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Table 1- Energy equivalent of inputs and outputs in dairy productions
(Item) lgis ""_‘9 dj_)';' Sy - &
(Unit)  (Energy equivalent, MJ unit ™) (Reference)
(Inputs) ealys
el 1,95 (Feed)

(Concentrate) o ysluis kg 6.3 (Meul, 2007)

(Alfalfa) g adgle kg 15 (Sainz, 2003)

(Silage maize)  ssbew <) kg 2.2 (Wells, 2001)

(Wheat straw) a5 ol kg 1 (Wells, 2001)

o9l Slies
Animals Husbandry Equipment
925 Slageile 9 )5815 kga" 9-10 (Kitani, 1999)
(Tractor and self-propelled machinery)

<ol Clpes kga' 8-10 (Kitani, 1999)
(Stationary equipment)

Lol 5,15 kga" 6-8 (Kitani, 1999)

(Implement and machinery)
ed 39w (Fossil fuel)

(Gasoline) 0 L 46.3 (Kitani, 1999)

(Diesel)  Jsq35 L 47.8 (Kitani, 1999)

(Kerosene) c& L 36.7 (Kitani, 1999)

(Natural Gas) b 55 m® 495 (Kitani, 1999)
(Electricity) auuw xs31 4 kWh 11.93 (Mousavi-Avval et al., 2011)

Louibiw
(Milk) 5.1 kg 7.14 (Coley et al., 1998)
(FYM) sl> 558 .2 kg 0.3 (Singh and Mittal, 1992)

(Year) Jw*

1- Specific Energy Consumption
2- Farm yard manure
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1- Functional Unit

2- Energy Corrected Milk

3- Life Cycle Inventory Analysis
4- Life Cycle Impact Assessment
5- SimaPro

6- Polystyrene

7- Polyethylene terephthalate
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Fig.1. System boundaries and schematic flow chart in life cycle of dairy products. Final products of the two subsystems
are represented in blocks; Inputs from LCA databases are shown in continuous circles; and impacts associated are
shown in discontinuous circles.
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Table 2- Global inventory data for dairy farm (subsystem 1) per functional unit (1 kg ECM)

$3959 slaodles Jlade B 9,5 Y papass wey
(Inputs) (Value) (Outputs) (Allocation)
o sluis” (Concentrate) (Raw milk) pis o0 83
(Barley grain) > 4ils 109.85¢ (Meat) cusgs 2
(Maize grain) )3 4l 176.55 g (Fertilizer) s¢8 15
(Soybean grain) Ly «ls  98.08 g ) “‘_" sl d”'_‘:’"m‘ Sl (Value)
(Emissions to air and water)
bgw cilgh
68.66 NH,) ke 12.48
(Soybean full fat) g (NH) o g
iz e 30.23 ¢ (N20) suSliss (392 0.33 mg
(Molasses, from sugar beet)
ek B 1962 g (N) o505 49.22 g
(Bagasse, from sugarcane)
(Cotton seed)  wilbas, 19.62 g (P205) LSt iy yauwd 49.22¢g
(Forage) assle (P) ol 9.84¢
(Wheat straw) — pua8 ol 557¢ <3y (Energy) e (Value)
(Alfalfa) sy 18.10¢ (Gasoline) 955 0.41 MJ
(Silage Maize) ool oy 7491g (Natural Gas) b ;5 0.21 MJ

(Electricity) i I 0.2799 kWh
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Table 3- Global inventory data for dairy factory (subsystem 2) per functional unit (1 kg ECM)

(Inputs) (539,59 se3ls (Value) ,lade (Outputs) b g5 (Value) ,laso
(Raw milk) pi ,u5 2.89kg ECM 1000g
(detergent) s. g dlge (Yogurt) cels 700 ¢
(HNOg) sl S5 1.96¢g (Drinking yogurt) ¢gs 1500 g
KRR PV 1.96 g . Q_l sl e _d)ml (Value) i
(Emissions to air and water)
(Packaging materials)  siudiu dlge (COy) suuSlgio op1)S 375.04¢g
wY aw olal
y 10 CH,) ke 6.68 m
(Polyethylene 3 layer film) g (CH o J
(PET) Vs sl L 509 (NO) suSlgio 39550 0.67 mg
(PS) el 259 cob' 241.1 mg
(Glass fiber)  laius b 135¢g BOD' 49.22 mg
(Kraft paper) os; &l 2859 (Suspended solids) (sl )3 49.22 mg
(Transportation) J& g Je> (Value) s (N) o595 9.84 mg
(PL 0) 5 VETY (ypuals .
144.50 kg.km P 197 m
(Truck, 16-32 t (raw milk)) g (P) s J
1.67 kg.km Qil) . 9.84 m
(Truck, 16-32 t (cleaning agent)) g (O o5 J
(gsizsin 3l3e) (55 1FFY cy5eelS 3.81 kg.km (CL) w8 103.36 mg
(Truck, 16-32 t (packaging materials))
(Energy) ;9 (Value) jhio  (Waste to treatment) S5 cabjl  (Value) .
(Natural gas) b ;5 6.68 MJ PET 309
(Electricity) i =Sl 0.29 kWh PS 159

