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Table 1- Inputs and outputs equivalent energy in dairy farms

e aaly (J93180) walg 2 55 er
Variable Unit Energy of unit (MJ) Reference
Lasulys
Inputs
Lagyaiilo =)
1-Machines
SSS1 53 pSsls 9 (V444 atiss)
Tractor kg
=Bl PSS 8-10 (1488 i)
Stationary machinery kg
bl (59,5 -Y el 196 (1444 3ts)
2-Human labor h
shed glaca s Y
3-Fossil fuel
Jussls i -
2 3 47.8 1444 Alus
Gasoline L ( )
o Sl G
2 5 2 46.3 1444 Alss
Petrol L ( )
) 36.7 1444 Slias
oil L (38 ties)
b O aSesie 495 (1488 tiss)
Natural gas m3
Sl el 2lsls 11.93 (¥ o tsan 5 o1s3)
4-Electricity kWh
uT -0 u&iﬁ)ln
. - 1.03 Yore Olylsan § (suane
5-Water m? ( SO )
ﬁ}Ls Shysa
6-Animal feeds
‘Lasawslicy
Outputs:
_}:ui: -\ &i&hdLﬂ “s;\,.‘fs .
24.07 Yood olhlsen g S MS
1-Milk kg DM (121 clyfsan 5.5,%)
SN pRss 0.3 (V49Y Jlise g isea)
2-Manure kg
o 28T PSS 9.22 (1Y Glotsen 5 cat00.9)
3-Cow meat kg
i g lln S it S8 pSsls . 5
6.5 YOOy o,lsan
4- Calf and heifer meat kg ( oisat 9 w0950)
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Table 2- Feed inputs equivalent energy in dairy farms
plaSlyes ) (Jo3Ke) anls 5a 5353
Animal feed Unit Energy of unit (MJ)
sad shiw = ,3 K2 sule a S LS 16.4
Corn silage kg DM '
sats Sas ools p Sk 17.58
Alfalfa kg DM
L LK 2A sule a R
- S8R osbo p S8 16.64
Wheat straw kg DM
2A sule a R
= s oule p Sk 17.53
Barley kg DM
C;_).:S‘.::‘J &SJAQJLO‘A_S}.L}S 18.2
Corn seed kg DM
S e Saa ol p S 18.02
Cottonseed kg DM
Gls 4y dlass &i.';a.sl.a‘a;‘,.\:si 1911
Cottonseed meal kg DM
L dlaS Sz sube o S LS 18.6
Soybean meal kg DM
CRRITLS K22 sule o S LS 18.8
Corn gluten kg DM '
15K dlass S sule o Sl 16.88
Canola meal kg DM
PO Sz sube a LS 1764
Wheat bran kg DM
Fish meal kg DM
ol dlas K2 sule o S 5lS 1733
Beet pulp kg DM
Lst;-:J‘JJE’ &.’z.‘;aau‘;;‘,.\.:s 3139
Fat powder kg DM
-;,L}S Sz sube o LS 221
Linseed kg DM
Yoro gllSen 5 pubie ipa ye
ER = Eou / Eir €] oiosom slaaaly (s 55 @S e ;skie o
NEG = Eoy — Eir [o] (ER) 355 ] 55050 slagedls 5l (oad 5K
EP=Y/Eip ] 559 5 (EP) Jssans 35l (NEG) Lalla 53553

GLM a5l suliil b sael crs 4 eleMs) 5 41
I8 Jlal s 35 450 SAS (g bl Ll5dl a5 Hu
a0 Vi = X AL X g sad sulita) g kel Jue aiis S
Mool a4 bos e elaaliie : Yij ol o S
g5=) A Jsle o Gaal i 531 A (S Sl e
wlie il e Bulad sl e landls

