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Foreword

The impact of energy costs on the Australian
agriculture sector

The cost of energy as a proportion of production costs in Australian agriculture has significantly
increased in the past five years. Australian farm businesses have been becoming more energy efficient
for some time, however recent energy price rises — up to 100% in the last five years in some examples
— have outstripped the sector’s ability to match price rises with efficiency gains. The significance of
energy costs to agriculture is being amplified by moves in many sectors to more energy-intensive
practices, for example pressurised irrigation, to achieve efficiency gains in other areas such as water
use.

Energy price rises are an economy-wide problem and have fuelled intense political debate about
appropriate policy to provide reliable and affordable energy. Australian industry — including agriculture
—israpidly becoming uncompetitive against countries with cheaper and more reliable power.

Data on the cost of energy to Australian agriculture at a sectoral level is surprisingly sparse. The energy
policy debate has thus occurred in an environment where there has been limited ability to estimate the
sectoral and value chain impact of policy changes affecting the price of energy.

The research reported here has compiled avail able data and estimated the overall cost of energy to
agriculture and for sub-sectors and value chain components. The data has been built into the Energy
Cost Calculator (available at www.farminstitute.org.au) which can be used to model the impact of
energy price changes on Australian agriculture. The Energy Cost Calculator will be a useful and timely
aid for providing impact context to the ongoing discussion about energy policy.

"F_E-LJ Ao\

Richard Heath

Executive Director
Australian Farm Institute
August 2018
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Executive summary

Energy is a critical component and significant cost
of agricultural production. Traditionally, energy
inputs have formed arelatively small proportion of
overall production and post-farm and processing
costs. However, the trend of increasing energy
costs, particularly electricity, and the impact of
these costs on production and profitability are
becoming increasingly important issues. Access

to affordable reliable energy is imperative for
continued sustainability and enhanced growth in the
agricultural sector.

Australian farms and agribusinesses operate in a
highly competitive business environment, and as
production systemsintensify and utilise additional
energy-intensive technology, their dependence

on energy inputs increases. Thus, the ability

of agricultural businessesto remain globally
competitive in this environment will be heavily
dependent on the proportionate cost of energy.

The fluctuation of energy costs is not a new

issue for agriculture. Until recently, the relative
importance of energy as an agricultural business
cost has been mitigated by strong business
performance and efficiency. A significant driver

of the research reported here was the rapidly
increasing energy prices experienced by consumers
over the past two decades, as well as the factors
influencing future price changes, which are
currently the subject of intense public and

political debate. With a dramatic increase (based
on consumer price index) of 80 to 90% in retail
electricity pricesin the past decade (ACCC, 2017),
it is expected that energy cost as a proportion

of agricultura production costs has increased
consequentialy, particularly in the intensive sub-
Sectors.

Despite the increasing impact of energy costs

on farm business profitability, there have been
few recent investigations into energy usein the
agricultural sector specifically related to the

cost burden and sectora impacts of changing
energy prices. Previous studies into energy use

in agriculture have predominately focused on life
cycle assessments and efficiency measures, rather
than financial impact.

The aim of this research wasto provide an analysis
of the financial cost of energy used in Australian
agriculture suitable for evaluating the impact of
energy price changes on the agricultural sector
overal, aswell as commaodity sub-sectors. This will
enable amore informed discussion of the economic
impact of changesin the price of energy on the
sector.

A comprehensive review of literature was
conducted in an effort to find the best available
official sources of quantitative data on energy use
in agriculture. Sub-sector data comprised farm
level audits, industry benchmarking reports, life
cycle assessment studies and Australian Bureau of
Agricultural and Resource Economics and Sciences
(ABARES) and Australian Bureau of Statistics
(ABS) audit and survey data. There was alarge
variation in data sources in terms of units and scale
of reporting, level of segregation of the data, extent
of the supply chain the data covered and sampling
framework. A significant amount of aggregation,
disaggregation, conversion and extrapolation was
required to be able to build a database that reported
in a consistent fashion across sub-sectors.

The aggregated energy use datais detailed in the
Energy Cost Calculator which isthe primary
output from this research. The calculator allows



interrogation of the energy use data with user-
inputted energy price points. To demonstrate the
purpose and operation of thistool, a calculation has
been performed to estimate the total cost of energy
for the Australian agriculture sector using current
average energy price benchmarks. The calculator is
available for use at www.far minstitute.org.au

The values used to model price increases were
selected on the basis that they are representative

of the scale of recent increases. Investigation and
commentary on potential price changes as a result
of various policy positions was beyond the scope

of this report, however the Energy Cost Calculator
has been designed so that the impact of any price
changes (either up or down) to energy inputs can be
calculated.

The sectors included in the analysis were grains,
beef, dairy, chicken meat, sheep, horticulture
(vegetables), cotton, sugar, wine grapes, pork and
eggs. Energy costs were categorised into four value
chain segments: inputs, production, transport
and post-farm / processing. The total cost of
energy for these sectors and value chain segments
was estimated to be $5.8 billion annually. Thisis
likely to be a conservative estimate as there were
many data gaps, particularly in the post-farm and
processing components of the agricultural value
chain.

The relative impact of energy costs on agriculture
was assessed by comparing the cost of energy in
each sector relative to corresponding gross values
of production (GVP). Pre-processing energy
costs were equal to 9% of the GVP of the sectors
evaluated. Energy- intensive sectors such as sugar
and dairy had energy costs equivalent to 16% and
13% of GV P respectively, while lower intensity
sectors such as beef and sheep incurred respective
energy costs equal to 7% and 6% of GVP.

The results of the research show that fuel (diesel,
petrol and oil) isthe biggest cost of energy for
Australian agriculture at $2.5 billion annually and
electricity costs are marginally behind at atota

of $2.4 hillion, or adirect cost to farm businesses
of approximately $1.4 billion and $1.2 billion
respectively.

For the purpose of this report and to demonstrate
the use of the calculator a price increase of 30%
for electricity and 5% for all other sources was
calculated, reflecting the recent experiences of
energy consumers. A price rise of this scale would
result in $863 million in increased annual energy
costs for the agricultural sector.

The authors recognise that individual business
exposure to energy price impacts on profitability
will vary enormously.

The absence of reliable energy use data, the
complex nature of tariff structures and network
and supply charges, and the differences in energy
pricing and policy settings across Australian
states have required this report to adopt a ‘big
picture’ approach to quantifying energy costs for
agriculture.

Key points

® Analysis of the financial cost of energy
used in Australian agriculture will enable
a more informed discussion of the
economic impact of changes in the price
of energy on the sector.

® Industry-level data on the cost impact
of energy prices for Australian farm
businesses is inconsistent and
piecemeal. For more informed debate
on the cost impact of energy price
changes, a unified approach to collecting
consistent data on the cost of energy use

as a critical farm input is required.

® The cost of energy used by the Australian
agricultural sector is estimated as
$5.85 bhillion pa.

® Energy costs incurred pre-processing
are equal to 9% of the gross value of
production of the sectors analysed.

® The annual cost of electricity to Australian
farm businesses is $1.2 billion.






1. Introduction

Background

Agricultureis the fourth most energy-intensive
industry in Australia, behind manufacturing,
transport and mining (Clean Energy Finance
Corporation, 2015). Most sectors of Australian
industry have experienced significant gains in
energy productivity over the past decade, except
for agriculture, where energy productivity has
declined by more than 21% since 2008 (Figure 1)
(Agriculture Industries Energy Taskforce, 2017).
Thistrend islikely to continue, despite advancesin
technology and investment in efficiency measures
which have resulted in production and processing
optimisation throughout supply chains.

In asubmission to the Standing Committee on
Environment and Energy enquiry into Modernising
Australia’'s Electricity Grid, the Australian
Agriculture Industries Energy Taskforce (2017)
suggested that an increased reliance on aternative
methods of energy generation, such asdiesd, is

responsible for declining energy productivity in
the sector. The Australian Agriculture Industries
Energy Taskforce (2017), Eyre (2016), and the
National Irrigators’ Council (2014) blame the
continual risein network and supply charges for
this shift in dependence, claiming that network
charges typically represent around 50% of farmers
eectricity bills (environmental charges make up
around 20% and electricity usage less than 26%,
with the remaining 4% being administration
charges).

Energy productivity and costs are not new issues,
although their importance to business profitability
in recent years may have been overshadowed

by a series of generally good farm business
performance data and the orientation of many
agricultural industries towards more environmental,
sustainability-driven efficiency gains. As a result,
the competitive advantage associated with relatively
low production costs previously held by Australian
producers and agribusinesses has diminished and
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Figurel: Indexed energy productivity performance of industry.

Source: Agriculture Industry Energy Taskforce (2017).
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continues to decline as rising energy costs impact
production systems and their constituent supply
chains. Energy costs cannot be redistributed easily
aong supply chains, meaning that more energy-
intensive segments of the supply chain are likely
to incur a proportionally higher cost than less
intensive segments.

Improving agricultural energy productivity largely
depends on access to affordable electricity, however
over-investment to enhance reliability comes at

the expense of affordability. Compounding the
issue of Australian energy policy, or lack thereof,

is insufficient information regarding current and
potential impacts on agriculture as aresult energy
price rises, and subsequent effects on individual
sub-sectors.

Energy use in agricultural production has been
widely reported as part of life cycle assessment
(LCA) studies. Renouf and Fujita-Dimas

(2013) report that between 2003-13 there were
approximately 75 agriculture-related LCAS
published, covering 38 of Australia’'s 47 key
agricultural commodities. Livestock (including beef
and dairy) was most widely investigated, followed
by wheat and sugarcane, and good coverage was
reported for poultry and pigs. It was noted that with
relatively standardised production systems, asmall
number of well-selected studies can provide a good
representation of the industry in general. For other
commodities, case studies and regional assessments
have been completed and provide limited insight
into energy use across the agricultural sector.

Broadly, there have been few recent investigations
into the cost of energy used by the agricultural
sector, and even less on cost impacts related to
predicted energy price increases. However, some
initiatives do exist, with current projects including:

¢ National Centre for Engineering in Agriculture
(NCEA)
®* NSW Farmers Aglnnovators
o Solar Powered Pumping Initiative
o Reducing Energy Costsin Dairy
o Water and Energy Nexus Initiative

o Farm Energy Innovation Program (EEIG)
e Australian Alliance for Energy Productivity

® Queendand Farmers Federation (QFF) Energy
Savers Program

Commissioned by the Rural Industries Research
and Development Corporation (RIRDC) — now
AgriFutures Australia— Chen, Maraseni, Banhazi,
and Bundschuh (2015) established on-farm

energy use benchmarks for arange of agricultural
industries. The Benchmarking Energy Use On
Farm report analysed direct energy demands for
key agricultural industries to the farm gate. The
study focused on the need to reduce energy use and
associated greenhouse gas (GHG) emissions, rather
than address the steep rise in energy prices. The
research considers the wider body of literature on
energy in agriculture, where key findings include
large variationsin direct on-farm energy use due to
differences in methodology and assumptions as well
as data collection processes.

Despite believing that it may be appropriate to draw
conclusions from overseas research, the authors also
warn that it is difficult to rely on or apply overseas
research results due to variability in climate,
farming systems and industry structures. Therefore,
it isimportant for key industry groups and the wider
agricultural community to become more engaged

in understanding energy use, how energy prices are
currently affecting agriculture and how agriculture
will remain sustainable in the long run, given the
likelihood of continued growth in energy prices.

Research on quantifying energy use and costs
throughout supply chainsis limited. Most of the
recent work on energy use in agriculture has been
undertaken as part of broader L CA studies and the
measurement of GHG emissions for environmental
sustainability reporting. Subseguently, this research
has focused on increasing energy efficiency, mostly
at the farm and processing level, to meet energy
reduction targets for industries, rather than an
assessment on cost impacts and reduced costs for
producers/operators.

Most case study data and consultation with industry
to date has indicated significant increases in energy



costs as a proportion of production costs, providing
evidence of increases of up to 100% in the past five
years, rising on average by 35% in the past two
years alone. The Australian Bureau of Agricultural
and Resource Economics and Sciences (ABARES)
has forecast a 21% reduction in the real net value
of farm production to $19 billion in 2017-18, due
to lower crop production and prices and expected
input cost increases, such as electricity and fuel
(ABARES, 2017a). In the September quarter of
2017, retail electricity pricesincreased by 11%
year-on-year, reflecting large increases in wholesale
energy prices. Retail pricesfor diesel and unleaded
petrol have increased since June 2017 in line with
internationa crude ail prices, which are expected
to average higher in 2017-18. Higher oil prices are
expected to flow through to the cost of fertilisers.

Given the upward projections of energy prices,
understanding energy use and costs at the whole
of agriculture, sectoral and sub-sectoral level is
essential for assessing both the current impacts of
energy price rises on the viahility of businesses
within the sector and the future state of Australian
agriculture. More importantly, athorough
understanding of the current situation and outlook
is fundamental to the creation and implementation
of fair, affordable and sustainable energy policies
and encourage the industry to be more involved in
ongoing debates on energy strategy.

Methods

In the absence of standardised guidelines for the
collection and reporting of data on energy use

and cost, four broad cross-sectoral value chain
segments were selected to categorise energy inputs,
processes, and the associated costs:

1. Inputs

* The energy required to produce the inputs
used in agricultural production. This segment
was split into four common cross-sectoral
inputs;

o Stock feed
o Fertiliser

o Crop and pasture chemicals

o Livestock materials
2. Production

® Theenergy required for on-farm production
activities

3. Transport

* Diesel use and costs associated with
transport of the commodity across the supply
chain

4. Post-farm/processing

® Theenergy required for primary processing
of agricultural goods.

This broad categorisation ensured some level of
consistency in analysis and data reporting, while
providing enough differentiation to be able to
identify differences in levels of energy intensity
between the value chain segments of different
sectors.

Energy use data for each of the segments and
sub-segments were compiled into the Energy Cost
Calculator which allows conversion of useto

cost. A base analysis was then performed using a
standard set of energy prices, sourced from various
publications.

To demonstrate the functionality of the calculator,
embedded formulas were used to model the cost
impact of an increase to energy prices, against
baseline energy costs. A 30% increasein the
baseline electricity price was modelled with a 5%
increase to all other energy sources, respectively.
This scenario was selected in consideration of

the current policy environment and the reported
price trends of electricity. A consideration in
modelling gas, diesel and petrol prices was the
volatility of markets in which these commodities
operate. For example, petrol, diesel and gas are
bought and sold in their own markets, each being
regionally based with linkages and transactions
between these markets. Pricesin regional markets
are impacted by international wholesale markets
and reflect the supply and demand balance in each
market, competition, transport and services as



well asthe physical characteristics and quality of
each commodity. Due to the price voldtility, it is
inherently difficult to account for all circumstances
using variable energy costs, meaning that

focussing on relevant longer-term price trendsis
more important than focusing on volatile price
movements (i.e. daily or week-to-week) (Australian
Institute of Petroleum, 2018).

Detailed assumptions are given to clearly define
the scope of the project. It has remained important
throughout the research to clearly communicate
how total energy use and costs for agriculture
have been calculated and what components have
been included in the calculations. Thisis dueto
the limitations in accessing energy use data, the
complexities associated with energy pricing and
cost implications determined by consumption, in
addition to the complexity of tariff structures. A
series of conversion factors adopted in the analysis
are also presented. The research has assumed
energy use as constant. Thisis due to the lack of
time series energy use data for sub-sectors.

The set of base energy prices used were selected
after extensive investigation of available
information of national energy prices and official
international energy prices. These prices serve as
basisfor all energy cost estimates displayed in

the Energy Cost Calculator and have been applied
throughout the work. Every effort was taken to
determine an average price for each selected energy
source that was reflective of the prices paid by a
wide range of agricultural industry stakeholders.

Determining energy price points for whole of
agriculture analysis was amost as problematic as
collecting the energy use data. Electricity prices are
particularly difficult to define in average terms as
the price paid by individua businesses comprises
several components, each of which can be
influenced by factors such as business size, contract
arrangements, and state government policy.

Common cross-sectoral inputs

Feed (manufactured feed)

The domestic animal feed industry supplies
inputs for beef and dairy cattle, layer and poultry

chickens, pigs, sheep, horses, aquaculture and other
smaller industries, with the bulk of feed consumed
by the beef, dairy cattle, and chicken industries
respectively. The Stock Feed Manufacturers
Council of Australia (SFMCA) predict that total
feed demand islikely to increase from around

13 million tonnes reported in 201516 to in excess
of 14 million tonnes by 202425 (Spragg, 2016).

In the manufacture of feed, energy input is high.
The SFM CA reports on energy consumption
related to the manufacturing process of stock
feeds (excluding pasture grazing, hay and silage)
(Table 1).

Table 1: Average electricity and gas use per
tonne of manufactured feed.
Source: SFMCA, 2017.
Source Use
Electricity 27.9 KWh/T

Gas (combined natural gas and LPG) 0.22 GJT

The SFMCA Energy Use Survey Report (2017)
provided the most suitable energy estimates for
the purpose of the research. The quoted average
electricity and gas use per tonne of manufactured
feed were referenced throughout the Energy Cost
Calculator.

Average use estimates were based on data
submitted by 48 feed mills on avoluntary basis.
The magjority of millswhich participated produce
both mash and pellet feed. There was a significant
range of electricity and gas used per tonne of

feed. This reflected the different mill types, feeds
manufactured, boiler installation and product mix,
including the length of production runs (Stock Feed
Manufacturers' Council of Australia, 2017).

Fertiliser

TheAustralian fertiliser industry is made up of
manufacturers (who also import inputs), importers,
agents, overseas suppliers and distributors.
Industrial fertilisers for usein agricultural
production are sourced from both domestic

and international fertiliser manufacturers and
distributors.



The manufacture of fertiliser products is energy
intensive. Prices are linked broadly to those of

the energy market and more closely to the natural
gas market. Fertiliser application varies greatly
depending on production region, climate conditions
and production system.

