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Executive summary  
The Australian Renewable Energy Agency (ARENA) is gratefully acknowledged for their 

funding support of the trial project titled ‘Adapting Renewable Energy Concepts to 

Irrigated Sugar Cane Production at Bundaberg’. 

 

The water energy nexus has created a dilemma for many irrigators since the 

establishment of the National Electricity Market (NEM) and significant increases in the 

cost of grid supplied electricity. 

 

The Bundaberg Irrigators Group (BRIG) posed the following hypothesis. For farming 

situations where replacement of travelling gun systems with low pressure overhead 

applicators is not feasible due to farm layout and topographical or water supply 

constraints:  

1. Could a HES be developed and proven to deliver similar combined effect of cost 

reduction and greater operational freedom without the constraints of tariff cost and time 

of use restrictions? and  

2. Could this system improve yield potential? 

 

A trial to test the energy savings potential of solar-grid Hybrid Energy System (HES) with 

travelling gun irrigation was proposed and undertaken by the BRIG and their farming 

enterprise member, Killer Family Holdings, at their farm on Manoo Road, Sharon, 14 

kilometres west of Bundaberg, Queensland, Australia. 

 

BRIG represents irrigators in the Bundaberg district across a range of commodity groups, 

with sugarcane being the predominant crop. 

 

Renewable and Hybrid Energy systems (HES’s) present a promising alternative energy 

opportunity for many producers.  However HES’s present two critical issues for growers; 

whether such a system is capable of maintaining the peak irrigation requirement for the 

daily energy demands of sugarcane production; and whether solar powered hybrid energy 

systems could change irrigation management practices leading to increased farm 

productivity. 
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This report analyses the outcomes of the HES trial and illustrates the benefits from a 

reduced uptake of grid electricity supply. The report also analyses the constraints that 

would come with the full utilisation of these benefits posed by irrigation management 

inefficiencies.  

 

The subsequently installed Solar PV array included 240 panels x 340 watts (81.6 kilowatts - 

kW), a new 45 kW motor and a centrifugal pump with variable frequency ECODRIVE 

(Variable Frequency Drive) (VFD). This system was designed to be a HES that would 

provide a seamless transition between clear and cloudy daytime conditions and/or night 

operation. Figure 1 shows how the ECODRIVE draws on both the solar and grid energy 

source.  

 

 
Figure 1. Illustration of solar and grid connected ECODRIVE. 

Comparative analysis of the running cost for the previous all grid powered system to the 

HES trial shows a 36,527 kWh (30%) reduction in business as usual (BAU) operational grid 

energy demand. This is directly attributable to the new motor and pump efficiency 

improvements which included the Variable Frequency Drive (VFD). The Solar PV 

contribution to the reduced BAU operational grid energy demand was 56,337 kWh (46%) 

and the remaining energy supply 28,816 kWh (24%) was accessed from the grid supply. 
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The HES trial has shown that with the ECODRIVE capacity to blend the Solar PV and grid 

energy, HES is able to utilise all Solar PV output per day. The HES continues to draw from 

the Solar PV system even when the PV is unable to provide sufficient energy production 

for continuous supply above the motor operational threshold (400 W/m2).  

 

Several challenges were faced when designing the HES and conducting the trial. These 

include weather impacts, irrigation system energy variations and the ability for a Solar PV 

to supply sufficient electricity. BRIG was able to overcome these challenges; all of which 

will be explored further in chapters 5, 6 and 7.  

 

This report also includes the results of a desktop study that explored the potential of two 

additional irrigation applications that have potential to enhance energy efficiency further 

if paired with an HES.  These options explored the ideal layout of the systems and what 

added benefits a lateral move irrigation system would bring. This is explored further in 

chapter 8.  

 

It is important to note that the potential benefit of the HES will only be realised if the 

supply capacity of the system and the delivery capacity of the field application method are 

compatible. Energy use efficiency and efficient crop production are intrinsically linked to 
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the economic capacity to service capital expenditure on agricultural irrigation and energy 

reduction infrastructure.  

 

The results of the HES trial demonstrate to irrigators that they can confidently invest in 

renewable HES to augment pumping energy requirements used in sugarcane production. 
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Full Report  

1.0 Introduction  
Bundaberg Regional Irrigators Group (BRIG) formed a project steering committee 

comprising members of the Queensland Farmers’ Federation (QFF), Ergon Energy and 

Bundaberg Sugar Services Limited (BSSL). A competitive process for expressions of interest 

(EOI’s) was used to select the most suitable local farm site to conduct a HES trial.  

 

In February 2018, Bundaberg Regional Irrigators Group commenced a solar-grid HES 

irrigation trial on the sugarcane and peanut farm owned by Killer Family Holdings in 

Sharon. This trial concluded in May 2020.  

 

This trial aimed to collect information that could help examine the potential for adoption 

of the hybrid energy concept as a means of reducing reliance on grid supplied energy for 

irrigation in agricultural production. The project plan also included utilisation of the trial 

data for investigation of the system potential in other irrigation locations and methods of 

application. 

 

The trial irrigated crop production area was 55 hectares (ha) with approximately 50 ha of 

this area irrigated annually. The irrigated area outlined in Figure 2 shows the farm 

topography which varies from 30 to 45 metres (m) Australian Height Datum (AHD). The 

soil types classified under the Australian Soil Classification are Yellow/Brown Dermosol, 

Redoxic Hydrosol and Grey Sodosol (Zund et.al 1998). 
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Figure 2.  Trial farm topographical map 

BRIG sourced technical advice from Gem Energy Australia (solar energy specialists), 

Sunfam Bundaberg (irrigation pump suppliers), Reaqua (solar pumping specialists) and 

Zenner Electric Pty Ltd (ECODRIVE variable frequency drive) to design, supply and install 

the trial equipment.  

 

The subsequently installed Solar PV array included 240 panels x 340 watts (81.6 kilowatts - 

kW), a new 45 kW motor and a centrifugal pump with variable frequency ECODRIVE (VFD). 

This system was designed to be a HES that would provide a seamless transition between 

clear and cloudy daytime conditions and/or night operation. 

 

2.0 Background  
Bundaberg is located on the coast of Queensland within a local government area covering 

6,433km2 (Figure 3).  It has an average daily temperature range of 15.8◦C to 26.7◦C and an 

average annual rainfall of 996mm.   
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Figure 3. Bundaberg Region Queensland Australia 

Agriculture is a significant employer in the Bundaberg region. The industry directly 

employs 3,217 people, making it the third largest employment sector in the region after 

retail and health care. Sugarcane is critical for the wellbeing of the area. Bundaberg is the 

fourth largest sugarcane growing region in Queensland, supporting three sugarcane 

crushing mills and exporting opportunities via the Bundaberg Port. The sugarcane sector 

provides approximately $440 million annually to local economic activity and supports 

1,800 full time jobs (CANEGROWERS 2019). 

 

The sugarcane industry is however experiencing a decline due to a decrease in the land 

allocated to sugarcane production. This is a result of farmer’s diversifying to higher-value 

horticultural products to offset lower economic returns resulting from currency 

fluctuation and low international sugar values.  The area has also been drought declared 

several times over the past decade, with the most recent drought declaration for the area 

announced on 1 May 2019 (Queensland Government 2019).  These factors have 

negatively impacted total sugarcane production levels, jeopardizing the viability of existing 

infrastructure that is critical to the financial and employment prosperity of the region. As 

such, it is essential that sugarcane productivity is maximised through the efficient use of 
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inputs (namely irrigation water and energy), as energy and water are inextricably 

connected in agricultural systems (Davis 2018).   

 

HES can provide more reliable and economical energy options than single-source energy 

systems (Aziz et al., 2019). However, their design and scale require critical consideration 

as it determines the behaviour of the system, the stability of the system, continuity of 

power, cost of the energy (Aziz et al., 2019) and wear and tear on critical components 

such as irrigation pumps. The energy management strategy for grid-connected systems is 

critical to balance irrigation pump requirements and continuous operation while being 

mindful of the source of energy and its associated costs.  

