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Abstract 
 
Grain based ethanol production in Australia is currently very limited, despite Australian government 
taxation concessions until 2011, some start up assistance to selected plants, and various state 
government assistance programs. There are, however, publicly stated intentions by ethanol 
companies in Australia to substantially increase investment in grain based ethanol manufacture.  
 
The implications of this growth in ethanol production for the grain dependent livestock industries in 
Australia have been the subject of a number of recent government reports and industry funded 
studies. However, there is a much larger body of documentation globally, which contains much 
technical information as well as economic assessments of the magnitude and implications of ethanol 
production based on grain usage.  
 
This project reviewed the currently available material of most relevance to the grain based ethanol 
and grain dependent livestock industry interface in Australia, to provide a succinct baseline summary 
of the current state of knowledge and identify any information gaps and research requirements.  
MLA managed the project on behalf of the Feedgrain Partnership, which is a group of R&D funding 
agencies covering the feedgrain supply chain in Australia. 
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Executive Summary 
 
Energy security and reliance on finite oil resources has led to the establishment of a global biofuel 
industry based primarily on sugar and grain feedstocks.  This move has been led by Brazil (sugar-
based ethanol) and the US (corn-based ethanol).  Australia is less advanced in its adoption of 
biofuels, and to date only limited domestic production exists.  However, numerous development 
applications have been lodged for the construction of grain-based ethanol plants in many areas of 
the eastern grain belt, prompting concern over future grain supplies to other users, notably grain 
dependent livestock industries. 
 
This report provides a summary of the literature available on issues related to grain-based ethanol 
production together with identification of information gaps and key research requirements.  It is 
noted that this industry is progressing at a rapid rate world-wide, and this report assesses literature 
released prior to February 2008.  
 
While there are many different biofuels, produced by different means, this report is focussed on 
ethanol produced from grain.  Grain-based ethanol can be produced from any grain, and maximum 
yields are primarily determined by starch content and starch yield.  Maximum ethanol yield is in the 
order of 440 L / tonne of grain; however, yields reported in the literature tend to be 40-60L less than 
this. 
 
In Australia, grain-based ethanol production is primarily carried out via a dry milling process that 
produces valuable co-products, collectively referred to as distillers grains. The US has an 
established grain-based ethanol industry and grain dependent livestock industries are providing a 
means of utilising the co-products. Variation in co-product nutrient quality remains an issue and the 
practical management issues within grain dependent livestock industries for handling inherent 
variation remains unknown. The same issues will be faced in Australia if a grain-based ethanol 
industry is established. 
 
These co-products may present an economical and effective way to supplement protein and 
digestible fibre for dairy cattle, phosphorus and crude protein for pork producers, crude protein for 
poultry growers, and crude protein and energy for lot fed beef cattle.  However, relevant Australian 
grain dependent industries can only make assumptions on the quality of ethanol co-products and 
although the US experience provides assistance in these assumptions, the true nature of co-
products will remain unknown until they become available.  
 
The actual role and value of distillers grain in feedlot production will not be known until co-product is 
available and efficiency of use will be dependent on the basis of cost and energy. 
 
For pork production, the majority of research has concerned the use of corn and sorghum-based 
DDGS, whereas in Australia, the primary grain source for distillers grain would be wheat, barley, and 
to a lesser extent sorghum.  Hence, performance cited and observed in reviewed literature may 
provide different production responses.   
 
Corn-based WDGS and DDGS appear to provide an alternative to natural protein sources and 
partial energy sources in lactating dairy cow diets. However, Australian dairies may not be able to 
utilise DDGS to the same extent due to production management systems, diets capability, and the 
limited energy content of wheat-based WDGS and DDGS.   
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Work regarding wheat-based DDGS suggests this can be included in growing poultry diets; 
however, this will require supplemental lysine and methionine to make up for amino acid 
unavailability due to heat damage during processing.  
 
