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ABSTRACT 
 
Irrigation practice involves the release of large amounts of greenhouse gases (GHG). 
This study aims to evaluate the GHG emitted during the life cycle of three irrigation 
systems, with the purpose of assessing their Carbon Footprint. Life Cycle 
Assessment (LCA) methodology is used, according to ISO international standard 
14067. Techniques selected for comparison are drip irrigation with annual laterals, 16 
mm Øand 22 mm Øpipe diameter, hose reel machine with pipe 400 m long and 125 
mm Øexternal diameter, equipped with travelling big rain gun and boom. Selected 
functional unit is the m3 of supplied water, assuming the seasonal supply of irrigation 
water be equal to 2,500 m3/ha . Analysis was carried out using the software SimaPro, 
with the support of the EcoInvent Database. Under the assumed scenario, the Global 
Warming Potential (GWP) of irrigation using annual driplines is higher than the GWP 
of the hose reel, equipped either with sprinkler or with boom. The impact of annual 
driplines is primarily due to their short lifetime (e.g., replacement is annual), while the 
lower GWP of hose reel gun and boom is due to their economical lifetime (e.g., 15 
years) and working capacity (e.g., irrigated ha/year). 
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1. INTRODUCTION 
 
Agriculture manipulates ecosystems to produce food and fiber. Modern agriculture 
went through a massive increase of food production, which doubled during the 
second half of the 20th Century (Pimentel, 1992). Increase in productivity requires the 
introduction of new cultivation technologies and techniques, in order to face the 
growing food demand. At the same time, increase of crop production requires 
additional resources and exacerbates environmental impacts, representing a serious 
threat to natural ecosystems worldwide. A threat may arise in several ways: as 
depletion of resources, eutrophication of marine ecosystems or contribution to global 
warming (IPCC, 2007). Sustainable agriculture and food production require 
production technologies and techniques with lower environmental impact and higher 
efficiency in the use of natural resources. Irrigation plays an essential role in crop 
cultivation and yield rates boost, and at the same time, it is one of the agricultural 
techniques with the highest environmental impact. This study assesses the 
contribution of some widely used irrigation techniques to climate change. Although 
poorly understood, climate change is an urgent threat to agriculture and food security. 
Irrigation sector will be strongly affected by climate change, as well as by changes in 
the effectiveness of irrigation methods (Tilman, 1999). Therefore, it is necessary to 
identify irrigation techniques allowing efficient use of water and low environmental 
impact in terms of climate change contribution. Water efficiency is studiedsince time,  
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Figure1. System boundaries (Limites du système) 
 
but very few works assess the impact of irrigation in terms of contribution to climate 
change. This study analyses the Carbon Footprint (CF) of three widely used irrigation  
 
techniques: hose reel machine equipped with travelling rain gun and boom, and two 
models of dripline. A CF assesses the total amount of greenhouse gas emissions of a 
defined population, system or activity, considering all relevant sources, sinks and 
storage and therefore their Global Warming Potential (GWP), measured in Kg of CO2 
equivalent (Wright et al., 2011). 
 

2. MATERIALS AND METHODS 
 
The methodological framework adopted in this study is based on a life cycle 
assessment (LCA) of the irrigation system  (Hunt et al., 1996), in accordance with the 
standards ISO 14040 and ISO 14044 (ISO, 2006). The aim is to provide a cradle to 
field analysis, which comprises the environmental burdens of bothproduction and use 
phase.  
 
Production phase encompasses all the impacts due to industrial manufacturing, from 
raw material extraction and processing, to production and assembly of the 
components.  
 