 

Based on the outcomes of sugarcane farm irrigation energy efficiency audits conducted at 

Bundaberg between 2008 to 2017 by Bundaberg Sugar Services Limited (BSSL), several 

major farm irrigation redevelopment projects were undertaken to transition irrigation 

methods from high pressure travelling gun to low pressure lateral move. Participating 

growers found they achieved a significant yield increase through the introduction of 

systems with the capacity to deliver summertime peak crop water demand. Significant 

reductions in energy demand from low pressure operation were also gained, which 

translated into a lower cost of energy per megalitre (ML) of irrigation applied.  

 

The same growers found that when energy cost and time of use constraints to daily 

irrigation management imposed by grid tariff structures (e.g. high cost day time and/or 

summer time use) were no longer at the forefront of decision making, the focus of farm 

planning returned to the agronomic timing and inputs required to achieve higher yielding 

crops.  

 

These outcomes posed the hypothesis; for farming situations where replacement of 

travelling gun systems with low pressure overhead applicators is not feasible due to farm 

layout and topographical or water supply constraints:  

1. Could a HES be developed and proven to deliver similar combined effect of cost 

reduction and greater operational freedom without the constraints of tariff cost 

and time of use restrictions? and 

2. Could this system improve yield potential? 



 

  

 

11 

 

3.0 HES Trial Design  
The HES consists of 240 north-facing 340 Watt (W) Solar PV panels (81.6 kilo Watt - kW) 

assembled into 16 strings of panels with each string linked to the central pumping point 

by individual cable. A new 45 kW electric motor that was rated 10–15% more energy 

efficient than the previous unit and designed to manage overheating issues when 

operating at low or varying speeds was installed. A new International Standards 

Organisation (ISO) rated pumping unit with improved water flow efficiency due to internal 

design features and a variable frequency ECODRIVE were also installed. The ECODRIVE 

was connected to both the Solar PV direct current (DC) and grid supplied alternating 

current (AC). 

 

The HES utilises energy from Solar PV and the grid (if required) by day, while is exclusively 

uses grid energy by night. As previously outlined, Figure 1 shows how the ECODRIVE draws 

on both the solar and grid energy source.  
 

The selected pump site is typical of many in the Bundaberg region; it is connected to the 

SunWater Bundaberg Irrigation Area (BIA) scheme which supplies irrigation water to the 

site at Positive Head. Incoming pressure of 103 kilopascals (kpa) was recorded prior to the 

redevelopment of the pumping system.  

 

The ECODRIVE fitted to the trial utilises this inflow pressure and manages the motor speed 

to maintain a constant pressure to the travelling irrigator within design specifications of 

the underground pipeline, resulting in less power demand to operate the pump. This 

means that by day the solar system supplies a significant portion of the pump 

requirements and when operating periods extend into the evening, there is continuous 

operation at substantially reduced kW/hr demand due to the energy management 

capacity of the variable frequency ECODRIVE. The blending potential shown in Appendix A 

is particularly pronounced when the transition from day to night is occurring.  
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Figure 4. HES solar system located at 

Killer Farm trial site  

Figure 5. Installing Variable 

Frequency ECODRIVE. 

Figure 6. Installing new pump at site. 
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4.0 Weather Impacts 
4.1 Impact of rainfall history on trial operational practice 
The period of this trial was the most challenging period that many Bundaberg district 

farmers can remember with regards to weather and sugar price. Rainfall at the trial site 

shown in Appendix B has varied from excessively above average in the spring of 2017 prior 

to the commencement of the solar trial to disastrously below average for the whole of 

2019.  

 

The excessive rain in the spring of 2017 lead to a long period of subsoil water logging 

which, when followed by the long and increasingly drier period, resulted in the rise of dry 

land salinity. This has rendered a significant portion of the irrigation area unsuitable for 

sugarcane cropping without an extensive soil amelioration program.  

 

The amelioration (soil restoration) program commenced in 2019 but a new sugarcane 

crop could not be planted in time to create an income stream for 2020. A change to 

peanut production on the worst effected sectors of the farm was instigated in November 

2019 as part of the soil amelioration program to offset lost income due to the salinity 

issues. Evidence of salinity issues and the development of the peanut program are shown 

in Figure 7. A, B, C and D. 
 

         
                                              (a)                                                                                                  (b) 
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                                              (c)                                                                                                  (d) 

Figure 7. Snapshots of Peanut Program from before planting to when the plants have matured, as 
part of the extensive soil amelioration program. 

The inclusion of the peanut program did not hamper the trial project outcomes as a 

slightly higher volume of water per hectare was required to produce a viable peanut crop. 

With the benefit of a fixed contract price for the peanut crop there was a strong incentive 

to utilise the trial equipment to its maximum capacity.  

 

4.2 Critical Weather Data  
Seasonal and daily weather characteristics and their variability in the district selected for 

installation of a HES trial irrigation facility were found to be a determinate in the level of 

success of the trial. A project weather monitoring station (Figure 8) installed at the Solar 

HES trial site provided continuous data related to air temperature, solar radiation, 

evapotranspiration (ET) and rainfall throughout the trial period.  

                                                   
Figure 8. Davis automatic weather station located at Solar HES trial site. 
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A comparison of the site weather data shown in Appendix C illustrates the relationship 

between overcast and rain or cloudy conditions on short term temperature, solar 

radiation, and ET. Understanding these linkages and the impact of climate to the energy 

use /crop production nexus is essential when planning and investing in agricultural 

renewable energy options.   

 

When significant rain events occur this results in extended cloudy periods which reduces 

solar radiation which impacts on solar energy production and lowers air temperature. 

Simultaneously these factors contribute to a reduction in evapotranspiration (ET) which 

impacts crop production. However, not all days with reduced radiation coincided with rain 

days. It was common for the selected location to experience cumulus cloud development 

from mid-morning during the summer months. With little chance of rain this caused 

intermittent solar radiation and energy production loss in the solar PV system with 

minimal reduction in daily crop water demand, thus creating increased demand from the 

energy grid for irrigation.   

 

These conditions caused little to no cessation of moisture demand by the crop and are 

therefore a factor in the consistency of uptake of daytime grid energy. An example of 

daytime radiation loss from cumulus cloud development is shown in Figure 9. Data in this 

example was recorded by the Davis weather station located at HES trial site 
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Figure 9. Daily solar radiation effected by mid-day cumulus cloud development.  

During the trial period, the onsite weather monitoring equipment recorded a total of 

9,981 hours of sunshine. However, over this period only 4,466 hours (45%) of solar 

radiation exceeded the threshold of 400 W/m2 which is the required radiation level to 

maintain continuous solar operation of the HES pumping system. Details of the recorded 

available sunshine hours and sunshine hours above the pump demand threshold are 

illustrated in Table 1. This data shows that an average of 42% of sunshine hours above the 

threshold occurred during the January to June period each year which coincides with 

period of maximum irrigation demand for the sugarcane crop. An average 48.5% of 

sunshine hours greater than 400W/m2 occurred during the period from July to December 

which is a period when the sugarcane crop is being harvested or is beginning its regrowth 

cycle and irrigation demand is low.  
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Weather site 

data 

February 

to July 

2018 (for 

2018 

harvest) 

July to 

December 

2018 (for 

2019 

harvest) 

January 

2019 to 

June 2019 

(for 2019 

harvest) 

July to 

December 

2019 (for 

2020 

harvest) 

January 

2020 to 

May 2020 

(for 2020 

harvest) 

Available bright 

sunshine hours 
1778 2239 2134 2283 1563 

Pump 

operational 

threshold 

(W/m2) 

400 400 400 400 400 

Available bright 

sunshine hours 

equal to 

threshold 

746 

42% 

1100 

49% 

896 

42% 

1105 

48% 

653 

42% 

Table 1.   Available sunshine hours compared to sunshine hours above pump threshold (February 
2018 – May 2020).  Data in this example was recorded by the Davis weather station located at HES 
trial site. 