Energy use associated with the manufacturing

of selected fertiliser processes and products was
sourced from the International Fertiliser Industry
Association (IFIA). An average energy input,
gigajoule per tonne (GJ/'tonne), was based on
the energy input per tonne of production for
urea, monoammonium phosphate (MAP) and
diammonium phosphate (DAP) (International
Fertiliser Industry Association, 2009). A breakdown
of the energy input for each selected fertiliser is
reported in Table 2.

Table 2: Average energy input: GJtonne
product.
Source: International Fertiliser Industry Association, 2009.
Product Si2) |_nput
(accumulated in process)
Urea 24.3
MAP 22
DAP 5.7
Average 10.73

Natural gasisthe main feedstock for fertiliser
production worldwide. It is assumed throughout
the research that natural gasisthe primary cost
component of fertiliser manufacturing. For
reporting purposes, an average natural gas price
was applied for al fertiliser components of the
calculator.

Crop and pasture chemicals

The Australian Pesticides and Veterinary

Medicines Authority (APVMA) (2017) reported
that agricultural (pesticides) product sales for the
2015-2016 financial year were around $2.9 billion.
Total salesfor veterinary medicines were almost
$874 million, however the proportion associated
with agricultural production has not been reported.

In the absence of public information on energy
consumption associated with manufacture of
agricultural crop and pasture chemicals, several
data sources were included in the analysis to
provide a sensible energy cost estimate.

In deriving an energy cost for crop and pasture
chemicals for each sector, energy data was collected
from ABARES Agsurf data and from Syngenta.

A per farm average for the cost of crop and pasture
chemicals was sourced from ABARES (2018b). An
energy intensity factor in the form megajoules (MJ)
per dollar of sales and percentage of electricity and
gas use were applied to estimate a total energy cost
(Syngenta, 2017).

Livestock materials (drenches and dips)

Average per farm cost estimates for livestock
materials were sourced from ABARES Agsurf data
and reported for the beef, sheep and dairy sectors.
Energy input information for the manufacture of
livestock materials was not available therefore the
research has assumed the same energy intensity
factor asfor crop and pasture chemicals, with the
same percentage factors for electricity and gas
applied to total cost for livestock materials.

Transport

Transport costs were derived from the
Commonwealth Scientific and Industrial Research
Organisation (CSIRO) report TraNST: Unlocking
Options For Efficient Logistics Infrastructure

In Australian Agriculture (Higgins et al., 2017).
The report utilised a*ground up’ approach to the
analysis of transport logistics costs, providing a
detailed analysis of industry production and product
movements data at the enterprise level, with
extensive representation of most agriculture sectors.
Simulation modelling was adopted to develop
statistical probabilities using actual historic data.

The report covers 32 commodities representing
98% of agriculture and comprises movements

of 142 million tonnes of either crop or livestock
between production location, storage, processing
facilities, ports and domestic markets. The data
from 220,000 enterprises was analysed, and
included:



6 SECTION 1: Introduction

* 216,000 farms and production locations For the purpose of the report, adiesel cost asa
percentage of the total transport cost was applied.

An average diesel cost as a percentage of the total
* 500 feedlots and saleyards transport cost was cal culated for a combination of
vehicle types. These include:

e 350 processors

® 530 storage facilities
® 3600 distribution centres and supermarkets. * Heavy Rigid

The transport costs reported in the TraNSIT report * Semi-trailer - 6-axle
include all the cost components to operate avehicle: e B-Double
* A-Double

* A-Triple

* Fud

* Driver sdlaries

* Maintenance

* Registration and insurance

® Capital costs and depreciation
® Overheads

® Tyres, efc.
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2. Sector analysis

Summary

As part of an analysis of energy consumption and
costs in the Australian agriculture sector, aliterature
review was conducted and qualitative data on
energy use across sub-sectors was collected where
available. Thisinformation formed the basis of use
and functionality of the Energy Cost Calculator and
database, the findings and modelled output of which
are detailed in Section 3.

Vast differences in energy demand and intensity
were observed between sectors, reflecting the
different processes and the share of energy
across the supply chain. Among the top energy
consumers at the farm level are sectorsinvolved
with irrigation, and intensive industries who
have a heavy reliance on uninterrupted power.
Importantly thought, higher energy intensity does
not necessarily imply inefficient energy use. This
is because most industries engaged the physical
transformation of raw materials will use more
energy. In addition, a number of other factors
influence the extent of energy cost impacts across

the supply chain, including scale, purchasing
power, tariffs, consumption patterns and, tax
benefits. While these factors are determinants of
cost impact, contextualising them at an industry
scale and assessing their individual contributionsto
energy cost (and thus exposure to impacts of energy
prices), is beyond the scope of this report, however
these factors are assumed to have been accounted
for in any reported data.

Initially, the sub-sector analysis was intended

to distinguish energy consumption and costs for
applicable industries by activity (production and
processing) and irrigated and rainfed production.
Due to reporting methods and the general absence
of information reported in this way, information
pertaining to irrigated and rainfed production was
indistinguishable and not readily broken down
into constituent factors. Despite best efforts, this
prevented consistency of reporting and analysis of
the data this way and as a result, data was reported
mainly in aggregate for these sectors, unless
otherwise stated in the primary report and Energy
Cost Calculator.

The impacts of energy costs on the Australian agriculture sector | August 2018




Beef

Introduction

TheAustralian red meat! industry (RMI) value
chain contributes $18 hillion annually to Australia’s
gross domestic product (GDP) from production,
processing and sales (Red Meat Advisory Council,
2017). In addition to regulatory costs and labour,
energy is regarded as one the most significant costs
to the RMI. Industry-obtained data estimates the
combined costs of energy along the Australian RMI
value chain to be approximately $1.58 hillion per
annum (pa). In 2017, Meat and Livestock Australia
(2017b) reported the three highest costs associated
with the production of red meat to retail-ready
product as:

1. On-farm diesel use ($298 million pa)
2. Red meat processor power ($278 million pa)
3. On-farm embodied energy? ($267 million pa).

In general, energy useis reported at the farm and
feedlot level as megajoules per head (MJ head),
and at the processing level as energy use per tonne
of hot standard carcase weight (HSCW). Whole-
of-industry figures detailing energy consumption
are most widely available at the post-farm stage,
i.e. meat processing, primarily due to its significant
contribution to overall operating costs.

Energy isused in processing for slaughtering,
boning, processing and rendering, as well as for
heating, lighting and refrigeration. As productivity
parametersin the processing sector tend to be
measured by throughput, most industry data at this
stage in the supply chain is reported on a unit of
production basis by tonnes of hot standard carcase
weight (tHSCW).

In areport on energy consumption in small to
medium red meat processing facilities compiled

for the Australian Meat Processors Corporation
(AMPC), Tang & Jones (2013) reported that energy
consumption for processing and site activitiesis the
greatest source of costs for these facilities.

1 Includes beef, sheepmeat and goatmeat.
2 Embodied energy includes all energy in non-direct energy

products as services including commodity use, fertiliser, fodder,

feed purchases, supplementary feeding, farm services and
transport.

This report was part of awider AMPC initiative, the
Domestic Processors Energy Efficiency Program,
which was developed to assist small to medium-
sized domestic processors in understanding

and managing energy costs and use. Additional
components of the program included an energy
management plan for processing facilitiesand a
literature review of energy efficiency benchmarks
and technologies. The program was set up to
validate strategy which had been proposed to
manage energy efficiency by benchmarking
consumption patterns. However, these studies were
limited by sample size, utilising data obtained from
aslittle as 10 sites across NSW and Queensland.

Common to most RMI data, and reinforced by the
other sector reviews that follow, is the frequent
failure to disaggregate industry-level energy use
datato provide information on energy required per
unit of output, thus making it difficult to accurately
assess the impact of energy price increases across
industry supply chains.

Beef (pasture-based and feedlot)

Beef production isAustralia’s second largest
agricultural sector after wheat, contributing around
$20.3 billion to agriculture industry turnover® (Red
Meat Advisory Council, 2017). It isAustraia’s
most valuable export commodity by production
value.

The beef supply chainin Australiaisrelatively
complex and involves a number of participants
across arange of functiona levels (Australian
Competition and Consumer Commission, 2016).
The beef value chain starts with calf production.
Calves are either processed as vealers or are
fattened and finished either on pasture or (more
predominately) grain, to be processed for domestic
and export markets, or alternatively enter the live
export trade (Figure 2).

Significant energy inputs occur throughout the
value chain, typically at and between the farm,
feedlot and post-farm/processing. At the farm level,
the location of operations has a significant bearing
on the production system, size of operation and
end market, and hence energy consumption and

3 Includes cattle from mixed enterprises
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Figure 2:

Source:

The beef value chain (2018).

www.sustai nabl eaustralianbeef.com.au

related production costs. The greatest differences
arerelated to production intensity, climate,
pasture, industry infrastructure and proximity to
markets. The key variable costs associated with
energy (e.g. crop and pasture chemicals, fertiliser,
fodder and fuel) often differ significantly between
production systems. The primary sources of energy
consumption across the supply chain include input
manufacturing (i.e. fertiliser, feed and agriculture/
veterinary chemicals), feed processing (milling/
steam flaking) and delivery, water supply, feed
and waste management, as well as processing
operations that involve heating and cooling.

To date, limited information specific to energy
consumption and costs has been reported,
except in the instance of environmental and
sustainability reporting (primarily in response
to consumer demands related to environmental
impact). Thisinformation however, tendsto be
emissions-focused. For example, in a series of
extensive studies, Wiedemann et a. (2016) used
L CA to investigate the impacts from grass-fed

2 @

beef production (including resource use and
environmental impacts) to the farm gate in eastern
Australia. Mean fossil fuel energy demand was
found to vary from 5.6 to 8.4 MJ per kilogram
(kg) liveweight (LW). The studies analysed data
extracted over five years to 2010. Energy demand
was determined from purchased fossil fuels and
electricity use, commodity use, feed purchases and
farm services.

Meat and Livestock Australia (MLA) has
commissioned extensive audits and reviews related
to farm and feedlot energy efficiency. The most
recent of these studies aimed to determine the extent
to which energy costs (heating, electricity, and
transport) contribute to operating costs within the
red meat production and processing sectors, and how
these costs are likely to trend; the total addressable
market for energy efficiency, renewable energy, and
energy storage technologiesin the Australian RMI;
and to highlight the energy intensive processes
across the supply chain to direct high impact
research and development (R& D) projects.

The impacts of energy costs on the Australian agriculture sector | August 2018
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The AMPC conducts frequent environmental
performance reviews (approximately every five
years), the earliest being 1998 and the latest
released in 2015. These reports focus on key
performance indicators (KPIs) associated with
improvement in resource use efficiency and
environmental performance, such as the impact

of energy and water use efficiency on production
costs, profitability and competitiveness. These
reviews are publicly available for benchmarking
individual performance and to support development
and expansion activities, particularly in processing.
Unique to these reports is the disaggregation

of industry-level electrical energy datain the
processing sector to determine the average el ectrical
energy use associated with variation in processes,
i.e. rendering. The 2015 report, however, islimited
tojust 14 case study sites.

The average site energy use efficiency for
processing was determined to be around 3005 M J/t
HSCW with rendering, or 1461 MJt HSCW
excluding rendering processes. This corresponds
with reported increases in processing efficiencies
of around 27% since 2007-08 (AMPC, 2015)
(Figure 3). Electricity isthe largest source of
energy, and despite efficiencies increasing,
consumption has risen by almost 5% in the six
yearsto 2013-14.
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Figure3:  Energy use efficiency in red meat
processing.

Source: AMPC (2015).

The greatest demand for steam and power, for
non-transport purposes, iswithin the feedlot and
processing sectors. The Australian RMI consumes
large quantities of electrical energy through general

operations such as: livestock holding; slaughtering
and processing; monitoring and testing; cleaning
and packing. Refrigeration is one of the main uses
of energy in meat processing facilities, with cool
rooms, air conditioning and freezing equipment

all absorbing power. High levels of energy and
water use in abattoirs are necessary to meet food
safety requirements. In addition to the direct cost
of energy consumption, increased energy prices
influence the likelihood and viability of business
consolidation, thus imposing additional competitive
pressures.

In the AMPC report on energy consumptionin
small to medium red meat processing facilities,
Tang and Jones (2013) briefly compared meat
processing, noting sheep processing generally uses
less than that of pigs or cattle principally because
the animal isless bulky, and less energy isrequired
for chilling, ageing, offal processing and due to
large export volumes as whol e carcasses.

Wiedemann, Yan and Murphy (2015) conducted an
L CA to determine resource use and environmental
impacts from Australian export lamb production. To
do this, the report expanded upon a small number
of industry-level single impact studies to provide
a broader evaluation and produce a benchmark
analysis from cradle to farm gate in major
production regions in NSW, Victoria and South
Australia. They found that energy demand differed
by region and datasets in response to production
intensity and the use of purchased inputs, such as
fertiliser.

Fossil fuel energy demand was assessed by
aggregating all fossil fuel energy inputs throughout
the supply chain. Energy demand was found to be
greatest on-farm, ranging between 2.5 and 7.0 MJ/
kg LW.

The study by Wiedemann, Yan, et a. (2015) isthe
most recent and comprehensive of its kind. Earlier
research and LCAs on Australian sheep production
islimited to single impact studies (GHG or water)
for asingle case study farm or a small number of
farms, producing predominantly merino wool/meat
sheep (Brock, Graham, Madden, & Alcock, 2013;
Eady, Carre, & Grant, 2012). Ridoutt, Sanguansri,



Nolan, and Marks (2012) investigated prime lamb
production, however methodology was based on

a case study approach and covered water only.

One other multi-impact study has been performed
(Peterset a., 2010, 2011), however this covered
only asingle farm in Western Australia producing
lamb for domestic consumption. Wiedemann et al.
(2015) also used the previous study to expand their
analysis on red meat production supply chains,
using L CA to determine the environmental impacts
and resource use of Australian lamb (and beef)
exported to the USA (Wiedemann, McGahan, et al.,
2015). The study covered the production phasein
Australia, the meat processing stagein Australia,
and transport and warehousing through the supply
chain to the USA. Energy data was obtained using
the 2010 Industry Environmental Sustainability
Review prepared for the AMPC and MLA by GHD.
Impacts associated with purchased inputs such as
fertiliser and fuel were modelled using processes
from the Australian National Life Cycle Inventory
(LCI) Database and the European Ecoinvent
database. Wiedemann used feed grain inventory
data published in previous study on pork production
(Wiedemann, McGahan, & Murphy, 2016).

Energy cost analysis

Table 3: Impact of energy price change on the
red meat sector.
Aggregate_d Base cost per Modelled cost
supply chain ; .
annum scenario pa
sectors
Input (Beef) $ 132,715,109 $ 148,971,424
Production $ 521,256,320 $ 569,742,056
On-farm $19.42 /head $21.22 /head
Transport (Beef -
grassfed + feedlot) $150,131,192 $ 157,637,751
Processing
(includes $532,111,580 $671,128,818
sheepmeat)
$194.34 /t $24512 /t
Total $1,336,214,200 $1,547,480,050
Cost impact $ 211,265,849

*of a30% cost increase in electricity and a5% increase in all other major
energy sources
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The Australian RMI is a significant user of energy,
particularly at the post-farm/processing stages of
the supply chain. Energy is used in processing for
slaughtering, boning, processing and rendering,
aswell asfor lighting and refrigeration. The most
energy-intensive stages of red meat production are
on-farm diesel use, embodied energy associated
with farm inputs and thermal energy for feedlots,
particularly milling.

Most of the energy used across the RMI supply
chain is derived from:

® Grid electricity (31.6%)
* Natural gas (37%)
* Coa (19%).

The three highest costs associated with the
production of red meat to retail-ready product are:

* On-farm diesel use
* Red meat processor power

* On-farm embodied energy (inputs etc.).

Beef
Pasture fed and feedlot

Beef production isAustralia’s second largest
agricultural sector after wheat, contributing around
$20.3 billion to agriculture industry turnover
(RMAC, 2017).

In 2016, Australia s national beef herd was
approximately 27 million head. In the same

year, around 7.8 million cattle were daughtered,
producing 2 million tonnes cwt of beef and veal
(MLA, 2017; MLA, 2018; RMAC, 2017). While
Ausgtraliais considered arelatively small beef
producer in agloba context, contributing around 4%
to world beef supply, around 70% of productionis
exported, making it the third largest exporter of beef
after Indiaand Brazil (AgriFutures Australia, 2017b).

Approximately 40% of Australia’s total beef
supply and 80% of beef sold in major domestic
supermarkets is sourced from Australia's

$2.5 billion cattle feedlot sector (ALFA, 2018).
There are currently around 393 feedlots throughout
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Australiawith the majority located within close
proximity to cattle and grain supplies. Queensland
is the predominant feedlot state, with approximately
60% of cattle on feed, followed by NSW with 30%,
Victoriawith 7%, and the remainding 3% shared
between South Australia and Western Australia.

Feedlotting involves intensive grain-based ration
feeding of cattle in a managed facility to guarantee
nutrition and the production of premium and
consistent quality beef. At any one time around
2% of Australia’s cattle population are located

in feedlots. The average period cattle spend in a
feedlot is between 50-120 days or around 10-15%
of their lifespan (ALFA, 2018). The primary
sources of energy consumption in afeedlot include
feed processing (milling/steam flaking) and

feed delivery, and water supply, feed and waste
management, administration, and repairs and
maintenance.

Input

According to Spragg (2016), the Australian

stock feed market is the largest domestic user of
Australian grain, accounting for around 26% of
total national grain purchases, and around 3.8
million tonnes of feed is manufactured for the beef
industry annually, with alarge proportion consumed
by the beef feedlot sector which relies on grain
feeding for export and domestic markets. Feed cost
influences the length of time an animal remains

on feed. In addition to feed used for finishing in
feedlots, supplementary feeding also occurs on-
farm to sustain production through periods of low
pasture availability.

