJ 1.55 0.90 2.27 2.38 2.53 0.83 0 0 0

CO2k 2.55 1.83 3.21 3.13 2.50 1.98 -1 0 0 = 0

CH4k 0.06 0.00 0.33 0.35 0.21 0.01 0 -1 0 = 0

N2O 2.88 3.30 12.59 14.25 6.22 3.56 0 0 -1 = 0

sumGHG 0.00 0.00 0.00 0.00 0.00 0.00 1 23 0.296 < 22.15

NH3 36.72 17.69 70.44 27.77 40.52 29.37 0 0 0 < 109.48

Pig_prod 1 0 0 0 0 0 0 0 0 > 0.45

Poul_prod 0 1 0 0 0 0 0 0 0 > 1.03

Beef_prod 0 0 1 0 0 0 0 0 0 < 0.44

Shp_prod 0 0 0 1 0 0 0 0 0 < 0.22

Dairy_prod 0 0 0 0 1 0 0 0 0 > 0.89

Eggs_prod 0 0 0 0 0 1 0 0 0 > 0.30

LU_G1max 0.00 0.00 0.00 0.00 0.03 0.00 0 0 0 < 0.07

LU_G2max 0.00 0.00 0.05 0.08 0.21 0.00 0 0 0 < 0.68

LU_G3max 0.00 0.00 0.09 0.26 0.40 0.00 0 0 0 < 2.98

LU_G3amax 0.00 0.00 0.82 1.44 0.00 0.00 0 0 0 < 2.71

LU_G4max 0.00 0.00 0.66 1.16 0.00 0.00 0 0 0 < 2.36

LU_G5max 0.00 0.00 1.41 2.87 0.00 0.00 0 0 0 < 1.26

Grassland 0.00 0.00 3.03 5.82 0.65 0.00 0 0 0 > 0.65

Total_land 0.69 0.62 3.58 6.08 1.03 0.57 0 0 0 < 10.06

LU_G1<100 0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 > 0.00

LU_G2<100 0.00 0.00 0.05 0.08 0.00 0.00 0 0 0 > 0.01

LU_G3<100 0.00 0.00 0.09 0.26 0.00 0.00 0 0 0 > 0.03

Beefdairytie 0.00 0.00 2.02 0.00 -0.80 0.00 0 0 0 = 0.00



The concept – current 
livestock structure-

constraints
CO2 CH4 N2O RHS

OBJ 0 0 0

CO2k -1 0 0 = 0

CH4k 0 -1 0 = 0

N2O 0 0 -1 = 0

sumGHG 1 23 0.296 < 22.15

NH3 0 0 0 < 109.48

Pig_prod 0 0 0 > 0.45

Poul_prod 0 0 0 > 1.03

Beef_prod 0 0 0 < 0.44

Shp_prod 0 0 0 < 0.22

Dairy_prod 0 0 0 > 0.89

Eggs_prod 0 0 0 > 0.30

LU_G1max 0 0 0 < 0.07



The concept – current 

livestock structure
Pig Poultry Beef Sheep Dairy Layers CO2 CH4 N2O RHS

OBJ 1.55 0.90 2.27 2.38 2.53 0.83 0 0 0

CO2k 2.55 1.83 3.21 3.13 2.50 1.98 -1 0 0 = 0

CH4k 0.06 0.00 0.33 0.35 0.21 0.01 0 -1 0 = 0

N2O 2.88 3.30 12.59 14.25 6.22 3.56 0 0 -1 = 0

sumGHG 0.00 0.00 0.00 0.00 0.00 0.00 1 23 0.296 < 22.15

NH3 36.72 17.69 70.44 27.77 40.52 29.37 0 0 0 < 109.48

Pig_prod 1 0 0 0 0 0 0 0 0 > 0.45

Poul_prod 0 1 0 0 0 0 0 0 0 > 1.03

Beef_prod 0 0 1 0 0 0 0 0 0 < 0.44

Shp_prod 0 0 0 1 0 0 0 0 0 < 0.22

Dairy_prod 0 0 0 0 1 0 0 0 0 > 0.89

Eggs_prod 0 0 0 0 0 1 0 0 0 > 0.30

LU_G1max 0.00 0.00 0.00 0.00 0.03 0.00 0 0 0 < 0.07

LU_G2max 0.00 0.00 0.05 0.08 0.21 0.00 0 0 0 < 0.68

LU_G3max 0.00 0.00 0.09 0.26 0.40 0.00 0 0 0 < 2.98

LU_G3amax 0.00 0.00 0.82 1.44 0.00 0.00 0 0 0 < 2.71

LU_G4max 0.00 0.00 0.66 1.16 0.00 0.00 0 0 0 < 2.36

LU_G5max 0.00 0.00 1.41 2.87 0.00 0.00 0 0 0 < 1.26

Grassland 0.00 0.00 3.03 5.82 0.65 0.00 0 0 0 > 0.65

Total_land 0.69 0.62 3.58 6.08 1.03 0.57 0 0 0 < 10.06

LU_G1<100 0.00 0.00 0.00 0.00 0.00 0.00 0 0 0 > 0.00

LU_G2<100 0.00 0.00 0.05 0.08 0.00 0.00 0 0 0 > 0.01

LU_G3<100 0.00 0.00 0.09 0.26 0.00 0.00 0 0 0 > 0.03