5.0 The Trial  
5.1 HES Trial Results – Killer Farm  
There is a noted variability in the ratio of solar radiation to the operational threshold at 

different times of the year and the relationship of each period to the specific moisture 

demand of the crop. This illustrates that the effectiveness of a standalone Solar PV 

pumping system for sugarcane irrigation is influenced by the daily intermittency in solar 

radiation. To test options for overcoming this lack of continuity in solar radiation a 

Variable Frequency ECODRIVE (VFD) system was included in the trial. The VFD manages 

solar energy (DC power) input as the priority energy source with grid supplied (AC power) 

as a supplementary source which enabled the trial irrigation system to provide a seamless 

transition from solar to grid during periods of daytime solar radiation intermittency and 

from solar by day to grid for night-time operation. Utilisation of available solar hours 

improved over the trial period as operator skill in management of the system developed 

which increased the solar utilisation to a maximum of 68% of the total available sunshine 

hours.  Solar utilisation data is shown in Table 2. 
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Pumping data 

February 
to July 

2018 (for 
2018 

harvest) 

July to 
December 
2018 (for 

2019 
harvest) 

January 
2019 to 

June 2019 
(for 2019 
harvest) 

July to 
December 
2019 (for 

2020 
harvest) 

January 
2020 to 

May 2020 
(for 2020 
harvest) 

Total time 
pumping (hours) 

307 595 841 751 486 

Daytime Solar 
pumping hrs 

(estimate) 
215 416 589 578 328 

Night time Grid 
demand 

pumping hrs 
(estimate) 

92 179 252 173 158 

Percent of 
available solar 
hours utilised 

29% 37% 66% 68% 67% 

Table 2. HES solar utilisation for project period February 2018 – May 2020. 

The overall energy mix for the trial period shown in Table 3 indicates that average HES 

grid energy demand was 38% of pump energy demand. For the final period (January to 

May 2020) there was a noticeable variance in the ratio of solar to grid energy utilized 

which is explained by reduced capacity within the solar system.  

 

Storm conditions affected the solar system during an intense storm period from late 

January to early March 2020 and when irrigation was due to restart in late March it was 

discovered that four strings of the system (approximately 20 kW) had damage to the earth 

protection diodes.  

 

The system operated in this reduced operational mode for the 393 hours of pumping as 

new parts were on back order. This reduced solar capacity (62 kW) and provided an 

opportunity to test the solar system design capacity relative to the pumping energy 

demand (28-30 kW). It is evident that the HES, when operated with 62 kW of solar over a 

period of 393 hours, utilised an additional 2454 kWh of grid supply which is an increase of 

6.24 kWh per hour of pumping operation.  
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Energy mix 

February 
to July 

2018 (for 
2018 

harvest) 

July to 
December 
2018 (for 

2019 
harvest) 

January 
2019 to 

June 2019 
(for 2019 
harvest) 

July to 
December 
2019 (for 

2020 
harvest) 

January 
2020 to 

May 2020 
(for 2020 
harvest) 

Average hourly 
pump demand 

(kWh) 
24.65 27.31 28.66 30.11 29.88 

Solar input (kWh) 2592 11977 16689 17356 7363* 
Grid input (kWh) 4614 4302 7486 5259 7155* 

Total pump 
energy use 

(grid+solar) kWh 
7566 16279 24144 22615 14518 

Average Pump 
Energy Demand 

from grid 
61%  26 % 31%  23%  49% 

Table 3.  Mix of HES energy use for trial period February 2018 to May 2020. 

Generally, water use was between 60-70% of the annual allocation (Table 4) which 

presented a concern from a crop production potential, given the drought conditions and 

the apparent high demand for irrigation.  

 

Further information shown in the following desktop analysis of irrigation application 

options (Chapter 6) will provide an explanation to the problems encountered with delivery 

of full allocation during such a dry period.  

 

System 

utilisation 

February 
to July 

2018 (for 
2018 

harvest) 

July to 
December 
2018 (for 

2019 
harvest) 

January 
2019 to 

June 
2019 (for 

2019 
harvest) 

July to 
December 
2019 (for 

2020 
harvest) 

January 
2020 to 

May 2020 
(for 2020 
harvest) 

Annual 
nominal 
water 
allocation 
(ML/ha)* 

3.6 3.6 3.6 3.6 3.6 

Annual 
farm area                           
(ha) 

55 55 55 55 55 
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Annual total 
water 
allocation       
(ML) 

198 198 198 198 198 

Irrigation 
volume 
applied per 
period (ML) 

26.85 56.28 79.48 65 48 

Percent of 
allocation 
applied per 
period 

13.56% 28.4% 40.1% 32.8% 24.2% 

Table 4. Distribution of irrigation water over the trial period (February 2018 – May 2020). 

Rainfall throughout the trial period was inconsistent, which is illustrated by the daily soil 

water balance monitoring shown in Appendix D. Previous reference to exceptionally dry 

conditions during 2019 is illustrated by the lack of significant falls (e.g. falls greater than 

50 mm) from January 2019 to February 2020.  

 

Notwithstanding the difficulties encountered during the period since the commissioning 

of the project, the irrigation system completed 3120 hours of irrigation operation. This 

indicates (based on data from the pre redevelopment pump audit) that 3120 hours at 

business as usual (39 kW/h of grid demand) would have consumed 121,680 kWh of grid 

energy supply.  

 

Comparative analysis of the running cost for the previous all grid powered system to the 

Solar PV/VF-ECODRIVE/Grid trial illustrated in Figure 10 shows, 36,527 kWh (30%) 

reduction in business as usual (BAU) operational grid energy demand. This is directly 

attributable to the new motor and pump efficiency improvements, including the Variable 

Frequency Drive (VFD). The Solar PV contribution to reduction in BAU operational grid 

energy demand was 56,337 kWh (46%). The remaining energy supply 28,816 kWh (24%) 

was accessed from the grid supply. 

 

 



 

  

 

21 

 

 
Figure 10. Source of energy supplies 

 

 

Figure 11.  Solar grid on site at trial farm in Sharon. 
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5.2 HES Trial Discussion - Killer Farm payback 
According to Bundaberg annual rainfall data (BOM 1942 – 2019), the highest annual 

rainfall occurred in 1971 (1892 mm) and the lowest was in 2001 (488 mm). This indicates 

that Bundaberg weather patterns are highly variable and reliable irrigation capacity is 

needed to maintain crop demand in low rainfall years. The coastal location of Bundaberg 

often results in cloudy conditions (mainly driven by sea breeze), which impacts on solar 

generation capacity.  

 

This trial has been conducted during a period of drought when rainfall was unreliable and 

well below normal. Site weather monitoring (Davis onsite weather station) indicates that 

while rainfall was low, significant impact from cloud occurred which impacted on total 

radiation. Sunrise to sunset hours since the project commenced were 9,981 hours over 

850 days, however the hours of radiation above the threshold 400 W/m2 required to 

maintain continuous standalone operation of the pumping system, was just 45% (4,466 

hours or 5.25 hrs/day average).  

 

The HES trial has shown that with the ECODRIVE capacity to blend the Solar PV and grid 

energy, HES is able to utilise all Solar PV output per day. The HES continues to draw from 

the Solar PV system even when the PV is unable to provide sufficient energy production 

for continuous supply above the motor operational threshold (400 W/m2). 

 

Trial data, as shown in Appendix E, illustrates cumulative energy use during daytime hours 

and indicates the mix of grid and solar energy utilised. The most significant issue evident 

in this data is that grid energy was regularly required to assist with maintenance of pump 

threshold demand throughout all daylight hours.   

 

A pre-trial audit of the pumping system prior the installation of the HES indicated that the 

pump motor mains energy demand was 39 kW/h to deliver 24 l/sec which is 451kWh/ML.  