Production

Grass and grain-fed beef production is highly
diversein Australia. In grass-fed beef production,
there are considerable differences in cattle breed,
soil fertility, pasture quality, farm size, topography
and climatic conditions. Grain-fed beef production
involves a similar degree of variance given
differences in cattle breeds, climatic conditions,
feedlot size and market requirements.

Fuel, oil and grease use were found to be a
significant cost for beef farms. Based on an average

cost per farm, it was estimated to cost the industry
$431,564,460 per year. This figure is inclusive

of fuel, oil and grease used for on-farm use of
machinery and vehicles.

Transport

Thetotal diesel cost for beef was $150,131,192 per
annum. The diesel costs include the movement of
grains from storage to feedlots. This component
isimportant to include in the energy analysis with
grain having to be sourced from much longer
distances during seasons of low grain production.

Diesel costs for the sheep industry were estimated
at $55,115,721. This figure is reflective of both
production property locations taken from property
identification code data and the number of sheep
and goat movements between properties aggregated
from the National Livestock Identification Scheme
data. Transport costs are also inclusive of live
exports. This covers export numbers through each
port.

Post-farm/processing

Over 90% of Australian livestock are processed
domestically producing meat, edible offal, hides
and skins, meat and bone meal, pharmaceuticals,
and tallow. Processing facilities include abattoirs,
boning rooms and rendering plants.

Meat processing facilities have specific
characteristics based on the quantity of raw
materials processed, production technology,
degree of mechanisation of production and

space utilisation. For small to medium red meat
processing facilities, energy use, opportunities
and KPIs vary significantly based on factors such
as species mix, level of processing (rendering or
non-rendering) and throughput.

The primary energy sources consumed at meat
processing sitesinclude electricity, natural gas

and diesel generation. Energy intensity varies
significantly between rendering vs. non-rendering
sites. Thisis because rendering sites consume more
natural gas and liquefied petroleum gas (LPG) due
to additional steam requirements for both rendering
and wash-down activities.
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Sheep
Sheepmeat — Introduction

Australiais the world's largest exporter of
sheepmeat, and the second largest producer of lamb
and mutton. In 201617 the off-farm meat value
(domestic expenditure plus export value) of the
Australian sheepmeat industry was approximately
$5.23 hillion (Meat & Livestock Australia,

2017). In the same year, Australia produced
506,239 tonnes carcase weight (cwt) of lamb

and 163,365 tonnes cwt of mutton with the gross
value of Australian lamb and mutton production
(including live exports) estimated at $3.9 hillion
(ABARES, 2017b).
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The sheepmeat supply chain begins on-farm with
breeding and fattening and moves to marketing

and export or primary and secondary processing,
followed by distribution and sale by a wholesaler/
retailer (Figure 4). Aswith most meat production
processes, processing and post-processing activities
demand the most energy in the supply chain
sequence. Following processing, the temperature of
the meat is quickly reduced to an optimal storage
temperature that is maintained until the product
reaches the intended market. Meat is transported
between establishments and to ports under active
refrigeration to ensure the integrity and safety of the
product and prolong its shelf life.
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Wool — Introduction

Australiaisthe largest exporter and one of the
world's largest producers of high quality wool.
Australia produces approximately 25% of the
greasy wool sold on the world market (Department
of Agriculture and Water Resources, 2016).
Production in Australiaiis carried out across

86 million hectares (ha) and is characterised by
high and low rainfall production systems with most
producers involved in mixed farming operations.
Producersin high rainfall areas typically operate
smaller farms, however they can produce improved
pasture to feed high numbers of sheep year-round.
In comparison, low rainfall farms produce a lower
quality pasture with alower nutritional value
(largely native shrub) therefore cannot provide for
as many sheep on the same amount of land.

Energy use is one of the most significant
environmental impacts related to wool production.
To date, there is virtually no detailed study on
quantifying energy inputs and the energy cost
impact on producers and processors across the wool
supply chainin Australia. The current available
literature deems that data on energy use remains

an important knowledge gap for the wide range of
sheep farming and wool processing systems.

In support of this view, Wiedemann, Yan, Henry,
and Murphy (2016) acknowledge that to date there
has been alack of detailed farm scale data included
in the analysis of the environmental impacts of
Australian wool. Previous environmental impact
studies on wool production report on the single
GHG emissions impact but fail to comment on
consumption of energy or on what impacts the
rising costs of energy are having on the industry.

Russell (2010) briefly describes the environmental
aspects of Australian wool production, particularly
on the use of eco-labelling. While providing

anarrow insight into energy use across the

wool supply chain, the study fails to report any
quantitative energy use data. The findings on energy
relate to processing stages, where it is reported

that a significant portion of energy use occurs at

the finishing stages. Energy use at the finishing
stages is required to produce clean fibres ready for

spinning and blending.

To help better understand the environmental
impacts of wool and other fibres, Henry (2012)
presents areview of available LCA studies. The
review involved evaluating methodologies and
quality of datato deliver insight into the validity
of current analyses. It covers energy use across the
wool fibre chain of production (Figure 5).

The review provided conclusions and
recommendations to ensure the devel opment

of LCA studies facilitate a more accurate
representation of the environmental impact of
wool. These included consolidating existing
dataand closing data gaps as well as a stronger
communication strategy to establish the most up-
to-date record of environmental metrics, including
energy use. The study goes so far asto comment on
how the wool industry could progress research into
energy, water and land use and the need to improve
data availability however provides minimal insight
on specific energy inputs or consumption for the
Australian wool industry.

Wiedemann, Yan, et al. (2016) present a unique
multiple-impact LCA for three types of Australian
merino wool. One specific aim of the work was to
quantify resource use for energy, water and land
across three distinct wool production regions. These
regions included:

® NSW high rainfall zone producing superfine
merino wool
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® Western Australia wheat sheep zone with fine
merino wool production

® South Australian southern pastoral zone
producing medium merino wool

The research involved analysis of all supply chain
processes up to the farm gate. Energy datawas
collected from 10 case study farms through site
visits, farm surveys and interviews. A regional
farm average was constructed and reported using
specialist sheep farm datafrom the ABARES

Australian agriculture and grazing industries survey.

To account for seasonal variation, five years of data
was included dating from 2006-10. Major inputs

of energy included electricity, diesel and petrol use.
Energy demand for the case study farms ranged
from 12.5 MJkg wool produced in the SA southern
pastoral zone to 22.5 MJKkg wool across the WA
wheat/sheep zone. Variations in energy use between
regions were a result of different grazing intensity.

Energy cost analysis

Table 4: Impact of energy price change on the
sheep (meat and wool) sector.
Aggregate_d Modelled cost
supply chain Base cost -
scenario
sectors
Input $ 94,601,926 $ 101,398,105
Production $ 281,482,520 $ 310,721,851
$4.17 /head $4.60 /head
Transport $ 55,115,721 $57,871,507
Total $ 431,200,167 $ 469,991,462
Cost impact $ 38,791,295

*of a30% cost increase in electricity and a’5% increasein all other major
energy sources
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Audtraiaisthe world's largest exporter of
sheepmeat and the second largest producer of

lamb and mutton. In 2015-16, Australia produced
516,366 tonnes cwt of lamb and 196,040 tonnes cwt
of mutton. Fossil fuel energy demand is dominated
by on-farm energy demand, which differs between
regions in response to production intensity and the
use of purchased inputs, such asfertiliser.

Wool producing enterprises typically vary by
geography (high or low rainfall system) and

land size, enterprise mix, and flock size, and
consequently in energy intensity. Wool may be the
primary focus of the farming business, or it may
be part of amixed farming system, most typically
a sheep/cereal cropping system. In 2015-16 there
were around 73 million sheep (shorn) in Australia,
producing an average of 4.4 kg of wool per head
per cut, and atotal wool yield of 325 million
kilograms greasy (shorn wool prior to treatment)
(Australian Wool Innovation, 2017).

The Australian wool production supply chain
(Figure 6) is underpinned by good infrastructure
(sheds, stores, sampling, testing, handling, assembly
and distribution). At the farm level, husbandry
Mmanagement operations attract the greatest

energy consumption requirements with operations
including feeding, crutching and shearing. Because
of the vast differences in production systems and
farming practices, thereislittle to no understanding
about the extent of energy consumption or the
significance of energy costs associated with inputs
across the major supply chain segments. Differences
in technologies and efficiencies for processing and
manufacture also remain relatively unexplored.
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Figure6:  Thewool supply chain from Australiato global consumer.
Source: NSW DPI (2015a).
Input energy demand, however most studies do not

Around 246,320 tonnes of feed is manufactured for
the sheep industry per year* (Spragg, 2016). The
amount of feed designated to either sheepmeat or
wool production is not distinguished and is likely to
vary considerably between seasons and production
systems. For example, depending on production
system and climate, growing season pasture
(whether improved or native) may not meet feed
requirements of the flock, and supplementary feed
such as conserved fodder, legumes and cereal grain
or formulated feed pellets may be required. Some
mineral nutrition may also be supplied as ‘licks' and
‘blocks'.

Regardless of whether wool production forms part
of amixed enterprise, if grazing is on improved
pastures, there will be alevel of energy demand
associated with crop/pasture nutrition (fertiliser).
Animal health (including the use of vaccines) and
products for pest/disease control aso incorporate

4 Sheep industry includes|amb feediot intake, supplementary
feeds for breeding stock and live sheep export feeds.

incorporate thisin assessments as they deem animal
health insignificant to overall energy consumption
and cost impact across the supply chain.

Production

Energy intensity on-farm is primarily determined
by flock size and includes fuel and electricity
use associated with husbandry activities, such as
crutching and shearing.

Transport
Transport (of wool and sheep to and from farm) has
not yet been considered in any study.

Post-farm/processing

Energy demand and intensity for wool production
isat its greatest post-farm, due to the processes of
spinning, weaving and knitting, dying in garment
manufacture.

An energy cost for wool processing was excluded
from the analysis due to limited data availability.

August 2018 | The impacts of energy costs on the Australian agriculture sector




Pork

Introduction

The pork industry isAustralia’'s smallest livestock
industry. It is predominantly based on intensive
systems, which account for more than 90% of pork
produced in Australia. Australia produces around
400,000 tonnes of pig meat per year of which
around 10% is exported, 58% is consumed fresh
and 30% is processed into other products such as
ham, bacon and other small goods (AgriFutures
Australia, 2017a).

Energy is a significant and growing input cost for
al piggeries. The NSW Department of Primary
Industries (DPI) reports that the main costs of
production currently faced by the pork industry
include power and energy costs (NSW DPI, 2015b).
In order to maintain a strong food safety guarantee,
pork producers must engage in the appropriate

food health and safety practices — this means that
energy and water are a key requirement on-farm
and into the processing element of pig meat. Pork
producers are faced with growing cost pressure
from rising energy prices while upholding industry
health and safety standards. According to Australian
Pork Limited (2014), energy costs have increased
between 25-40% in recent years across the majority
of primary pig producing areas.

Similar to other industries, LCA studies dominate
the current research environment, with afocus
particularly prevalent within the pork industry on
GHG emissions and less so on ng the current
use of energy and the impact of rising energy
prices on the viability of agricultural producers and
business. Amongst the current studies on energy
usage, more detailed reporting has been completed
at the farm level compared to pre- and post-farm
stages.

A comprehensive assessment of energy use on
piggeries by McGahan, Warren, and Davis (2014)
for Australian Pork involved energy monitoring of
six case study farmsin Queensland and Victoria
Strong emphasis was placed on monitoring direct
electricity consumption. The case study farms
were assumed to provide a representative sample
of housing and ventilation systems, climate and
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capacity. Energy data was obtained in many forms,
including electricity, gas, diesel and petrol. Only
total direct energy usage on-site was included in the
study, namely lighting, heating, cleaning, water and
feed management.

Variationsin energy use were recorded between
housing systems. Farrow-to-finish piggeries
recorded the highest energy use, ranging between
600-1500 M J/tonne live weight while energy use
amongst breeder systems were in the range of
14-67 MJ per weaned pig. A key observation from
the analysis was that for each site, electrical energy
was the predominant energy use, accounting for
75% of the total. Diesel fuel was reported as the
second highest use source, accounting for 15% of
total energy use on-farm for operation of motors
and pumps.

In a separate report, Australian Pork (2015)
examined the six case study energy analyses
reported by McGahan et al. (2014). The findings
concluded that conventional piggeries have a
much higher energy usage than deep litter systems
and outdoor piggeries. Another significant area

of energy use noted in the report was mechanical
ventilation, contributing up to 60-80% of the total
power requirement of the piggery.

Wiedemann, McGahan, et a. (2016 ) and
Wiedemann, McGahan, & Murphy (2017) have
conducted valuable research on energy consumption
along the pork supply chain. They assessed the
environmental impact and resource use from
Australian pork production assessed using LCA.
The 2016 analysis includes a national assessment of
energy use that involved average energy data over
12 months from a sample of farms and scaled to
national herd size. Total energy input was found to
be 0.082 GJ per 100 kg of live weight (Iwt).

The later report estimates fossil fuel energy
demand by analysing the energy demand involved
aggregation of all fossil fuel energy inputs
throughout the system. The primary production
supply chain assessed included breeding through
to finishing as well as meat processing. Again, a
national assessment was performed using national
herd statistics from 2010. A key finding of the
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research was that fossil fuel energy demand at the
farm gate ranged between 12.9-17.4 MJKkg lwt.
The national average for fossil fuel energy demand
was estimated at 14.5 MJKkg Iwt. The research also
identified processes along the pork supply chain
that dominate energy demand, which included:

* Feed production (46.8%)
® Piggery energy use (23%)
*  Feed milling (16.2%)

® Meat processing (14%).

An observation from assessment of the current
literature on energy use in pork production is that
there is huge variation in energy use per kilogram
live weight, due to arange of factors. Size and type
of piggery play largely into the variance of energy
use across farms. Energy use and cost variations
also arise due to seasonality. Heating and cooling
requirements will adjust according to season and
this will influence the energy demand, but generally
energy demand will peak over summer periods

due to increased fan activity to control temperature
(Austraian Pork, 2014).

Energy cost analysis

Table5: Impact of energy price change on the
pork sector.
Aggregate_d Base cost per Modelled cost
supply chain . N
annum scenario pa
sectors
Input $ 14,659,979 $18,743,350
Production $ 106,790,014 $ 137,645,318
$ 20.70 /head $26.68 /head
Transport $7,210,144 $7,570,651
Processing $42,099,444 $52,773,210
$106.04 /t $132.93 /t
Total $ 170,759,582 $ 216,732,530
Cost impact $ 45,972,948

*of a30% cost increase in electricity and a5% increase in all other major
energy sources

The Australian pork industry is one of the largest

users of feed grain. Feed milling is amongst

the most energy-intensive processes along pork
supply chain, with up to 40-60% of total energy
use across the supply chain associated with feed
production. Energy consumption for afeed ration
islargely determined by the age of the animal and
type of farming operation. Primary energy data
for a range of feed rations across different classes
of pig (breeder, weaner, grower) has been used

to determine the energy use associated with feed
inputs into the pork supply chain. The inclusion of
different feed rations for pig classes is important in
highlighting where rising energy prices may have
the greatest impact.

Production

There are approximately 2700 pig producers
Australia-wide (Australian Pork, 2018), ranging
from small scale producers to large commercial
facilities. Pork production systemsfall into three
main categories: indoor housing, outdoor bred and
free range. Energy is a significant and growing
cost across all piggeries, with the main cost of
production currently faced by the pork industry
being power and energy costs (NSW DPI, 2015bh).

At the farm level, diesel and electricity are the two
main sources of energy. At 75% of total energy
costs, electrical energy is the predominant type

of energy use. Diesel use has been reported as the
second highest use source, with large quantities
required for motors and pumps.

The size, type of housing system and number of
sows play largely into the variance of energy use
reported across farms. However, the key energy use
activities that concern al piggery systemsinclude
heating, ventilation and irrigation. The use of heat
lamps and electric heat pads is particularly an
energy cost concern for farrowing sheds for growth
of young piglets. In terms of ventilation, piggeries
with tunnel or mechanical ventilation tend to use
more energy than those that are naturally ventilated,
therefore are more exposed to increases in energy
prices.
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Transport

Energy is also used indirectly in the pork

industry through freight and transportation of
livestock. Transport data incorporated in the
analysis comprised of movements from both
property to export abattoir, saleyard or port and
domestic abattoir to saleyards, distributor or
supermarket. Diesal costs for the pork industry total
approximately $7,210,144 per annum.

Processing

Meat processing isthe third largest contributor to
energy demand after feed production and on-farm
operations (Wiedemann et a., 2017). The pork
industry is dominated by large processing facilities,
representing 5% of operators in the industry but
making up more than 60% of production (Buloke
Shire Council, 2017). The majority of pigs (85%)
are slaughtered at seven export abattoirs and are
processed for both export and domestic markets,
and the remainder are slaughtered at alarge number
of small abattoirs.

Site energy consumption for processing is heavily
attributed to machine operations, refrigeration and
the production of hot water. The primary energy
costs for processors are electricity and LPG.
Refrigeration is classified as the largest electricity
usein meat processing plants, making up between
15-30% of the total energy consumption (Tang &
Jones, 2013) while steam and hot water for heating,
scalding and singeing are some of the common LPG
applications. It has been estimated that over 80% of
the total energy consumed at processing is required
for heating, scalding and singeing of the carcase
(Tang & Jones, 2013).

Thelevel of processing is an important determinant
of energy use. Major in-house operations that
require energy are slaughter, boning, processing
and rendering. Energy use will also vary depending
on the end market. Meat destined for the export
market will require additional chilling and freezing
throughout transportation to extend the shelf life of
products.
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Poultry — Chicken meat
Introduction

Chicken meat is the most widely consumed meat
inAustralia. In 2016, the Australian chicken meat
industry contributed $2.7 billion to the gross value
of agricultural production (GVP) with production
exceeding 1.2 million tonnes cwt and aretail value
of around $6.6 billion (AgriFutures Australia,
2017c¢).

