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Foreword 
Information about fuel use in agricultural systems exists in various forms and locations, but is not 
generally in a form that is easily accessible to farm decision-makers or advisors. Along with this, there 
is also little information available on fuel use in different farming operations. In this study, the ‘Farm 
Fuel Calculator’ has been developed to serve this purpose by allowing farmers to compare paddocks, 
crops, soil types and management options. 

The ‘Farm Fuel Calculator’ seeks to be an easy-to-use electronic estimator of fuel consumption 
specific to farms related to broad-acre agriculture. It was developed from the ground up and during its 
developmental process it was tested in a number of farms in Western Australia to make sure the 
outputs truly reflect the real situations. As a part of extension and to test its merit, it was presented to 
a number of forums – an agribusiness executive gathering, the agribusiness community, scientific 
meetings, university students and several farmers’ workshops. The calculator is produced on a CD and 
is available with no charge from district offices of the Department of Agriculture and Food Western 
Australia.  

The calculator enables farmers and advisors to evaluate options on a comparative basis and make 
informed decisions in an effort to decrease fuel consumption on enterprises. It also aims to increase 
awareness of the dependence many current agricultural systems have on oil-based products. 

This project was funded from RIRDC’s Environment and Farm Management Program provided by the 
Australian Government. Additional funds ‘in kind’ were provided by the Department of Agriculture 
and Food Western Australia. 

This report is an addition to RIRDC’s diverse range of over 2000 research publications and it forms 
part of our Environment and Farm Management R&D program, which aims to foster agri-industry 
systems that have sufficient diversity, flexibility and robustness to be resilient and respond to 
challenges and opportunities. It sponsors research and development into ways to help make farmers 
more profitable and sustainable, providing benefits to both rural communities and the environment. 

Most of RIRDC’s publications are available for viewing, free downloading or purchasing online at 
www.rirdc.gov.au. Purchases can also be made by phoning 1300 634 313. 

 

Craig Burns 
Managing Director 
Rural Industries Research and Development Corporation 

http://www.rirdc.gov.au/�
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Executive Summary 
What the report is about 

This report presents a tool, the “Farm energy (fuel) calculator”, which is an easy-to-use spread sheet 
based estimator of fuel consumption specific to farms.  It allows the user to compare fuel use under 
various farm management options (e.g., tillage, sowing, hay production, harvesting, transportation, 
etc.), soil types, crops and paddocks for the crop and livestock components of the farm.   

With rising pressure on farm profitability due to increasing fuel and other input costs, the calculator 
provides farmers and advisors with important, quantitative information on fuel use by the farm 
business to assist with decision-making. 

Who is the report targeted at? 

The report is primarily targeted at farmers in the Western Australian wheatbelt region and advisers 
and consultants servicing the region in the field of broadscale farming.  The secondary targets are the 
secondary and tertiary students interested in broadscale agriculture (as a learning tool), and 
researchers and industry funders (identifying and prioritising research).  This report could be relevant 
in the wider farming community in southern Australia. 

Background 

In past thirty years, based on low energy costs, many farmers, particularly in the eastern areas of the 
Western Australian wheatbelt, altered production to more cropping and less livestock.  As energy 
costs climb, driven by the higher oil prices associated with oil depletion and the arrival of ‘peak oil 
pressures on farm profitability continues to increase. (Peak Oil Australia, 2008).   There has not only 
been an increase in the cost of on-farm operations, such as crop establishment and harvesting, but an 
increase in the cost of transporting agricultural products and inputs (e.g., grain, animals, fertilisers, 
etc.).  Selecting appropriate tillage machinery is one of the major costs of cereal farming in Western 
Australia. 

In 2003-2004, ABARE reported that the direct cost of fuel and lubricants on Australian farms was 
around 9% of total farm costs, a figure comparable to the cost of other inputs such as fertilisers and 
chemicals.  In 2005, a Rabo Bank Rural Confidence Survey highlighted that increased fuel prices 
were having a large negative impact on farm businesses, with 47% of respondents nationally 
indicating that an increase in fuel price was negatively affecting profitability.  However, not only do 
farmers have to deal with rising input costs, due to the increased prices and competition for oil, they 
are also faced with climate change and the decrease in rainfall in recent years.  This reduction in 
rainfall has resulted in lower crop yields, highlighting the need for farmers to reduce the overall input 
costs. 

Information about fuel use in agricultural systems exists in various forms and locations, but is not 
generally in a form that is easily accessible to farm decision-makers or advisers.  As a result there is a 
need to collate, integrate and synthesise this information into a useable format.  Along with this, there 
is little information available on fuel use in different farm operations. 
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Aims/objectives 

The project had two main objectives.  First, to develop a simple calculator to assess the energy usage 
of farm management options for the crop and animal components of a farm enterprise.  Second, to 
provide farmers and advisers with important quantitative information on the energy use by the farm 
business to assist decision-making.  The farm management options included tillage, application of 
ameliorants, transport, and water distribution.  The calculator aimed to assess the internal energy 
usage on the farm and express it in terms of fuel use and cost. 

Methods used 

A research and development approach was developed to achieve the aims and objectives of the 
project.  There were three steps: 

1. development of the farm energy calculator (tool),  

2. evaluation of the tool, and  

3. extension of the tool, involving delivery of the tool and dissemination of knowledge to the farmers 
of Western Australia. 

The developmental step started with constructing the framework of the calculator through “brain 
storming”.  The framework included the sequence of farm operations carried out by the farmers of 
Western Australia in crop and pasture phases and implements used for those operations.   