Beefdairytie 0.00 0.00 2.02 0.00 -0.80 0.00 0 0 0 = 0.00



The concept – current 

livestock structure-internal
Pig Poultry Beef Sheep Dairy Layers RHS

OBJ 1.55 0.90 2.27 2.38 2.53 0.83

LU_G5max 0.00 0.00 1.41 2.87 0.00 0.00 < 1.26

Grassland 0.00 0.00 3.03 5.82 0.65 0.00 > 0.65

Total_land 0.69 0.62 3.58 6.08 1.03 0.57 < 10.06

G1<100 0.00 0.00 0.00 0.00 0.00 0.00 > 0.00

G2<100 0.00 0.00 0.05 0.08 0.00 0.00 > 0.01

G3<100 0.00 0.00 0.09 0.26 0.00 0.00 > 0.03

Beefdairytie 0.00 0.00 2.02 0.00 -0.80 0.00 = 0.00



www.agrilca.org

Some Results



80% emissions: value
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80% emissions: energy
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80% emissions: protein
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Structural change

• Consider effect of changes within the commodity:

• Use pigs as an example as smallest

• Sows, weaners, finishers

• Indoor or outdoor

• Manure or slurry

• Light, medium or heavy finishing

• Organic

• =13 options
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Max 1.55

piglets 21.1 21.1 22.0 -1 -1 -1 > 0

weaner -1 0.95 0.95 0.97 -1 -1 -1 -1 -1 -1 > 0

Replacem 0.94 -0.4 -0.4 -0.4 > 0

Organic 999 -1 > 0

Pigmeat 59.9 59.9 69.2 69.2 78.1 78.1 1 -1 > 0

pigtie 1 < 446

Land 0.04 0.16 0.16 0.16 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 1.27 > 0

NH3-N 3.03 7.49 12.1 4.05 0.19 0.30 0.11 1.45 1.98 1.76 2.41 2.05 2.79 26.4 -1 = 0

N2O-N 0.18 0.68 0.83 1.01 0.03 0.03 0.04 0.10 0.14 0.13 0.17 0.15 0.21 4.42 -1 = 0

CO2 131 783 802 596 25 26 21 90 92 111 115 135 138 2401 -1 = 0

CH4 1.9 8.6 13.3 5.2 0.4 0.2 0.0 1.8 1.3 2.2 1.6 2.6 1.8 26.8 -1 = 0

GWP100 273 1331 1544 1205 49 46 39 184 194 228 240 274 288 5057 < 2321

Ammonia 1 < 18.5

IndoorB -0.33 -0.33 0.7 = 0

IndoorW -0.3 -0.3 0.75 = 0

Orgprop 1 -.01 E 0

SowFYM -0.58 0.42 E 0

WeanFYM -0.5 0.5 E 0

LighFYM -0.7 0.35 E 0

MedFYM -0.7 0.35 E 0

HeavFYM -0.7 0.35 E 0

Light -40. -40. 22.8 22.8 25.8 25.8 E 0

Medium 30.0 30.0 -35 -35 39.0 39.0 E 0

Heavy 10.2 10.2 11.8 11.8 -65 -65 E 0
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piglets 21.1 21.1 22.0 -1 -1 -1

weaner -1 0.95 0.95 0.97 -1 -1 -1 -1 -1 -1

Replacem 0.94 -0.4 -0.4 -0.4 

Organic

Pigmeat 59.9 59.9 69.2 69.2 78.1 78.1

pigtie

Land 0.04 0.16 0.16 0.16 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04
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Max 1.55

piglets 21.1 21.1 22.0 -1 -1 -1 > 0

weaner -1 0.95 0.95 0.97 -1 -1 -1 -1 -1 -1 > 0

Replacem 0.94 -0.4 -0.4 -0.4 > 0

Organic 999 -1 > 0

Pigmeat 59.9 59.9 69.2 69.2 78.1 78.1 1 -1 > 0

pigtie 1 < 446

Land 0.04 0.16 0.16 0.16 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 1.27 > 0