The Australian chicken meat industry’s supply
chain is extensive and comprised of multiple links
between the feed mill, breeding farm, hatchery,
grow-out farm and processing plant. Commercial
meat chicken production is almost exclusively
undertaken under contract to a processor, where the
processor provides the birds, feed and veterinary
care and the contract farmer provides the housing,
day-to-day management of the farm, bedding,
water, gas and electricity and in returnis paid

(as part of apool system) an agreed fee per bird.
Processing companies generally own, control and
invest across the supply chain, including breeding
farms, feed mills, broiler farms and processing
plants. The industry is highly concentrated and
vertically integrated with modern, efficient
production systems (Wiedemann, McGahan, &
Murphy, 2017).

The chicken meat industry is highly reliant on
energy, primarily electricity, which is a significant
component of the production, health, safety and
welfare of meat chickens. Despite this, benchmark
data on energy — beit use, cost or reliability —in the
Australian meat chicken industry is almost non-
existent.

Some studies have incorporated energy use to farm
level assessments, however the research involved
focuses on response to environmental concerns,
using an LCA and GHG emissions analysis approach
(MacLeod et d., 2013; Wiedemann et al., 2017).
Similarly, industry research (RIRDC, 2014) tends
to be oriented towards ‘ energy strategy’ to improve
energy efficiency and cost reduction, and waste-to-
energy opportunities, with no detailed assessment
on the implications of energy consumption and cost
factors at awhole-of-industry scale.

Earlier research by Wiedemann, McGahan, Poad,
and Rural Industries Research and Development
Corporation (RIRDC) (2012) has provided a
valuable contribution to the information on chicken
meat production, particularly that pertaining to
energy use data at the farm level of two contrasting,
broadly representative regions of Australian chicken
meat production: South Australia and Queensland.
The report described research undertaken to
quantify the annual energy usage of several chicken
grow-out farms throughout a year, in an attempt to
benchmark energy usage and identify opportunities
for enhanced energy use efficiency, and subsequent
cost savings. The study reports energy usage by
energy sink (i.e. shed cooling, lighting etc.) and
considers shedding management and design from
an energy efficiency perspective. It aimed to
quantify actual energy usage of grow-out farms
and categorise this, based on shedding system and
aspects of shed operation.

The study included a detailed analysis of feed use
and milling, including commaodity inputs, energy
and water use, transport and inputs associated

with breeding and hatching activities. Energy
consumption was reported by fossil fuel energy
demand, then assessed by aggregating al fossil fuel
energy inputs throughout the system and reporting
them per MJ of energy, using lower heating values.
Of these, the most significant energy expenses
were associated with the heating and cooling
requirements of sheds on-farm.

The study concluded that electrical energy use
ranged from 60 to 137 kWh per tonne Iwt produced
for the Queendand supply chains, and 75 to

126 kWh for the South Australian supply chains.

L PG usage a so varied considerably, from 8.9 to
21.6 L/kg lwt and 6.6 to 56 L/kg Iwt produced for
the Queensland and South Australian supply chains
respectively.

MaclL eod et al. (2013) aso conducted an LCA

on the chicken meat industry from a global
perspective, however the assessment did not include
any detailed investigation of on-farm energy
consumption or associated costs and was limited to
GHG emissions.



Wiedemann et al., (2017) quantified resource

use, environmental impacts and hotspots for
Australian chicken meat production using updated
inventories and newer methods than previous LCAS
(Wiedemann et al., 2012) — thisis the most recent
and comprehensive analysis to date. Conventiona
(indoor housing with tunnel ventilation) and free-
range housing systems were assessed and compared
by region (Queensland and South Australia) per
kilogram of chicken meat produced, taking into
account fossil fuel energy, GHG and fresh water
consumption. Fossil fuel energy consumption of
meat produced in South Australiawas 18.1 MJ/

kg lwt and 21.4 MJin Queensland, with feed the
greatest contributing factor.

Energy cost analysis

Table6: Impact of energy price change on the
chicken meat sector.
Q%%rlf/g;:z% Base cost per Modelle_d coit
sectors annum scenario pa
Input $ 31,989,748 $ 40,900,130
Production $ 396,331,668 $ 502,831,176
$0.61 /bird $0.77 /bird
Transport $ 7,007,431 $7,357,802
Processing $ 172,689,636 $ 221,305,268
$140 /t $180 /t

Total $ 608,018,483 $772,394,376
Cost impact $ 164,375,893

*of a30% cost increase in electricity and a5% increasein all
other major energy sources

According to ABARES (2018a), in 2016 around
653 million chickens (1.19 million tonnes cwit)
were produced and processed for chicken meat,
accounting for approximately 42% of total
national livestock meat production. Chicken meat
production is projected to continue growing over
the medium term, reaching 1.4 million tonnesin
2021-22, with low retail prices for chicken meat
(relative to other meats) expected to lead to an
increase in per person consumption.
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The commercial production of chicken meat
in Australiatends to follow afarm sequence
consisting of:

® Breeding farm
* Hatchery

*  Feeding mill

* Grow-out farm

® Processing plant.

Due to the highly efficient and integrated nature of
poultry production, energy consumption and costs
(and the impact of these factors on production) are
difficult to ascertain.

Input

The chicken meat sector is a significant consumer
of grains, accounting for around 5% of total
national grain purchases. Feed is made up of
85-90% grains, such as wheat, sorghum, barley,
oats, lupins, soybean meal, canola and other oilseed
meals and grain legumes.

The SFMCA (Spragg, 2016) estimates that in 2015~
16 feed use for poultry meat® was 3,176,233 tonnes
— however, thereislittle to no data distinguishing
between manufactured feed for poultry by SFMCA
and produced on-farm/feed mill within industry.
Most manufactured broiler feeds are steam pelleted,
which involves ingredients being ground, mixed,
steam-conditioned and compressed into beak-sized,
well-formed pellets. To ensure feeding efficiency
and waste reduction, meat chickens are always fed
pelleted feed (rather than mash). At feed milling,
the major energy inputs include electricity, LPG and
natural gas, as well as transport fuels.

At the farm level, birds are phase-fed and diets may
change during the course of the year in response

to variability in commodities (Wiedemann et al.,
2017). Most companies operate their own feed mill
and manage documentation of commodity inputs,
energy and water use, and transport.

5 Largely chicken, however includes duck, turkey and minor
poultry species and breeding flocks to support these industries.



Production

On-farm (broiler farm), where birds are raised for
35-55 days, the primary factors that affect total
energy use include shed design and construction,
with relative energy usage derived from shed
operation (including use of heaters, ventilation fans,
lighting, feeding system and cooling pumps). It is
also important to consider seasonal variation as well
as specific conditions at sites, as small nuances such
asincreased propensity for heating or ventilation
beyond industry averages can affect expected power
costs beyond extrapolated values.

At breeding and hatching facilities, the greatest
energy sources include electricity, diesel, LPG and
petrol, compared with the grow-out phase where the
most significant inputs required include electricity,
LPG, natura gas, petrol and diesel.

Transport

The majority of chicken meat (95%) is consumed
by national markets. Broiler farms are typically
located within 100 km of their contracted

/2 SECTION 2: Sector analysis

processing facilities and processing facilities
within 80 km proximity of metropolitan centres,

to minimise transport costs, improve access to
infrastructure and labour and be near their customer
bases.

A diesel cost for the chicken meat industry was
estimated at $7,007,341.

Post-farm/processing

Once broilers reach daughter weight they are
collected from the farm and transported directly to
large, highly mechanised chicken meat processing
plants for processing into various meat products.
At the processing site, chickens are unloaded,
slaughtered, plucked, cleaned, cooled and graded
before being packed or further processed into
various products prior to distribution and sale.

Energy requirements during processing are
predominately electricity, followed by natural gas,
LPG, diesel and petrol for primary activities such as
refrigeration, packing and sanitisation.
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Poultry — Eggs
Introduction

TheAustralian egg industry is characterised by
intensive, modern, highly efficient production
systems and a growing free-range production sector.
Egg farms are diverse in energy consumption
depending on the way the layers (hens) are kept,
with lighting, ventilation and the motors that supply
feed the primary drivers of energy use.

The egg industry is particularly exposed to
implications of energy prices as most hens are kept
in climate-controlled sheds. Solar is an effective
source of energy for egg farms, asthe size and
timing of daily peak demand mirrors peak energy
production with more energy used to cool sheds
during the middle of the day (Australian Eggs,
2018). The business case for commercial solar

in the egg industry has become compelling, as

the price of solar technology has decreased, and
energy efficiency has increased while egg prices
have been relatively static. Despite this, thereis
little information for the industry regarding the cost
benefit of solar as an alternative to electricity from
the grid.

Mitigation strategies and efficiency measures that
reduce feed use have been identified as a potential
benefit to the industry. However, considering the
high degree of feed efficiency achieved to date,
substantial further gains are expected to be more
difficult to achieve (Wiedemann & McGahan,
2011).

Globally, the egg industry has received considerable
attention in terms of production efficiencies and
environmental assessment compared to many other
agricultural sectors, and many detailed egg LCA
studies have been conducted (McGahan, Davis,
Warren & Cheallaigh, 2013; Sonesson, Cederberg,
Flysj6 & Carlsson, 2008; Wiedemann & McGahan,
2011). These studies investigated a number of
different production systems including caged,
aviary, free-range and organic production systems,
though only results from cage and free-range
systems were covered in the review. All studies
investigated total GHG emissions, however reports
of energy use were inadequate.
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With afocus on Australian production, and
commissioned by the Australian Egg Industry,
Wiedemann and McGahan (2011) conducted the
first Australian egg production system LCA, which
identified feed grain production and use as the
largest impact source, followed by on-farm water
and energy use, and manure management (for
GHG only). Cumulative energy demand® for egg
production from environmentally controlled caged
production was 10.7 +/- 0.9 MJ/ kg. The largest
contributor to energy demand was feed production
for layer hens and pullets. Farm electricity usage
—for housing (layers and pullets), feed milling and
grading — was the second largest contributor to total
energy use. Most of the energy used at the farm
level was used for hen housing.

Expanding on earlier research by Wiedemann

and McGahan (2011), McGahan et a. (2013)
evaluated energy usage and ventilation performance
of tunnel ventilated layer sheds. The study used
arepresentative Australian caged egg farm and
investigated energy use and ventilation performance
of an environmentally controlled shed at that farm.
Most importantly, the study noted advances to
production systems, noting that to comply with
stringent animal welfare requirements, caged

egg producers have invested in new sheds or
retrofitted older sheds that are fully environmentally
controlled. These sheds are fitted with ventilation
fans at one end of the shed, with air inlets along the
length of the shed and cooling pads at the opposite
end of the shed, to provide optimal environmental
conditions for the hens. These sheds are more
energy-intensive than naturally ventilated sheds.

With rising energy prices, energy efficiency is an
important focus area for the Australian egg industry.
Electricity consumption dominates energy usage
for environmentally controlled sheds. Electricity
isrequired for running fans and lighting, and for
running feed and water lines. High temperatures
during the summer monitoring period may have
contributed to a high demand in electrical energy
use to operate the ventilation system. Electrical
energy monitoring at the selected farm showed that
electrical energy use ranged from an average of
1500 kilowatt hours per day (kWh/d) in winter to

6 Energy use for the whole supply chain



2500 kWh/d in summer. Peak loads of between 140
and 185 kW were recorded during warmer periods
of the day. Operating ventilation fans required
60—70% of the total energy, while lighting required
17%.

Energy cost analysis

Table7: Impact of energy price change on the
egg sector.

Aggregate_d Base cost per Modelled cost
supply chain ; "
annum scenario pa

sectors

Input $ 9,166,254 $ 11,719,410
Production $ 62,140,900 $ 80,225,946
$0.19 /dozen $0.24 /dozen
Total $71,307,154 $ 91,945,356
Cost impact $ 20,638,202

*of a 30% cost increase in electricity and a 5% increase in
all other major energy sources

The egg industry is made up of large vertically
integrated companies, medium-sized businesses and
small lifestyle farms. In 2016—17 approximately
335 million dozen eggs were produced by
businesses operating caged, barn-raised and free-
range systems (ABARES, 2018a).

Vil SECTION 2: Sector analysis

All systems require climate-controlled housing,
with a minimum requirement of three-phase power
from the electricity grid. Continuity is aso critical
to ensure hen welfare can be maintained, meaning
egg farms require industrial diesel generators on
site as backup in the event of a blackout.

Production

Electricity consumption dominates energy usage
for environmentally controlled sheds. Electricity
isrequired for running fans and lighting, and for
running feed and water lines (McGahan et a.,
2013).

® Energy use on-farm (housing, collection)
® Grading and packing
* Storage (cold).

Post-farm/processing

The supply chain consists mostly of whole shell
egg to retail, however other markets for producers
include wholesale (for supply to manufacturing,
food service and catering sectors), egg suppliers and
distributors, smaller retailers, direct to restaurants
and food services and public sales and markets.
Most eggs are sold as fresh shell eggs, but a small
proportion is processed to make egg products

such as pulp (‘liquid eggs') or powder. Adequate
information on the energy costs of transport for the
egg industry was not available.
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Dairy
Introduction

TheAustralian dairy industry isafarming,
manufacturing and export industry which
contributes $13.7 billion to total agricultural GVP.
Dairy isthe third-largest Australian agricultural
industry behind wheat and beef, based on farm
gate value of production (Dairy Australia, 2016).
Thelocal dairy supply chain includes raw milk
production, processing, manufacturing, marketing,
distribution and domestic retail and export of dairy
products.

The dairy industry uses energy both directly and
indirectly. Rising overall energy bills and stable
consumption is common for both dairy farmers and
processors. Dairy Australia (2016) has reported
significant increases in energy costs which have the
potential to reduce farm gate prices by $89 million.

Energy isavita input for many stages along the
dairy supply chain, particularly at the farm and
processing levels. In light of the present threat
of rising energy prices, the industry’s status as a

low-cost producer is becoming difficult to maintain.

Currently, there is insufficient data on energy use
across the dairy industry. While there has been no
detailed assessment quantifying energy use and
costs, and identification of the impacts of energy
price rises across the dairy industry more broadly,
alimited amount of energy use and production
datais available from LCA studies and energy
assessment projects. Theindustry is experiencing
adlight rise in energy use data, due to external

reporting requirements mandated in legislation (e.g.

the National Greenhouse and Energy Reporting
scheme introduced in 2007). This has resulted in
energy consumption being more closely measured
and monitored.

Dairy Australia has been leading the industry

in assessing energy use and costs on Australian
dairy farms. Some of their most recent work has
been associated with the Smarter Energy Use On
Australian Dairy Farms (2015) project. As part
of this project, Dairy Australia collected national
energy assessment data and presented national
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industry benchmarks for energy use and cost
on-farm. Data was collected from 1400 dairy
farms nationwide (21% of farms across Australia)
between 2012-15 and included dairy shed energy
use across amix of milking systems. It was found
that, on average, 48 kWh of energy are used to
produce 1000 litres (L) of milk. The cost of energy
per 1000 L of milk totals $11.

Dairy Australia note that scale is important, with
energy use per kilolitre (kL) falling with larger
herd sizes. National dairy herd sizes range from
250600 head depending on state. Findings from
the Smarter Energy Use On Australian Dairy
Farms project highlight variations in energy

use due to milking systems and herd sizes (e.g.
automatic milking systems use a greater amount of
energy for milk harvesting). Dairy Australia also
reported on the main contributors to energy use
on-farm, concluding that the most energy-intensive
activities include water heating, milk cooling and
milk harvesting. These three components make up
to 80% of the energy use and cost on-farm (Dairy
Australia, 2013). The remaining 20% of energy
costs are allocated to cleaning, irrigation and
lighting.

Chen et a. (2015) also provides a vauable insight
into energy use in the dairy industry. The research
focused primarily on direct energy use at the farm
stage of the supply chain. To quantify energy use
on-farm, the report presented a hypothetical farm
scenario detailing number of cows, milk production,
electricity, irrigation, diesel and transport amongst
other factors. The total estimated direct energy use
on-farm varies between 0.41-0.82 MJ per kilogram
of milk solids. The predicted energy cost per year is
$275-$300 per cow.

The results highlight that the greatest use of energy
in dairy is electricity, making up 67% of thetotal
energy use on-farm, while 47% of electricity is
used for water irrigation pumping. In terms of field
operations, irrigation was identified as the largest
contributor to energy use, while in respect of

shed operations, milk cooling accounts for alarge
proportion of energy use.
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Dairy manufacturers are particularly vulnerable

to energy pricerises. At the processing and
manufacturing level, the Australian Dairy Industry
Council (ADIC) and Dairy Australia (2014)
highlighted that dairy processing companies

are among the top 300 highest energy usersin
Australia. Again, Dairy Australia has been activein

providing data on energy for processing companies.

The Australian Dairy Industry Response to the
Productivity Commission Study Costs of Doing
Business: Dairy Product Manufacturing (ADIC

& Dairy Australia, 2014) provides a number of
estimates from industry studies on the use of
energy for different dairy consumer products.
These include drinking milk, butter, cheese, milk
powder and whey products. Estimates are included
in full detail in the main report. Energy use in dairy
factoriesis dependent on the types of products
manufactured.

Changesin the cost structure of dairy
manufacturing have been observed in recent

years, with severa relating to energy (ADIC &
Dairy Australia, 2014). The most pressing of these
changes are increased el ectricity prices, projected
increases in gas prices and increased diesel prices.
Less recent work was undertaken by the Dairy
Manufacturers Sustainability Council (DM SC)
(2011) to assess the environmental performance

of the dairy manufacturing industry. The report
included energy consumption analysis from a
survey of eight companies, representing 88% of

al milk processed in Australia during 2010-11.
Energy consumption findings were reported for the
participating companies. Total energy consumption
for the sites surveyed totalled 10.7 million GJ.

The two main sources of energy reported by dairy
manufacturers in 2010-11 were electricity and
natural gas.

