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Abstract:

This study explores the impact of modernizing water distribution systems on the efficiency of agricultural water
distribution from surface water resources. While previous studies have focused on technical and hydraulic evaluations of
modernization options for irrigation networks, this research uses the life cycle assessment (LCA) method to compare selected
modernization options regarding environmental performance. This is crucial given the increasing global focus on the
environment and the importance of addressing environmental issues related to irrigation. The modernization options in this
study were selected from structural and non-structural methods proposed in previous studies and were evaluated in terms of
environmental impact over a 30-year lifespan. The environmental model of each option was developed in SimaPro v.9
software to use the LCA method. The results showed that the highest environmental impacts in all three scenarios were
related to global warming potential, particulate matter formation, and human toxicity, respectively. However, environmental
emissions were found to be lower in the structural scenario than in the current situation, while the non-structural scenario
showed greater reduction. Further analysis revealed that carbon dioxide emissions equivalent had decreased by 9% in the
structural scenario compared to the current situation. This is due to the decrease in electricity consumption caused by
pumping wells by farmers. Over 99% of carbon dioxide production is due to electricity consumption, so using the structural
modernization method during its service life could significantly reduce environmental pollution. Using non-structural
methods could also reduce carbon dioxide emissions by up to 22%. Given these findings, the non-structural modernization
scenario was found to be the most environmentally friendly among the scenarios examined in this study. The authors
recommend that future research use the life cycle sustainability assessment (LCSA) method, which includes evaluating LCA
as an environmental criterion, LCC as an economic criterion, and social life cycle assessment (S-LCA) as a social criterion.
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Stage Inputs Amount
Steel 6760 kg
Zinc 52 kg
Brass 26 kg
Assembly Zinc coat 409 m?
working 6760 kg
Transport 775 km
Gravel 78000 kg
Use or Operation ~ Electricity .\ 7084232700
Transport 4677286 km
Ste_el and
Waste treatment (re<:l3r/2|ning) 6500 km
Transport 5000 tkm

SimaPro ,l33le b 4y Ay (g, b (699,9 Sledbl: ¥ Jgus

Stage Inputs Amount
Steel 6980 kg
Concrete 26 m*
Assembly Zine 22kg
Zinc coat 409 m?
Metal working 6890 kg
Transport 775 km
Gravel 78000 kg
Use or Operation Electricity 6438023610 kWh
Transport 4677286 km
Waste treatment Stigljgﬁ”lg))n 6500k
Transport 5000 tkm
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Stage Inputs Amount
Steel 6760 kg
Zinc 52 kg
Brass 26 kg
Assembly
Zinc coat 409 m?
Metal Working 6760 kg
Transport 775 km
Gravel 78000 kg

Use or Operation Electricity 5566959600 kWh

Transport 3234541 km
Steel and iron
(recycling) 6500 km
Waste treatment
Transport 5000 tkm
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Life cycle of a product
Framework of the study l Inventarisation (LCI) I l Life Cycle Impact Assessment (ReCiPe) I
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Impact category Unit Ay Ay A,

Global warming MPt 270.83602 246.13909 212.82171
Stratospheric ozone depletion MPt 0.01954 0.01776 0.01536
lonizing radiation MPt 0.02570 0.02336 0.02020

Fine particulate matter formation MPt 33.83736 30.75128 26.58975
Ozone formation MPt 0.70394 0.63975 0.55315
Terrestrial acidification MPt 1.83377 1.66654 1.44099
Freshwater eutrophication MPt 0.10558 0.09596 0.08297
Marine eutrophication MPt 0.000010 0.000009 0.000008
Terrestrial ecotoxicity MPt 0.02223 0.02021 0.01747
Freshwater ecotoxicity MPt 0.00059 0.00054 0.00047
Marine ecotoxicity MPt 1.00840 0.91665 0.79224
Human carcinogenic toxicity MPt 25.94557 23.58054 20.38739
Human non-carcinogenic toxicity MPt 13.95637 12.68723 10.96414
Land use MPt 0.27457 0.24954 0.21575
Mineral resource scarcity MPt 0.00519 0.00472 0.00408
Fossil resource scarcity MPt 1.87476 1.70389 1.47310
Water consumption MPt 0.18080 0.16431 0.14207
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