It is noted that these co-products are variable and must be monitored frequently to ensure 
consistency within diets.  In addition to this, storage and handling of distillers grains is difficult, with 
the wet product having a storage life of approximately 3 days unless the material is ensiled.  It is 
possible that higher market prices and demand for distillers grains will prompt a move towards 
quality assurance, leading to improved consistency over time.  This has been observed in some 
parts of the US.  The establishment of a quality assurance system may also enhance the ability of 
users to store and handle distillers grains. 
 
The establishment of grain-based ethanol plants in Australia pose some environmental and resource 
impact concerns, notably the requirement for water (approximately four times the yield of ethanol 
from the plant).  These concerns will need to be addressed on a case-by-case basis. 
 
The sustainability of grain-based ethanol production and usage in the broader context has not been 
adequately assessed in Australia.  Whilst grain-based ethanol is promoted as a source of renewable 
transport fuel with potential to reduce greenhouse gases, the literature has a wide degree of 
variability on these points.  The variability in reported GHG benefits and the key position of this 
driver in the argument for grain-based ethanol usage highlight the need for further research in this 
area.  The literature reports an average net energy gain for grain-based ethanol of approximately 
30%, clearly showing that grain-based ethanol is not a long-term solution to energy requirements in 
Australia.  Furthermore, few studies have assessed net energy value in the Australian context where 
average crop yields are lower and less consistent than in the US where the majority of research has 
been conducted.  It is highly likely that future energy security and GHG reduction will focus on 
energy derived from second-generation biofuels or other feedstock.  Australia has the opportunity to 
focus on these energy sources, which offer much larger fuel yields and GHG benefits than grain-
based ethanol production. 
 
Considering the issue ethically, the impact of diverting grain exports to grain-based ethanol 
production needs to be considered by the community and agricultural industries.  The global grain 
market has been significantly impacted by the reduction in US corn exports to the world market, 
contributing to higher grain and food prices in some countries, and further reduction in tradable world 
grain reserves is likely to exacerbate this problem.  A further ethical issue related to global biofuel 
trade relates to the need for environmental labelling to ensure sustainable production in developing 
countries.  This must be addressed to ensure biofuel trade does not exacerbate GHG production 
through forest clearing for biofuel production. 
 
Global grain-based ethanol production is progressing at a rapid rate, led by the US where the 
industry is expected to double when plants currently under construction come on line.  A range of 
government incentives is promoting this move, the most significant being the 36 billion gallon biofuel 
target.  In other regions of the world, Europe, Asia and Canada are all expected to become 
significant producers of biofuels by 2010.  Production in other regions of the world is not known.  It is 
noted that grain-based ethanol predictions are frequently over estimated and will be driven by global 
oil and grain prices.  There have already been moves in China and Russia to limit biofuel production 
from grain in order to curb escalating food grain prices.  
 
The status of grain-based ethanol production in Australia is largely driven by the price of oil and 
input grain.  While there has been a considerable amount of interest in developing grain-based 
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ethanol plants in eastern Australia, only one of these proposed plants (the Dalby Bio-Refinery) is 
under construction at this stage, while one other (Manildra) has expanded production.  Production 
incentives available for establishing grain-based ethanol plants include several incentive 
mechanisms, notably the capital grant system and a biofuel producer rebate to subsidise the fuel 
excise. This rebate reduces the 38.14 cent fuel excise to zero, however this is set to increase to 12.5 
cents by 2015. 
 
In respect to ethanol demand, state policies are driving demand through a range of mechanisms 
including advertising and mandates.  Mandates are in place for NSW (2% currently, increasing to 
10% by 2011), Queensland (5% by 2010) and a biofuel target of 5% in Victoria.  Assuming these 
mandates remain, the likely ethanol requirement in these three states will be approximately 1150 ML 
by 2010.  If this demand is met through local grain-based ethanol production, the grain requirement 
is roughly 3 million tonnes of grain (assuming the ethanol yield is 390 L / t). 
 