Use phase considers the impact due to the energy used during the supply of water to 
the field. The disposal scenario of the irrigation systems is out of the scope of this 
study. This is because it is very difficult, if not impossible in Italy, to collect consistent 
data at the end of the economic lifetime. The goal of this study is to compare the 
environmental impact of two sprinkler irrigation types carried out by a reel machine 
machine, and driplines. The impact category is the GWP, measured in Kg CO2eq.. 
Selected Functional Unit (FU)is the m3 of supplied water.System boundaries are 
illustrated in Figure 1.  
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2.1  CHARACTERISTICS OF THE IRRIGATION TYPES 
 
The hose reel machine chosen for comparison is equipped with a big gun sprinkler, 
working at 500 kPawith a 28 mm Ø nozzle diameter and, alternatively, with a 44 m 
width spray boomworking at 150 kPa. System discharge is 1096 l/min and 788 l/min 
for big gun and boom, respectively. 
 
The machine is made of three main components: a reel mounted on a four-wheel 
cart; a semi-rigid polyethylene hose that is rolled on the reel; a travelling carton which 
the boom or the rain gun are mounted. Movement of the travelling cart along the field 
is allowed by the energy of irrigation water through a water turbine. The reference 
machine is equipped with a pipe 400m long and 125 mm Ø external diameter. 
 
Annual driplines chosen for comparison are in two models: 16 mm Ø external 
diameter and8 mills thickness, and 22 mm Ø external diameter and 10 mills 
thickness.Emitter spacing is 0.30 m and system discharge is 392 l/min*ha for both 
models. 
All irrigation types selected for comparison are widely used worldwide. 
 
2.2  LIFE CYCLE INVENTORIES 
 
Life Cycle Inventories (LCI) are lists of the flows from and to the systems, such as 
inputs of water, energy, and raw materials and emissions or waste released to air, 
land, and water. For each irrigation type, inventory was related to production and use 
phase, for a better understanding of the impacts on the selected functional unit. Data 
on production phase of reel machine, rain gun and spray boom were supplied by 
AMIS, the Italian association of reel machines, sprinklers and booms manufacturers. 
Data on driplineswere gathered from technical sheets and catalogues of producers. 
Impact of the use phase is given by diesel consumption and calculated as follows: 
 

𝐶=𝑘𝑊∗𝐶𝑆 

C = Diesel consumption of the pump (g/h); 

kW = Power absorbed by the pump; 

where: kW=𝛾∗𝑄∗𝐻/102∗𝜂 

𝛾 = Specific weight of water at 4 °C (kg/m3); 

Q = Pump flow rate (m3/s); 

H = Hydraulic head (m); 

η = Pump efficiency (70%); 

CS = Specific consumption of the endothermic engine (g/kWh). 

The LCI of the use phase were developed according to the reference working 
conditions, reported in Table 1.  
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Table 1. The LCI of the use phase (L'inventaire du cycle de vie de la phase 
d'utilisation) 

 

LCI use phase – Diesel consumption 

Inventory flow Unit Rain gun Boom Lateral 16mm Ø Lateral 22mm Ø 

Hourly kg/h 3.72 1.40 0.75 0.71 

Seasonal kg/ha 123.35 62.90 77.90 73.46 

 
The CF is assessedby multiplying inventory flows for the emission factor 
corresponding to given activity, material or process. Emission factors are takenfrom 
the EcoInvent database version 3 of the Swiss Centre for Life Cycle assessment. The 
LCI are analysed with the software SimaPro (8.0.2, pre-sustainability-2014, UK).    

 
3.  RESULTS 
 
Results of the inventories analysis are given as impacton the FU, taking into account 
both production and use phase. CF has been assessed using the IPCC 2013 GWP 
100a method.   
 
3.1  Production Phase Impact of Mechanized Travelling Irrigation 
 
Total impact of production phase of the machine is 7,109 Kg CO2eq.. The reel and 
the wheeled cart account for half the system CF, followed by the hose (42%).  Impact 
of the sprinkler production is 79.4 Kg CO2 eq., while the CF of boom production is 454 
Kg CO2eq.. When equipped with boom, the CF of the reel machine is 5% higher 
(7563.35 Kg CO2 eq.) than with the gun sprinkler (7188.75 Kg CO2 eq.). 
 