Once the framework was finalised, it was translated into a tool in two phases.  First, by defining 
algorithms of the individual processes to calculate fuel consumption for individual scenarios, and 
second, by developing a user-friendly interface. Five algorithms, selected through literature search, 
were used in the calculator, each accounted for one or more operations.  Thirteen constants 
(parameters) associated with the algorithms were, firstly, selected from previously conducted Western 
Australian based research (Green (1994); Riethmuller (1988); unpublished data (G P Riethmuller 
(personal communication)) and limited field observations.  Once the algorithms were finalised, the 
tool was implemented in an electronic interface.  The calculator was programmed in Microsoft 
Excel®.   

The interface, as it presently stands, has three visible sections: information, input and output.  The 
information section consists of three worksheets – “Title page” (the front page of the calculator), 
“Explanation” (a brief user’s guide) and “Unit converter” (converts units as appropriate to the 
calculator).  The input section of the calculator consists of three worksheets – “Enter crop options” (to 
enter general information such as what crop they plan to sow, the clay content of the paddock, 
whether they use tramlines and the crop area; options regarding all operations), “Enter pasture 
options” (relevant options as of crop phase) and “Enter transport options” (specific information about 
the vehicles they use both on- and off-farm).  The output section of the calculator has three 
worksheets – “Fuel use comparison” (a concise summary of the fuel use in each farm process and a 
comparison of different scenarios), “Summary crop” (summarises the data entered for each 
management option in the crop) and “Summary pasture” (summarises the data entered for each 
management option in the pasture).  Users can compare six scenarios (e.g., six paddocks) side-by-side 
for each crop and pasture option. 

The outputs of the calculator were evaluated in four stages.  Firstly, testing the overall outputs of the 
calculator using 'Planfarm WA Business Survey' data (unpublished data; A Harvey, DAFWA, 
personal communication); secondly, “consultation testing” of the preliminary version of the calculator 
with five officers of DAFWA; thirdly, testing under two farm scenarios (at Goomalling and 
Popanyinning); and finally evaluating thoroughly in a farm at Katanning.  The interface (and also 
some outputs) was evaluated with one agronomist of Elders based in Northam.  A rigorous testing of 
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the interface was done with 15 students (second year Agribusiness undergraduate course) of Curtin 
University at Muresk campus. 

The extension of the project started with a formal presentation of the calculator to the public in 
February 2008.  This occurred at a state-level meeting in Perth attended by about 70 agribusiness 
people.  It was presented to Elders Agronomy group in Northam in April 2008.  In early July, 25 
copies of the calculator were distributed to executives and senior managers of various agricultural 
organisations who attended the “Farm inputs stocktake workshop” in Perth, where the merit of the 
calculator was highlighted in one of the presentations.  A poster was presented in the 14th Australian 
Agronomy Conference held in September 2008 in Adelaide and an electronic copy of the calculator 
was sent to Minnipa Agricultural Centre, South Australia, for evaluation.  During February 2009, the 
calculator was publicised in the networking session of Agribusiness Crop Updates at Burswood 
Conventional Centre.  In the following month (March 2009) a poster of the on farm fuel calculator 
was presented in the Climate21 workshop at Burswood Conventional Centre.  Two workshops were 
arranged for the students of Curtin University to provide a hands-on demonstration of the calculator.  
Twenty students attended the workshops.  In May 2009, a half-day workshop was arranged in 
Manjimup (at the Horticulture Research Centre of Department of Agriculture and Food Western 
Australia); the workshop was attended by local growers and teachers of the Denmark Agricultural 
College.  Two more workshops are planned during June 2009.  With the directive of the Executive 
Director (Rural Industries) of the Department of Agriculture and Food Western Australia, the 
calculator on CD is being distributed through all the district offices.  Two peer reviewed papers were 
published in conference proceedings. 

Results/key findings 

To fulfil one of the objectives of the project, the “Farm Fuel Calculator” was developed.  The 
calculator is a simple easy-to-use electronic tool, as demonstrated during its evaluation phase with 
famers and university students.   

The following findings were noted when a few test runs were done with the calculator. 

• At a uniform sprayer speed (as exemplified considering 25 km/h), sprayer having a shorter boom 
required more fuel than a sprayer with wider boom.  A sprayer with larger engine power would 
require more fuel than smaller engines.  As a whole, the spraying operation required a small 
amount of fuel (usually less than 1L/ha). 

• Three cultivation implements (disc plough, scarifier and cultivator) when compared for their fuel 
consumption efficacy under medium and heavy soil condition, at two depths of cultivation and 
with two speeds of a 2WD and 4WD tractor, indicated that the cultivator required more fuel than 
a scarifier or disc plough in medium soil;  in heavy soil, such differences were not consistent.  In 
general, fuel efficiency would be higher with a 4WD tractor than a 2WD. 

• In general, deep ripping could be an expensive operation (in terms of fuel consumption) compared 
to other operations shown in this study especially when done in a deeper depth.  Ripping depth 
was found to be a major determinant for the quantity of fuel that would be used in this operation.  
Tractor speed and soil condition had a much smaller effect compared to ripping depth. 

• Comparing two seeding implements, full cut and narrow point, for their fuel consumption efficacy 
under medium and heavy soil conditions, at two depths of cultivation and with two speeds of 
2WD and 4WD seeders, showed the narrow point consumed less fuel than full cut.  In general, 
fuel efficiency was higher with 4WD seeders than 2WD seeders. 

