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Introduction 

Competition among water users is placing increasing pressure on irrigated agriculture, 

making it necessary for irrigators to be accountable for their water consumption patterns. One 

option for improving water use efficiency is by installing pressurised irrigation systems, 

which have potentially high water use efficiency (Batchelor, 1999; Zehnder et al., 2003; Lal, 

2004; Pratt Water, 2004). The shift to alternative irrigation methods has consequences not 

only for the water use of the system, but also for energy consumption and hence greenhouse 

gas emissions. The link between fossil energy use in agriculture and carbon emissions is well 

established (Deike et al., 2008; Schneider and Smith, 2009). A balance between the 

improvement in water use and the potential increase in energy consumption is required. 

Without the acknowledgement of this balance, improving irrigation efficiency to create water 

savings could see irrigation areas increasing energy consumption and therefore escalating 

their costs. The escalating costs will have a detrimental effect on profit and efficiency, while 

simultaneously increasing the environmental footprint of certain irrigation areas. 

This paper illustrates the different water and energy application patterns experienced by 

farmers in a surface and ground water dependent area of Australia, and the emissions 

associated with this energy use. Finding the suitable balance between water application, 

energy consumption and associated emissions for a given situation will result in increased 

water productivity which also considers the energy costs and environmental implications in 

terms of greenhouse gas emissions. This research is expected to provide valuable information 

regarding future developments in the irrigation industry, and will provide benchmarks for 

possible trade-offs between resource inputs and environmental effects. 

Methods and Materials 

Two irrigated regions were selected for study; the Coleambally Irrigation Area (CIA) in 

New South Wales, which uses surface water, and the South East of South Australia (SESA), a 

groundwater dependent region. Case study farms were selected and a survey was undertaken 

to determine the level of inputs and water use for crop production and carry out an energy and 

emission budgets from land preparation to harvest stages. Regionally accepted data sets were 

used to predict the consequences of converting to pressurised irrigation methods.  

Results & Discussion 

Results showed that there was a general trend of increasing energy consumption with 

increasing water use (Figure 1); this trend was more pronounced in groundwater dependent 

regions. Thus, there is a potential opportunity to reduce energy consumption and associated 

emissions by improving water use efficiency, and as discussed, the use of pressurised 

irrigation systems is one option for achieving this.  

Results from the farms studied show large variations in basic resource use across farms for 

water and energy use at the field level. Previous studies have shown that energy consumption 

can be reduced when pressurised systems are used in groundwater regions (Hodges et al., 

1994; Srivastava et al., 2003). The results from this study confirm this trend; energy savings 

of up to 44% are possible when converting from gravity-fed to pressurised irrigation methods 

in groundwater regions.  

However, when surface water is used, pressurised systems increase energy consumption 



substantially, by between 13% - 163%, so their use should be carefully planned in these areas. 

This was true for all farms in the study, because the operating energy consumption associated 

with the use of gravity-fed irrigation methods in surface water sourced regions is assumed to 

be negligible. Energy consumption is increased more by installing centre pivot systems than 

drip systems, because these systems generally require a higher operating pressure and are less 

efficient, resulting in more water being pumped and hence increasing energy consumption. 

 

 
Figure 1: Energy and water relationships in surface and ground water irrigated regions 

The identified interactions between irrigation method and water source offer a basis for 

decision making with regard to the installation of pressurised systems, which should be 

targeted for groundwater regions. Wide variation in results indicates that the design of the 

irrigation and pumping systems is very important in terms of energy consumption, as are 

correct operation and maintenance (Hamdy et al., 2003; Loftis and Miles, 2004). Higher 

operating pressures and flow rates increase the quantity of energy consumed (Lal, 2004). 

The implications of these results are particularly significant, as they suggest that the use of 

pressurised irrigation methods can have significant benefits in terms of a reduction in water 

and energy use as well as greenhouse gas emissions associated with inputs when groundwater 

is used. However, the risk of increasing energy consumption and emissions by using 

pressurised systems in surface water dependent regions should be carefully considered. 
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