(o) e S
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Table 3- Specifications of livestock in the studied dairy farms

s saly M TRy ol
Variable Unit Average Standard Deviation Range
ple oo 742.98 1776.76 90-11728
Total livestock Head
s S8 ol 774 40-5000
Milking Cow Head
s 8 ol 59.49 131.21 12-880
Dry Cow Head
Jurms ) el oo 170.65 528.87 25-3528
Calves under one year Head
el oo 149.84 353.16 10-2320
Heifer Head
e 292 195.42 10.18 176-220
Days in milk Day
L)‘"'iJ BL “‘:‘JJ: JJJ o9 f;}“:‘s 31 94 3 2 25_40
Production per head kg day ' '
el 39009 p oSS 11910 29900 810-195000
Farm production kg day*
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Table 4- Inputs and outputs consumption per kg FPCM in dairy farms (mean+SE)

“,',~ " aal s b Jabusl Jid s 8 P-value
Variable Unit Open shed Freestall
Lasalgs
Inputs:
ll s 5om cel 0.016+0.0017 0.014:0.0010 0.27
Human labor h
o S s 0.0112+0.0005 0.008"+0.0009 0.04
Water m?
eI sl olsslS 0.13+0.01 0.09+0.02 0.11
Electricity kWh
1A gew
Fuel:
J5s38 A 0.04+0.005 0.03+0.008 0.23
Gasoline L
S oaSesie 0.024+0.005 0.017+0.008 0.37
Natural gas m?3
8%: *L“J 0.002£0.0015 0.001:£0.0025 0.44
|
R A 0.00199+0.00010 0.00001+0.0017 0.31
Petrol L
Lagale el 0.03+0.002 0.02+0.004 0.12
Machines h
Sl S aale SIS 1.31+0.09 1.16+0.15 0.39
Feed: kg DM
Gsle Sih osbe o SolS 0.70+0.05 0.63+0.09 0.48
Forage kg DM
o ilus S eale p 5518 0.61+0.05 0.53+0.08 0.37
Concentrate kg DM
Outputs::laswilics
i pSsls 1 1 1
Milk kg
ERPS pSAS 0.018+0.001 0.019+0.002 0.68
Meat kg
sl 258 PSS 0.58+0.01 0.56+0.02 0.37
Manure kg

SIS o Je3Se 04Vt 0/AT 5 ETAVACO 5l s
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Shsa 553 B ras Jhusl 558 slaaaly 5o (a5
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Table 5- Inputs and outputs energy per kg FPCM in dairy farms (mean+SE)

s aalg 34 sl dbal s 8 P-value
Variable Unit Open shed Freestall
Lasalys
Inputs:
Sl g 550 Js3&e 0.031£0.002 0.027£0.003 0.27
Human labor MJ
o a3 0.011%:0.0005 0.009"+0.0009 0.04
Water MJ
Gy 55 Js3te 1.52+0.16 1.02:0.26 0.11
Electricity MJ
o s a3 3.49+0.37 2.32+0.63 0.11
Fuel MJ
LagalLe Js3s 0.0022+0.00021  0.0016+0.00036  0.19
Machines MJ
Shosa 33t 22.91+1.56 20.24+2.62 0.38
Feed MJ
ke Js3iSe 11.85+0.87 10.64+1.49 0.49
Forage MJ
ol a3 11.06+0.81 9.60+1.36 0.36
Concentrate MJ
b 535 fsens Jsie 27.97+1.78 23.62+0.99 0.22
Total consumption energy MJ
Lasasling
Outputs:
)%-:, Js3e 3 3 1
Milk MJ
o e 0.15+0.12 0.15+0.18 0.98
Meat MJ
el oS sl 0.175:0.004 0.1680.006 0.36
Manure MJ
san &5 pene U558 3.34+0.012 3.33+0.019 0.78
Total output energy MJ
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s ol e 5L 5 S oy palaial sy A
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Table 6- Energy indexes per kg FPCM in dairy farms (mean+SE)
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Table 7- Types of energy per kg FPCM in dairy farms (mean+SE)
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P-value
Type of energy Unit Open shed Freestall