 

HES system monitoring over the duration of the trial  noted that for a total of 3120 

operational pump hours a significant grid energy reduction from 39 kW/h to 9.4 kW/h was 

achieved and a cost saving from $107.85 to $25.99 per ML of water pumped occurred 

which was related to combination of VFD and solar components of the HES.  
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Comparison of the trial outcomes to the previous BAU established by the pre HES audit 

shown in Table 5 a,b,c illustrates the energy (kWh) to pumping cost savings ($/ML) and 

the potential cost payback period (years) .  

 

This comparison shows: (a) grid demand and cost for the equivalent total trial operating 

hours at the pre HES hourly energy (39 kW/h) demand; (b) grid demand for the total trial 

operating hours for HES hourly energy (9.4 kW/h) demand; and (c) grid demand for an 

average 12 month operating period based on the average of monthly trial operating hours 

recorded over the 28 month trial period (111.43 hrs/mth x 12 = 1337 hrs /year @ 9.4 

kW/h). 

 

Business as usual – Original pumping system 45kW grid connected to Ergon tariff 20 (24.43 
c/kWh) 

Run Hours Pumped ML Mains kWh kWh /ML Cost /ML 

3120 275.6 121680 441.5 $107.85 

 Table 5 (a). Total trial run time comparison @ BAU grid energy demand 39 kW/h  

HES Trial – Solar/ VFD/ grid pumping system 45kW grid connected to Ergon tariff 20 (24.43 
c/kWh) 

Run Hours Pumped ML Mains kWh kWh /ML Cost /ML 

3120 275.6 29328 106.4 $25.99 

Table 5 (b). Total trial run time comparison @ trial grid energy demand 9.4 kW/h  

HES Trial – Killer Farm payback period based on average annual system utilization at Ergon 
tariff 20 (24.43 c/kWh) 

Pump 
Run 

Hours 

Pumped 
ML 

Total kWh 
@ 39 Kw/h 

Grid kWh 
@ 9.4 
kW/h 

Energy 
saving 
kWh 

Energy 
saving 
$/yr 

HES cost 
($) 

Payback 
period 
years 

1337 118 52,143 12,568 39,575 
9668 

155,964 16 

Table 5 (C). Average 12-month trial run time comparison @ BAU 39 kW/h to trial mains energy 
demand 9.4 kW/h  
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5.3 HES Trial – Desktop potential payback analysis 
The potential benefit of the HES will only be realized if the supply capacity of the system 

and the delivery capacity of the field application method are compatible. Energy use 

efficiency and efficient crop production are linked to economic capacity to service capital 

expenditure on agricultural irrigation and energy reduction infrastructure.  

 

Crop water requirements, relative to effective rainfall and the crop development stage, 

were identified when planning the potential demand on irrigation which enabled 

calculation of estimates of peak mm/month irrigation demand. The required monthly 

irrigation volume (ML) relative to the hourly irrigation distribution volume (l/hour) 

determines the scheduled pumping days/month and hours/day (Table 6). The plan shows 

the theoretical delivery time (3228hrs/year) to deliver annual peak irrigation demand to 

50 ha (304 ML/year) through a system applying 26 l/sec. 

 

DAILY CROP MOISTURE DEMAND (mm/day = ET x crop factor) 

Month S O N D J F M A M 
Average crop water use  1.1 2.4 4.1 5.2 6.2 6.5 4.8 3.3 2.4 

 

FARM IRRIGATION DEMAND (mm/month/ha) 

Month S O N D J F M A M Total 
mm 

Monthly Crop 
Demand  

34 74 122 160 192 182 149 100 76 1090 

Monthly Effective 
Rainfall  

21 41 58 90 123 127 91 52 62 664 

Crop Moisture Deficit 13 34 64 70 70 55 58 48 14 426 
Gross  Irrigation @ 
70% eff factor 

19 48 92 101 100 78 83 69 19 609 

 

IRRIGATION SCHEDULE – FARM AREA 50ha -Irrigation application rate 26 l/sec 
(Pumping rate 10.68 hrs/ML) 

Month S O N D J F M A M 
Season 

total 
Irrigation volume 

(ML/month) 
9.5 24 46 50 50 39 41 35 9.5 304 
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Irrigation operating 
hrs/month 

10
1 

25
4 

48
8 

53
5 

53
0 

41
3 

44
0 

36
6 

10
1 

3228 

Scheduled irrigation 
days/month 

6 12 23 25 25 21 23 18 16 168 

Scheduled pumping 
hrs /day 

17 21 21 21 21 20 19 20 7 19.2 

Table 6. HES (50ha) trial irrigation demand plan including crop water demand, monthly irrigation 
demand and operational monthly and daily hours. 

The crop moisture demand/irrigation plan indicates that a combination of 3228 operating 

hours (day or night) are required annually if potential crop productivity on 50 ha is to be 

sustained. Analysis of irrigation and energy options (see graph in Appendix F) for a range 

of irrigated areas indicates that the trial system would sustain a mix of 37 % solar and 24% 

grid up to 30 ha; the cumulative solar input would then decline and the grid input increase 

to a grid/solar equilibrium at 42 ha.  

 

Significant energy reduction and cost benefits are demonstrated (Table 7) when indicative 

HES trial information is applied to a range of irrigated farming scenarios. Energy use pre-

trial (39 kW/h) compared to the operating trial situation indicates a potential annual HES 

energy reduction of 31,443 kWh with a 20ha scenario increasing to 65,674 kWh for the 

50ha scenario. This reflects the potential energy and cost savings with the HES when the 

system is fully utilised.  

 
  

Farm Area 
(ha) 

Grid pre 
trial energy 

(kWh) 

Pre trial 
cost Tariff 

20 @ 24.43 
c/kWh 

HES 
Solar/Grid 

(kWh) 

HES 
Solar/Grid 
cost tariff 

20 @24.43 
c/kWh 

HES Energy 
saving 
(kWh) 

HES Cost 
Saving 

($) 

50 103,836 $25,253 38,162 $9,281 65,674 $16,045 
40 83,068 $20,202 24,609 $5,985 58,459 $14,283 
30 62,301 $15,152 15,674 $3,812 46,627 $11,392 
20 41,534 $10,101 10,091 $2,454 31,443 $7,682 

Table 7. Annual Energy (kWh) and Ergon tariff cost for pre-trial and HES scenarios. 

Comparison of historic (BAU) production to potential production with HES shows 

increased water utilisation (+ 2.6 ML/ha) to all scenarios which increases yield per hectare 

by an estimated 34%.  Based on the yield potential it is assumed that annual farm 

economic potential with HES (Table 8) will increase by a comparative amount. Income is 
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based on a sugarcane price of $37.00 t cane less $7.00 harvesting cost and industry levies 

as noted in 10.5. 

 

Farm 
Area 
(ha) 

Historic 
irrigation 
(ML/ha) 

Historic 
yield 

average 
(tc/ha) 

Potential 
irrigation 

ML/ha 

Potential 
yield 

(tc/ha) 

Historic 
income @ 

$30/tc 

Potential 
income @ 

$30/tc 

Potential 
gain 

$/year 

50 2.5 82 6.1 110 $123,000 $165,000 $42,000 
40 2.5 82 6.1 110 $98,400 $132,000 $33,600 
30 2.5 82 6.1 110 $73,800 $99,000 $25,200 
20 2.5 82 6.1 110 $49,200 $66,000 $16,800 

Table 8.  Bundaberg historic farm production and income with pre-trial scenarios compared to 
potential with HES scenarios  

Tables 7 and 8 indicate potential combined reduction in energy cost and increase in 

production value of $24,482 (20 ha) up to $58,045 (50 ha). The lower economic gain from 

smaller production areas (20 ha) is likely to extend the HES cost recovery time beyond an 

acceptable rate of return. This may be accentuated by variability in capital cost for HES 

which can vary with geographic location resulting in construction regulations (e.g wind 

force rating) and market driven HES component costs. Lowering energy demand through 

conventional efficiency measures coupled with grid connected Solar PV with feed in tariff 

(FIT) is likely to be the most cost-effective option on smaller production areas. This 

assumption is based on the current 7.86 c/kWh provided by Ergon Energy Queensland. 