• Rotary harvesters require more fuel than conventional harvesters.  Irrespective of the harvester 
type, higher yielding crops consumed more fuel than lower yielding crops.  Harvesters with larger 
engine power required more fuel than smaller engine harvesters. 
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The second of the two objectives of the project was to provide farmers and advisers with important 
quantitative information on the energy (fuel) use by the farm business to assist with decision-making.  
Results, shown above, indicate the farm energy (fuel) calculator has the capability of providing 
quantified information on fuel uses for different farm operations.  However, for decision-making at 
farm level, farmers and advisers may need confidence in such a tool.  For giving such confidence, the 
tool needs to perform well under real-world conditions.  The tool was tested under such conditions.  
Results showed the calculator predicted well what the farmer recorded for spraying, spreading, 
seeding, raking (one of the sequence of operations during part of hay making) and stacking (one of the 
sequence of operations during part of hay making) and slightly overestimated harvesting, baling (one 
of the sequence of operations during part of hay making) and mowing (one of the sequence of 
operations during part of hay making) operations.  It appeared the performance of the calculator was 
realistic. 

Implications for relevant stakeholders for: 

The calculator would allow users to enter general information about their farm and more specific 
information about their crop and livestock systems.  Therefore, a user would be able to compare fuel 
use under various farm management options (eg. tillage, sowing, hay production, harvesting, 
crop/sheep monitoring etc.), soil types, crops, and pasture components of the farm.  This might 
provide some avenues of minimising fuel use for some scenarios.  Users may also benefit by 
purchasing a fuel-efficient replacement implement, when needed. 

Recommendations 

The current version of the farm energy (fuel) calculator is available by request on CD.  For it’s wider 
application and ready availability, a web-version could be developed and made available through the 
RIRDC web-site.   

Most of the constants (parameters) related to five algorithms used in the calculator were derived from 
field observations in Western Australia.  It is expected that those will largely be applied in broadscale 
agriculture farms in southern Australia; however, it is recommended that field testing should be 
undertaken before releasing this tool in the untested environments. 
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Introduction     
Many Western Australian (WA) farm businesses have a system that revolves around cropping, an 
enterprise which when compared to a livestock enterprise significantly relies on fuel and transport 
services, increasing many farmers dependency on oil prices (Kingwell and Plunkett, 2006).  The 
increasing fuel prices driven by burgeoning global demand has meant that there has not only been a 
rise in the cost of major on-farm operations, such as crop establishment and harvesting, but also in the 
cost of transporting agricultural products and inputs (e.g. grain, animals, fertilisers, etc.) by all forms 
of transport (e.g. road, rail, sea and air) (Kingwell and Plunkett, 2006).  In 2005, a Rabo Bank Rural 
Confidence Survey highlighted that increased fuel prices were having a large negative impact on farm 
businesses, with 47% of respondents nationally indicating that an increase in fuel price was negatively 
affecting profitability (Rabo Bank, 2005).  However, not only do farmers have to deal with rising 
input costs due to the increased prices and competition for oil, they are also faced with climate change 
and the decrease in rainfall in recent years.  This reduction in rainfall has resulted in lower crop 
yields, highlighting the need for farmers to reduce overall input costs.  

The direct cost of fuel and lubricants on Australian farms is already substantial, at around 9% of total 
farm costs, a figure comparable to the cost of other inputs such as fertilisers and chemicals (ABARE, 
2006).  As the percentage of total farm costs spent on fuel and lubricants rises, the export-orientated 
nature of most farm businesses has many farmers believing they will not be able to directly and fully 
pass on all increased costs of production (Kingwell and Plunkett, 2006).  While alternative fuels, such 
as biodiesel, show some promise as substitutes for oil-based fuels, there will not be one alternative for 
all purposes.   

The use of oil-based fuels in agricultural practices results in the emission of carbon, methane and 
nitrous oxides, all of which can have a detrimental effect on the environment.  In terms of global 
emissions, modern processes in agriculture (e.g. machinery and fertiliser use) are believed to be 
responsible for 25% of carbon dioxide, 65% of methane and 90% of nitrous oxide (Greenwood, 
2006).  Sources of carbon dioxide include burning fossil fuels, tillage, biomass burning and land 
degradation, sources of methane include rice and livestock production and sources of nitrous oxide 
emissions include manure, tillage and fertiliser use.  However there may be the opportunity to 
sequester carbon in soil by altering these practices.  This may include decreased tillage and efficient 
use of fertilisers and irrigation which can result in a reduction of fuel use, agricultural inputs and 
associated carbon emissions.  This will not only provide farmers with a chance to reduce their fuel use 
and hence reduce their costs, but also decrease their impact on the environment.  

Riethmuller (1988) highlights that selecting appropriate tillage machinery is one of the major costs of 
cereal farming in Western Australia.  He further emphasise that ownership and operating costs of 
tillage equipment can only be minimised by using accurate tillage draft data.  Kruger and Logan 
(1980) reported wide variations in fuel efficiency (16 to 32 litres per 100 kW h from identical 
equipment) in their survey of tractor costs.  Quick et al (1984) mentioned that between 9% and 33% 
on-farm fuel could be saved by adopting efficient tractor/implement strategies.  

Information about fuel use in agricultural systems exists in various forms and locations, but not 
generally in a form that is easily accessible to farm decision-makers or advisers.  As a result there is a 
need to collate, integrate and synthesise this information into a useable format.  Along with this, there 
is little information available on fuel use in different farm operations.  The ‘Farm Fuel Calculator’ is 
aimed to serve this purpose by allowing farmers to compare paddocks, crops, soil types and 
management options.  Charged with this information, farmers and advisers will be able to evaluate 
options on a comparative basis and make informed decisions about ways, if any, in which they can 
decrease the fuel consumption of their enterprises.  It also aims to increase awareness of the 
dependence many current agricultural systems have on oil-based products. In addition, changes in fuel 
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use will potentially help reduce the environmental impact of agriculture through decreased inputs and 
hence lower greenhouse gas emissions. 
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Objectives    
The project had two main objectives.  Firstly, to develop a simple calculator to assess the energy 
usage of farm management options for the crop and animal components of a farm enterprise.   
Secondly, to provide farmers and advisers with important quantitative information on the energy use 
by the farm business to with assist decision-making.  The farm management options included tillage, 
application of ameliorants, transport, and water distribution.  The calculator aimed to assess the 
internal energy usage on the farm and express it in terms of fuel use and cost. 