In the Australian context, the future price of oil and grain will be the key variable determining the 
viability of a grain-based ethanol industry.  There is considerable uncertainty associated with 
demand and especially supply factors operating in this market.  Recent rises in the price of feed 
grains is a function of supply constraints, declining stocks and increasing global demand driven by 
economic growth, increased intensive livestock industry demand and the rise of the biofuel sector.  
In addition to this, global Government policies on grain imports, ethanol excise and imports and 
GHG abatement will largely determine the impact of the grain-based ethanol industry on the 
agricultural sector.  The grain dependent livestock industries are likely to incur higher prices of feed 
grains as both the grain-based ethanol industry and livestock feeders compete for scarce grain 
supply, especially in below average rainfall years.  While increased demand may lead to higher grain 
production in Australia, the sustainability of this move in a mixed farming context may be questioned.  
In addition to this, expanding grain production into marginal farming areas to meet demand is not 
likely to remain sustainable in the long term. 
 
Projected increases in demand and price for grain as an ethanol feedstock will be impacted by: 

 accelerated grain production through yield increases and increased plantings; 
 a slowdown in ethanol expansion – e.g. if the oil price collapses or feedstock prices increase 

substantially; 
 breakthroughs in second-generation processing technologies for ethanol production making 

other feedstock more economical than grain; 
 the degree to which second-generation ethanol feedstock compete with grain for the factors 

of production (land, labour, water, etc); 
 ethanol import policies such that ethanol is sourced from the cheapest global supplier; and 
 any decline in intensive livestock feeding due to a slowdown in demand for intensive animal 

products. 
 
The biofuel industry creates a demand for feed grain and, while oil prices remain high, is likely to 
underpin relatively high prices for feed grains in domestic and international markets.  Biofuels will be 
increasingly produced from products other than grain, driven by the need to reduce competition with 
food supply and produce higher yields of fuel per hectare.  Because of the fledgling status of the 
grain-based ethanol industry, Australia has the opportunity to progress to a second-generation 
biofuel production system without entering into wide-scale production of grain-based ethanol.  
Before progressing towards this goal however, there is a need for research to address the 
sustainability and impact of second-generation biofuel production in the Australian agricultural 
context.  The impact on livestock industries will need to be incorporated into this research, 
considering competition for land and key inputs such as grass, grain and water. 
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1 Background 
Concern over energy security and reliance on oil supplies has become a significant global issue 
(O'Connell et al. 2007; International Energy Agency 2006).  This, together with concerns over 
climate change and greenhouse gas production have lead many governments, including Australia, 
to seek alternative transport fuels in the form of biofuels (Charles et al. 2007; O'Connell et al. 2007).  
It is clear that traditional supplies of fossil fuels needed to make liquid fuels will be exhausted in the 
future.  However, the timeframe for this decline in production is uncertain (Charles et al. 2007). 
 
Biofuels are promoted as ‘renewable’ and ‘green’ in both the scientific literature and media.  Their 
main negative image comes from the potential conflict between use for food or fuel, and the effect of 
this on global food prices.  This report will investigate the literature presenting a review of the global 
industry and the main opinions promoting and criticising this industry.  While biofuels are produced 
from a range of sources and processing techniques, this report is focussed on grain-based ethanol 
production with the main feedstocks used globally including corn (US, Canada, China), wheat (EU, 
Australia) and sorghum (US, Australia).   
 