Asmilk isahighly perishable product — raw

milk requires processing 48 hours after pick-

up —the dairy industry is heavily reliant on road
transport. Fuel use depends on a number of factors,

including the type of product being transported
(e.g. transporting milk costs less than transporting
manufactured dairy products). The distance from
farm to processor is another major consideration.
The recent period of strong milk supply has seen
the expansion of processing capacity and new
milk processing sites coming on line, particularly
inAustralia's south-east. These sitesarein close
proximity to approximately 80% of Australia’'s milk
supply, shortening the distance between farm and
Processor.

The DM SC reported that in 2010-11, diesel fuel
represented the largest component of transport
energy in the dairy industry.

Advantia Transport Consulting (2016) conducted
astudy on behalf of Dairy Australiato address
supply chain inefficiencies for the Australian dairy
industry. Eight milk processing companies and
two transport companies were consulted for the
study. The supply chain map presented on page 30
(Figure 7) illustrates the transport channel s post-
farm. Efficient transport must not only run from
farm to processor but from processing plant to
domestic market, secondary processor and port for
export.

Current research suggests that travel distances
between farm and processor vary between dairy
production regions. Both amix of short and long-
haul movements of milk and dairy products make
up the total transportation of milk across Australia.
Advantia Transport Consulting (2016) provides a
detailed description of the truck fleet, average travel
distances and associated trips for the Australian
dairy industry. The dairy truck fleet is made up

of six-axle, seven-axle, B-double and A-double
vehicles. Average travel distances range from less
than 50 km across Northern NSW and Southern
Queensland to more than 350 km for the WA dairy
region. The number of trips between farm and
processor can fall between 9000 for WA to more
than 25,000 per year in the Northern Tasmanian
region.



Energy cost analysis

Table 8: Impact of energy price change on the
dairy sector.
Aggregate_d Base cost per Modelled cost
supply chain : *
annum scenario pa
sectors
Input $ 102,023,012 $ 114,707,325
Production $ 142,797,600 $ 185,636,380
$94.57 /head $122.94 /head
Transport $ 219,131,237 $ 230,087,799
Processing $ 127,240,326 $ 159,228,971
$14.11 /KL $17.66 /kL
Total $591,192,175 $ 689,660,975
Cost impact $ 98,468,800

*of a30% cost increase in electricity and a5% increase in all other major
energy sources

Input

Manufactured feed demand from dairy production
is strong. Although dairy farms are largely pasture
based, with 70-75% of feed requirements coming
from grazing during a normal season, thereisa
reliance on supplementary feeding during drier
seasons and periods of low pasture growth. Feed
demand varies depending on the extent to which
bought in, manufactured feed substitutes for pasture
grown on-farm.

Australian dairy producers aso heavily rely on
crop nutrition products for strong pasture growth.
It is estimated that the dairy industry accounts
for approximately 25-30% of the total fertiliser
used in Australia (Fertilizer Use on Australian
Dairy Farms, 2013). The most common fertiliser
products applied across the bulk of dairiesinclude
urea (nitrogen based) and superphosphate. The
manufacture of these fertiliser productsis energy
intensive and prices are increasingly linked to
pricesin the natural gas market.

The dairy industry has shifted from hot water
sanitising to chemical sanitising recently, resulting
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in astrong surge in demand for chemical products.
Thisisthe case more strongly for some production
regions including Gippsland and West Victoria
regions with more than 50% of farmersusing a
chemical sanitiser at least once per day (Dairy
Austraia, 2018).

Production

Australia has eight dairy production regions
operating across all states. A dairy is an extremely
energy-intensive operation. Although energy

use and costs depend largely on the individual
operations of adairy system and herd size, the most
common highest dairy shed energy costs include
milk harvesting, milk cooling and water heating
(Dairy Australia, 2016). These activities account
for an 80% portion of total energy use and costs on-
farm, with cooling requirements being the highest
cost for most dairy operations.

Dairy isamajor water user in the agriculture
industry. It is the second largest user of irrigation
water in Australia, with irrigated dairy farming
representing 18% of total irrigated land (Khan,
Abbas, Rana, & Carroll, 2010).Water is used
on-farm for three main activities: growing pasture,
dairy shed operations and drinking water for cattle.
The greatest amount of water is needed for growing
pastures through irrigation and requires a significant
amount of either electricity or gas for pump
operations.

Transport

Transport is one of the most significant costs for
dairy manufacturers (Australian Dairy Industry
Council & Dairy Australia, 2014). Milk is highly
perishable and requires processing 48 hours after
pickup, therefore the dairy industry is heavily
reliant on efficient means of transport to deliver
both fresh and manufactured products to market.
Road transport is dominant, involving transfer of
raw milk from farm to processing facility, as well
as from factory to domestic market and port for
export. The location of factories has evolved near
dairy farming regions, meaning lower use of fuel
for transport in some cases.



Diesel isthe largest component of dairy transport
energy use and cost. Higgins et al. (2017) report an
annual average transport cost for the entire industry
as $881,736,430 inclusive of road costs only. These
costs are assumed to be associated with fuel use
(diesel) alone and are associated with the two main
supply chain paths, milk and cheese.

Thereislarge variation in travel distances between
farm and processor across the different dairy
production regions with both a mix of short- and
long-haul movements. Geographical spread
among some dairy production regions means that
some factories require milk to be transported long
distances (and are therefore more exposed to diesel
prices).

Processing and manufacturing (milk, butter,
cheese, milk powder)

Australia produces arange of high quality dairy
consumer products, including fresh drinking milk
aswell as manufactured products such as cheese,
butter, yoghurt and milk powders. The processing
sector has approximately 400 dairy manufacturers
with six large dominating companies. Dairy

piolll SECTION 2: Sector analysis

processing companies are among the top 300
energy usersin (ADIC & Dairy Australia, 2014),
with sector-wide energy costs in the range of

$170 million per year. Theincrease in energy prices
will have an even greater impact on manufacturers
of the more energy-intensive dairy products such as
milk powders.

Energy use at the dairy processing stage varies
greatly depending on type of product. Different
energy intensities have been included in the energy
cost modelling. Whey and milk powders are the
most energy intensive to manufacture, therefore the
cost impact islikely to be greater for whey and milk
powder manufacturers and less for manufacturers of
other dairy products.

The two main sources of energy used by dairy
manufacturers are natural gas and grid electricity.
The cost mix for processors is spread roughly
50:50 between electricity and gas. ADIC and Dairy
Australia have identified several changes in the
cost structure of dairy manufacturing, notably: an
increase in electricity prices, projected increasesin
gas prices and increased diesel prices.
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Grains
Introduction

Australian grain production is characterised by
production of predominantly winter cereals,
produced across a wide geographic area with
differing climate, soil characteristics and
management requirements. Approximately 80%
of Australian grain is produced from rainfed
production systems. Irrigated grains production,
while significantly smaller in production area,
typically produces higher yield per hectare (up to
three times that of rainfed production). Like most
industries in the Australian agricultural sector,
recent information on energy consumption is
limited.

In 2015, RIRDC released the Benchmarking
energy use on-farm report (Chen et a., 2015). The
grains section of thisreport investigated energy
consumption in winter wheat and barley, and
sorghum under rainfed and irrigated production
conditions. For systems operating under rainfed
conditions, data was segregated by system

type (conventional or zero-tillage). The data

was reported by characterising national grains
production for three agro-ecological zones (AEZS):

1. The Southern Region covering south-eastern
Australia, including central and southern NSW,
Victoria, Tasmania, and south-eastern South
Austraia

2. The Northern Region covering Queensland and
northern NSW

3. The Western Region covering Western Australia.

Khan, Khan, and Latif (2010) investigated energy
use for wheat and barley production based on farm
survey datafrom Coleambally Irrigation Area (CIA)
and Murrumbidgee Irrigation Area (MIA) of NSW.
They calculated the total life cycle energy inputs for
wheat and barley as 3028 and 2175 kWh/ha or 10.9
and 7.8 GJ/ha, respectively.
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Chen et a. (2015) report on a study which
investigated the energy-saving opportunities for
various farming enterprises in Western Australia.
The energy use data is based on the published

data of Western Australian agriculture enterprises
contained in the Planfarm Bankwest Benchmarks
201112 report. This was further complemented by
seven case studies of typical farming enterprises.

It was shown that diesel was by far the largest (at
85-90%) on-farm energy source and cost for al
enterprises. The average on-farm energy use was
0.83 GJ/ha, consisting of 20 L diesel, 1.5 L petrol
and 2.4 kWh of electricity. Another study identified
in the report found that this can be aslow as

0.35 GJhain south-western Australia.

Due to the highly variable and opportunistic nature
of grains production systems, consistent energy data
is difficult to find and measure. The most recent
information from RIRDC on the grains industry is
limited by its methodol ogy and standard reporting
of fuel use asdiesdl only, and is restricted to
farm-level reporting. The variability in operational
tasks at the farm level makes it difficult to validate
this data in real terms and to compare findings in

a broader context. The report provides insufficient
information on the impact or association of this data
with cost of production, and does not identify any
meaningful strategy to reduce energy costs.

The study reported diesel usage by averaging the
three production regions, calculating that wheat
(42.7 L/ha) and barley (39.2 L/ha) under rainfed
conventional tillage systems require the greatest
volume of diesel per hectare, followed by sorghum
(19.3 L/ha). The corresponding numbers using

the zero-tillage system were 20.3, 19.6, 24.1 L/ha
respectively. Where irrigation was practiced, the
required average energy inputs for field operations
(except for irrigation fuel) was 34.5 L/hafor barley,
30.3 L/hafor wheat and 28.5 L/hafor sorghum.



Energy cost analysis

Table 9: Impact of energy price change on the
grains sector.
Qj%%r;gc?:% Base cost per Modelle_d coit
aclors annum scenario pa
Input $ 352,228,467 $ 358,961,100
Production $ 609,978,846 $ 652,126,776
$10.11 /t $10.81/t
Transport $534,271,041 $ 560,984,593
Processing $ 95,680,200 $ 122,330,835
$1.59 /t $2.03/t
Total $1,592,158,555 $1,694,403,305
Cost impact $102,244,750

*of a30% cost increase in electricity and a5% increasein al
other major energy sources

Around 25 million hectares are planted annually

to commercial grain crops (wheat, coarse grains,
pulses and oilseeds) across Australia, primarily as
part of either summer- or winter-dominant (or both)
production systemsin the northern and southern
grain growing regions, respectively. In 2015-16,
22.3 million tonnes of wheat were produced,
equating to around 56% of total grain production
(approximately 40 million tonnes).

Direct energy use on-farm is greatest for operations
such astillage, fertiliser application, boom
spraying, planting, aerial spraying and irrigations
(water pumping). A large amount of indirect energy
isalso required for production, packaging, storing
and transportation of various farm inputs such
asfertilisers, chemicals (herbicides, insecticides,
fungicides and plant regulator), fuelsand farm
machinery; and post-harvest operations such as
transportation, storage and processing of harvested
products.

{0l SECTION 2: Sector analysis

Input

The greatest energy demand in grains production
istypically associated with the magjor inputs
associated with crop nutrition, and pest and disease
control.

Production

At the farm level, fuel use (diesel and petral) isthe
most significant source of energy. The majority of
fuel isused for irrigation and as part of sowing,
harvest, post-harvest and maintenance operations.

Transport

The annual diesel cost for transport in the Australian
grainsindustry is approximately $534,271,041. This
cost covers transport movements between on-farm
storage facilities, off farm siloes, export ports, stock
feed manufacturers, feedlots and flour mills. Grain
istransported from storage facilities to port by both
road and rail.

Post-farm/processing

Following harvest, grain not retained for seed or
consumed on-farm will enter the domestic and/

or export supply chains or direct to buyer. The
domestic market comprises a human consumption
market, afeed grain market and a small industrial
market (primarily ethanol), al of which require
significant energy inputs during transformation,
e.g. grain milling and processing involves a number
of processes, including flour milling, (animal) feed
milling, breakfast cereal production, oils and other
grain products, including alcoholic beverages.

The current analysis was not inclusive of energy
inputs for flour milling due to complex secondary
processing where limited data was available.
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Cotton
Introduction

The Australian cotton industry is one of the most
highly mechanised sectors of the Australian
broadacre agricultural industries. The irrigated
component of cotton production is subject to high
levels of direct energy consumption in the form
of diesel fuel and electricity. Generally, the more
water-efficient an irrigation system is, the more
energy it requires. The costs associated with this
higher energy usage have been the subject of
ongoing debate, and questions have been raised
about the trade-off between water efficiency and
energy intensity which present adilemmato
farmers facing water scarcity, high water charges
and high energy costs. These factors make cotton
one of the most extensively audited industriesin the
Australian agriculture sector.

According to CottonInfo and the Cotton

Research and Devel opment Corporation (CRDC)
benchmarking report (Foley et al. 2015), Improving
Energy Efficiency on Australian Irrigated Cotton
Farms, around 50% of energy consumption at

the farm level isfor irrigation and about 25%

isfor high-load tractor operations during the

field preparation and post-harvest phases of

cotton production, with around 90% of afarm'’s
energy consumption derived from diesel. The
benchmarking report is one of many conducted with
the primary aim of establishing and promoting a
more energy-efficient sector, resulting in initiatives
developed for cotton growers which include

energy efficiency tips, case studies and fact sheets.
In addition, Cottonlnfo have also established
‘MyBMP’, the cotton industry’s best management
practices program, an online platform for individual
on-farm benchmarks. MyBM P takes into account
region, water usage, irrigation system type,

water source and pump type, as well as pumping
practices.
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Most industry datais reported by the CRDC

in conjunction with the National Centre for
Engineering in Agriculture at the University

of Southern Queensland and Cottonlnfo. The
Improving Energy Efficiency on Irrigated
Australian Cotton Farms study presents farm
level data derived from 198 whole-of-farm energy
assessments on diesel and electricity for irrigation.
Information was reported on a per hectare and per
bale basis, adhering to the parameters that:

® Onelitre of diesel contains 38.6 MJor
0.0386 GJ of energy

® One kWh of electricity contains 3.6 MJ or
0.0036 GJ of energy.

The authors reported that in terms of industry
pumping values, the average pump efficiency is
about 80%, the average drive train efficiency is
95%, the average large diesel motor efficiency

is about 35% and the average electrical motor
efficiency is about 90%. The median direct energy
use per hectare was determined as 11.2 GJhato
produce 10.7 bales/ha, around 1.1 GJ direct energy
use per bale.

Diesel fuel provided at least 90% of the direct
energy used on-farm, making up at least 85% of
the total direct energy expenditure. The median
direct energy expenditure across 198 farms
audited was $298/ha across the two separate data
sets, representing 8.5% of 2013 average cotton
production costs (reported as $3627/ha). The study
reported that the total direct energy expenditure
represented in this data set of 158 results was
around $77 million, which would only represent
asmall proportion of the total direct energy
expenditure of the Australian cotton industry.

The study also included a Level 2 analysis of 40
cotton producing farms and provided a breakdown
of median energy (diesel) use and cost at an
operational level (Table 10).
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Table 10:

Breakdown of the median energy use results across 40 growers for the seven major processes

inirrigated cotton production, with the costs of energy per hectare for acommon $1 per litre

for diesel as a percentage of total costs.

Whole farm and crop

Direct energy use

Cost of energy use Percentage of total

operation level (GJ/ha) ($/ha) at $1/L (%)
Ground preparation 0.90 23.40 10.3
Plant establishment 0.12 312 1.40
Irrigation 4.40 114.40 50.6
In-season in-field 0.41 10.66 4.70
General/Maintenance 0.47 12.22 5.40
Harvesting process 1.20 21.20 138
Post-harvest crop destruction 1.20 21.20 13.20
Total for green cotton area 8.70 226.20 100

The project outlines important discrepanciesin
industry-level data and difficulty obtaining data
collected by consistent methods. Unlike an LCA,
the methodology used in these benchmarking
studies does not require all sources of fuel use
on-farm to be accounted for, therefore leading to
discrepancies when comparing data to sources.

Post-farm, some analyses have been conducted

for the process of ginning (Ismail, 2009), which

is an energy-intensive process. Ginning includes
drying, cleaning, gin standing and baling/pressing,
with electricity consumption closely correlated
with bale numbers produced. Ismail (2009)

eva uated the energy usage of Australian cotton
gins, using previously benchmarked electricity use
of 44-66 kWh per bale, and a national average of
52.3 kWh (years 2007 and 2008). At the time of the
study Ismail noted the significant cost of electricity
network charges for ginning operations, an issue
which is till persistent today.

Gas usage for drying was another factor
highlighted. Gas usage is strongly influenced by the
amount of moisture removed from the incoming
cotton, aswell as the regulated drying temperature.
The drying process uses some 0.74-3.90 meters
cubed of natural gas or 2.27-5.61 L of LPG per
bale. Overall thermal efficiency of the drying

processis lower than 15%. The cost of gasin
producing one bale ranges between $0.98-3.39/
bale. Overall, the gas and electricity usage comprise
approximately 39% and 61% respectively of the
total energy usage (GJbale) in the cotton ginning
process. On average, the total national benchmark
energy cost (both eectricity and gas) was $10.70/
bale. This thesis was the basis for further research
and resulted in the publishing of aresearch report
expanding the study to include more farms (Ismail,
Chen, Baillie, & Symes, 2011), and was also
incorporated into an LCA (Khabbaz, 2010).

NSW Irrigators Council (NSWIC) (Schulte, 2012)
released a briefing note in 2012 that provided a
background on the development of electricity
prices, and the impact they had on irrigated
agricultural production. The document was
designed to address the principles that must be
considered when designing and implementing a
suitable framework for electricity price setting in
NSW. It covered considerations from regulation
to competition and tariffs, and proposed potential
recommendations for changes in policy to reduce
energy costs across the sector.

In 2014, Cotton Australiaand CRDC released an
industry first, Australian-grown cotton sustainability

report. It contained information on energy and



noted that cotton production consumes on average
10.9 GJha(or 1.18 GJbale) at a cost of $310/ha,
equivalent to $34/bale.

