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Introduction

Environmental crises and resource depletion have adversely affected environmental resources and food
security in the world. Therefore, with the global population growth in the coming years and the rising need to
produce more food, attention must be given to environmental issues, energy consumption, and sustainable
production. The purpose of this study is to evaluate the pattern of energy consumption, environmental impacts,
and optimization of the studied energy indicators in dairy cattle breeding industrial units in Khuzestan province,
Iran.
Materials and Methods

This research was conducted in Khuzestan province, located in the southwest of Iran. Energy indicators
including energy ratio, energy efficiency, specific energy, and net energy were used to determine and analyze the
relationships between the output and input energy. Additionally, the life cycle assessment methodology was used
to assess the environmental impact. Life cycle assessment includes a goal statement, identification of inputs and
outputs, and a system for assessing and interpreting environmental impacts, and can be a good indicator for
assessing environmental issues related to production. The life cycle assessment method used in this study was
CML-IA baseline V3.05, which includes the four steps of (1) selecting and classifying impact categories, (2)
characterizing effects, (3) normalizing, and (4) weighting. Overall, 11 impact groups were studied. The Data
Envelopment Analysis (DEA) method with the Anderson-Peterson model was used for optimization. This
method identifies the most efficient production unit and makes it possible to rank all of the farms in the region.
In this study, each production unit (farm) was considered a decision-making unit (DMU), and its production
efficiency was determined based on two models. Namely, the Charnes, Cooper, and Rhodes (CCR) model also
known as Constant Return to Scale (CRS), and the Banker, Charnes, and Cooper (BCC) model also known as
Variable Return to Scale (VRS).
Results and Discussion

The results showed that the input and output energies per cow per day were 173.34 and 166 MJ, respectively.
Livestock feed and electricity accounted for 65.47% and 27.2% of the input energy, respectively, while the oil
used for tiller-scraper lubrication of fertilizer collection accounted for only 0.01%, making it the lowest input
energy. Energy efficiency, specific energy, and net energy were calculated as 0.95, 0.13 kg MJ™, 7.51 MJ kg™,
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and -7.20 MJ per cow, respectively. In the abiotic depletion impact group, animal feed, machinery, and livestock
equipment had the highest environmental impacts. The results showed that animal feed had the highest
environmental emissions in all impact groups except for abiotic depletion of fossil fuels where electricity had the
greatest effect. CRS model determined that 7 units were efficient; with an average efficiency of 0.78. In the BCC
model, 20 production units were calculated as highly efficient, and the average efficiency was computed to be
0.78.
Conclusion

In dairy farms in Khuzestan province, animal feed and electricity were found to have the highest energy
consumption. In most impact groups, animal feed had the highest environmental effects. Specifically, in the
abiotic depletion impact group, animal feed, livestock machinery, and equipment had the highest environmental
effects. Considering the length of the heat period and the intensity of the solar flux, the installation of solar
panels on the farm's roof to generate electricity can help reduce the consumption of non-renewable energy and
mitigate radiation intensity under the roof.
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Sypae ol m 1.02 Karimi, RajabiPour, Tabatabaeefar, & Borghei
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Table 3- Energy indicators for evaluating the energy consumption pattern in dairy farming units
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1- SE= Scale efficiency

2- TE= Technical efficiency

3- PTE= Pure technical efficiency
4- Anderson & Peterson
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Fig.2. The main Phases of life cycle assessment methodology
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Table 4- Emission coefficients caused by the diesel fuel consumption in dairy farms

e un Wil (Emission) aslg (Unit) ,lade Value (kgMJ™)
lgd 4 J393 Cdgw B mao jI Ol LLS! kg
Emissions due to diesel fuel to air
281 e5:0,5 (Carbon dioxide (COy)) kg 745
2uSlies ysilsw (Sulfur dioxide (SO,)) kg 2.41E-2
ke (Methane (CHy)) kg 3.08E-3
o= (Benzene) kg 1.74E-4
pawedls’ (Cadmium (Cd)) kg 2.39E-7
p9,S (Chromium (Cr)) kg 1.19E-6
»5 (Copper (Cu)) kg 4.06E-5
JuSlgise )39, 65 (Dinitrogen monoxide (N,0O)) kg 2.86E-3
JS (Nickel (Ni)) kg 1.67E-6
&3, (Zink (Zn)) kg 2.39E-5
932 (Benzo (a) pyrene) kg 7.16E-7
posgel (Ammonia (NH,)) kg A.TTE-4
posiko (Selenium (Se)) kg 2.39E-7
281 59,50 (Nitrogen oxides (NOX)) kg 1.06
2uSlgige op,S (Carbon monoxide (CO)) kg 0.15
3, )3 (Particulates (b2.5 pm)) kg 0.107
Sk 4 ol Las) (Emissions to soil) kg
pawedls” (Cadmium (Cd)) kg 3.98E-09
o (Lead (Pb)) kg 1.75E-08
39, (Zinc (Zn)) kg 1.07E-05
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Table 5- Energy values of inputs and outputs per cow per day