 

 

 

 

 

 

 

 

 

 

 



 

 4 

Methodology     

The approach 

The research and development approach (RDA) used in this study is presented in Figure 1.   

 

Figure 1 The research and development approach (RDA) adopted as a general methodology 
of the project. 
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The aims and objectives of the project were achieved in three steps:  

1. development of the farm energy calculator 

2. evaluation of the tool 

3. extension of the tool  

The developmental step started with constructing the framework of the calculator, followed by 
quantifying individual processes and implementing the tool in an electronic interface.  The evaluation 
step involved testing outputs of the processes, individually or in combination, and examining 
workability of the designed interface.  The (project) extension step encompassed delivery of the tool 
and/or dissemination of knowledge to the farmers of Western Australia either directly, through their 
children in the educational institutions or through the agribusiness community who are serving and/or 
advising them. 

Designing framework of the farm energy calculator 

To the best of our knowledge, a tool similar to that described in the project was not available (in terms 
of detailed processes involved) in the current literature.  Therefore, the calculator was developed 
literally from scratch. The framework of the calculator was designed through ‘brain storming’ 
sessions with the project participants.  Dr. M. U. Salam (Project Supervisor), Mr. G. P. Riethmuller 
(Agricultural Engineer and the major collaborator of the project) and Dr. N. Short (the then Research 
Officer of the project) spent over half a day discussing on the overall aspects of the calculator.  With 
some follow-up sessions, the final framework was developed (Figure 2a&b). 

The framework encompasses the sequence of farm operations carried out by the farmers of Western 
Australia in crop and pasture phases, and the implements used for those operations.  The operations 
for crop phase are: pre-emergence spraying, cultivation, seeding, post-emergence spraying, spreading, 
operations for hay making (mowing, raking, baling and stacking), swathing (for crops like canola), 
harvesting and transporting (Figure 2a).  It also puts the option of tramlining (Webb et al. 2004) for 
each of the operations.  The pasture phase included, as is the practice of majority farmers in WA, four 
operations: pre-emergence spraying, seeding, post-emergence spraying and transporting (Figure 2b).  
Transporting included both on-farm (e.g., crop monitoring and sheep monitoring) and off-farm (e.g. 
delivery of grains to receival points).  
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Figure 2a. The framework of the Farm Energy Calculator (crop phase) 
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Figure 2b. The framework of the Farm Energy Calculator (pasture phase) 

 

Development of the farm energy calculator 

The framework of the calculator was translated into a tool in two steps.  Firstly, defining algorithms of 
the individual processes to calculate fuel consumption for individual scenarios, and secondly, 
developing a user-friendly interface. 

Development of the farm energy calculator: algorithm 

Five algorithms were used in the calculator that accounted for one or more operations.  Those are 
described below. 
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Operation: spraying and spreading 

The algorithm in relation to fuel consumption for spraying and spreading operations was derived from 
“expert consultation” (G P Riethmuller, DAFWA). 

FCons = P*Csw/(S*W/10)      Eq 1 

FCons is the fuel consumption in L/ha, P is the power, in kW, of sprayer or spreader tractor, Csw is a 
constant, S is the speed (km/h) of the sprayer or spreader tractor, and W is the width (m) of the 
sprayer or spreader.  S and W are the inputs of the calculator.  The value of the constant Csw (Table 
1) was derived from field observation (GP Riethmuller, personal communication). 

Table 1 Description of symbols and constants used in the algorithms of the farm energy 
(fuel) calculator together with their values, where applicable. 

Symbol/ 
constant 

Description Value/ 
unit 

Equation/ 
Table 

Symbol    
CCH Comb cut height m Equation 4 
CH Crop height at maturity m Equation 4 
Drft Draft in relation to cultivation and seeding equipment kN/m Equation 2 
EH Engine horsepower kW Equation 4 
FConc Fuel consumption L/ha Equations 1, 2, 3 
P Power in relation to sprayer or spreader tractor or baler kW Equation 1 
S Speed in relation to sprayer or spreader tractor or baler km/h Equation 1 
TE Tractive efficiency; it is related to machine power and soil 

condition. 
Table 2 Equation 2 

W Width in relation to boom of sprayer or tractor or baler m Equation 1 
Y Likely crop yield t/ha Equation 4 
    
Constant    
Cblr Constant 0.10 Equation 5 
Cbt Constant 

Bale type: small square 
Bale type: large square 
Bale type: round 

 
1.0 
1.1 
1.2 

 
 
 
Equation 5 

Ccch Constant -10.470 Equation 4 
Cch Constant 2.890 Equation 4 
Ceh Constant 0.40 Equation 4 
Cy Constant 0.362 Equation 4 
Cdrft Constant 0.9576 Equation 2 
Csw Constant 0.45 Equation 1 
Ddept Constant Table 3 Equation 3 
Kdrft Constant Table 3 Equation 3 
Sspd Constant Table 3 Equation 3 
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Operation: cultivation and seeding 

Riethmuller (1998) states that fuel consumption per hectare depends on a number of factors including 
tractor make, size, engine load and soil traction conditions as well as implement draft.  Based on a 
number of assumptions, Riethmuller (1988) simplified the calculation of fuel consumption as follows: 

FCons = (Cdrft * Drft)/TE      Eq 2 

FCons is the fuel consumption in L/ha, Cdrft is constant (Table 1), Drft is the draft, in kN/m, 
generated by cultivation and seeding equipment and TE is the tractive efficiency, mainly related to 
drive wheels and soil surface conditions (ASABE, 2006a & 2006b).  TE was selected from Table 2.  
The draft (Drft) was calculated according to Riethmuller (1988) as follows: 

Drft = Kdrft + (Ddept*Dept) + (Sspd*Spd) + Ddept x Sspd * (Dept*Spd) Eq 3 

Dept is cultivating or seeding depth, in cm, Spd is the speed, in km/h, of tractor used for cultivation or 
seeding, and Kdrft, Ddept and Sspd are the constants.  Dept and Spd are the inputs of the calculator.  
The values of the constants, related to type of implements used under different soil conditions, were 
derived from field experimentations in Western Australia by Riethmuller (1988) and listed in Table 3. 

