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Table 1- Input and output energy content in grape production
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Fig. 1. Life cycle and system boundary in grape production

(Nemecek et al., 2007)
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Table 2- Air emission pollution values for extraction of one MJ of diesel fuel in Ecolnvent database
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Table 3- NH; emission factor for various fertilizers
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5- Normalization
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Table 4- Input and output energy in grape production of Hazavah region Arak county
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| Input and output energy of grape production in three sizes of land (MJ ton™) oebe oo
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Small Medium Large (MJton”) ~ (MJ ha™)
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aodlpg
Inputs
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Diesel fuel
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ebord badgS
Chemical fertilizers
U”’M 762.64 % 379.71° 395.23°¢ 471.32 8456.34
Nitrogen
oland 169.91 2 89.32° 88.05° 106.01 1902.00
Phosphate
el 186.38 2 98.96 " 107.79° 118.95 2134.12
Potassium
29l 1067° 486" 6.36" 6.71 120.40
Sulfur
Rk 738,53 434.17° 396.60 © 47452  8513.79
Manure
@Lw Zand 62.60 2 37.13° 34.87°¢ 40.38 72450
Chemical pesticides
. df‘*" <! 553.62 ¢ 272.75° 286.52 ¢ 341.42 6125.71
Irrigation water
Lodleg (531 S 2041.18 2 158730 ° 156250 ° 185400  33264.47
Total inputs energy
osliw
Output
o S5 11800 11800 11800 11800  211715.80

Output energy
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Fig. 2. The contribution of different inputs from the total input energy in grape production
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Table 5- Energy impacts for grape production in of Hazavah region of Arak county
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Energy impacts of grape production in three levels of land size

-1
oy asly (MJ ha™) oeSile
Title Unit SagS L gio Sy Average
Small Medium Large
(0.5 ha>) (0.5 ha-1.5 ha) (1 ha<)
5l G
AN - 5.62 7.47 7.59 5.75
Energy ratio
&3P o900
Energy kg MJ! 0.34 0.63 0.64 0.48
productivity
Sil s
Specific MJ kg™ 2.90 1.57 1.55 2.45
energy
ua]l> o)g}é‘
35 MJ ha! 148579.10 206659.80 256173.80 178451.32
Net energy
gain
TR - T P
Abiotic Acidification Eutrophication Gilobal Ozone layer Human Fresh water Marine aquatic Terrestrial Photochemical
depletion warming depletion toxicity aquatic ecotox. ecotoxicity ecotoxicity oxidation
(GWP100) (ODP)
= grape (direct emissions) w Diesel = Transport = Urea. as N

i Phosphate fertiliser, as P2O35 =Potassium sulfate. as K2O

= Pesticide = Irrigation

= Sulfur = Poultry manure, dried
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Fig. 3. Contribution of inputs in environmental impacts for production of one ton of grape
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Table 6. Environmental impacts in the production of grapes per ton of product
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- Small Medium Large
(0.5 ha>) (0.5 ha-1.5 ha) (1 ha<)
et il ol kg Sb o 412° 374" 285°¢ 2.85 167 058 167
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i kg SO, 128332 96.56 ° 9645° 99.45 148 1.49 148
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shzly gls! kg PO, o 34632 2431° 25.86" 26.73 53.19 1.99 53.19
Eutrophication
e paleS kg CO; ¢ 698.69 ° 629.04" 498.68 ¢ 508.63 201 00039 201
Global warming '
09)l &Y laii . X .
Ozone layer kg CFC-11 . 0.0000457 0.000039 0.000031 0.00003 0.032 1020 0.032
depletion
ol TE 19 1,4-DCB ¢ 648402 522.32° 468.73 ° 478.82 2.55 0.0053 2.55
Human toxicity
o kg 1,4-DCB . 252.11° 231.42° 17528" 175.29 2330  0.043 7.56
Fresh water
aquatic ecotox
Marine aquatic kg 1,4-DCB ¢ 3394177 358114 ° 272734°¢ 272662 8560  0.0001  27.80
ecotox
SE Segmee 01 4DCB 301° 265" 206° 2.06 205 0345 073
Terrestrial ecotox
OS]
stborigid kg CoHy eq 068° 059° 054° 0.56 3.11 5.49 3.11
Photochemical
oxidation
S 246.65
Total
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Introduction

Today, grapes are cultivated in a vast zone worldwide. Grapes are among the major horticultural produced in
Iran and the country is ranked 10" in the world for the grape production. Therefore, efficient use of energy from
this crop is very important. Energy is one of the principal requirements for the economic growth and
development of agriculture. Scientific forecasts and analysis of energy consumption will be of great importance
for planning the energy strategies and policies. The enhancement of the energy efficiency not only helps in
improving competitiveness through cost reduction but also results in minimized greenhouse gas (GHG)
emissions and environmental impacts. In other hand, energy analysis in the crop production systems enables to
identify the effective farming system in different farm size with respect to energy parameters. Based on
mentioned points, the objective of this study was to evaluate the energy flow of grape production in three sizes
(small, medium and large) of land and then, the life cycle of the production in Hazavah Region of Arak city,
Iran.

Materials and Methods

In this study, data were obtained from 58 growers using face-to-face questionnaires in Arak county of Iran.
Orchards were selected using stratified random sampling. Investigation of the energy flow in a production
system necessitate calculating input—output energies. In order to deal with this part, energy coefficients were
taken into account to convert all agricultural inputs to their energy equivalent. In other words, each input was
converted to its energy equivalent by multiplying the application rate of agricultural inputs used within the
system by its energy coefficient. In order to evaluate how efficient, the system under study is, some well-known
indicators have been introduced and widely applied when a production system is appraised. In this study, a life
cycle approach was used for assessment of environment impacts of the grapes production. Life Cycle
Assessment (LCA) refers to the process of compiling and evaluating the inputs, outputs and the potential
environmental impacts of a product system throughout its life cycle. Goal and scope definition, inventory
analysis, life cycle impact assessment and life cycle interpretation are four mandatory steps, which should be
followed in a full LCA study. The characterization factors used in this study were adapted from Simapro
software which is linked to Ecolnvent database.

Results and Discussion

On average, the values of consumed and produced energies were 1854 MJton*and 11800 MJton™,
respectlvely Among all input energies, chemical fertilizers held the first rank with an amount of about
704 MJ ton ™. It accounted for 38% of the total energy used in the production season. Energy use efficiency,
which is a ratlo between output and input energy, was calculated as 5.75. Also, the energy productivity was
estimated as 0.48, meaning that 0.48 kg grapes is produced when one MJ energy is consumed. The total Global
Warming (GW) was calculated as 508.63 kg CO; eq. ton *. The farm size had an influential effect on the GW and
other impact categories. An increase in the farm size led to reductlon in the environment impacts. It means that
the value of GW for Iarge farms fell at 498.68 kg CO; ¢q ton Land the value of GW for small farms fell at
698.69 kg CO; ¢q. t ! The upshot was that GW and other impact categories for large farms were significantly
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less than its counterpart in small farms due to the high value of grapes produced in large farm groups. Impacts of
manure played a more important role on GW. Also, direct emissions of chemical fertilizers made high
contribution to acidification and eutrophication. Management of using chemical fertilizers can be an appropriate
way to reduce the acidification, eutrophication and other environmental impacts on the grape production.

Conclusions

Chemical fertilizers (38%), demonstrated their pivotal roles in total energy consumption. The direct
emissions in the grape production resulted from high application of chemical fertilizers contributed considerably
to some environmental impacts. It suggested establishing a sustainable and environmental friendly grape
production system in the region with application of efficient fertilizers by integrated nutrient management.
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