G923 P b i 3 Ll a9 (298 9 93959 slagipl polie —€ Jgu
Table 4- Quantity and energy equivalent of inputs and output in milk production in dairy farms

slade (Value)

&3 (Energy)

&3 (Energy)

(Inputs) nesle? (Unit Cow™yr)  (MJ Cowyr') (MJ.Month™) (1) o2
(Machinery) sl 97.24 875.14 927.05 0.92
(Fossil fuel) Jloé s g 189.79 8489.00 8992.58 8.96
(Feed) 1,55 42735.68 124.02 45.12
(Concentrate) o ysluss 4265.30 26871.41 12.69 28.37
(Wheat straw) I8 170.71 128.03 0.16 0.13
(Alfalfa) s 1559.35 2339.03 0.81 2.46
(Silage maize) ol <yd 6089.64 13397.21 4.94 14.14
(Electricity) i xSl 9589.97 34523.89 100.19 36.45
(Water) o 7928.22 8086.79 8566.51 8.53
(Total Energy) ggoxe 29890.24 94710.50 18610.18 100
aossliw (o
(Milk) ,5 8636.58 63910.68 90.77
(Fertilizer) »¢8 21653.50 6496.05 9.23

1- Chemical Oxygen Demand
2- Biological Oxygen Demand
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Table 5- Energy forms in milk production in dairy farms

w e
(ltem) padts (Value)
(Energy ratio) (¢}, o 0.67
(Energy productivity, kg MJ™) S5l 5390500 0.09
(Energy intensity, MJ kg™) (5, s 10.96
(Net energy, MJ ha™) L2l ¢35 -30799.83

sl sl 5 ‘j sl 23l g (655l GBpas -1 Jg.\é
Table 6- Quantity energy and their forms in dairy factory

(Item) Lasls (Unit) 1y (Value) e
5 Bypao ljue (Fossil fuel) s cége MJ 1884.94x10°
(consumed energy) (Electricity) asu S| MJ 3667.25x10°
(Total) ggeoxe MJ 5552.19x10°
(Energy productivity) (5, csys0 e T™MI? 10°x0.28
o32s (5] G pae (Fossil fuel) Jlus cégw  MIT? 10°%3.85
(Specific energy consumption) (Electricity) auu oS kWh T 10°x1.30

P A Gl e Lo g (35 Jtue oiad i
oASgal e p)S5kS 2 W Geimen Wl (JameCans
Ay e 4B 295 13 (ECM) (g5, ol 4
9 4813 poilg p5 o LS VNS Sl ()8 £ )S ShSTIVY
OhlSan 5 (laillals 23,5 o Sl 2y b )3 Sland s
VIAY 1y olaely (g3 55 o al] auST63 1) lade (Y1)

W3] 03 g p)S5kS 5 (sl @ pyS kS

aad o b JaoceCu ) HH5 50 slaog,S polie duslis

Bl S s iy 3 S 53 005 bl g 55 oS
B A (939)9 b s 393 Jlo p)5 (slavole 3 (Y Jgu2)
ol oS olg o cans Ol &S Sl oyl 5108 o b Eed
oS 531 Bymo L dmole 1o cal iy il oo 03518
G yB9 A oS 40 g b A aled A g (o5 s Y s ase
@l ! oM Dpdn e Oy (5505 (larelun )

(C.S) Jlo 3y 5 (W.S) )5 Jguad 3 a5 )8 53 (il (sl ygl b g5 oo @yl (ol ¥ Jgaar
Table 7- Impact assessment results associated to the production of dairy products in different seasons

obnacn 3550 Sloos 5

(Unit) aalq WS CS
(Inputs from technosphere)