Table 2. The values of tractive efficiency (TE) as a matrix tractor drive wheel type and 
tractive condition (Riethmuller 1988). 2WD, FWA and 4WD denotes for two-wheel-
drive, front-wheel-assist and four-wheel-drive, respectively. 

Tractor type Tractive condition 
Firm Tilled Soft 

2WD 0.77 0.635 0.522 
FWA 0.847 0.730 0.626 
4WD 0.847 0.730 0.626 

 

Operation: harvesting, and swathing 

The fuel consumption for harvesting was calculated according to Green (1984) as: 

FCons = Kharv + Cy*Y + Cch*CH + Ccch*CCH + Ceh*EH  Eq 4 

Y is the likely crop yield (t/ha), CH is the height (m) of the crop, CCH is the comb cut height (m), EH 
is the engine horsepower (kW), and Kharv, Cy, Ccch and Ceh are constants. Y, CH, CCH and EH are 
the inputs of the calculator.  The values for Cy, Ccch and Ceh are shown in Table 1.  The value for 
Kharv, the fuel consumption constant during harvesting operation, is related to the harvesting 
implement used and the strength of the crop straw/stem.  The values were calculated from field data 
shown in Green (1994).  The fuel consumption for swathing was calculated using the same equation 
(equation 4); however, only the ‘tougher’ type of stem strength was considered which also had 
different value for the constant Kharv (Table 4).  This was done as stem strength for the crops that are 
usually swathed (e.g. canola) would be different from cereal straw. 

Operation: hay production 

Hay production consisted of three processes – mowing, raking, baling and staking.  For calculating the 
fuel consumption for these processes, field observations were recorded in 2008 growing season.  
Based on limited field observation, it was found that the fuel consumption for mowing could be 
calculated from equation 4 with values for constant Kharv as shown in Table 4.  Observation also 
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indicated that the fuel consumption for raking was about 10 times lower than mowing.  For baling, 
following equation was used.  The first section of the equation is similar to equation 1, which was 
moderated for type of bale (second section): 

FCons = (P*Cblr/(S*W/10)) * Cbt      Eq 5 

 FCons is the fuel consumption (L/ha), P is the power (kW) of the baler, S is the speed (km/h) of the 
baler, W is the boom width (m) of the baler and Cblr and Cbt are constant.  S and W are the inputs of 
the calculator.  The value of the constant Cblr (Table 1) was derived from field observation (G P 
Riethmuller, personal communication).  The value for constant Cbt, worked out in consultation with 
farmers, is related to bale type, an input of the calculator.  In the current version of the calculator, 
staking process is non-interactive; for this, fuel use of 3 L/ha (a flat rate) was considered in 
consultation with growers. 
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Table 3. The values of three constants Kdrft, Ddept and Sspd and the interaction of Ddept x 
Sspd, where applicable, in relation to cultivating and seedling implements (from 
field experiments conducted by Riethmuller (1988)). 

 The constants were used for calculating draft in equation 3.  

Implement & constant Soil type 
Light Medium Heavy 

Disc plough 
Kdrft 
Ddept 
Sspd 
Ddept x Sspd 

 
-0.3480 
0.0300 
0.1150 

0 

 
-0.6200 
0.0451 
0.1860 

0 

 
2.7900 
0.0682 
0.1600 

0 

Cultivator 
Kdrft 
Ddept 
Sspd 
Ddept x Sspd 

 
0.7180 
0.0254 
-0.1630 
0.00482 

 
0.9334 

0.03305 
-0.2119 

0.005564 

 
1.31242 

0.042926 
-0.27547 
0.007233 

Scarifier 
Kdrft 
Ddept 
Sspd 
Ddept x Sspd 

 
-0.2681 
0.01519 
0.2940 

0 

 
-0.3830 
0.0217 
0.4200 

0 

 
2.6500 
0.0229 
0.3520 

0 

Deep ripping 
Kdrft 
Ddept 
Sspd 
Ddept x Sspd 

 
-4.3120 
0.04116 
0.2569 

0 

 
-6.1600 
0.0588 
0.3670 

0 

 
-8.0080 
0.07644 
0.4771 

0 

Seeding: full cut and deep point 
Kdrft 
Ddept 
Sspd 
Ddept x Sspd 

 
1.2390 

0.01995 
0.1624 

0 

 
1.7700 
0.0285 
0.2320 

0 

 
3.9900 
0.0290 
0.1740 

0 

Seeding: narrow point 
Kdrft 
Ddept 
Sspd 
Ddept x Sspd 

 
0.98199 

0.015825 
0.128713 

0 

 
1.276588 
0.020555 
0.167327 

0 

 
1.659564 
0.026722 
0.217527 

0 
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Table 4. The value of Kharv, the fuel consumption constant during harvesting, mowing and 
swathing operations, in a matrix of harvester and straw toughness (calculated using 
field data from Green (1994) and personal communication with GP Riethmuller).   