Fluctuation in FIT will determine the benefit cost of individual systems; lower FIT values 

will impact negatively on future investment options.  

 

Pay back analysis (Table 9) indicates that cost recovery based on energy reduction alone 

will only be relevant in situations where the irrigated area (e.g 50 ha) is able to maximise 

the full benefits of the HES. Economic gain realised from increased productivity in 

combination with energy reduction will be the main driver of adoption of the HES 

concept.   

 

Energy Reduction 
Only 

Farm 
Area (ha) 

HES 
Purchase 
costs ($) 

Energy 
saving ($) 

Yield 
Economic 
gain ($) 

Cost 
Recovery 

Years 

20 $155,964 $7,682  20.3 
30 $155,964 $11,392  13.7 
40 $155,964 $14,283  10.9 
50 $155,964 $16,045  9.7 
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Energy saving + 
production gain 

20 $155,964 $7,682 $16,800 6.4 
30 $155,964 $11,392 $25,200 4.3 
40 $155,964 $14,283 $33,600 3.3 
50 $155,964 $16,045 $42,000 2.7 

Table 9. Pay back analysis. 

The following chapter (6) examines the options for utilisation of the HES under different 

irrigation management conditions and methods of irrigation.  

6.0 Desktop analysis of irrigation 

application methods 
One of the knowledge sharing activities of the project was to validate a suite of 

appropriate renewable energy options and irrigation system configurations. This included 

a desktop modelling of the prospects for use of Solar PV to either low pressure overhead, 

surface furrow or drip systems.  

 

The following farm irrigation scenarios analyse the irrigation application efficiency, energy 

saving potential and crop production capacity of the HES on three specific site options. 

 

A travelling gun irrigation system is used as a benchmark in this study due to the extent of 

this method within the Bundaberg district. A low pressure over head lateral move system 

was also considered as this system is considered the most favoured alternative by most 

cane growers due to its efficiency. Furrow irrigation and trickle were considered but not 

adopted for this study. 

 

Generally, sugarcane farmers have applied trickle tape on the soil surface between cane 

rows and there is a high cost in the annual put out and pick up for harvest of this tape 

which has encouraged the use of low labour lateral and centre pivot methods. 

 

Both trickle and furrow are also low energy cost operations which makes return on the 

investment for the HES trial within a reasonable timeframe much less likely. 
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6.1 Travelling Gun Irrigation System - Benchmark  
The influences outlined in this benchmark summary demonstrate the principles of 

irrigation management, irrigation application and crop water demand that drive 

productivity which are highly relevant when planning and designing a hybrid energy 

irrigation pumping system.  

 

The benchmark irrigation system for this analysis is the travelling gun irrigation system. 

Travelling gun irrigation method was first introduced into the Bundaberg district sugar 

industry in the 1970’s and 1980’s and remains the prominent method of overhead 

irrigation today.  

 

A significant number of Bundaberg farms receive water from the Bundaberg Irrigation 

Area (BIA) supply system which is a Queensland Government owned irrigation scheme 

operated by SunWater. This piped water supply is delivered at a range of pressures 

generally from 7 – 200 kpa but at some delivery sites inflow pressure exceeds this range. 

Inflow rate at most pump sites is 30 l/sec which is the required supply to support a 

travelling gun operation.  

 

Generally, the pumping system design for travelling irrigation methods is a 100 x 75mm 

centrifugal pump driven by a 45kW electric motor with a gate valve system to manage 

pump discharge pressure within the farm irrigation system distribution design capacity. 

This process has ensured that in many cases the internal pump pressure exceeds the 

sprinkler and distribution operational demand.  

 

6.2 Energy Variations  
Travelling gun irrigator energy audits conducted in Bundaberg by Bundaberg Sugar 

Services Limited indicate that mean energy demand by pumping systems applying water 

to the travelling guns is 41kW/h (Table 10). The gate valve management strategy results in 

mean pump discharge pressure greater than the sprinkler and distribution system 

demand which after allowance for friction loss in the distribution pipes, valves and hoses 

etc rarely exceeds 700kpa which is 211 kpa less than audited mean pump pressure 911 

kpa.  
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Design of the hybrid energy trial took this friction loss issue into account and included 

Variable Frequency Drive (VFD) technology to minimize excessive demand of energy. In 

the trial situation, management of pressure demand with the VFD ECODRIVE lowered the 

specific pump discharge pressure from 1310 kpa to 700 kpa which reduced the hourly 

energy demand from 39kW/h to approximately 29kW/h. This energy reduction potential 

has been applied to all scenarios discussed in this irrigation system analysis. 

Site  

  

Motor 

  

Pump flow 

rate 

Pump  

pressure 

Sprinkler 

pressure 

Energy 

use 

Spray  

wetted 

  kWh l/sec kpa kpa kWh/ML radius m 

1 42 24 1158 588 480 124 

2 30 25 930 480 336 120 

3 45 25 910 490 496 120 

4 47 31 813 482 416 130 

5 49 27 737 580 500 130 

6 40 28 790 580 392 130 

7 48 29 735 586 460 132 

8 39 24 1310 588 451 126 

9 36 21 861 490 483 118 

10 36 27 862 636 370 130 

Mean 41 26 911 550 438 126 

Table 10.  Travelling gun audit data. 

6.3 Travelling Gun Irrigation System Challenges  
The travelling gun irrigation method is struggling to sustain appropriate sugar industry 

production with current energy costs and the prevalence of highly variable seasonal 

conditions. The Bundaberg region remains under a drought declaration, which has been 

the situation on many occasions in recent years. An application efficiency factor of 0.75 is 

applied to travelling gun systems due to issues with wind and single sprinkler overlapping 

requirements which limits the capacity of the method in hot dry and windy drought 

conditions. These issues are not as prevalent with low pressure overhead systems and an 

efficiency factor of 0.9 is generally applied with lateral move irrigation making this method 

more effective during unfavourable climatic events. 

 

Benchmark data Appendix G (Yield and Water Use Relationships) collated by Bundaberg 

Sugar Services Ltd (Haines and Linedale (2006)) shows that Bundaberg sugarcane yield 

response to increased irrigation follows the normal principal of diminishing returns. The 

data shown is based on mean annual rainfall with mean yield for no irrigation (dry-land) at 
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53 tonnes cane per hectare (tc/ha) which increases by about 15 tc/ha for the first ML/ha 

of irrigation applied, 12 tc/ha for the next ML/ha and 10 tc/ha for the third ML/ha.  The 

fourth ML/ha produces an extra 6 tc/ha while moving from 4 to 5 ML/ha generates an 

extra 4 tc/ha. 

 

This production curve is based on indicative information formulated from five consecutive 

years of Bundaberg district metered irrigation water use data as well as yield reports from 

Bundaberg Sugar Company mill crushing data. The data points in Appendix G represent 

the range of yield outcomes for each ML/ha of irrigation applied. The yield data reflects 

the yield outcome after the impact of irrigation management, irrigation efficiency, rainfall 

efficiency and other incalculable factors that impact on crop production. Calculations in 

Table 11 based on the benchmark shown in Appendix G illustrate yield potential with 

reducing annual rainfall under similar crop management and irrigation operational factors.  