20 s 3 J3%e o onEEi177 22144297 0.96
Renewable energy MJ

2 e 63 Ja3ts 5.0140.48 3.340.81 0.08
Non-renewable energy MJ

. P s,

e 35 ds3 5.06::0.49 3.3740.82 0.08
Direct energy MJ

pfieacnt ¢34 S 05514177 22.10£2.97 0.33
Indirect energy MJ
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Introduction: Today, responding to the growing demand to food for increasing the world’s
population and providing adequate food is one of the main causes of energy requirements in
agriculture operations. Effective use of energy is an important condition for sustainable agricultural
production which saves the cost, preserving fossil fuels and reduces air pollution. The animal
husbandry sector plays an important role in providing the food security to the community by
producing livestock products. Dairy farms play a significant role as the consumers and producers of
energy. The livestock production is the poor converter of energy, because it is based on a double
energy transformation. First, solar energy and soil nutrients are converted into biomass by green
plants. Second, when crops are fed to livestock, a major share of energy intake is spent on keeping
up body metabolism and only a small portion is used to produce meat and milk. Increased energy
efficiency and utilization of non-renewable energy are effective to improve the air quality and also
to reduce the greenhouse emissions. The aim of this study was to compare the input and consumed
energy in dairy farms with different housing Systems.

Material and methods: To carry out this research, the required information was collected from 42
dairy farms in the west of Tehran province. The studied dairy farms had an average milk yield of
31.94+ 3.2 kg per day for milking cows and 195.42+ 10.18 days in milk. The information included
the unit consumption inputs over a one-year period aimed at comparing energy consumption and
energy production between dairy farms with different housing Systems. The consumed energy
included the non-renewable energy such as fuel and electricity and renewable energy such as
forage, concentrate, machines, human labor, and water. Output energy included milk, meat, and
manure. In order to compare energy efficiency between dairy farms, energy indices (energy ratio,
net energy, energy productivity and specific energy) were used. The data were analyzed by SAS
software.

Results and discussion: In this study, the average non-renewable consumed energy in dairy farms
with freestall and open shed facilities per kg fat and protein corrected milk (FPCM) was 3.34 and
5.01 MJ, respectively (P=0.08). The highest share of the consumed energy in all dairy farms was
related to feed energy, which had a share of 86.69% and 81.91% in the freestall and open shed,
respectively. Also, the water input with consumption of 0.009 m® per kg FPCM in freestall showed
significant difference with open shed with consumption of 0.011 m3 per kg FPCM (P=0.04).
Electricity consumption per kg FPCM in freestall and open shed was calculated to be 0.92 and 0.13
kWh, respectively (P=0.11). The rate of indirect energy was greater than that of direct energy
consumption in both types of farms. The calculated output energy was 3.33 and 3.34 MJ per kg
FPCM in freestall and open shed, respectively. The energy ratio for freestall and open shed were
calculated to be 0.15 and 0.14, respectively. In addition, the energy productivity for freestall and
open shed were 0.046 and 0.041, respectively. Energy indices can be improved by increasing the
inputs efficiency, by reducing losses of inputs per cow or by optimizing inputs. In freestall farms,
losses of inputs are lower than open shed farms. These results indicate better management of inputs
in freestall farms. In freestall farms, because of the high density per unit area, consumption of
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inputs per head and per kilogram of FPCM was lower, indicating less waste of input and energy
consumption.

Conclusions: Considering the non-renewable consumed energy per kg FPCM, dairy farms with
different housing systems (freestall vs open shed) tended to have difference. Among energy inputs,
the energy of concentrate and forage (feed) consumption had the largest share of dairy farms. Also,
considering the energy content of consumed feed as the main source of energy intake, special
attention should be paid to prevention of energy waste throughout the suitable feed management as
well as correct animal grouping. The use of proper feeding management, animal grouping, using
several indicators (production, days in milk, body condition score, etc.) and breeding programs
(according to production efficiency and yield traits) can improve feed consumption as the main
source of energy consumption in dairy farms. Furthermore, the consumption of inputs per kg FPCM
in freestall units was lower than open shed units.

Keywords: Dairy cow; Energy consumption; Energy productivity; Housing systems; Non-
renewable energy