Harvester type 
 

Straw toughness 
Easy Medium Tough Tougher 

Harvesting     
Conventional -3.185 -1.479 0.970 2.970 
Rotary -1.603 0.103 2.552 4.552 
     
Mowing     
Conventional -3.185 -2.685 -2.185 - 
Rotary -1.603 -1.103 -0.603 - 
     
Swathing     
Conventional - - - -1.685 
Rotary - - - -0.103 

 

Miscellaneous factors 

In addition to the algorithms used, the following considerations were undertaken in the calculator: 

• Compared to conventional farming, tramlining would save 10% of fuel usages (unpublished field 
data (GP Riethmuller, DAFWA). 

• Unless clay content is specified, the calculator considers 6%, 14% and 29% clay contents, 
respectively, for light, medium and heavy soils. 

• Firm soil, as defined by the ASABE Standard D497.8 is having an average cone penetration 
penetration resistance in the top 150 mm of 1200 kPa, tilled 900 kPa and soft/sandy 450 kPa 
(ASABE 2006b). 

• Strength of straw/stem strength: indicator – easy (very dry field peas), medium (dry wheat straw), 
tough (damp wheat straw), tougher (damp canola, lupin straw). 

• CO2 emission: 2.5 kg L-1 fuel, petro or diesel, (based on DEWHA (2008): CO2 tailpipe 
emissions 2.4 kg L-1 petrol and 2.7 kg L-1 diesel). 

Development of the farm energy calculator: interface 

The calculator was programmed in Microsoft Excel.  Microsoft Excel was selected because of its 
wider availability and its familiarity to general users.  The structure of the interface is shown in Figure 
3.  It has three visible sections: information, input and output.  Information section consists of three 
worksheets – “Title page”, “Explanation” and “Unit converter”.  The “Title page” is the front page of 
the calculator.  The “Explanation” is a brief user’s guide, describes how to use the calculator.  The 
“Unit converter” as the name goes converts units as appropriate to the calculator. 
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Figure 3. The structure of the farm energy (fuel) calculator.
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The input section of the calculator consists of three worksheets – “Enter crop options”, “Enter pasture 
options” and “Enter transport options”.  The “Enter crop options” worksheet asks the user to enter 
general information such as what crop they plan to sow, the clay content of the paddock, whether they 
use tramlines and the crop area.  They are also asked information regarding pre- and post-emergent 
spraying, spreading, cultivation (no till, one cultivator or deep ripper), seeding (disc or tine) and 
harvesting (hay production, swathing or harvesting).  Some of this information includes tractor power, 
type and speed, boom width, seeding depth, soil texture (soft, tilled or firm), harvest cut height and 
straw/stem toughness.  The “Enter pasture options” worksheet asks the user to enter similar 
information on pre- and post-emergent spraying and seeding.  Users can compare six scenarios (e.g., 
six paddocks) for each crop and pasture option. The “Enter transport options” worksheet allows users 
to enter specific information about the vehicles they use both on- and off-farm (e.g. ute, rigid or 
articulated truck). The worksheet asks the user to enter information on the total number of kilometres 
driven per season and the fuel efficiency of each vehicle.  

 

Figure 4. The “Title page” of the farm energy (fuel) calculator 

 

The output section of the calculator has three worksheets – “Fuel use comparison”, “Summary crop” 
and “Summary pasture”.   The “Summary crop” and “Summary pasture” summarise the data entered 
by the user for each management option in the crop and pasture enterprises.  For instance, in the 
“Summary crop” and “Summary pasture” worksheets the six paddocks show the details of the 
management practices that are being opted (Figures 5 & 6). 
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Figure 5. A snap shot of the ‘Summary crop’ worksheet which summarises the information that one user has entered in the farm energy (fuel) 
calculator. 
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Figure 6. A snap shot of the ‘Summary pasture’ worksheet which summarises the information 
that one user has entered in the farm energy (fuel) calculator. 

 

The “Fuel use comparison” worksheet is the main output sheet of the calculator.  It is a concise 
summary of the fuel use in each farm process and a comparison of different scenarios.  The worksheet 
also shows a comparison between the crops and pasture phases and provides an estimate of the total 
amount of fuel used.  The total cost of fuel consumption and an estimate of the total carbon emissions 
as a result of the fuel use are also shown.  For example, Figure 7 shows five different management 
practices for both the crop and pasture phase.  In the crop phase, the worksheet shows that paddock to 
paddock the fuel consumption varied between 14.51 L/ha and 25.52 L/ha.  High fuel in paddock 1 
wheat was due to deep ripping.  Seeding in paddock 2, which was cropped with canola, required more 
fuel than others mainly because a deeper seeding depth was considered.  Higher fuel use in harvesting 
lupin paddock 4, compared to wheat in paddock 1 or barley in paddock 3, was due to the difference in 
straw/stem strength.  In the pasture phase, very low fuel was consumed in paddock 2, because the 
paddock had re-generated pasture (not re-sown).  Higher fuel use in paddock 3, compared to paddock 
1 or paddock 5, can be mainly attributed to soil type (heavy versus light soil). 

Evaluation of the farm energy (fuel) calculator 

The outputs of the calculator were evaluated in four stages.  Firstly, the overall outputs of the 
calculator were tested using 'Planfarm WA Business Survey' data and the results appeared 
encouraging.  Secondly, “consultation testing” was done on the preliminary version of the calculator 
with five officers in the Department of Agriculture and Food Western Australian (DAFWA).  This 
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consultation indicated that some modifications would be required in the calculator.  A next version of 
the calculator was then developed incorporating those modifications.  Thirdly, this version was tested 
under two farm scenarios, one at Goomalling and the other at Popanyinning.  This testing indicated 
some major modifications would be required in predicting some farm operations, such as seeding, 
harvesting and hay production.  The value of some constants used in the algorithms in relation to 
seeding, harvesting and hay production was adjusted accordingly. 