Taking a broad view, biofuels are likely to become a permanent part of the agricultural production 
environment.  This needs to occur in a way that is truly sustainable at a national and global level.  In 
addition to this, the interaction with other industries must be balanced with the pressure for land use 
and vital food production.  Grain is a domestic and export food source in Australia, and is essential 
to the production of livestock.  Addition of a new demand stream into the domestic and global feed 
grain market will result in higher grain prices as a result of competition for supply.  One partial 
solution to this is increasing the overall grain supply (potential for this was demonstrated in the US 
with a record corn crop in 2007, 60 Mt above the previous year).  However, increased supply must 
be considered in a broad context, taking into consideration alternative uses for additional grain and 
environmental costs of expanded production.  It is already recognised that some countries, in their 
quest to produce biofuels, are clearing forested land and emitting large amounts of CO2 into the 
atmosphere, in order to reduce GHG emissions through use of biofuels.  Such decisions lack a 
rigorous system approach to assessing impacts and potential benefits from a change in production, 
potentially exacerbating the problem they seek to solve.   
 
Looking forward, biofuel production is moving rapidly towards second-generation biofuels, and this 
will both clarify and complicate the issue of ‘renewable’ and ‘green’ biofuel production.  Clearly, the 
direct competition for food and fuel is abated. However, competition over land and water use 
remains significant.  Second-generation biofuel production may also compete directly for grazing 
land, adding a different dimension to the interface between biofuel and food.  The intensive livestock 
industries may, in this case, offer some solutions by decreasing the land required for grazing and 
making room for expansion of second-generation biofuels.   
 
There is a large volume of material that has been produced to support or contest the ‘sustainable’ 
and ‘green’ image of grain-based biofuels. Reviews of this literature have been compiled by Charles 
et al. (2007), Henke et al. (2003), Junginger (2007), Patzek (2004), Shapouri et al. (2003), Von 
Blottnitz & Curran (2007) and others.  This report is the result of a literature review and desktop 
study of current and projected grain-based ethanol production both in Australia and globally.  The 
report explores the impact of proposed expansion of Australian and global grain ethanol industries 
on animal industries reliant on grain as a primary feedstock.  This report is one of several reports 
released by various organisations in Australia over the past 12 months.  The reader is encouraged 
to review these reports to gain a more complete picture of the industry, including broad implications 
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of biofuel usage in Australia (O'Connell et al. 2007), economic and policy implications (Batten et al. 
2007) and the response from other feedgrain users (APL 2007).  
 
The production of ethanol from grain is a relatively new development in the feedgrain market.  Large 
scale and increasing sales of US maize to ethanol plants are already reported to be placing upward 
pressure on feedgrain prices. US energy policy envisages substantially increased ethanol production 
in the United States. This increased ethanol production is supported by a range of government 
subsidies. 
 
Grain-based ethanol production in Australia is currently very limited, despite Australian government 
taxation concessions until 2011, some start up assistance to selected plants, and various state 
government assistance programs. There are, however, publicly stated intentions by ethanol 
companies in Australia to substantially increase investment in grain-based ethanol manufacture.  
 
The implications of the growth in ethanol production for grain dependent livestock industries in 
Australia have been the subject of recent government reports and industry funded studies. There is 
a much larger body of documentation globally. This documentation contains much technical 
information, as well as economic assessments of the magnitude and implications of ethanol 
production based on grain usage.  The assessment of how grain-based ethanol manufacture in 
Australia may affect the livestock industries is made more difficult by the limited scope of publicly 
available government statistical data. 
 
This project will bring together currently available material of most relevance to the grain-based 
ethanol and grain dependent livestock industry interface in Australia to provide a succinct baseline 
summary of the current state of knowledge and identify any knowledge gaps.  MLA managed the 
project on behalf of the Feedgrain Partnership, which is a group of R&D funding agencies covering 
the feedgrain supply chain in Australia. 
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2 B.FLT.0139 Project description 
The project is an extensive desktop study, which will address the following components: 

 review the currently available literature on the global grain-based ethanol industry, and its 
current and potential impacts on the feedgrain market in general, and grain dependent 
livestock industries in general; 

 identify the documentation of most relevance to the best available understanding of the 
current and potential effects on Australian grain dependent livestock industries of global 
grain-based ethanol manufacture;  