To help farmersidentify their potential for saving
energy costs, the industry has developed protocols
and web-based tools known as EnergyCalc for
measuring and assessing on-farm energy use.
EnergyCalc alows cotton farmers to evaluate their
energy performance and identify potential energy
savings, with individual assessments reporting
energy cost savings as high as 30%. These figures
arelikely to have increased in the past three years.

Energy cost analysis

Table11:  Impact of energy price change on the
cotton sector.
Aggregate_d Base cost per Modelled cost
supply chain . .
annum scenario pa
sectors
Input $43,175,310 $ 46,044,866
Production $ 129,800,000 $ 141,157,500
$31/bae $34/bae
Transport $ 22,410,271 $ 23,530,785
Processing $ 74,204,096 $ 96,052,675
$ 18 /bale $23/bae
Total $ 269,589,678 $ 306,785,826
Cost impact $ 37,196,148

*of a30% cost increase in electricity and a5% increasein all
other major energy sources

In 2016-17, the Australian cotton industry produced

around 4.2 million bales of cotton on 472,000 ha

across around 1500 farms (Cotton Australia, 2017).
Australia is the fifth largest exporter in the world,
behind the USA, India, Brazil and Uzbekistan, and
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99% of Australid's raw cotton is exported, with
around 55% destined for China. On average, the
Austraian cotton industry employs around 6500
individuals, or 10,000 in a non-drought year.

The cotton industry is highly mechanised and,

as such, is a significant user of electricity, LPG
and diesel. At the input stage, the primary energy
demand is derived from the manufacture of
fertilisers and agricultural chemicals for crop
nutrition and pest and disease control. Energy
consumed as part of on-farm production activities
is dominated by electricity for irrigation and fuel,
namely diesel, used for pre-harvest, harvest and
post-harvest and maintenance operations. Total
diesel costs for the cotton industry were calculated
at $22,410,271.

Post-farm or processing of cotton involves ginning,
where harvested cotton is separated into raw fibre
(lint) (35%), seed and waste (65%). A seasonal
operation, ginning istypically carried out between
March and August. The major processes at ginning
arein-feed and initia drying, cleaning and second
moi sture control, ginning, moisture conditioning
and baling. During the ginning season, while

most gins operate 24 hours per day every day,
energy consumption is highly sporadic (along with
outages) which has been reported to impact the base
statistical relevance of base-load and peak-load
values (Auscott, Energy and Management Services
Pty Ltd, & Office of Environment and Heritage,
2012). The most significant energy use post-farm
at ginning is electricity consumed for drive-motors
(e.g. fans, conveyors and cotton presses). Other
electricity-consuming systems are lighting, air
conditioning, and ‘ miscellaneous processes’,
which can make up aslittle as 1% of total energy
consumption. LPG is a significant source of energy
(possibly more than electricity) and is used for gas
burners for drying cotton.
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Sugar
Introduction

The Australian sugar industry covers 4600 growers
supplying 24 raw sugar mills owned by eight
separate milling companies. The Australian Sugar
Milling Council (2017) estimates that in the 2016
season there were 36,500,000 tonnes of cane crushed
and 4,770,000 tonnes of sugar produced; 95% of
this was produced in Queensland, with the balance
from Northern NSW. Australia exports around
80-85% of its raw sugar, and most of the refined
sugar produced is sold in the domestic market.

A range of energy inputs are required at different
stages of the supply chain, the most intensive stage
being use of electricity to pump water on-farm
for irrigation. However, the industry has a strong
utilisation of waste streams. Therefore the bulk
of current studies focus on transitioning to alow
carbon economy, with research primarily based
on energy generation and co-generation, namely
bioenergy and biofuels. Other areas of research
include energy efficiencies and savings. The use
of the renewable cane residue bagasse (e.g. for
biofuel) has been the focal point of many recent
studies undertaken by the industry, partly due

to the high level of attention given to fossil fuel
exploitation and climate change.

While the industry is already transitioning to aclean
energy economy, producing enough renewable
energy to supply surplus electricity back to the grid,
it is a significant user of fossil fuel-based energy

in the growing, harvest and transport stages of the
supply chain. However, research on measuring
energy use and consumption across the sugar supply
chain and at the industry level islimited, despite its
increasing importance given the industry’s energy
intensiveness.

As part of the Queensland Farmers' Federation
(QFF) Energy Savers Program (2016), QFF

has conducted more than 130 audits of on-farm
irrigation and processing systems throughout
Queensland. The objective of the programisto
assist farmersin reducing energy costs, to identify
suitable energy efficiency opportunities and to
support the accelerated adoption of renewable

energy alternatives. A series of case studies have
been completed as part of the program, which
include six cane sugar farms. These studies ook
at the type of irrigation system and annual pump
operating cost.

Samson (2017) indicated irrigation as an energy
hotspot for sugarcane farmers. Cane growing
regions rely on supplementary or full-time irrigation
to grow crops, and irrigation challenges have
recently arisen due to high (and increasing) energy
prices. The cost of energy has been acknowledged
as magjor disincentive for producers to use water

as needed, even to the extent that growers are not
irrigating. High pressure irrigation systems are
becoming uneconomic and, as aresult of high
energy costs, are being phased out.

Current research undertaken by Sugar Research
Australia (SRA), some of which is detailed in
Opportunities for energy innovation in Australian
irrigated sugarcane (Welsh & Powell, 2017), aims
to identify productivity improvements through
energy innovation in the Australian sugar industry.
Thisislikely to provide some clarity to growers
on how to remain viable in the short term, but is
unlikely to offer the appropriate evidence needed
for industry to engage in constructive discussion on
energy policy over the medium to longer term.

Renouf and Wegener (2007) conducted research
aiming to quantify life cycle environmental impacts
of raw sugar production and put the environmental
impact of cane production into perspective. The
environmental information generated on raw sugar
production included energy input. Energy inputs
were based on production practices in Queensland,
in which the state accounts for approximately 95%
of total production and the results presented show
the life cycle impact of producing one tonne of raw
cane sugar in Queensland.

Cropping practices were found to have a significant
influence on LCA results for agro-industrial
systems, therefore three cane growing scenarios
were constructed and considered in the analysis.
These included a state average and two distinct cane
growing regions with differing farming practices
and climate conditions. Brief outlines of the



scenarios are described below:

1. Wet tropics— low nitrogen input, no irrigation,
high levels of ratooning, lower cane and sugar
yields

2. Burdekin — high nitrogen input, high irrigation
requirements, lower levels of ratooning, higher
cane and sugar yields

3. State average — area weighted state averages
for cane yields and inputs such as fertiliser,
chemicals, water, fuel etc.

Large variations in energy input were recorded
between the wet tropics, Burdekin and the state
average. Energy input was lowest for the wet
tropics and highest for the state average. The wet
tropics recorded an energy requirement of 2500 MJ/
tonne of raw sugar, Burdekin recorded 3000 MJ/
tonne, and on average the state energy requirement
is approximately 3800 MJ/tonne of raw sugar.

The variations were attributed to differences in
irrigation between the regions and state average.
The differences were largely due to the type of
irrigation system adopted. For example, for the
Burdekin region the volume of irrigation is high,
but furrow irrigation systems are predominant
and have relatively low energy demand. Across
Queensland as awhole, high pressure systems are
employed more commonly and require greater
guantities of energy to operate.

The research also provided a breakdown of the
contributing activities. Contributors to overall
energy input, based on state averages, saw the
most significant factors being electricity used for
irrigation (41%), fertiliser production (26%) and
on-farm fuel use (22%).

Sugar mills have the potential to be self-sufficient
in energy. As a valuable by-product of the sugar
cane production process, bagasse isavailable asa
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fuel to generate electricity and steam for factory
operations. The LCA identified the growing
potential for bagasse, particularly at the processing
stage, which was determined to account for all
energy requirements from milling to processing
into sugar. Thereis asmall quantity of fuel used for
boiler start-up. Accordingly, there is virtually no
fossil fuel energy input for cane processing.

In light of the growing concern about energy
policy and the implications on cane farmers and
the industry more generally, the Queensland Cane
Growers Association (Canegrowers) has become
an important advocate for improved energy policy.
More specifically, the group is pushing for an
electricity generation and distribution system that
efficiently, sustainably and affordably delivers
eectricity to al Queenslanders.

Electricity was a standout issue in the Canegrowers
Annua Report 2016-17 (Canegrowers, 2017).
Canegrowers reported that over the past nine years,
eectricity costs for the industry have risen more
than 130%, despite the industry becoming more
efficient in electricity use through the use of new
technology. The exponential growth in electricity
prices has seriously threatened farm productivity
and competitiveness. Currently, Canegrowersis
calling for a 30% reduction in electricity prices
from 2015-16 levels.

Canegrowers has joined with other members of the
Australian Agricultural Industries Energy Taskforce
who are working to examine the crippling cost of
electricity on agricultural industries. As part of

its energy advocacy effort, Canegrowers has also
joined the Chamber of Commerce and Industry
Queendand (CCIQ) and QFF in forming the
Queensland Industry Energy Alliance (QIEA).

The QIEA has stressed the growing cost of energy.
Between 2007-08 and 2013-14 Queensland
electricity prices have doubled, largely driven by
network charges. Network charges were found to
have contributed to more than 95% of the total
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electricity price increases over the period.

Energy cost analysis

Table12:  Impact of energy price change on the
sugar sector.
Aggregate_d Base cost per Modelled cost
supply chain . N
annum scenario pa
sectors
Input $ 38,072,764 $ 39,976,402
Production $ 198,026,934 $ 251,722,761
$44.20 /t $44.13 1t
Transport $ 15,457,354 $ 16,230,222
Total $ 251,557,053 $ 307,929,385
Cost impact $56,372,332

*of a30% cost increase in electricity and a5% increase in all other major
energy sources

The most energy-intensive aspects along the sugar
cane supply chain are fertiliser, irrigation and
on-farm fuel use. Despite being at the forefront

of bioenergy developments, with a number of
partnership opportunities present with the bioenergy
sector, the sugar industry is a significant user of
fossil fuel based energy throughout the growing,
harvesting and transport stages of the supply chain.

Energy is used indirectly through the use of
energy-intensive crop nutrition and agrochemical
products. One of the most significant cost factors
is electricity used in the production of fertiliser
(Renouf & Wegener, 2007). The most common
fertiliser expenses used in sugar cane production
are for urea and diammonium phosphate (DAP),
aswell asavariety of prescription blends. Limeis
an additional fertiliser applied to sugar cane crops.
Lime production is extremely energy-intensive,
where the quality of lime depends directly on the
quality of fuel. The fuels most widely used in lime
production are coal and natural gas. Natural gas
kilns are predominantly used for lime production as
they deliver consistent, high quality lime, however
they use 10% more energy than coal-fired kilns
(Crump, 2000).

Production

Irrigation activities are the most energy-intensive
stage along the sugar supply chain. A significant
energy hotspot for producersis electricity used

to pump water. Sugar cane producersrely on
some form of irrigation, either supplementary or
full-time, to grow crops. Energy use varies greatly
between irrigation systems, with particular cost
concerns for those operating high-pressure systems
compared to furrow irrigation. There has been a
common shift to diesel for irrigation pumping in
order to combat the growing costs of electricity.

Transport

The sugar industry depends heavily on efficient
transport systems. Freshly harvested cane requires
transportation to the sugar mill ideally within six to
12 hours and no later than 24 hours for processing.
The road and rail network is utilised differently
depending on production region. In some cases,
mills are completely reliant on road transport,
while others utilise a combination of road and rail
transport with short road transport for delivery of
sugar at arail load point.

Direct rail isthe most frequently used method of
transport. The transportation of sugar cane from
farm to the mill is achieved through a substantial
cane railway network. The network operates over
4000 km of narrow gauge railway, moving 95% of
the cane crop to mills. Thereis only a small tonnage
of sugar transported via the road network, however
road transport plays an important role within
industry. Due to capacity, there are smaller loads
moved viaroad transport, therefore more trips are
required to transport a given amount of cane.

Diesel fuel isused for both rail and road transport.
The type of vehicles used for transport are diesel
hydraulic cane trains. Cane trains are the most fuel-
efficient means of transport, consuming less fuel per
tonne of cane. Generally, sugar istransported to the
nearest mill depending on contractual arrangements.
Raw sugar for the export market is transported

to the nearest suitable port with the appropriate
storage capacity. The current analysis assumes a
diesel cost (road and rail) of $15,457,354 for the



SECTION 2: Sector analysis [e¥4

sugar industry. Rail costs exclude sugar transported
vianarrow gauge railway. Also excluded from the
total cost are NSW miills, which are geared to the
domestic market.

Processing

The sugar industry is at the fore of bioenergy
developments, particularly at the processing and
manufacturing end of the supply chain. Sugar cane
is recognised as an efficient source of renewable
biofuel. The processing stage consists of a number
of activitiesincluding cane preparation, juice
extraction, clarification and sugar crystallisation
and drying as well as packing and delivery. Sugar
mills are generally self-sufficient with virtually no
fossil fuel energy inputs. During processing, rollers
separate sugar juice from the fibrous cane material,
and this cane by-product (bagasse) isrecycled asa
fuel. It is commonly used to generate electricity and
steam for arange of factory operations. Thisisthe
case except for the small quantities of natural gas
required for boiler operations.

The impacts of energy costs on the Australian agriculture sector | August 2018
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Horticulture
Introduction

Australia's horticulture industry covers 140
commodities including but not limited to fruits,
vegetables, nuts, table and wine grapes, flowers,
turf and nursery products. Horticultural production
in Australia exceeded 5.7 million tonnesin
2014-15 (Rural Bank, 2017). At the year ending
June 2015, the value of horticultural production
was approximately $10.59 billion (Horticulture
Innovation Australia, 2017). It is the third largest
agriculture sector in Australia by value behind
livestock and broadacre farming. The horticultural
industry can be grouped into the following broad
product categories (Horticulture Innovation
Australia, 2016), listed below with their respective
GVP.

®  Fruit and nuts ($3.5 billion)

* Vegetables ($3.9 billion)

® Nursery, cut flowers and turf ($1.4 billion)
* Tableand dried grapes ($351 million).

The industry has placed a strong research focus

on environmental impacts with some detail of
energy inputs. With awide range of productsto be
covered, recent publications have tended to report
energy use estimates for a certain crop or group

of crops, however there has been no recent study
on the environmental impact from horticulturein
aggregate. Of the published material available, there
are examples of the environmental impact of major
horticulture crops, namely vegetables (potatoes and
tomatoes) and the temperate fruit industry (stone
fruit, apple, pear and cherries).

The potato industry is an important contributor

to the value of the wider horticulture industry in
Austraia. The industry can be separated into two
sectors. potatoes grown for use in processed foods
and for fresh market production. One of the few
studies that records energy use in horticulture,
undertaken by Norton et al. (2008), involves

two different models to quantify and model the
environmental footprint of the potato processing
industry.

A review of environmental concerns associated
with the potato processing industry revealed several
pressing environmental issues, notably the use

of fertiliser and pesticides, energy use and GHG
emissions. The work aimed to investigate the
significance of these issues across the supply chain
from farm to factory, energy use being a major
focus. Several case studies from various regions
were included:

Tas 1 (Tasmania)

Tas 2 (Tasmania)

Tas 3 (Tasmania)
Mallee (Victoria)
® Lockyer Valey (Queendand).

Energy productivity of the crop was reported in

MJ per tonne of marketable crop and included

both direct energy and embedded energy. Energy
reguirements of potato crops varied widely from
26,249 MJhain the Lockyer Valey to 55,458 MJha
in Tas 3 (processing variety Russet Burbank). The
main contributors to energy use in Australian potato
cropping were diesel, the manufacturing of fertiliser
products and electricity.

Diesel made up a significant portion of energy

use on-farm, contributing 54% to energy usein
Australian potato crops. The type of irrigation pump
had a significant influence on the results of diesel
use on-farm. Diesel use in potato crops varied from
326.9 L in Lockyer Valley to 551.5 L in the Mallee
crop. The Mallee crop recorded a high diesel use
due to operating adiesdl irrigation pump, compared
to electric pumps adopted for all other cropping
regions.

Electricity is another major contributor to total
energy use in potato production. Electricity is
required for pumping for irrigation. Irrigationin
the vegetable industry is predominantly centre
pivot, linear move or big gun travelling irrigator,
all with different energy requirements. Electricity
use for irrigation varied from 532.4 kWh delivering
2.2 ML/hain the Lockyer Valley to 1525 kWh
delivering 5.1 ML/hain Tas 3.



Page, Bellotti and Ridoutt (2011) investigated the
environmental impacts from tomato production
systems. The research undertaken involved
collection of life cycle inventory data collected
from interviews with both growers and managers
from two regions. Information was collected

on the general inputs and outputs including the
use of fertiliser, pesticides, electricity and fuels.
Three systems were described in the study, which
included one field production system located in
the Bundaberg region of Queensland and two
greenhouse systems in Sydney, NSW. For the
greenhouse systems analysed, one low and one
medium tech facility were chosen due to differences
in level of automation and yields.

The total energy footprint was expressed per
kilogram of fresh tomato for the Sydney market.
Energy is consumed indirectly during the
manufacture of farm inputs, for example, diesel and
fertilisers. It was observed that the energy footprint
varies significantly across systems, ranging from
4.95-19.1 MJKg of tomatoes.

In 2013 Apple and Pear Australia Limited (APAL)
developed the Watts in Your Business program

in partnership with KMH Environmental Pty

Ltd (KMH), funded by the Commonwealth
Government’s Energy Efficiency Information
Grant (EEIG). The program was set up to assist
the temperate fruit industry (covering apple,

pear, summerfruit and cherries) and address the
knowledge gap on how to reduce energy use.

