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Abstract : Recently the dairy cow industry have faced environmental issues such as eutrophication, global warming, etc. An LCA
was used to quantify the environmental impact of a dairy cow system and to identify key issues contributing to the impact. The
system boundary crop cultivation for feeding dairy cow, feed production, rearing and manure management (cradle-to-gate). The func-
tional unit was 1 kg of milk (fat protein corrected milk, FPCM) produced. Rearing and cultivation of feed crops stages in system
boundary to the environmental impact of the domestic dairy cow system were dominant issues. Techniques such as suppression of
enteric fermentation, improvement of the energy efficiency of farm equipment and apparatuses, management of leachate generated
during the crop cultivation, and development of controling the loss of fertilizer during crop production would be necessary for the
improvement of the environmental key issues of the dairy cow system.
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Fig. 1. System boundary of the dairy cow system.
o 59 AFFSE FobA, WGP TG 8FOIW, FA T - = - - - - --————-———— o
—%EH“E %]ﬂ'eéﬂ ]D:L ‘I-‘U—Z']E/] A])\Eno )\ELEN ﬂulﬂ’ | | Fertilizer Chemical Seed |
2Aolth. A28 AAE Fig. 19 vhepjsich j EETTEE | B '
S AR ARAE A, ARAE by e, g ([ e J][[ Hetos ] | !
A 2|9 471A] 3} Al El(sub-system) O 2 LA EIC) 7} I + |
ah9l Alxgle] ZREE Fo BF 9 AR BH A | L I
~ | | Agricultural machine use | |
A HE Table 10 7|&3}% ) Table 20+= A+ AF 5% I | I
o ke ANE s&stech AT A SR ARS ‘ ! |
R = ]-X] oo= Aﬂ}\]—o]-x] el = _/-:o]—;(]’ H]g‘_%}-_/}_ I Direct emission Harvestiqg |
W 2} A obAsl m3tE|o]glth o] SO AALS O3] A] | [ Leachate | [ Grans | |
ot ! !
L oghao] g4lo] 2 Wast ol o]z ste] Fobx staw clc |
7F FE3] AAEAL ik o] Fobx| o] URE FAolA A | v I
- _ o - | Distributi
ST ARET SOPAE FF SF A o] AstE 2| (mpert cowp eI :
ol gAale A A ) AEE) die] ol AFe] = |
FAA B IFES Akt e I

Table 1. Sub-systems and their processes and activities

Sub-system Process included

Cultivation of
feed crops

Seeding, crop-dusting, machine use, harvesting, trans-
portation of feed crop to feedstuff factory

Production of  Feed crops processing including mixing, flaking, etc,

feedstuff transportation of feedstuff to the dairy farm
Livestock Feeding process, milking and milk storage, mainte-
rearing nance of the shed, and enteric fermentation
Transportation of manure to manure management
Manure
system, treatment processes, and manure decom-
management

position

Table 2. General information of the target dairy cow farm
Contents

Category
Livestock number

68 head

Calf: 5, growing heifer: 15, heifer: 10,
lactating cow: 32, dry cow: 6

Litter
Fermentation system with screw type
288,000 kg/year

Livestock number in each
growth phase

Type of the cattle shed
Manure management system
Milk production

Fig. 2. System boundary of the cultivation of feed crops,
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Fig. 4. System boundary of the livestock rearing.
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Fig. 5. System boundary of the manure treatment system.
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Table 3. Input and output of the product system (/functional unit)
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Table 4. Intake of the mixed concentrated feed per growth phase

of a cow
Category Total intake (kg/year)
Calf 18,300
Growing heifer 27,150
Heifer 15,700
Lactating cow 105,600
Dry cow 5,280
Total 172,030

Table 5. Composition of the mixed concentrated feed (%)

Category Calf G:()e\i?/;?g Heifer La(C:thVtving cDor\?/v
Limestone 20 20 20 24 19
Molasses 50 50 50 6.0 50
Rapeseed mill 50 75 88 10.0 10,0
Soybean mill 50 29 19 30 09
Soybean 84 42 2.1 144 00
Oat 213 294 334 261 374
Wheat 0.0 00 0.0 8.1 0.0
Barley 383 415 430 0.0 448
Maize 150 75 38 30.0 0.0
Table 6. Intake of the concentrated feed (kg/year)
Category Calf G;}Z\ig:g Heifer Laglavtving c[z:\i\// Total
Limestone 366.0 5430 3140 25344 1003 3660
Molasses 9150 13575 7850 63360 2640 9150
Rapeseed mill 9150 2,036.3 1,3816 10,6600 5280 9150
Soybean mil 9150 7874 2983 3,1680 475 9150
Soybean 15372 11403 3297 15,2064 00 16372
Oat 3,8979 79821 52438 275616 19747 3,897 9
Wheat 00 00 00 85536 0.0 00
Barley 7,0089 11,2673 67510 0.0 2,365.4 7,008.9
Maize 27450 20363 5966 31,6800 00 2,7450

Table 7. Intake of the roughage feed (kg/year)

