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2- Acidification

3- Eutrophication

4- Global warming,

5- Land use

6- Depletion of resources
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1- Life Cycle Assessment (LCA)
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1- Goal and scope definition

2- Inventory analysis

3- Impact assessment

4- Interpretation of results
5- Simapro v 8.0.1
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1- Functional unit
2- Inventory data collection
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Fig. 2- System boundaries and relevant inputs of the soybean, sunflower and canola production systems
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Table 1- The characterisation models and factors for used for the default impact
(walg) 1 atds &ilwaasuin sl ,g516 Lt

Impact category (Unit) Characterisation factors Examples

O (gl il
Acidification potential
(kg SOz eq.)

OMb oy Jemiliy
Eutrophication potential
(kg PO,* eq.)

ke ol Jously
Global warming potential
(kg COz eq.)

Phesdgd (sla s slml Jruily
Photochemical oxidant creation

potential
(kg C:H, eq.)

AP, CML 2001 non-baseline (fate not included),
Version: January 2016.

EP, CML 2001 baseline (fate not included), Version:
January 2016.

GWP100, CML 2001 baseline Version: January 2016.

POCP, CML 2001 baseline (high NOx), Version:
January 2016.

1 kg ammonia = 1.88 kg SO, eq.
1 kg nitrogen dioxide = 0.7 kg
SO, eq.

1 kg sulphur dioxide = 1 kg SO, eq.

1 kg phosphate = 1 kg PO, eq.
1 kg ammonia = 0.35 kg PO, eq.
1 kg COD (to freshwater) = 0.022 kg
kg PO, eq.

1 kg carbon dioxide = 1 kg CO, eq.
1 kg methane = 28* kg CO, eq.
1 kg dinitrogen oxide = 265 kg
CO; eq.

1 kg carbon monoxide = 0.027 kg
C,H, eq.

1 kg ethane = 0.123 kg C,H, eq.

1 kg toluene = 0.637 kg C,H, eq.
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Table 2- Input and output flows of canola, soybean, and sunflower per FU

29> 90 ol soly 155 bow oSl
Input and output flows Unit  Canola  Soybean  Sunflower
st L 146 98.5 155
Diesel fuel
R ad kg 305 214 388.4
Nitrogen fertilizer as urea
o decladps. kg 176 156 203.84
Triple superphosphate, as P,Os
i kg 48 45 67
Potassium fertilizer as K,0O
"Sul; kg 2.8 3.2 45
Herbicides
sl kg 11 0.75 15
Insecticides
ek kg 35 4.2 5.3
Fungicide
(k) ol 255 kg 4750 5115 5513
Manure (solid)
o KWh 1355 1471 1558
Electricity
fs’l”'_l m® 4406 5574 7024.2
Irrigation
4 kg.ha'™ 10 83 17
Seed
35k kg 2122 2701 2344
Yield
as e 51 by, Lol
Field emissions
Sl kghal 2558 1795 3258
Ammonia volatilization
i deeSleed i kghal  1.70 1.20 217
Nitrous oxide emissions
S 2o kgha! 3860  27.08 49.15
Nitrate leaching
N,O kg.ha* 2.93 2.06 3.73
co, kg.ha'! 27505  185.56 292
Sl 25 kgha! 1624  14.40 18.81

Phosphorous (P) runoff

(lSO, 2006) Cwl odis bl Lg)lwwosm 9 (H0d) J>]).a ""‘z! 9 @w
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Table 3- Life cycle impacts associated with the production of one ton of oilseed
Sladb KYS P 1518 Lgus old R Ls
Impact category Unit Canola  Soybean Sunflower
JLP ol kg CO,eq. 2132576 1549.327 2283.972
Global warming (GWP100a)
@ww o ‘A_’“ﬂ_ kg C,Hseq.  0.45652  0.319267  0.504258
Photochemical oxidation
"M .‘g%l kg SO,eq. 34.07332 2128836  38.37665
Acidification
O oo kgPO,%eq. 1503938 9.217322  17.13289
Eutrophication
DSl 5 IS g 5 Sy g oS am Lt ¥ S Sl ke S ity