As part of the program, energy audits of 30
representative small to medium packhouses and
orchards were completed. The program identified
that these 30 enterprises consumed more than

42 million kWh of energy per annum at a total
cost of over $5.7 million dollars. APAL (2014)
provided an analysis of the energy audits and has
developed KPIsto help industry understand their
energy performance. Energy KPIswere based on
electricity, LPG and fuel use and were reported per
tonne. It was found that on average the industry
consumes 309 kWh at a cost of $41 per tonne of
fruit produced.
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Crop type has a significant impact on energy
performance. APAL (2014) provide a breakdown
of KPI by crop type with some fruits being more
energy-intensive than others, e.g., fruit harvested
in summer was found to be more energy-intensive
and stone fruits and cherries were reported to be
the most energy-intensive. The higher energy
consumption for these types of fruit is due to
periods of intensive cooling and the operation of
hydro coolers.

Energy cost analysis

Table13:  Impact of energy price change on the
horti culture sector.
Aggregateq Base cost per Modelled cost
supply chain . "
annum scenario pa
sectors
Input $ 8,409,035 $ 9,423,602
Production $ 209,115,960 $ 241,766,857
$59.70 /t $69.02 /t
Transport $ 101,355,383 $106,423,152
Total cost $ 318,880,378 $357,613,611
Cost impact $ 38,733,233

*of a30% cost increase in electricity and a5% increasein all other mgjor
energy sources

Horticulture is a highly diverse industry, and
throughout various commodity supply chains,
different primary energy is employed. Strong
energy useis present at both primary production
and processing stages of the supply chain. Despite
this, electricity istypically regarded as the major
energy source across the supply chain. Energy
consumption is more significant for protected
cropping and increases dramatically towards the
final stages of the supply chain.

Production

Overall, the most electricity-intensive operations
across the horticulture supply chain are cold chain
operations and irrigation. Cold chain operations
represent approximately 70% of the total energy
used across the supply chain (Estrada-Flores, 2010).
In vegetable production, there are three broad areas
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of cold chain operations. These features are similar
for many other sensitive horticulture products that
must be immediately cooled after harvest.

The primary stage of processing involves
pre-cooling. Immediate post-harvest cooling
management is critical to ensure product quality
for sensitive products. However, a large range of
fruit and vegetable products are stored at ambient
temperatures. Secondary stages of processing
require elements of energy for chilling and freezing
reguirements.

Horticultural commodities are heavily reliant

on irrigation. Approximately 90% of Australian
horticultureis under irrigation (ANZ, 2015). High
energy costs for water pumping are common within
the industry, primarily for diesel and electricity use.

Energy use varies greatly depending on production
system. Protected cropping and greenhouse
agriculture is one of the fastest growing food-
producing sectorsin Australia. Growth in the sector
is attributed as a response to climate risk, however
the viability of the sector is being tested given the
risein energy costs. With greater heating, cooling
and climate control needs, energy regquirements
and costs are strongest for these producers. Field
cropping enterprises consumed energy from three
key sources, electricity, fuel for machinery and
fertiliser (Estrada-Flores, 2010). Electricity isthe
major source of energy use due to the adoption of
electrical powered pumpsfor irrigation.

Transport

Energy isalso vita for refrigeration and storage
activities associated with distribution. The often-
delicate nature of produce renders an efficient

and safe horticultura freight network essential.
Transport costs have been estimated at 20% of the
total cost of production and a significant cost for the
industry. Approximately 80% of produce requires
cold freight (ANZ, 2015).

A diesel cost of $101,355,383 for road transport
was calculated for horticulture. The transport cost
is modelled from selected crops. For the report,
production locations and transport volumes for the
selected crops were derived from the Australian
land use and management (ALUM) dataset

and ABS. Diesel fuel for transport contributes
$153,538,762 to the total horticulture transport cost.

Transport costs per individual commodity
were difficult to assess given that horticulture
commodities are grouped by generic commodity

group.

Post-farm (processing & manufacturing)

The fresh domestic segment is the main market

for vegetables, however a significant proportion

of vegetable and fruit is processed into frozen,
tinned and dried products. The manufacturing of
certain fruit and vegetable commodities necessitates
agreater energy input. For example, potato
processing requires both cooling (freezing) and
heating (blanching and frying) (Estrada-Flores,
2010).



Wine grapes
Introduction

Australiais the sixth largest wine producer in the
world (Wine Australia, 2016). The industry has 65
wine growing regions with 6251 grape growers and
2468 wineries. In 2016, the total wine grape crush
was 1.8 million tonnes, of which South Australia
accounted for 926,430 tonnes or 51% of the total
crush. Winemakers produced approximately

1.3 billion litres of wine (Wine Australia, 2016).

Wineries are energy- and water-intensive
businesses, with eectricity, fuel and refrigeration
all major costs in winemaking. The Australian Wine
Research Institute (AWRI) has placed significant
attention on energy, as the success of the Australian
wineindustry is strongly tied to its long-term
relationship with the natural environment. Their
recent report (AWRI, 2017) states ‘improving
environmental performance’ as a key industry
focus. In particular, targets have been set for the
closer monitoring of natural resource metrics
including energy, water, fertilisers and agri-
chemicals.

The Australian wine industry’s commitment to
environmental performance is not new. In 2009 the
Winemakers' Federation developed Entwine, an
environmental assurance program aimed to help
wine producers communicate their commitment
to improving environmental management.
Members of Entwine report environmental data
on an annual basis. Primary production datais
collected for electricity, fuel and water use from
both grape growing and winemaking businesses.

L CA has been applied to aggregated data from
the Entwine database to develop a picture of the
overal environmental footprint of the Australian
wine industry. At December 2016, the Entwine
database covered 516,511 tonnes of wine grapes,
approximately 30% of the 2016 wine-grape crush
(AWRI, 2016), providing a significant sample size
to assess the industry’s energy consumption.

AWRI have also been active in conducting energy
audits. A number of case studies are documented
detailing energy use components. Audits have
revealed that heating and refrigeration account
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for very high percentages of awineries energy
consumption (AWRI, 2016). It is estimated that
heating and refrigeration make up 45-70% of
winery total electricity use.

The South Australian Wine Industry Association
(SAWIA) has taken the lead on energy and are
actively investigating energy use across the wine
industry. Energy has become an important focal
point for South Australia as the state accounts for
51% of the total wine grape crush. According to
SAWIA, the main use of electricity in vineyards
isfor irrigation, particularly to drive water pumps.
In 2015, it was estimated to represent 25% of total
production costs (SAWIA, 2017).

The Winery Resource Efficiency Benchmark Report,
prepared by 2XE consulting group in conjunction
with Green Industries SA (2016), provides average
resource efficiency performance benchmarks for
the South Australian wine industry. Benchmarks
are based on the performance of 32 wineries

across South Australia during the 2014 and 2015
vintages. Electricity use per kL of wine produced
was based on 18 wineries and reported as 350 kWh
per 1000 kL of wine produced. Fuel use per kL was
based off 14 wineries, with an estimated average
use of 175 MJ per 1000 kL.

The benchmark report identified high energy use
activities across the supply chain for electricity
and fuel. The findings concluded that refrigeration
systems typically consume the largest quantities
of electricity for awinery. AWRI reports that
refrigeration accounts for as much as 50-70% of
winery electricity consumption (AWRI, 2017).
Several different fuels are used in the wine
production process including natural gas, L PG,
petrol and diesel. The primary use of fuel on-site
is heating water for cleaning or for warming wines
during vintage.

Amienyo, Camilleri, & Azapagic (2014) presented
alife cycle environmental impact of red wine
produced in Australia. The research involved
primary input data received from one of the largest
producers of wine in South Australia, with the
results used to estimate the environmental impact
at the sectoral level. The South Australian wine



producer was assumed to be a strong representative
of Australian red wine in general. Energy use was
based on the functional unit of 0.75 L of wine.

Life cycleinventory (LCI) data was sourced from
Ecoinvent database dated 2010 and was inclusive of
grape viticulture, vinification and wine bottling. For
viticulture, inputs recorded included water, nitrogen
and phosphorous fertiliser, pesticides, electricity,
diesel and petrol. Electricity was also reported for
vinification and bottling. The study determined that
bottled wine requires 21 MJ of primary energy.

The Energy Efficiency Information Grant program,
funded by the Australian Government, has
developed aWinery Energy Savers Toolkit (WEST)
to help identify energy efficiency opportunities.
Energy profiles were published that identify energy
use and cost for wineriesin South Australia.

An industry profile was completed on two
participating wineries, McLaren Vintners, located
in the South Australian Wine region of McLaren
Vale, and Taylors Wines located in the Clare Valley
north of Adelaide. McLaren Vintners crush close
to 4700 tonnes of grapes per year, consuming
approximately 1,000,000 kWh of energy, the most
energy-intensive period being vintage between
January and April. Refrigeration makes up alarge
proportion of energy consumption not only during
vintage but throughout the entire year. To run 44
tanks over the 18-week summer period takes over
235,000 kWh, or 24% of annual consumption,

at a cost of $63,330, representing 22% of annual
electricity cost (SAWIA, 2013). The Taylors Wines
site consumes approximately 1,700,000 kwh
annually, with peak consumption recorded at
vintage between February and May (SAWIA,
2013).

Vil SECTION 2: Sector analysis

Energy cost analysis

Table14:  Impact of energy price change on the
wine and grape sector.
Aggregate_d Base cost per Modelled cost
supply chain . "
annum scenario pa
sectors
Input $ 8,310,482 $8,726,006
Production $ 126,787,077 $ 154,572,200
$0.093/L $0.113 /L
Processing $ 69,322,000 $90,118,600
$0.051/L $0.066 /L
Total $ 204,419,559 $ 253,416,806
Cost impact $ 48,997,247

*of a30% cost increase in electricity and a5% increase in all other major
energy sources

Energy is used at every stage of the winemaking
process. Supply chain analysis of the wine and
grape industry highlights energy as a major cost

for producers. Electricity, fuel and refrigeration are
the top three major costs for winemakers and are a
growing proportion of total costs. The major energy
sources for grape and wine producers are electricity
and fuel. The growth in energy prices may be more
of afocal point for South Australia as the state
accounts for around 51% of total wine grape crush.
However, given thisis an industry-level analysis,
energy costs have not been assessed for individual
states.
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SECTION 2: Sector analysis [k}

Production

Fuel use and electricity are the major sources of
energy on-farm. Several different fuels are used in
the wine production process including natural gas,
LPG, petrol and diesel. The primary use of fuel on
siteisfor heating water for cleaning and warming
wine during vintage season. Fuel use on-farmis
also required for field preparation, harvest, post-
harvest and crop maintenance.

The largest quantity of electricity consumed on site
isfor refrigeration systems. Refrigeration accounts
for as much as 50-70% of awinery’s electricity
consumption (AWRI, 2017). Refrigeration

systems areintegral to cooling, juice extraction,
fermentation, cold stabilisation and storage
operations.

The main use of electricity in the vineyard is

for irrigation, particularly to drive water pumps.
Although grape growers are efficient users of water,
the bulk of grapes are grown with assistance of
irrigation water. Electricity for irrigation represents
up to 25% of total production costs (Gishen &
Gishen, 2017). The most recent figures for water
use in vineyards across Australia are reported

by ABS. In 2015, 440,000 megalitres (ML) of
water was used to irrigate vineyards. Water use
has increased by 18% from 2012 levels. The

most popular methods of irrigation nationally are
drip and micro spray, followed by furrow and
flood systems. Various irrigation systems have

a significant effect on water and energy use at
theindividual businesslevel. For example, drip
irrigation promotes water efficiencies in vineyards
(compared to flood systems).

Heating requirements are quite different across the
range of wines produced in Australia. Different
temperature controls are needed for red and

white wine production, particularly throughout

the fermentation process. For white wine, alow
temperature is crucial to preserve flavour and
aroma. The oppositeis true for red wine, with a
high temperature fermentation require to achieve
colour. In addition to different energy needs,

the reliability and consistency in supply isaso
important for the careful control of fermentation
temperatures of extended periods of time. Both the
intensity of energy required and the duration for
which it is needed are important considerations for
wine processing at the individual enterprise level.
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3. Results and discussion

Results

The results of the sub-sector analysis of the Australian agriculture sector are detailed in Table 15 and
indicate the estimated annual cost of energy for the Australian agricultural sector at approximately $5.85
billion.

The Energy Cost Calculator developed for this report, which was used to quantify the impact of energy
costs on the Australian agricultural sector, can be downloaded at www.far minstitute.org.au. A scenario
modelling the impact of a 30% increase to electricity and a 5% increase to all other major energy sources
(applied to the baseline data) resulted in a 15% increase to total energy costs, or an impact of an additional
$863 million annual cost to the Australian agricultural sector. Users can input different percentage costs
impacts (positive or negative) on the materials and methods tab of the downloaded spreadsheet to see the
results of different cost impact models.

NB: Due to the limited availability of sub-sectoral data for input into the Energy Cost Calculator and the
relatively conservative increases chosen for the model, the modelled cost impact demonstrated in Table 15
could be an underestimation.

Table15:  Estimated impact of energy costs on the Australian agricultural sector.

Sector Baseline cost ($million) Modelled cost ($million) Cost impact ($million)
Grains 1,592 1,694 102
Beef* 1,336 1,547 211
Chicken meat 608 772 164
Dairy 591 690 98
Sheep 431 470 39
Horticulture (vegetables) 319 358 39
Cotton 270 307 37
Sugar 252 308 56
Wine & Grapes 204 253 49
Pork 171 217 46
Eggs 71 92 21
Total 5,845 6,708 863

*Includes sheepmeat processing
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SECTION 3: Results and discussion il

Table 16 summarises the estimated cost of energy used by the Australian agriculture sector, distinguishing
them by energy source and supply chain sector.

Table16:  Total estimated cost of energy (by energy source) used by the Australian agricultural sector
(by supply chain sector).

Total estimated cost of energy for each supply chain segment (all sectors) ($millions)

Supply chain segment Electricity Gas’ Diesel” Total
Input 155 680 - 835
Production 1,218 185 1,382 2,785
Transport - - 1,112 1,112
Processing 980 124 9 1,113
Total 2,353 990 2,503 5,845

* Includes all gastypes
** Includes diesel, petrol and oil

Therelative impact of energy costs was assessed by comparing the cost of energy in each sector relative
to corresponding gross values of production (GVP) (Table 17). Energy costs and GV P associated with
processing were excluded.

Table17:  Total estimated cost of energy used by the Australian agricultural sector (excluding
processing) as a proportion of GVP.

Sector Energ_y _costs Sector vgllue (GVP) Energy. costs as a

($ million)* ($million) ™ proportion of GVP
Chicken meat 435 2,729 16%
Sugar 252 1,622 16%
Dairy 464 3,687 13%
Wine grapes 135 1,040 13%
Cotton 195 1,934 10%
Pork 129 1,342 10%
Grains 1,496 16,972 9%
Eggs 71 808 9%
Horticulture (vegetables) 319 3,904 8%
Beef 804 12,139 %
Sheep 431 7,367 6%
Total 4,732 53,544 9%

* Excludes post-farm/processing
** Datafor post-farm/processing sectors isincluded only for the red meat (beef and sheep), dairy, chicken meat, cotton, wine grapes and pork sectors;
Grainsindustry processing costs includes grains used for milling feed only.
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Discussion

The Energy Cost Calculator was used to quantify
the impact of energy costs on the Australian
agricultural sector. Table 15 shows the results
generated using the baseline energy costs data
from each sub-sector and indicates that the total
annual cost of energy used by the Australian
agricultural sector is approximately $5.8 billion. A
scenario modelling the impact of a 30% increase
to electricity and a 5% increase to al other mgjor
energy sources applied to baseline data resulted in
a 15% increase to energy costs, or an impact of a
further $863 million on the Australian agricultural
sector.

Recent discussion on energy costsin agriculture
has tended to focus on the cost of electricity, due to
substantial increasesin energy bills over the past
few years (Agriculture Industries Energy Taskforce,
2017). While it has not been the focus of this report
to directly compare the costs of energy sources,

the combined costs of electricity versus diesel
(Table 16), suggests that there is the potential for
more in-depth research to describe the relationship
between energy costs and the sources of energy
used by the Australian agricultural sector.

The baseline energy costs calculated for each of
the evaluated sub-sectors accurately reflect the
differences in energy intensity between industries
and the share of energy throughout the sector, such
asthe intensity of inputs, production activities (e.g.
irrigation or housing needs) and requirements for
transport.

The combined total energy cost of the evaluated
agricultural sub-sectors (excluding processing)
represents 9% of the agricultural sector’stotal
GVP (Table 17). For the plant-based sectors, sugar
was the most energy-intensive, followed by wine
grapes, cotton, grains and vegetables. Likewise,

for the animal-based sectors, intensive industries
such as chicken meat, dairy, pork and eggs, which
require significant inputs and energy for production

operations, were determined to have greater energy
costs as a proportion of GV P when compared with
extensive beef and sheep industries.

Data gaps

Due to inconsistencies in data collection, reporting
methods and the limited availability of sub-sectoral
datafor input into the Energy Cost Calculator,

the energy costs to agriculture and impact of cost
increases could be underestimations. Additionally,
the scenario used to model the potential cost impact
of anincrease in energy costs on the Australian
agricultural sector isrelatively conservative,

given the general trend in energy prices over the
past decade which on average have increased
between 30-100% (and up to 300% in some cases)
(Agriculture Industries Energy Taskforce, 2017).

The most comprehensive data available for input
into the Energy Cost Calculator was that associated
with activities relevant to the production segment
of the supply chain. Thistype of datais collected
by ABARES farm surveys and theABS and is

also available through industry-produced gross
margin budgets and profitability studies. LCAs
conducted to demonstrate environmental credentials
and the carbon footprint of some sectors also

report appropriate farm energy use information.
However, evaluating studies of this natureis
difficult given the way energy data is formatted and
reported to different standards. In this case, LCA
data and information was cross-referenced with
industry information and, where appropriate, was
supplemented for where data was not available.
This was necessary to provide the most suitable
estimate of the impact of energy costs on Australian
agriculture.