Life cycle stage Input Value Output Value
Limestone (kg) 1.33E-02
Molasses (kg)  3.35E-02
Rapeseed (kg) 5.35E-02
Soybean mill (kg) 1.82E-02
Soybean (kg) 6.33E-02
Feedstuff Oat (kg) 1.62E-01
intake Wheat (kg) ~ 2.97E-02
Barley (kg) ~ 9.53E-02
Maize (kg) 1.29E-01
Maize silage (kg) 7.05E-02
Straw (kg) 1.97E-01
Rye straw (kg) 3.45E-01
Electricity (kwWh) 1.56E-02
it IRE
Lubricant oil (kg) 4.23E-06
Livestock bam  gieciciny o) 4. 198-01 Va5 gop oo
(operation emission (kg)
and enteric
fermentation) Diesel (L) 1.18E-02
em'\flse;ir;n&g) 4.62E-03
ma’\rfl:g:rrneent Nitrous oxide 1.99E-04

emission (kg)
Ammonia (kg) 1.00E-03

Category Calf G:;\i/fv;r:g Heifer Laggaxng c[z:\i\// Total
Maize slage O  7,7826 45005 64577 15135 20,2543
Straw 0 218676 126453 181448 42527 56,9104
Ryestraw 0 382248 22,1042 31,7174 7,4338 99,4802

,55
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Table 8. Input and output for the mixed concentrated feed ma-
nufacturing in the feed factory

Input Output
Electricity ~ Natural gas heat ~ Lubricant oil ~ Feed production
(kWh/year) (m®/year) (kg/year) (kg/year)
12,000,000 107,099 3,260 460,000,000
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Table 9. Methane emission factor (unit: kg CHas/head/year)

Category (40 40-59  60-79 >80 Avg.
Calf 0.0 0.0 0.0 00 00
Growing heifer 62.4 61.3 598 592 60.2
Heifer 1141 1118 1073 107.3 108.9
Lactatingcow | 1512 1586 1596 1634  160.6
Dry cattle 738 728 705 705 713

Table 10. Methane emission from enteric fermentation

Catedo Number  Emission factor ~ Methane emission from en-
gory of head (kg CHs/head/year) teric fermentation (kg CHa)
Calf 5 0 0
Growing 4 598 897
heifer
Heifer 10 1073 1073
Lactating 5, 159.6 51072
cow
Dry cattle 6 705 423
Total 68 - 7,500.2

AUEE o AR A (DI ol AbgE T
EEcy, = XNg % EFgp-c, 1)
EEchH, = Methane emission of dairy cow from enteric

fermentation

Ng = Number of head of each growth phase
EFg-cn, = Methane emission factor of each growth phase
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Table 11. Characterization result per functional unit for life cycle of milk production in dairy farm

Impact Abiotic resource Acidification  Eutrophication  Global warming  Ozone layer depletion  Photochemical oxidation

category depletion (kg Sb-eq) (kg SO.-eq) (kg PO, -eq) (kg CO2-eq) (ODP) (kg CFC-eq) (kg CoHs-eq)
Cultivation of 1.06E-03 2 99E-03 3.75E-03 3.82E-01 3.63E-08 4. 50E-05

feed crops

Production of 4.34E-05 1.82E-05 3.58E-06 7 10E-03 3.74E-10 8.32E-07

feedstuff

Rearing 1.33E-03 5.80E-04 1.04E-04 8.17E-01 8.73E-09 1.85E-04

Manure 0.00E+00 0.00E+00 0.00E+00 1.65E-01 0.00E+00 2.77E-05
management

Total 2 43E-03 3.59E-03 3.86E-03 1.37E+00 4 54E-08 2 59E-04
100%

||
90%

80%
70%
60%
50%
40% ——
30% |—
20% ——
10% —— —
0%
Abiotic Global o Photochemical
resource Acidification | Eutrophication ° .a zon.e oxidant
i warming depletion i
depletion depletion
W Manure management 0.00% 0.00% 0.00% 12.05% 0.00% 10.72%
M Rearing 54.48% 16.16% 2.71% 59.57% 19.22% 71.56%
W Production of feedstuff 1.78% 0.51% 0.09% 0.52% 0.82% 0.32%
Cultivation of feed crops| 43.74% 83.33% 97.20% 27.86% 79.95% 17.40%

Fig. 6. Characterization result,
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Table 12. Environmental impact for different dairy farm systems

Impact categories Reﬁgﬂ; of Japan Sweden Netherlands

CO, 3452 3601 1782 31968

Global warming  CHa 7247 4116 5148 42624
(9COz-cquivatents/fl)  N,O 2990 2007 297 14208
Total 13689 9724 9900 888.0

SO, 078 016 054 12

Acidification ~ NOx 072 079 126 1
(9SO0s-eqivaients/fU)  NH; 519 619 162 78
Total 6.7 71180 100

NO 019 015 232 324

o NHs 0.81 109 3074 22 68
(gi‘g:Opqh'Cf“to/?u) NOy 282 - 2378 16,2
POS 038 - 1.16 65.88

Total 42 12 580 108.0
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