3.2  Production Phase Impact Of Driplines  
 
The impact due to production phase of the dripline models was evaluated according 
to the amount of material requested to cover one hectare of irrigated flat field. For 
annual row crops cultivated in central and northern Italy, the total length of laterals is 
6,600m/ha on average, corresponding to 268 Kg CO2 eq. and to 201 kg CO2 eq. for 
the 22 mm Ø and the 16 mm Ø model, respectively. 
 
3.3  Impact of Use Phase 
 
CF of use phase is mainly due to diesel production process and combustion, which is 
necessary to power the water lifting system. Impact of use phaseisrelatedto the 
energy requestedfor the supply of seasonalirrigation water to 1 hectare. Impact of 
raingun irrigation is due to the high energy requested at the hose inlet for the correct 
operation of the big sprinkler. CF of driplines is similar, being equal to 0.110and 0.117 
kg CO2 eq. for the 22 mm Ø and the 16 mm Ø model, respectively.Calculation is 
made taking into account the energy requested at filter inlet (e.g., 350 kPa) and the 
working pressure at lateral tail end (e.g., 80 kPa). It should be noted that the 
reference length of the lateral is 100 m. Impact of boom irrigation is the lowest, 0.094 
kg CO2 eq.,due to low working pressure and absence of filters. 
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3.4  CF of Compared Irrigation Types 
 
Since FU is the m3 of supplied water, impact of production and use phaseisassessed 
according to system economical lifetime, working pressure, seasonal irrigation 
capacity and seasonal supplied water. Economic lifetimeof a reel machine is 
assumed to be 15 years, while light driplineson row crops are replaced annually. 
Moreover, hose reel operational capability (e.g., the area a machine can irrigate 
during one season) is defined by machine characteristics (hose diameter and length) 
and working conditions (e.g., operating pressure and flow rate of the distribution 
devices).According to the characteristics of the selected reel machine, the area that 
can be irrigated in one season is 35 ha and 19 ha when fitted with gun sprinkler and 
boom, respectively. Irrigation capability of driplines refers to pipes and drippers 
requested to cover one hectare. 
  
Based on local agrometeorological data, the same amount of water per hectare, set 
equal to 2,500 m3, is suppliedduring the seasonby each irrigation type.The CF of 
production and use phase related toselected FU is summarized in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. CF of compared irrigation types on FU during production and use phase  
 
Under the assumed scenario,total impact of annual driplines is higher than total 
impact of hose reel irrigationwith both gun sprinkler and boom. The 22 mm Ø dripline 
impacts more than the other irrigation types, total CF being equal to 0.217 Kg CO2 eq. 
per m3 of supplied water. Total impact of the 16mm Ø dripline is 0.198 Kg CO2 eq., 
while total CF of the hose reel machine is 0.165 and 0.106 Kg CO2 eq. per m3 when 
coupled to gun sprinkler and boom, respectively. Production phase of the hose reel 
has little contribution to total CF, from 10% to 4% when coupled with boom and 
sprinkler, respectively. On the contrary, production of laterals accounts for 41% and 
49% of total CF for 16 mm Ø and 22 mm Ø, respectively.  
 

4.  CONCLUSIONS 
 
Discussion about irrigation historically focuses on efficiencies related to water and 
energy use. Recent concerns on climate change and its influence on the agricultural 
sector, stimulate energetic analysis of different agronomical practices in order to 
mitigate their impact on climate. Environmental role of irrigation is not sufficiently 
investigated in terms of greenhouse gas emissions, since the impact of an irrigation 
system is commonly evaluated just at the field-use scale. Based upon such approach, 
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assessments and conclusions are based on simple measurement of the energy 
consumed during the working activity in most cases. By analysing all impacts during 
the production phase, from raw material extraction and processing, to production and 
assembly of components, this study shows the importance of the production phase on 
the overall CF assessment of an irrigation type. Besides the opportunity to apply the 
procedure adopted in this study to actual field conditions, the outcomes suggest to 
pay great care when decisions and support initiatives on irrigation sustainability have 
to be taken. 
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