It is acknowledged that there are many inputs which
contribute to the overall energy use requirement for
agriculture, however due to data availability and
accessibility challenges, as discussed previoudly,
this level of detail was not assessed or reported in
the energy analysis.
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Impact of future practice, renewables

and alternative energy sources

The following section offers an overview of how
energy use in agriculture is changing and the trends
that are emerging right across the sector. It includes
three case studies detailing solar power projects
and protected cropping, which are indicative of a
general trend occurring throughout the economy.

The protected cropping industry is the fastest
growing food production sector in Australia
(Protected Cropping Australia, 2018). Greenhouse
production isamajor driver of growth in the
horticulture sector with a large shift from field
grown to greenhouse production. This shift has
been facilitated by productivity improvementsin
water and fertiliser use and the advantage of being
able to supply a consistent stream of high-quality
produce to satisfy processor, supermarket and
consumer needs. However, the cost of energy

has become an increasingly important factor in
determining greenhouse profitability. High-tech
structures are more at risk given their reliance on a
constant supply of traditional energy sources for the
functioning of automated controls and features.

Solar power generation is becoming a cheaper
and more reliable aternative to traditional energy
sources. As farm businesses face becoming
uncompetitive due to the cost of traditional energy
sources, many have considered renewabl e energy
and off grid solutions. Solar power generation is a
relatively old technology, however in combination
with newer technologies (such as smart irrigation
pumps, energy management software and new
battery storage technology) it is experiencing a
renaissance. Although it incurs high up-front costs,
solar is a strong financial investment as it has a
relatively short payback period and long-lasting
infrastructure (e.g. 25 years for panels and 10-15
years for a pump).

Although solar delivers a compelling investment
case, amajor shift to amore renewably powered
agriculture has not yet eventuated. The Climate
Ingtitute (2014) believes that this can be explained
by the lack of a comprehensive Commonwealth
or State Government framework for the uptake of
new generation technologies and low government
support in the form of subsidies.

Australian agriculture has also experienced a

trend toward diesel generation and bioenergy
development. A switch to diesel isbeing
experienced in many sectorsincluding dairy,
industrial crops and intensive irrigated horticulture.
Electrified irrigation systems are preferred due to
greater efficiency, lower maintenance costs and
ease of control, but small-scale diesel generation

is turning out to be an attractive and cost-effective
option.

Bioenergy generation iswell suited to Australian
agriculture. Despite bioenergy being received
positively by agriculture, and having notable
potential to extract value from agricultural waste,
energy from waste technologies is not heavily
deployed in Australia. Some industries have

been more receptive to adoption than others.
TheAustralian sugar industry isthe largest and
longest running user of bioenergy in Australia.
Approximately 60% of Australia’sinstalled
bioenergy electricity generation capacity uses
bagasse as a feedstock (CEFC, 2015). The poultry
and pork sectors have also significantly invested in
forms of bioenergy, including biogas and digestion
systems. Much the same as the renewabl e energy
industry, the bioenergy industry does not receive
the same level of support as fossil fuels. Instead,
government policy has acted to reduce the limited
financial resources available to the sector.



Case Study: Chillamurra Solar Farm, Meralli Projects

Chillamurra Solar Farm, located at Boggabilla
NSW, is a greenfield project piloted by Dave
Mailler and Methuen Morgan of Merali Projects.
Now operating as afully commercial business
model, generating a spot price on the open market
against other National Energy Market (NEM)
generators, Chillamurra Solar Farm was devel oped
with some enduring goals:

1. Commercia development and investment
opportunity.
2. Asaproof of concept to:

a. demonstrate the viability of smaller
renewable generators

b. address the domestic capacity to develop
renewables

¢. demonstrate the potentia for distributed
networks

d. demonstrate the value of unique and
revolutionary farming systems

e. attract regional investment.

From conception to completion, Chillamurra Solar
Farm was several yearsin the making. With no
applicable grants available for the development

of the project, it was privately funded as aviable
commercial investment, making it the first in a
series of solar projects not reliant on state and
federal grants. Projects since have been refined to
the proof of concept and are limited by regulatory
process. With devel opment costs of $5 million,
Dave and Methuen agree that the acquisition of
specific intellectual and human resource skills (and
their personal development in these areas) were
prerequisites and ongoing drivers for the successful
completion of the project.

CHILLAMURRA SOLAR FARM

=  Photovoltaic generator 4.8MW DC 3.6MW AC grid connection

=  Two SMA HV Transformer 1.8

= Sixty SMA Inverters 80KV
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The return on investment (ROI) is expected to be
10-12% over the life of project, which is 25 years.
Following the initial investment and installation,
operations and maintenance are limited and
remotely monitored for the purpose of repairs, with
expected scheduled maintenance and inspection

of HV, LV and site maintenance costs of less than
0.5% of ROI. The decision to move off the grid and/
or implement renewables is driven by a multitude
of factors, attached to a number of variables. Dave
and Methuen’s decisions regarding the Chillamurra
Solar Farm were based on the significant relevance
of the project, particularly to large-scale stand
alone and behind the meter projects. The low cost
of the framing system and speed of installation at
Chillamurra are an important demonstration of what
is possible with some lateral thinking in relation to
renewabl e technology.

Considerations around the development of large-
scale solar solutions also rai se questions about the
socio-economic implications, not only for those
benefiting from their utilisation but also for the
residual grid users. Asindividuals and businesses
move off the grid, or are no longer reliant on the
electricity grid, the financial burden for network
maintenance, supply and security fallsto a
decreasing humber of consumers. These consumers
are the least able to afford the initial investment cost
of domestic renewable supply and will be the least
able to afford the cost of network electricity supply.
Other considerations include storage, which Dave
mentioned was a consequence of the size of demand
and commercial viability - amply demonstrated by
the installation of the South Australian Tesla battery
in2017.

The greatest challenges associated with the project
to date were noted as navigating the fluidity and
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instability of the policy environment dictated by
federal and state regulators. The regulators are
seemingly unable to accept the commercial reality
that renewables meet a number of consumer and
market expectations around price and emissions
targets, said Dave and Methuen. There are

also potential implications for developments

if electricity prices meet forecast declination.
According to Dave, the move to renewablesis

not a matter of if or when you might be losing out
on your investment, but more about buffering the
effects of regulation, policy and the NEM. For
example, the ROI on the Chillamurra Solar Farm,
considered to be conservative, is modelled on the
wholesale electricity price with an expectation that
electricity priceswill fall over the longer term.
However, it also does not take into consideration
the increasing demand for el ectricity.

Renewable and alternate energy investments also
raise queries about whether these developments
have the potential to replace existing energy needs
or stimulate new energy demand. Chillamurra Solar
Farm was devel oped to replace exist ageing fossil
fuel generators nearing the end of their productive
life.

An opportunity for regional Australiaexistsin

the capacity to generate affordable renewable
eectricity for value-add businesses and generate
new industry applications. The emerging global
trend towards el ectric transportation indicates an
increasing new energy demand not currently being
met. Significantly higher investment in renewable
technologiesis essential to both to address the
existing demand and meet new targets, particularly
if Australiais going to meet itsinternationa
commitment to the Paris Agreement.



Case Study: Solar Pumping at Waverleigh, Narromine

Jon Elder isaproducer at Waverleigh, an Diesel is the greatest cost to Jon’s operation.
operation located 35 km south west of Narromine Waverleigh usesin excess of 350,000 litres

NSW and characterised by the relatively larger annually to pump its bore water entitlements. In
than average land holding of 2500 ha, spread response to the impact of soaring costs associated
across three properties. Predominately a cotton with diesel pumping and the emerging opportunities
operation, 1100 ha is developed for flood presented by renewables - along with learnings
irrigation and 1100 ha dryland production. Grown from the application of asmall proof of concept
on around 550 ha each year and at an average aternative pumping system by a neighbouring
yield approaching 12 bales/ha, irrigated cotton property just two years ago - Jon decided to invest
contributes around 80% of grossincome, and in solar and has replaced one of his diesel bores
cereals the remaining 20%. with ahybrid solar/diesel system.

WAVERLEIGH SOLAR/DIESEL HYBRID

= 250 KW Electric motor

= 250 KW Solar Inverter/Drive
= 500 KW Control Panel

= Solar Panel

= CAT 500K VA Genset
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With the capacity to pump up to 15 megalitres (ML)
per day, the new 500 kW solar/diesel hybrid bore

is believed to be the largest application of its kind
for agricultural purposesin NSW, and potentially
Australia. The development is significant, both

as an example and in practice, with present diesel
consumption of around 100 L per ML of bore
water extracted. The decision to change systems
was based almost exclusively on the business
opportunities presented, including the projected
ROI of less than five years (based on diesel
savings), the reliability and durability of the system,
serviceability and access to ongoing support.

Operating on a 3500 ML groundwater licence, Jon
intends to pump using 100% solar from March

to September to fill reservoirs to their combined
capacity of 1100 ML. When irrigating cotton
between October—February, the bore will operate
24 hours per day to deliver 15 ML per day, 40% via
solar. Based on the water licence and daily output
derived from ‘blending’ power sources, this equates
to 900ML from solar alone over the peak season.
The 2000 ML pumped annually via solar equates

to around 55% of Jon's water licence and a 55%
reduction in diesel used in its extraction.

Substituting diesel for sunlight, the project
advanced in several stages, including the
replacement of one diesel bore and replacement of
an electric motor with a diesel Genset, followed by
installation of solar panels, update of the control
panel and integration of the system. The greatest
challenges associated with the project to date were
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attributed to scale. While the concept was initially
proven at a smaller scale, the novel size of this
particular project provided some minor problems,
although those were easily overcome, according to
Jon. A number of other important considerations

in the changeover were associated with water
harvesting, income generated through Large Scale
Energy Certificates, finance costs, and eligibility for
Farm Innovation funding from the Rural Assistance
Authority.

Jon believes that the declining cost of solar power
offers new options for farmers who are sourcing
alternate energy sourcesto diesel. In addition,
knowledge and expertise have become available
which are applicable and complementary to
multiple requirements for production operation,
including combined pumping and solar expertise,
and after-sales service. Although Jon recognises the
potential for solar or solar-diesel hybrid systems
on-farm based on his experience, he indicated
that according to a survey of growers the greatest
barriers to investment in solar energy for pumping
irrigation still include:

® uncertainty in the feasibility of such
developments under variable circumstances

® uncertainty around credibility and capability of
supplier/installer

® cost of solar system for specific irrigation
requirements

* |ow priority (at this stage)

® cost of batteries.
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Case Study: Nectar Farms High-tech Glasshouse
and Bulgana Green Power Hub

Nectar Farmsis an Australian hydroponic vegetable
grower establishing a 30 ha high-tech glasshouse
project, with avision to be Australia's leading
protected cropping operation. The development
serves as a pilot for agriculture and renewable
energy, with promise of aproject that is replicable
and scalable. The glasshouse will be located at Joel
Joel, about 15-20 km east of Stawell, Victoria

Construction is due to commence in October

2018, with the project being delivered in three

10 ha stages. The fully established facility will
require 70 Gwh of electricity to supply the variable
spectrum LED lighting system. Nectar Farms

will supply the Australian domestic market with
tomatoes and other vine-grown fruits and aims

to create more than 300 stable, full-time jobsin
regiona Australia.

The glasshouse will be co-located with the Bulgana
Green Power Hub (wind farm), which is operated
by the global renewable energy company, Neoen.
Bulganais comprised of 56 wind turbines together
with 220 MW battery storage unit. Nectar Farms
will use up to 15% of the 750,000 MWh of
renewabl e electricity generated by Bulgana Wind
Farm per year and will work closely with Neoen
upon completion to match load with supply as
closely aspossible.

Partnering with Neoen has rendered the Nectar
glasshouse project economically viable. Under this
arrangement, Nectar Farmsis able to avoid ‘ poles
and wires' charges and has secured a globally
competitive price for electricity (by the standards of
the protected cropping industry) under a fixed price
purchase power agreement (PPA) with Neoen.

NECtAR FARMS & BULGANA GREEN POWER HUB

= 30 ha/ 100,000 m? high-tech glasshouse

= 194 MW Bulgana Green Power Hub

= 20 MW/ 34 MWh Tedla battery storage facility
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Financing of the project has been supported

by Regional Development Victoria, who have
provided a $1 million grant, payable in line with the
construction program.

Nectar Farms is aware that the current policy
environment does not work in favour of investments
in high-tech protected cropping systems. The
electricity market is not sufficiently reliable enough
to support investments of this nature. Settings are

in place to ensure that residential customers take
priority during winter, with natural gas supplies
directed to these individuals. During summer
months, industrial electricity users are faced with
load shedding demands.

In the case of steady supply, Nectar Farms states
that the cost associated with grid connection is
higher by afactor of 10 compared with other
advanced nations. With no guarantee of gas and
electricity supply and in addition to the cost of
electricity, grid connection was not an economically
feasible option for Nectar Farms.

After detailed assessment of the current energy
market and policy environment, and a series of
discussions with the government of Victoria,
Bulgana Wind Farm was found to be the best
option. Planning for the joint glasshouse and wind
farm devel opment subsequently commenced in late
2016. The entire process for Nectar Farms has been
lengthy. It has taken approximately 18 months, from
initial discussions up until execution of contracts, to
finalise the project.
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Separation between development of the glasshouse
and the Bulgana Wind Farm has been an important
factor for Nectar Farms and has added to the
viability of the glasshouse project. Nectar Farms
has no capital expenditure exposure to the Bulgana
project. This has removed the risks and associated
managerial responsibility for the operation of the
wind farm and the battery storage system. Asa
consumer of electricity, Nectar's costs are strictly
limited to the energy consumed by the glasshouse.

The glasshouse operation will have no connection
to the grid, and severa dynamicsarein play to
guarantee the supply of electricity. In addition

to electricity supply and the battery storage at
Bulgana, the Nectar Farms glasshouse will also be
fitted with a gas boiler. The boiler will burn both
LPG and natural gas for heating purposes. Flue
gases will be captured and stripped of CO?, which
can then be added to the atmosphere within the
glasshouse. To supplement energy requirementsin
the event that wind-derived power falls short, an
open cycle turbine will generate back-up electricity
as required.

Nectar Farms shares in the longstanding frustration
of other actors entering the renewable energy
market, including agribusinesses, farmers and
energy generators. In particular, Nectar Farms are
concerned that seeking off-grid energy solutions
necessitates a significant investment of both time
and money. This situation islikely to continue
indefinitely unless there is a radical departure away
from current policies towards a more stable energy
policy which welcomes and enables the generation
of new industry applications.



AsAustralian agricultura businessesintensify
production systems and utilise additional digital
technology, their dependence on energy inputs
and exposure to energy cost risk isincreasing.
Australian energy costs have increased significantly
over the past decade, both in nominal and red
terms. These dramatic energy cost increases have
important implications for the competitiveness

of Australian agriculture, and the sector needs to
engage in the debates associated with thisissue
using sensible, evidence-based arguments to
optimise policy outcomes.

® This report estimates the cost of energy
to the Australian agriculture sector to be
$5.8 billion annually.

® Excluding processing, energy costs are
$4.56 billion — which is equal to 9% of the
gross value of production of the sectors
analysed.

® The cost of energy has become a
significant factor impacting the profitability
and potentially the global competitiveness
of Australian agriculture — any policy
change likely to impact on energy prices
needs to be considered in this context.

The research has taken a broad industry approach to
the collection of energy use and cost data, enabling
evidence of the impact of these energy costson a
larger scale. This is the first study to investigate

the cost of energy to Australian agriculture across
multiple sectors and value chain segments.

Previous studies have focused on energy audits and
lifecycle assessments for the purpose of emissions
reporting, or increasing energy efficiency and
reducing greenhouse gas emissions. These studies
have recommended that energy costs can be reined
in by reducing consumption through increasing
energy efficiency (e.g. via metering arrangements,
systems improvements, updated monitoring of
energy usage and understanding of tariff structures).
Efficiency measures are practical solutions and have
been effective in alleviating rising energy costs.
However, with prolonged growth in energy prices,
cost savings achieved through improved energy
efficiency are gradually being offset.

The literature review highlights inconsistencies

in data collection, collation and cross-referencing
methods, as well as inconsistencies in reporting

of metrics and conversion factors used. Data

on energy usein agricultureis still patchy and
haphazard, which limits the ability of the sector to
engage meaningfully with policymakers until thisis
rectified.

In response to the threat to profitability

posed by rising energy prices and decreasing
competitiveness, Australian farm businesses are
increasingly implementing off-grid or alternative
energy solutions in an attempt to increase control
over energy prices. Ongoing collection of energy
cost data needs to account for these changes so that
official energy use and cost statistics accurately
reflect how energy is used in the agricultural

value chain.
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® Lack of data is the biggest barrier to
understanding the impact of energy policy
changes on Australian agriculture.

® This research highlights the need for
improvement in the collection and
management of energy statistics for the
sector, particularly given that the industry
needs to urgently construct a compelling
case for energy policy change.

® The data gaps identified in this research
provide a strong platform to launch
further investigation and collect data on
energy costs across the supply chain.

Correspondence with industry also highlighted
different levels of engagement across sectors,
weakening the collective voice of the agricultural
sector on the energy cost issue. Lack of data

and cohesion have hindered the development of
practical, long-term solutions by industry on energy
use/cost management to date, and current responses
tend to suggest short-term fixes which can side-
track material change.

SECTION 5: Conclusion eSS

Solutions to address the issue of rising energy costs
for agriculture have so far largely been contained
within the industry, for example sector-specific
efficiency measures. However, to deal with the
fundamental long-term issues—i.e. network charges
and cheaper, reliable power — unified cross-industry
lobbying efforts (with the inclusion of detailed
evidence of consequences) are required in order to
drive long-term, macro-level policy change.

The modelled impact of even a conservative
estimate of an energy cost rise (i.e. 30% increase

in electricity and 5% in all other energy sources)
demonstrated an annual cost impact of $863
million. While the impact on individual business
may not be great (given variancesin circumstances,
production system, location and markets), the
impact of increasing energy costs on the sector asa
whole is substantial and therefore it isin everyone's
interest to collectively pursue energy policy
improvements.
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