A further consultation was done with another farmer in Toodyay in relation to fuel use in hay 
production.  After the necessary modifications, the calculator underwent another final evaluation with 
a farmer at Katanning. 

The interface (and to some extent some outputs) was evaluated with one agronomist from Elders 
based in Northam.  A rigorous testing of the interface was also done with 15 students (2nd year 
Agribusiness undergraduate course) of Curtin University at Muresk campus. 

Extension of the farm energy (fuel) calculator 

The first full version of the calculator was formally presented to the public in February 2008 in a 
state-level meeting in Perth attended by about 70 agribusiness people.  A peer reviewed paper was 
also published in the conference proceedings and presented to Elders Agronomy group in Northam in 
April 2008.   

In early July, 25 copies of the calculator were distributed to executives and senior managers of various 
agricultural organisations who attended in the “Farm inputs stocktake workshop” in Perth (list of 
participants can be found in the appendix), where the merit of the calculator was highlighted in one of 
the presentations.   

A poster was presented in the 14th Australian Agronomy Conference held in September 2008 in 
Adelaide (poster and paper can be found in the appendix); a peer reviewed paper was also published 
in the conference proceedings.  An electronic copy of the calculator was sent to Minnipa Agricultural 
Centre, South Australia, for evaluation (courtesy: Alison Frischke, SARDI, South Australia); 
however, did not receive any feedback.   

During February 2009, the calculator was publicised in the networking session of Agribusiness Crop 
Updates at Burswood Conventional Centre.  In the following month (March 2009) a poster on farm 
fuel calculator was presented in the Climate21 workshop at Burswood Conventional Centre.  Two 
workshops were arranged for the students of Curtin University to provide a hands-on demonstration of 
the calculator.  Twenty students attended the workshops.   

In May 2009, a half-day workshop was arranged in Manjimup (at the Horticulture Research Centre of 
Department of Agriculture and Food Western Australia); the workshop was attended by local growers 
and teachers of Denmark Agricultural College.  Two more workshops are in plan during June 2009, 
one at Kalannie and the other Narembeen. With the direction of the Executive Director (Rural 
Industries) of the Department of Agriculture and Food Western Australia, the calculator on CD being 
distributed through all the district offices.. 

Production of the farm energy (fuel) calculator 

Seven hundred copies of the calculator were produced on CD for distribution free of charge by WA 
Depart of Agriculture.  
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Figure 7. A snap shot of the “Fuel use comparison” worksheet which shows estimated fuel use for each management option and paddock for 
both crop and pasture phases and the total fuel use, cost and carbon emission. 
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Results     
One of the objectives of this project was to develop a simple calculator to assess the energy (fuel) 
usage of farm management options.  To fulfil this objective, the “Farm Fuel Calculator” was 
developed.  The calculator is a simple easy-to-use electronic tool; this was demonstrated during its 
evaluation phase with famers and university students.  Here are some examples how the calculator can 
assess fuel usage of farm management options. 

Effect of sprayer engine power and boom width on fuel 
consumption 

At a uniform speed, 25 km/h in this example, a sprayer having a shorter boom requires more fuel than 
sprayer with a wider boom (Figure 8).  The figure further shows that a sprayer with larger engine 
power would require more fuel than smaller engines.  As a whole, spraying operation requires a small 
amount of fuel (usually less than 1L/ha).    

    

Figure 8. Effect of power of sprayer engine and boom width of sprayer on fuel consumption. 

 

Comparison of fuel consumption of cultivation implements 

Three cultivation implements, disc plough, scarifier and cultivator, have been illustrated for their fuel 
consumption efficiency under different medium and heavy soil conditions, at two depths of cultivation 
and with two speeds of 2WD and 4WD tractor.  In general, fuel efficiency would be higher with 4WD 
tractor than 2WD (Figures 9a&b).  
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Figure 9a. A comparison of disc plough, scarifier, and cultivator use on fuel consumption 
under different soil conditions, depths of cultivation, and 2WD tractor speeds.  

 

 

Figure 9b. A comparison of disc plough, scarifier, and cultivator use on fuel consumption 
under different soil conditions, depths of cultivation, and 4WD tractor speeds. 
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Results further indicate that cultivator requires more fuel than scarifier or disc plough in medium soil.  
In heavy soil such differences are not consistent. 

Fuel consumption during deep ripping 

In general, ripping could be an expensive operation (in terms of fuel consumption) compared to other 
operations shown in this study, especially when it is done with a deeper depth.  Ripping depth is a 
major determinant on much fuel will be used in this operation (Figure 10).  Tractor speed and soil 
condition have much smaller effect compared to ripping depth. 

 

Figure 10. Effect of soil condition and tractor speed on fuel consumption during ripping at 
different depths. 

 

Comparison of fuel consumption of seeding implements 

Two seeding implements, full cut and narrow point, are illustrated here for their fuel consumption 
efficiency under different medium and heavy soil condition, at two depths of cultivation and with two 
speeds of 2WD and 4WD seeders.  In general, fuel efficiency would be higher with 4WD seeders than 
2WD seeders (Figures 10a&b).  The narrow point consumes less fuel than full cut. 
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Figure 11a. Comparison of full cut and narrow point seeding implements on fuel consumption 
under different soil conditions, depths of seeding, and 2WD tractor speeds.  

 

Figure 11b. Comparison of full cut and narrow point seeding implements on fuel consumption 
under different soil conditions, depths of seeding, and 4WD tractor speeds. 
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Fuel consumption during harvesting 

Rotary harvesters require more fuel than conventional harvesters (Figure 11).  Irrespective of the 
harvester type, higher yield crops consume more fuel than lower yielding crops.  Harvesters with 
smaller engine power require more fuel than larger engine harvesters. 