 

100% of Bundaberg mean annual rainfall 1020 mm (10.2 ML) 

Effective Rainfall (ML) 7.14 7.14 7.14 7.14 7.14 7.14 7.14 

Irrigation (ML) 0 1 2 3 4 5 6 

Yield tc/ha 53 68 80 90 96 100 102 

Tc/ml (eff rain + irrigation) 7.42 8.35 8.75 8.88 8.62 8.24 7.76 

 

80% of Bundaberg mean annual rainfall 816 mm (8.16 ML) 

Effective Rainfall (ML) 5.71 5.71 5.71 5.71 5.71 8.71 5.71 

Irrigation (ML) 0 1 2 3 4 5 6 

Yield tc/ha 42 56 67 77 84 88 91 

Tc/ml (eff rain + irrigation) 7.42 8.35 8.75 8.88 8.62 8.24 7.76 

 

60% of Bundaberg mean annual rainfall 816 mm (8.16 ML) 

Effective Rainfall (ML) 4.28 4.28 4.28 4.28 4.28 4.28 4.28 

Irrigation (ML) 0 1 2 3 4 5 6 

Yield tc/ha 32 44 55 65 71 76 80 

Tc/ml (eff rain + irrigation) 7.42 8.35 8.75 8.88 8.62 8.24 7.76 

 

 

Crop water balance monitoring has been conducted at Bundaberg since 2011 to assist 

sugarcane growers to improve their irrigation scheduling efficiency. During this monitoring 

Table 11.  Yield impact and irrigation demand with reducing rainfall.  
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program a yield loss of 0.74 tc/ha for each day of stress was identified which highlights the 

potential economic cost of lengthy irrigation cycles. This information is shown in Figure 

12. 

Figure 12. TC/ha V's Days when soil moisture is less soil Readily Available Soil Water content. 

7.0 Analysis of irrigation scenarios  
7.1 Analysis 1 - Solar PV trial farm with travelling gun 
A characteristic of the trial farm (Figure 13) is the lack of row length uniformity. This is 

influenced by the farm boundary and also by the Bundaberg Sugar Company cane railway 

line that divides the property into two sections. This results in variability in length of 

irrigator travel paths which ensures that operating hours change on a daily basis and more 

importantly each path is of sufficient length that it is rarely possible to irrigate more than 

one path per day.  
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Figure 13. Trial farm map. 

 

Under the current farm irrigation plan each irrigation cycle applies approximately 70 mm 

which is sufficient to maintain steady crop growth for approximately 14 days across the 

main crop growth period (October to April). The water applied to the farm is expected to 

support the crop for these two weeks. However the farm layout adds an additional nine 

days to the irrigation cycle, making it a 23 day total cycle. This leads to a potential 9 days 

of crop stress over each irrigation cycle.  
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Additionally, two extra hours of pumping is required each day (one hour at each end of 

the travel path) to wet up the ends of the field which equates to 46 additional pumped 

hours per cycle.   

 

During periods of mean rainfall, cycling deficits exert less impact on the final yield as 

rainfall supplements the irrigation during these periods. However, during periods of below 

mean rainfall the number of irrigation cycles per season must increase if the required 

volume of water needed to balance annual crop water demand is to be achieved.   

 

Unfortunately, additional volumes provide limited increase to productivity if the system 

lacks the capacity to deliver the required water within the crop demand period. The issues 

of application capacity such as the previously mentioned nine deficit days per cycle can 

regularly occur with farms irrigated by big gun travelling irrigation systems. 

 
Figure 14.  On farm image of travelling irrigation system. 

7.2 Analysis 2 - Best option layout with travelling gun 
This option (Figure 15) assesses the capacity of a farm with uniform boundaries which 

provides for 16 travel paths requiring 18 hours per day including one hour per day for end 

wet up (288 hrs per cycle). Variable length travel paths are not an issue and the daily 

operating hours complete one path per day and the length of each cycle is reduced from 

the previous 23 to 16 days.  
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This example does not eliminate the potential for crop stress, but it does reduce the 

number of days when stress is likely to occur which will improve production potential.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15. Schematic diagram of best option layout for travelling gun (left), on farm images of 
travelling gun (right). 

  

7.3 Analysis 3 – Best option layout with lateral move  
Lateral move irrigation systems provide a low-pressure overhead option for farming 

enterprises that have a rectangular farm. It is also necessary to have access to higher flow 

rate from the district irrigation supply as the required flow is often twice that required for 

the travelling gun. It is possible to combine the allocated flow of two outlets into one to 

supply the lateral move.  

 

Lower operating pressure usually means that energy demand per ML is much less than the 

high-pressure operation of the travelling gun. 
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Figure 16. Schematic diagram of lateral move irrigation plan (left), on farm images of lateral move 
irrigation (right). 

The lateral move (Figure 16) has one travel path down the centre of the farm where the 

water supply hydrants are placed at even intervals. The main control cart and hose travel 

along the centre path and the irrigator spans water down one side of the farm. 

 

When the system reaches the end of the centre path the irrigator spans pivot around to 

the other side and the irrigation process is repeated on the return run.  This plan takes 

eight days to complete each irrigation cycle.  

 

For this lateral move analysis there are no deficit days between each irrigation cycle which 

allows the crop to maximize its growth potential.  
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8.0 Data analysis of study scenarios  
For this analysis of the study scenarios crop yields of 10 tc/ML of effective rain + irrigation 

is accepted as a benchmark yield to water use in sugarcane production at Bundaberg 

(Kingston et.al 1975). The 10 tc/ML benchmark is applied to the 100% of mean annual 

rainfall scenario; 9 tc/ML is applied to the 80% of mean rainfall scenario and 7.5 tc/ML to 

the 60% of mean rainfall scenario. The lower factors are in recognition of weather factors 

(abnormal wind - temperature – humidity conditions) that impact crop growth during 

unseasonal and drought conditions. 

8.1 Results of scenario 1 (trial farm with travelling gun) 

Long term 
average 

rainfall % 

Flow 
Rate 

Pumping 
Hours 

Irrigation 
per cycle 

Application 
Rate 

Crop 
Demand 

Irrigation 
Cycle 

Cycle 
Deficit 

Annual 
Irrigation 

Annual 
irrigation 

Annual 
volume 
applied 

L/sec day ML mm 
days 

supplied 
days days 

days 
required 

cycles ML/ha 

100 26 15.25 32.85 68 13.7 23 9.3 105 4.55 3.1 

80 26 15.25 32.85 68 13.7 23 9.3 144 6.3 4.3 

60 26 15.25 32.85 68 13.7 23 9.3 184 8.0 5.5 

Irrigation days per cycle and volume of water applied per hectare 

Long term 
average 

rainfall % 

Irrigator 
travel  

distance 
per year 

Irrigated 
Area 

Pumping 
Hours 

Irrigation 
hrs/day 

Irrigation 
hrs/night 

 
Irrigation 
per year 

 

Solar PV 
per year 

Grid energy 
per year 

Potential 
production 

meters Ha per year average per 
cycle 

average  
per  cycle 

no of cycles kWh kWh Tc/ha 

100 34622 48 1594 10 5.25 4.55 26346 18285 90 

80 47766 48 2199 10 5.25 6.3 36348 25227 86 

60 60909 48 2804 10 5.25 8.0 46350 32169 78 

Energy use and yield 

Long term 
average 

rainfall % 
Yield Grid energy Solar PV Total energy Energy use /tc 

Solar PV energy 
saving 

Solar PV energy 

  Tc/yr kWh/yr kWh/yr kWh/yr kWh/tc kWh/tc % of total 
consumption 

100 4320 18285 26346 44631 10.33 6.1 59 

80 4128 25227 36348 61575 14.91 8.8 59 

60 3744 32169 46350 78519 20.97 12.4 59 

Energy used and energy saved per tonne of cane 
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Long term 
average rainfall 

% 

Pumping Grid energy 
demand  pre 

HES trial 

Grid energy demand 
post HES 

HES energy saving HES energy 
saving 

Hrs/yr kWh/yr kWh/yr $/hr $/yr 

100 1594 62166 182875 6.61 10531 

80 2199 85761 25277 6.61 14528 

60 2804 109356 32169 6.61 18525 

Analysis summary of trial farm with travelling gun 

8.2 Results of scenario 2 (best option farm layout with 

travelling gun) 