9 D.’L@ )‘.\5.9
olys sy ol S35 ylae oy
Item Unit Theamountof  Epergyvalue  Percentage
input and
output
Woaks (Inputs)
Sl 59,5 (Human labor) h 1.86 3.66 2.1
Sliss g sl (Machinery and equipment) h 0.04 277 1.6
Jpd cé 9w (Diesel fuel) L 0.10 5.53 3.1
S5 g ol L-;)&;_é”) &9.) Oil (lubrication L 0.01 0.25 0.01
machine and equipment)
i SUI (Electricity) kWh 3.96 47.20 27.2
o yae ol (Consumption of water) M3 0.43 0.44 0.2
pls STy (Animal feed) kg 75.66 113.49 65.4
8939 &3 JS (Total input energy) MJ - 173.34 100
Wosiliw (Outputs)
w5 (Milk) kg 23.06 164.62 0.99
545 (Manure) kg 5.02 151 0.01
95> &5 JS (Total output energy) MJ - 166 100

390 2 Sy o8 Loly Ko slils (51 slapasls b)) ol =T Jgan
Table 6- Results of evaluation of energy indices per dairy cow per day

(Energy indicators) (5! s asls

(Unit) ..\»'5

(Amount) ,laie  (Percentage) ww,»

<3y L (Energy efficiency) 0.95 -

oA ;50 (Net energy) -7.20 -

&35 s (Specific Energy) MJ kg™ 7.51 -

&5 502 (Energy productivity) kg MJ* 0.13 -
osiias g5, (Direct energy) MJ kg™ 56.64 33%
st pé 5,0 (INdirect energy) MJ kg™ 116.70 67%
»haiss ¢! (Renewable energy) MJ kgt 117.59 68%
pibyass 65,50 (Non-renewable energy) — MJ kg™ 55.74 32%
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Fig.5. Share of direct, indirect, renewable, non-renewable energy, and inputs per dairy cow
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Table 7- Optimization of energy consumption using VRS and CRS methods for inputs

. i s i g5lwdine
. ' &5 B o G995 3 s (g5l 4 CuS 3l s,
ot/ sl Energy  stepubleacussit T
Input/ Output consumption  Optimization after the et
(cow per day) VRS method Optimization after
the CRS method
o .] .
Sl g5 3.66 3.09 15.58 3.15 14.05
Human labor
e 5 loogile 2.76 251 9.23 2.43 12.07
Machinery and equipment
o coge 5.53 5.04 8.75 459  16.88
Diesel fuel
o9
Oil (lubrication machine and 0.25 0.23 8.66 0.21 15.48
equipment)
. 47.20 43.70 7.41 35.13 25.56
Electricity
iPrae ! 0.44 0.42 5.02 0.40 8.73
Consumption of water
P Sy 113.49 110.02 3.06 100.15 11.57

Animal feed
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1- Charnes, Cooper, and Rhodes (CCR)
2- Banker, Charnes, and Cooper (BCC)
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Table 8- Optimization of environmental indicators in 11 impact groups using VRS and CRS methods for environmental
impacts
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56 elddiws ol Current status of Lo T
»E S J production units After optimization by VRS After optimization by CRS
Impact group Unit method method
0l Jlo s 04D yeasS oddJlo 00Dy odd oy 0D yas
Normalized Characterized Normalized Characterized Normalized Characterized
Abiotic depletion  kgSbeq  5.0084E-12  8.68008E-07 4.8166E-12 8.34765E-07 4.39343E-12 7.61427E-07
G'ng'tg’r‘:?g’l“”g kgeioz 1.14331E-12  4.0542787 1.07791E-12 3.82239142 0.32832E-13  3.307914269
Ozone layer KgCFC- 5 43085E-12  0.627022298  2.29265E-12 0.590889736 2.02734E-12 0.522510138
depletion 1lleq
Human toxicity ‘ngliet 2.35809E-14  2.42602E-08 2.25304E-14 2.31794E-08 2.02413E-14 2.08244E-08
Freshwater aquatic lgslét 5.62596E-13  0.105950207 5.39512E-13 0.101602958 4.89028E-13 0.092095694
Marine aquatic Kgld- 630071E-12  0.047373757 6.04598E-12 0.045458478 5.48303E-12 0.041225776
ecotoxicity DB eq
Terrestrial kg 1,4-
ecotoxicity DBeg 4.27705E-11 1362117696 4.10079E-11 130.5983015 3.70821E-11 118.095708
Phg;‘;ggg’:r:ca' kg ecqu4 192565E-12  0.001766652  1.85144E-12 0.00169857 168211E-12  0.001543218
Acidification kgSO,eq  8.44675E-13  0.000153857 8.03866E-13 0.000146424 7.10954E-13 0.0001295

Eutrophication kg P~3, 9.70923E-12 0.00651626 9.28261E-12 0.006229942 8.32228E-12 0.005585424
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