(Resp. organics) Ji slge 5Lz kg Chloroethylene into air . 0.11 34
(Resp. inorganics) sase slge ks kg Ethylene into air.q 0.38 11
(Carcinogens) 1.,k yu lge kg PM_5into air.gq 0.10 5.9
(Radiation) aiwcs Bq Carbon-14 into air.q 0.76 2.2
(Ozone layer) oy5jl 4Y g 55 kg CFC-11 into air . 056  1.64
(EcotoxiCity) cuews kg Triethylene glycol into soil ¢ 063 1.78
b,y slasl as gl kg SO, into air.qq 0.99 286

(Acidification/ Eutrophication) (kg PO;" into water ) ' '
(Climate change) ls g o ol kg CO, into air.gq 093 271
(Land use) S5 a5 m? Organic arable land.eq yr 0.29 8.5
(Minerals) iz dlgo Julds MJ 0.5 1.47
(Fossil fuels) Lud plo jzals MJ or kg Crude oil ¢ (860 kg/m?) 063 1.82
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Fig. 2. Contribution of production and use of inputs to environmental impact categories in cold seasons in dairy factory.
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Fig. 3. Contribution of production and use of inputs to environmental impact categories in dairy farm
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Introduction

Life cycle assessment of food products is an appropriate method to understand the energy consumption and
production of environmental burdens. Dairy production process has considerable effect on climate change in
various ways, and the scale of these effects depends on the practices of dairy industry, dairy farmers and feed
growers. This study examined the life cycle of production of dairy products in Kermanshah city. For this
purpose, the whole life was divided in two sections: production of raw milk in dairy farm and dairy products in
dairy industry. In each section the energy consumption patterns and environmental burdens were evaluated.
Based on the results, the consumed energy in dairy farm was 6286.29 MJ for amount of produced milk in month.
Also animal feed was the greatest energy consumer with the value of 45.12% that the maximum amount of this
value was for concentrate. The minimum consumption of energy was for the machinery with 0.92 MJ in a
month. Results of life cycle assessment of dairy products showed that in dairy industry raw milk input causes
most of impact categories especially land use, carcinogens and acidification. In dairy farms, concentrate was
effective more than 90% in production of impact categories included: land use and carcinogens. Using digesters
for production biogas and solar water heaters in dairy farm can decrease fossil recourses.

Material and Methods

Based on I1SO 14044, standards provide an overview of the steps of an LCA: (1) Goal and Scope Definition;
(2) Life Cycle Inventory Analysis; (3) Life Cycle Impact Assessment; and (4) Interpretation (ISO, 2006). In this
study there were two sub-systems in the production line: dairy farm sub-system (1) and dairy factory sub-system
(2). In the sub-system related to the dairy farm, the main product was milk. Determination of inputs and outputs
in each sub-system, energy consumption, transportation and emissions to air and water as well as waste
treatment are the requirements of LCI. However each of them has several components. These components are
different in both sub-systems. All the detailed data about energy equivalent in dairy farm is shown in Table 1.
More detailed data about inventories description of two sub-systems are shown in Tables 3 and 4. The SimaPro
7.3.2 was used for analyzing the collected data for calculating environmental burdens (Pré Consultants, 2012).

Results and Discussion

Based on the developed models with SimaPro software for dairy products in the factory, various emissions
were generated including emissions into the air, soil and water. The most prevalent emissions are summarized in
Table 7. In warm season about half of the milk is processed into drinking yoghurt. Since water is one half of the
component of this product so more amount of drinking yoghurt can be achieved with lower energy consumption
(about 50%). Furthermore, these results indicated that the magnitude of fossil fuels was much greater than all
others. It was followed by land use and respiratory inorganics. The most amount of the consumption of the fossil
fuels was the production of energy requirements for heating systems at boilers and tractors in dairy factory and
farm, respectively. Also the transportation of raw milk to the dairy industry was another source of the pollution.
Also the energy consumption pattern in the dairy farm revealed that the concentrate have high contribution in
energy consumption.
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Conclusions

Results of the energy consumption pattern showed that the animal feed was the greatest energy consumer
with value of 45.12% and followed by electricity (36%). Energy consumption index for the fossil fuel was
calculated about 3.8 that is higher than the global index. Production of raw milk in dairy farm is responsible in
the production of impact categories especially land use, carcinogenic and acidification with contribution of
97.6%, 78%, and 63%, respectively. Also the amount of CO,-eq was estimated 2.71 kg for the production of 1kg
ECM in cold seasons.

Keywords: Cradle-to-grave, Dairy products, Life cycle assessment, Midpoint categories