Long term 
average 

rainfall % 

Flow 
Rate 

Pumping 
Hours 

Irrigation 
per cycle 

Application 
Rate 

Crop 
Demand 

Irrigation 
Cycle 

Cycle 
Deficit 

Annual 
Irrigation 

Annual 
irrigation 

Annual 
volume 
applied 

L/sec day ML Mm 
days 

supplied 
days days 

days 
required 

cycles ML/ha 

100 26 18 26.96 56 11.2 16 4.8 105 6.6 3.7 

80 26 18 26.96 56 11.2 16 4.8 144 9.0 5.0 

60 26 18 26.96 56 11.2 16 4.8 184 11.0 6.5 

Irrigation days per cycle and volume of water applied per hectare 

Long term 
average 

rainfall % 

Irrigator 
travel  

distance 
per year 

Irrigated 
Area 

Pumping 
Hours 

Irrigation 
hrs/day 

Irrigation 
hrs/night 

 
Irrigation 
per year 

 

Solar PV 
per year 

Grid energy 
per year 

Potential 
production 

meters Ha per year 
average per 

cycle 
average  per  

cycle 
no of 
cycles 

kWh kWh Tc/ha 

100 39600 48 1882 10 8 6.6 27809 24882 94 

80 54000 48 2596 10 8 9.0 38367 34328 88 

60 66000 48 3311 10 8 11.0 48925 43775 82 

Energy use and yield 

Long term 
average 

rainfall % 
Yield Grid energy Solar PV Total energy Energy use /tc 

Solar PV energy 
saving 

Solar PV energy 

 
Tc/yr kWh/yr kWh/yr kWh/yr kWh/tc kWh/tc % of total 

consumption 

100 4512 24882 27809 52691 11.67 6.2 53 

80 4224 34328 38367 63594 17.20 9.0 53 

60 3936 43775 48925 81094 23.55 12.4 53 

Energy used and energy saved per tonne of cane 
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Long term 
average rainfall 

% 

Pumping Grid energy 
demand pre HES 

trial 

Grid energy demand 
post HES 

Solar PV energy 
saving 

HES energy 
saving 

Hrs/yr kWh/yr kWh/yr $/hr $/yr 

100 1882 73398 24882 6.19 11644 

80 2596 101244 34329 6.19 16060 

60 3311 129129 43775 6.19 20485 

 Analysis summary of best option farm layout with travelling gun 

8.3 Results of scenario 3 (best option farm layout with 

lateral move irrigator) 

Long term 
average 

rainfall % 

Flow 
Rate 

Pumping 
Hours 

Irrigation 
per cycle 

Application 
Rate 

Crop 
Demand 

Irrigation 
Cycle 

Cycle 
Deficit 

Annual 
Irrigation 

Annual 
irrigation 

Annual 
volume 
applied 

L/sec day ML Mm 
days 

supplied 
days days 

days 
required 

cycles ML/ha 

100 51 17.5 25.7 53 10.7 8 0 105 10.5 5.6 

80 51 17.5 25.7 53 10.7 8 0 144 14.0 7.7 

60 51 17.5 25.7 53 10.7 8 0 184 18.0 9.8 

Irrigation days per cycle and volume of water applied per hectare 

Long term 
average 

rainfall % 

Irrigator 
travel  

distance 
per year 

Irrigated 
Area 

Pumping 
Hours 

Irrigation 
hrs/day 

Irrigation 
hrs/night 

 
Irrigation 
per year 

 

Solar PV 
per year 

Grid energy 
per year 

Potential 
production 

meters Ha per year average per 
cycle 

average  per  
cycle 

no of 
cycles 

kWh kWh Tc/ha 

100 25200 48 1464 10 7.5 10.5 22582 19906 126 

80 33600 48 2019 10 7.5 14.0 31155 27463 116 

60 43200 48 2575 10 7.5 18.0 39729 35020 106 

Energy use and yield 

Long term 
average 

rainfall % 
Yield Grid energy Solar PV Total energy Energy use /tc 

Solar PV energy 
saving 

Solar PV energy 

 
Tc/yr kWh/yr kWh/yr kWh/yr kWh/tc kWh/tc % of total 

consumption 

100 6048 19906 22582 42488 7.02 3.7 53 

80 5568 27463 31155 58618 10.52 5.6 53 

60 5367 35020 39728 74748 13.92 7.4 53 

 Energy used and energy saved per tonne of cane 
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Long term 
average 

rainfall % 

Pumping Grid energy 
pre PV trial 

Grid energy 
post HES 

Solar PV 
energy 
saving 

HES energy 
saving 

HES 
productivity 

increase 

Total 
economic 

benefit 

Hrs/yr kWh/yr kWh/yr $/hr $/yr $/ yr $/yr 

100 1464 57096 19906 6.10 8926 49340 58266 

80 2019 78741 27463 6.10 12307 36330 48637 

60 2575 100425 35020 6.10 15697 28800 44497 

Analysis summary of best option farm layout with lateral move irrigator 

9.0 Discussion of Desktop Study 
The trial of solar PV at Bundaberg sought to investigate outcomes and options posed; for 

farming situations where replacement of travelling gun systems with low pressure 

overhead applicators is not feasible due to farm layout and/or topographical or water 

supply constraints:  

 

1. Could a HES be developed and proven to deliver cost effect reduction in energy 

demand; and  

2. Could this system improve yield potential through more effective use of 

resources? 

 

Each scenario in this study was analysed on the basis that each system was operated 

strictly to its full capacity and the main objective was to maintain the soil water balance as 

close as possible to that required to meet the daily demands of a growing crop. Deficit 

days are shown in the data where system capacity was unable to meet daily demand over 

each irrigation cycle. 

 

Rainfall data is based on the long term mean annual rainfall at Bundaberg (1020 mm). A 

factor of 0.7 is applied to determine crop production efficiency of annual rainfall. Energy 

use data in 9.1, 9.2 and 9.3 does not include the energy reduction benefit (28%) 

attributable to variable frequency technology. 

 

This desk top study has reviewed three options: 

• the solar trial irrigated with travelling gun irrigation;  

• a purpose designed farming example irrigated with travelling gun irrigation; and  

• a purpose designed farming example with low pressure lateral move irrigation.  
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The trial site (1) was compromised by the farm plan which ensures that an excessive 

number of days are required to complete each irrigation cycle which ultimately leaves the 

crop with a moisture deficit between each irrigation event.  This issue of deficit days is 

lesser issue in option (2) travelling gun on a specifically designed site and site (3) lateral 

move (also on a specifically designed site) theoretically experienced no deficit days. 

 

The impact of system capacity and application efficiency has been shown to accentuate 

the number of deficit days which contributes to final yields and results in higher energy 

demand per tonne of sugarcane produced. This impact is illustrated in the data set which 

shows how in years with 80 % of mean rainfall the potential yield for the solar trial 

travelling gun site is 86 tc/ha for 61575 kWh (9 deficit days per cycle) and best option farm 

travelling gun is 88 tc/ha for 63594 kWh (5 deficit days per cycle) which is in contrast to 

the potential yield for the same rainfall with the lateral move, 116 tc/ha for 58618 kWh 

with no deficit days per cycle. 

 

It is apparent that the trial site gains some advantage in solar utilisation because the 

length of the travel paths limit the number of night time hours and thus the percent of the 

total energy mix supplied from solar PV is higher (59%) than scenarios 2 and 3 (53%). 

When this outcome is viewed in the context as a replacement of the previous travelling 

gun irrigation systems that operated at 39 kWh the total energy reduction from HES (VFD 

plus Solar PV) is in the range of 75 – 80%. 

 

The question of whether the HES installed at the trial site could deliver cost effective 

energy reduction needs to be considered in the context of full utilisation of the system. 