NH3-N 3.03 7.49 12.1 4.05 0.19 0.30 0.11 1.45 1.98 1.76 2.41 2.05 2.79 26.4 -1 = 0

N2O-N 0.18 0.68 0.83 1.01 0.03 0.03 0.04 0.10 0.14 0.13 0.17 0.15 0.21 4.42 -1 = 0

CO2 131 783 802 596 25 26 21 90 92 111 115 135 138 2401 -1 = 0

CH4 1.9 8.6 13.3 5.2 0.4 0.2 0.0 1.8 1.3 2.2 1.6 2.6 1.8 26.8 -1 = 0

GWP100 273 1331 1544 1205 49 46 39 184 194 228 240 274 288 5057 < 2321

Ammonia 1 < 18.5

IndoorB -0.33 -0.33 0.7 = 0

IndoorW -0.3 -0.3 0.75 = 0

Orgprop 1 -.01 E 0

SowFYM -0.58 0.42 E 0

WeanFYM -0.5 0.5 E 0

LighFYM -0.7 0.35 E 0

MedFYM -0.7 0.35 E 0

HeavFYM -0.7 0.35 E 0

Light -40. -40. 22.8 22.8 25.8 25.8 E 0

Medium 30.0 30.0 -35 -35 39.0 39.0 E 0

Heavy 10.2 10.2 11.8 11.8 -65 -65 E 0
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IndoorB -0.33 -0.33 0.7

IndoorW -0.3 -0.3 0.75

Orgprop

SowFYM -0.58 0.42

WeanFYM -0.5 0.5

LighFYM -0.7 0.35

MedFYM -0.7 0.35

HeavFYM -0.7 0.35

Light -40. -40. 22.8 22.8 25.8 25.8

Medium 30 30 -35 -35 39 39

Heavy 10.2 10.2 11.8 11.8 -65 -65
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Max 1.55

piglets 21.1 21.1 22.0 -1 -1 -1 > 0

weaner -1 0.95 0.95 0.97 -1 -1 -1 -1 -1 -1 > 0

Replacem 0.94 -0.4 -0.4 -0.4 > 0

Organic 999 -1 > 0

Pigmeat 59.9 59.9 69.2 69.2 78.1 78.1 1 -1 > 0

pigtie 1 < 446

Land 0.04 0.16 0.16 0.16 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.04 0.04 1.27 > 0

NH3-N 3.03 7.49 12.1 4.05 0.19 0.30 0.11 1.45 1.98 1.76 2.41 2.05 2.79 26.4 -1 = 0

N2O-N 0.18 0.68 0.83 1.01 0.03 0.03 0.04 0.10 0.14 0.13 0.17 0.15 0.21 4.42 -1 = 0

CO2 131 783 802 596 25 26 21 90 92 111 115 135 138 2401 -1 = 0

CH4 1.9 8.6 13.3 5.2 0.4 0.2 0.0 1.8 1.3 2.2 1.6 2.6 1.8 26.8 -1 = 0

GWP100 273 1331 1544 1205 49 46 39 184 194 228 240 274 288 5057 < 2321

Ammonia 1 < 18.5

IndoorB -0.33 -0.33 0.7 = 0

IndoorW -0.3 -0.3 0.75 = 0

Orgprop 1 -.01 E 0

SowFYM -0.58 0.42 E 0

WeanFYM -0.5 0.5 E 0

LighFYM -0.7 0.35 E 0

MedFYM -0.7 0.35 E 0

HeavFYM -0.7 0.35 E 0

Light -40. -40. 22.8 22.8 25.8 25.8 E 0

Medium 30.0 30.0 -35 -35 39.0 39.0 E 0

Heavy 10.2 10.2 11.8 11.8 -65 -65 E 0



Pig systems for 20% 

reduction

• Same structure, only permits 80% production of pig meat.  
• Allowing optimum manure system (but maintaining the same 

proportions of indoor and outdoor conventional rearing), enables this 
to be increased to 85%. This requires the use of slurry for sows, 
farmyard manure for weaners and slurry for finishers.