 

 Figure 12. Fuel usage as affected by harvester engine power, harvester type and the crop yield.  

 

Performance of FFC: a real-world comparison  

The second of the two objectives of the project was to provide farmers and advisers with important 
quantitative information on the energy (fuel) use by the farm business to assist with decision-making.  
The results, as shown above, indicate the farm energy (fuel) calculator has the capability to provide 
quantified information on fuel usage for different farm operations.  However, for decision-making at 
farm level, farmers and advisers need confidence in such a tool.  To provide this confidence the tool 
needs to perform well under real-world conditions.   The farm energy (fuel) calculator was subjected 
to test under such conditions.  The scenario of the farm conditions under which the calculator was 
tested is shown in Figure 12.  Results showed the calculator predicted well what the farmer recorded 
for spraying, spreading, seeding, raking (one of the sequence of operations during part of hay making) 
and stacking (one of the sequence of operations during part of hay making) and slightly overestimated 
harvesting, baling (one of the sequence of operations during part of hay making) and mowing (one of 
the sequence of operations during part of hay making) operations.  It appeared the performance of the 
calculator was not unrealistic. 



 

 24 

 

 

Figure 13. Crop and pasture options described by a farmer, as inputs for the farm energy (fuel) 
calculator, to predict fuel usage in that particular farm located in the central 
agricultural region in Western Australia.   



 

 25 

Table 5. Outputs of the farm energy (fuel) calculator regarding fuel usages for different farm 
operations under different scenarios.  

 The inputs (Figure 12) of these outputs were from farm located in the central agricultural region in 
Western Australia.  
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Table 6. Comparison of fuel use predicted by the farm energy (fuel) calculator for selected 
agricultural operations with actual farm records.  
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Implications     
The calculator will allow users to enter general information about their farm and more specific 
information about their crop and livestock systems.  Therefore, a user will be able to compare fuel use 
under various farm management options (eg. tillage, sowing, hay production, harvesting, crop/sheep 
monitoring etc.), soil types, crops and paddocks for the crop and livestock components of the farm.  
This might provide some avenues of minimising fuel use for some scenarios.  Users may also find it 
useful to compare implements to assist in purchasing fuel-efficient equipment when replacement 
implements are required. 
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Recommendations  
The current version of the farm energy (fuel) calculator is available on CD.  For it’s wider application 
and ready availability, a web-version may be developed and made available through the RIRDC web-
site. 

Most of the constants (parameters) related to five algorithms used in the calculator were derived from 
field observations in Western Australia.  It is expected that those will largely be applied in broadscale 
agriculture farms in other states; however, it is recommended that field testing should be undertaken 
before releasing this tool in the untested environments. 
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Appendices    

A. List of participants who attended the ‘Farm inputs stocktake 
workshop’ in Perth, Western Australia on 3 July 2008: 

DAFWA                                                                                                                                                 
Ian Longson, Roger O’Dwyer, Mark Sweetingham, Stuart Clarke, Kerrine Blenkinsop, Ross 
Kingwell, David Bowran, Mike Bowley, Andrew Watson, Andrew Blake, Alan Herbert, John Holmes, 
Glen Riethmuller, Bruce Robinson, Christine Thompson, David Gray, Lewis Mavrantonis, Moin 
Salam  

Minister for Agriculture and Food’s Office                                                                                        
Mike McMullan (Chief of Staff)  

WAFARMERS                                                                                                                                       
Mike Norton (President), Doug Parker (CEO), Chris Marris (Marketing and Communications 
Manager), Derek Clauson (Senior Vice President & Grains Section President), Christine Storer 
(Special Expertise Board Member), Tony Pratico (Board Member Western Region)  

PGA                                                                                                                                                     
Ruth Webb-Smith (Vice President), Sue Walker (NRM Director)  

Kondinin Group                                                                                                                                 
Richard Price (CEO)  

Suppliers                                                                                                                                            
Summit Fertiliser (Peter McEwan, CEO), Conquest Agrochemicals (Roy Morgan, General Manager), 
Andrew Ritchie (President of the AAAC. JRL Hall & Co.), Alan Peggs (Alan Peggs Rural), David 
Bedbrook (Bedbrook Johnson Williams), Mr Greg Kirk (Planfarm Pty Ltd), Mr David Williams 
(Bedbrook Johnson Williams), David Ward (Farmanco Management Consultants), Shane Sander 
(AGvise Management Consultants) 

 

B. List of publications 

Short, N, Bowling, J, Riethmuller, G, Fisher, J & Salam, M 2008, How much fuel does your farm use 
for different farm operations?  Farming Systems, pp 8-12. Proceedings Agribusiness Crop Updates. 
13-14 February 2008, Perth, Western Australia. 

  
Bowling, J, Short, N, Riethmuller, G, Fisher, JS & Salam, MU 2008, How much fuel does your farm 
use for different management operations? Global Issues Paddock Actions. Proceedings of the 14th 
Australian Agronomy Conference. September 2008, Adelaide, South Australia. 
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C. Poster presented at 14th Australian Agronomy Conference held 
in September 2008 in Adelaide, South Australia: 
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This report presents a tool, the “Farm energy (fuel) calculator”, 
which is an easy-to-use spread sheet based estimator of fuel 
consumption specific to farms.  It allows the user to compare 
fuel use under various farm management options (e.g., tillage, 
sowing, hay production, harvesting, transportation, etc.), 
soil types, crops and paddocks for the crop and livestock 
components of the farm.  

With rising pressure on farm profitability due to increasing 
fuel and other input costs, the calculator provides farmers and 
advisors with important, quantitative information on fuel use by 
the farm business to assist with decision-making. 

The report is primarily targeted at farmers in the Western 
Australian wheatbelt region and advisers and consultants 
servicing the region in the field of broadscale farming.
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