The grid supply has no upfront capital cost and all access cost is paid on a per use rate 

which is in contrast to a Solar PV system that is a portable generating investment that 

needs to produce energy and saleable production to offset the upfront capital cost. The 

three scenarios considered in this study are based on maximizing the system for potential 

yield to enable recovery of the upfront cost. 
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10.0 Lessons Learnt 
10.1 Perceived barriers to continuous energy supply 
It is very difficult to maintain continuous energy supply to a pump regardless of the size of 

the solar system without some form of back up.  

• This back up can be in the way of the electricity grid, a battery or generation 

equipment.  

• On conducting the trial this became evident when experiencing cloudy days or 

when there was a need to irrigate during night hours.  

• Understanding the linkages between short term temperature, solar radiation, and 

ET and the impact of climate to the energy use/crop production nexus is essential 

when planning and investing in agricultural renewable energy options.   
 

10.2 Perceived Solar PV supply capacity  
The pump operating time greatly affected the supply capacity of the Solar PV.  

• When operating minimal hours a day (4-6 hours), about 80% of the energy supply 

was coming from solar. This is an ideal situation.  

• When operating a 10 hour day, 65% of the energy was coming from solar (this does 

not include the additional savings from the VFD drive in this case). 

• Energy supply from the solar ceases to increase after 10 hours (this is expected as 

the sun has set). 

The HES trial has shown that with the ECODRIVE capacity to blend the Solar PV and grid 

energy, HES is able to utilise all Solar PV output per day. The HES continues to draw from 

the Solar PV system even when the PV is unable to provide sufficient energy production 

for continuous supply above the motor operational threshold (400 W/m2). 

 

10.3 Excessive Energy Demand solution 
The travelling gun irrigator does experience energy variations. This was considered during 

the design of the HES trial and a VFD was included to mitigate this issue.   

• In the trial situation, management of pressure demand with the VFD ECODRIVE 

lowered the specific pump discharge pressure from 1310 kpa to 700 kpa which 

reduced the hourly energy demand from 39kW/h to approximately 29kW/h. 
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10.4 Irrigation demand planning and scheduling solution 
The full benefit of the HES will only be realised if the supply capacity of the system and the 

delivery capacity of the field application method are compatible.  

• Thus, BRIG chose to a travelling-gun irrigation system in the HES trial, which is 

noted for lower application efficiency than most other methods, to test HES ability 

against relatively low flow rates over extended pumping hours. 

• Irrigation demand planning identified the crop water requirement (relative to 

effective rainfall and crop development stage) which enabled estimates of peak 

mm/month irrigation demand. The required monthly irrigation volume (ML) 

relative to the hourly irrigation distribution volume (Liters per hour (L/h)) 

determines the scheduled pumping days/month and hours/day.  

• The plan shows the delivery time (3,228 h/year) to deliver peak irrigation (304 

ML/year) through a system applying 26 Liters per second (L/s). 

 

10.5 Best perceived irrigation option for future producers 
A simultaneous move to both solar energy production and low-pressure lateral move 

irrigation will be a major capital expense however the potential annual financial benefit 

indicates that the timeline for return on investment is well within financing guidelines.  

• The lateral move irrigation (method 3) shows a reduction in grid energy cost of 

$6.10/hr attributable to the Solar PV component of the HES.  However, in the 

context of annual operation, the lateral move energy use is lower than the 

benchmark travelling gun method.    

o The applied flow rate of the lateral move can be up to 80% more than the 

travelling gun at 50% less pressure resulting in a reduction in total operating 

hours per ML of water pumped and lower energy demand per ML.  

o The distribution application efficiency of the lateral move is also 15-20% 

higher than the travelling gun which leads to a higher economic return for 

pumping effort.  

o The beneficial outcome of the efficiencies with lateral move, apart from 

much lower pumping cost/ML of water applied, is increased yields from 

higher application and scheduling efficiency.  

o Energy saving will occur as a result of both the HES based energy reduction 

and the more efficient flow rate to operating pressure ratio. 
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• Crop valuation applied to the Trial Analysis 3 (chapter 8.3) is $30/tc net of 

harvesting cost and industry levies.  

• The impact of the variable frequency drive component of the HES is also included to 

determine the economic benefit of this multi optional approach to energy 

reduction and crop yield improvement.  

• Potential energy cost savings and yield economic benefit could recover the costs of 

a dual conversion on a 50 ha farm within five years. 

 

10.6 Future research – sugarcane crop viability  
One of the most significant learning’s from the HES Trial has been that while sugarcane is 

a dynamic renewable energy system in its own right with a high level of capacity to meet 

the challenges of the 21 century, it will be unable to meet this potential if key water 

requirements are not provided in a timely manner.  

• The discussion about inclusion of a Solar PV system to the farming operation must 

include a review of the farm soil type, efficiency of the operational layout, irrigation 

distribution capacity and irrigation application efficiency.  

• Energy reduction though Solar PV irrigation pumping will provide a cost reduction 

for the specific irrigation operation, but lowering this specific cost will not provide 

the catalyst to deliver maximum crop returns.  

• Energy reduction will reduce specific irrigation costs, but will provide no change to 

the sugarcane farm viability, unless supporting irrigation application efficiency to 

deliver key crop water requirements in a timely manner exists. 
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11.0 Conclusion  
The HES Trial in Bundaberg has been a unique opportunity to study the effectiveness of 

Solar PV on a sugarcane farm, and its ability to supply energy for delivery of specific 

water inputs to the complex sugarcane production system.  

 

Unlike the traditional use for renewable energy, where energy produced is directly 

consumed, this application aimed to maintain uninterrupted supply of critical water to 

maintain the sugarcane crop growth process. 

 

Using the pumping configuration that existed prior to the installation of the HES at the 

trial site as the benchmark (e.g. pump energy use 39 kWh), the travelling gun sites (1 and 

2) have energy costs reducing by $6.61 and $6.19 per hour of operation respectively with 

the HES. Energy costs for this calculation are based on a tariff of 24 c/kWh.  

 

The analysis of data collected from the three irrigation application scenarios (chapter 8), 

shows that when pumping hours are maximized to meet crop demand with the highest 

cost delivery system (travelling gun) the most potential for energy savings exists.   

 

This report has highlighted many external factors that impact on the capacity to capitalise 

on this potential with the travelling gun method of irrigation.  

 

Based on the data collected and lessons learned before, during and after the HES trial, a 

simultaneous move to both solar energy production and low-pressure lateral move 

irrigation will be a major capital expense, however, the potential annual financial benefit 

indicates that the timeline for return on investment is well within financing guidelines.  
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12.0 Glossary of abbreviations  
AC       Alternating Current 

AHP       Australian Height Datum  

ARENA      Australian Renewable Energy Agency  

BAU      business as usual 

BIA      Bundaberg Irrigation Area 

BOM      Bureau of Meteorology 

BRIG       Bundaberg Regional Irrigators Group 

BSSL      Bundaberg Sugar Services Limited  

DC      direct current  

ET       evapotranspiration  

FIT      feed in tariff 

HES      Hybrid Energy System 

ISO      International Standards Organisation  

Kpa      kilopascals  

KW      kilo Watt 

ML      megalitre 

NEM      National Energy Market  

QFF      Queensland Farmers Federation 

VFD      Variable Frequency Drive  

W      Watt 
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14.0 Appendices  
Appendix A - Seamless transition from solar to grid.     
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Appendix B - Rainfall history at the solar trial site on Killer Family Farm. 
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Appendix C 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a). Weather data (temperature range, rain, solar radiation and ET (11/2017- 06/2018). 
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(b). Weather data (temperature range, rain, solar radiation and ET (07/2018- 06/2019.  
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(c). Weather data (temperature range, rain, solar radiation and ET (07/2019- 05/2020. 
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Appendix D - Soil water balance for 2019 and 2020 crop production seasons. 
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Appendix E - Energy use trends with ECODRIVE technology. 
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Appendix F - Energy mix per irrigated area. 
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Appendix G - Sugarcane yield to water use. 
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