• Allowing optimum choice of indoor or outdoor, increases this to 86%,
by the use of outdoor sows and weaners.  (Finishing is only allowed to 
be indoor)

• Allowing choice of light, medium or heavy finishing systems, only 
increase this to 87%. This involves dropping the heavy systems.  

• With ammonia abatement measures (cover, ploughing in immediately, 
injecting, drying,…) this can be increased to 88%

• In all cases the limiting factor is GWP.  Ammonia is always reduced to 
less than the 20% reduction and in all cases is actually better than a 
40% reduction.



Beef production systems
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OBJ 2.27

Dairy-w 1 -1 -1 = 0

Dairy-X 1 -1 -1 = 0

Replace 1 0.13 0.15 = 0

Sucklera -1 0.90 -1 -1 = 0

Sucklers 0.89 0.88 = 0

Winterf 0.18 = 0

Finished 275 275 286 286 315 315 -1= 0

DairyTie -0.3 0.7 = 0

Prop18 0.55 0.55 = 0

PropUp -0.36 0.64 -0.36 = 0

PropHill -0.25 -0.25 0.75 = 0

Prime 1< 749

Arable 0.0 0.1 0.1 0.4 0.4 0.0 0.0 0.0 0.1 0.0 > 0

Land 0.2 0.0 0.0 0.2 0.2 0.0 0.0 0.6 0.5 0.1 0.1 0.1 > 0

Hill 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 0.0 0.0 > 0

NH3-N 0.8 0.0 0.0 13.4 8.4 18.0 11.4 23.1 12.8 1.8 12.5 7.6 = 0

N2O-N 0.8 0.0 0.0 1.6 1.6 1.5 1.5 3.2 2.8 2.0 0.8 0.8 = 0

CO2 80 0 0 649 656 1044 1054 435 421 315 383 390 = 0

CH4 16.6 0.0 0.0 41.2 48.7 36.6 46.5 67.8 67.6 50.8 23.4 30.7 = 0

GWP100 880 0 0 2474 2647 2688 2918 3709 3481 2660 1370 1540 < 11902

Ammonia < 49

Beef18SF 0.7 -0.3 = 0



Beef production 

systems

• 20% reduction in emissions – 80% production of beef.
• Choice of slurry or FYM – NO CHANGE.  Some slurry, some 

FYM but total production and emissions unchanged.
• Choice of dairy calves or sucklers.  If 10% more of the calves 

came from dairy, then 85% production level.  At 100% dairy, 
GWP is 64% of current!

• Choice of Hill/Upland/Lowland – 87% production level with 
much less than ammonia limit, 

• BUT need over 4x as much Hill land!!

• Limit to 30% increase in Hill land – 81% production level, 
chooses lowland sucklers (just), but only Upland autumn 
sucklers worse.

• Improved Nitrogen Use Efficiency allows 81% production (NH3 
not GWP)

• 95% methane emissions allows 83% production



And so on 

• The same can be done for each livestock commodity

• Conclusion of problem: 

• can’t be done if eat same amount of meat

• abatements have concentrated on ammonia

• LCA Conclusion:

• Having a model-based LCA enables the 

calculation of impacts from any (future) system 

• Differences are systemic and so not subject to 
uncertainty of observation



Distribution of 

emissions

CO2 Fertiliser

-N

Fertiliser

-non N

Machinery Fuel

(diesel

/elec)

Direct

emission

Overseas TOTAL

Pig meat 143 -9 287 1,763 0 312 2,496

Poultry 135 34 180 1,277 0 200 1,827

Beef 732 75 363 1,684 2 113 2,969

Sheep 796 119 253 1,413 0 149 2,730

Milk 442 36 202 1,554 0 267 2,501

Eggs 107 -5 263 1,409 0 217 1,991

•In LCA world is life cycle emissions

•In UK world is emissions in UK
•In Department of Agriculture policy world is in THEIR inventory

•(machinery and fertiliser are Industry, fuel is Transport)
•Production versus Consumption Inventory



Is more calves from 

dairy possible?

50% calves female 100% calves female

Dairy cows 2065 2065 2065 2065 2065 2065 3000

Lactations 3.8 5 7 3.8 5 7 7

Male dairyX killed 9% 9% 9%

From dairy

Male  880 892 903 658 723 782 1136

Female 386 516 634 658 723 782 1136

From beef - beef herd reduced to produce same total calves

Male 796 698 621 752 675 603 164

Female 485 425 378 458 411 367 100

% from dairy herd 50% 56% 61% 52% 57% 62% 90%