Kg COyp) (S auSied oS 5hS YYAY § YIFY AOFR oy
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Fig. 3- GWP for one ton of soybean, canola and sunflower produced in Ardabil
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Fig. 6- EP potential for one ton of soybean, canola and sunflower produced in Ardabil
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Introduction

The controversy about sustainable agriculture has been extended to consider the impact of agricultural
production. Population growth has increased the need for food, water, and renewable energy resources, which
requires development of new knowledge about and technology for production systems using the sustainable
development frameworks. As a consequence of agricultural reliance on natural resources and processes, a
complicated relationship exists between agriculture and the environment. Agricultural activities can be both
advantageous and disadvantageous for the environment. Agricultural activities have grown quickly over recent
decades in Iran; their environmental impacts have also escalated. Major environmental issues in Iran include
water shortages, nitrate leaching into ground water, soil erosion, and the release of pesticides and P-based
fertilizers into water resources. Since there is a legal gap in assessing the environmental impact of agricultural
activities in Iran; so little attention has been paid to reducing environmental emissions and use of resources of
the agricultural products. Standard procedures should be used to assess agricultural activity to introduce
environmentally-friendly practices and products. Crops production is a system with high environmental impacts.
Different tools are available for assessment of the environmental impact of agricultural products. The most
comprehensive of these is life cycle assessment (LCA). The present study used LCA to evaluate the materials
used, energy consumption, and related environmental emissions from cradle to farm gate for soybean (Glycine
max), sunflower (Helianthus annuus L.), and canola (Brassica napus L.) crops in Ardabil province of Iran.

Materials and Methods

The basic guidelines for administering an LCA delineated in ISO standards 14040 and 14044 were observed
in this research. LCA is an internationally standardized holistic assessment framework and is widely used to
identify potential environmental emissions and resources throughout a product's lifecycle, particularly in the
agro-food sector. Literature on LCA has demonstrated potential applications of LCA in agriculture. All
environmental impacts were analyzed using Simapro v 8.0.1 software. The goal of the current analysis was to
examine the environmental performance of conventional cropping practices of oilseed crops at the local level in
Iran. The scope of the present research was limited to oilseed production system using all inputs and outputs of
agricultural materials, energy, and water from cradle to farm gate in Ardabil. All materials, emissions, and water
and energy consumption measured per 1 ton of a crop at 13% humidity are denoted as a FU. A system boundary
covers the entire production system for soybean, sunflower, and canola. The inventory data was collected based
on the commercial production of each crop. The goal of inventory questionnaire was to evaluate type of
machinery, inputs and outputs and irrigation. Also, data collection involved face-to-face interview with farmers.

The impact categories investigated in this research were eutrophication, acidification, global warming
potential, and photochemical oxidation. In addition, the impacts of water dependence and land use were
examined.

Results and Discussion
Only the classification and characterization stages of the LCA were considered in this research. The results
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showed that sunflower demonstrated a higher environmental load in five of the six categories because of its

lower seed yield and higher water and energy demands. The results indicate that production of 1 ton of soybean

and canola requires 370 and 471 m? of land, respectively. Production of same quantity of sunflower required 426

m? of land. Sunflower required 1.59 and 1.25 times more water than the canola and soybean respectively, to

produce the same quantity of oilseed. It was found that the effects of these three crops comes generally from

manufactured fertilizer, manure, diesel combustion, agricultural practices, and electricity for irrigation.
Conclusion

Generally, it can be said that the indirect effects associated with these inputs are related to producing and
processing, which had higher impacts than those of the direct effects.

Keywords: Agriculture, Environmental impacts, Iran, Land use, Life Cycle Assessment, Oilseed crops,
Optimization.