 document the currently available information, and related information sources, on the size, 
location and planned development of the Australian ethanol industry; 

 identify and document any specific information on the following areas: 
o the availability of the by-product from ethanol production (DDGS), and effects of the 

supply/price of global DDGS on the Australian grain dependant livestock industries. 
o the evaluation of the energetic efficiency of producing ethanol from grains grown 

under Australian conditions and environmental impacts. 
 identify any gaps in the available information which, if filled, would significantly enhance the 

quality of information available to the Feedgrain Partnership; and 
 recommend any further R&D activities to fill the identified gaps.  

 
 
2.1 Project objectives 

Conduct a desktop literature review that will: 
 

 Provide a stocktake of available literature on the global ethanol industry as it affects the 
feedgrain market in Australia. 

 Identify the key information from this stocktake to understanding the current and foreseeable 
impacts of these developments on the interface between the feedgrain market and livestock 
industries in Australia. 

 Drawing on the preceding, report on information gaps that significantly hamper our 
knowledge base, and recommend any further studies, or statistical coverage, that would fill 
those gaps. 

 
 
2.2 Project reporting structure 

Because of the large amount of reference material available, the project output includes, in addition 
to this report, an extended bibliography and a large volume of reference material supplied in 
electronic form.  
 
Note: 

Chapter 8 was prepared by M Quinn, J Doyle & R Lawrence, Integrated Animal Production 
Inc. Toowoomba, Qld. 
 
Chapter 9 was prepared by H Macintosh & W Yates, Warwick Yates & Associates Pty Ltd, 
Adelaide Street, Brisbane Qld. 
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3 Biofuels 

3.1 What are biofuels? 

Simply stated, biofuels are liquid or gas fuels produced from plant material or biomass.  Production 
is categorised based on the type of feedstock and process used to generate fuel.  While there are 
numerous different biofuels that can be manufactured, the most common of these are ethanol and 
biodiesel.  This report is focussed on grain-based ethanol production from first-generation 
technologies.  However, other means of production have been included in the following sections for 
reference.   
 
3.1.1 First-generation biofuels 

First-generation biofuels are produced from ‘mature’ or well-developed technologies, which, in some 
cases, have been used for thousands of years.  These include the production of ethanol from sugar 
or from grain starch, and biodiesel production from the transesterfication of oils and fats.  The 
production of ethanol proposed in Australia is currently based on these first-generation technologies.  
While it is true to identify grain-based ethanol production as a first-generation biofuel, there have 
been significant gains in the efficiency of production of ethanol from grain in the past 5-10 years as 
processing technology improves.  Ethanol production from grain will be discussed at length in 
Chapter 4. 
 
3.1.2 Second-generation biofuels 

Second-generation biofuel production includes processing technologies that are currently under 
development for production of biofuel from alternative non-food materials.  These methods generally 
utilise plant biomass (i.e. straw, woodchips) as the primary feedstock for fuel generation (i.e. 
cellulosic ethanol plants).  While these technologies are not new, the wide-scale commercialisation 
of second-generation biofuel production has not eventuated to date.   
 
Second-generation technologies have the advantage of using the majority of biomass produced by 
the plant rather than only a fraction (i.e. starch in grain).  Hence, potential fuel yield per hectare is 
greater (Charles et al. 2007; Kim & Dale 2004).  Many processes can be used in the production of 
ethanol from biomass, including enzyme hydrolysis, ammonia fibre explosion (AFEX) (Dale 2007) 
and anhydrous pyrolysis (chemical decomposition of organic material by heating in the absence of 
oxygen to produce bio-oil or syngas) (Charles et al. 2007).  These technologies are rapidly 
improving the efficiency of production, and several are currently being trialled in pilot scale plants 
(Dale 2007). 
 
Second-generation biofuels are seen as the direction of the future for sustainable fuel production in 
the US, and the future prospect of this system is primarily based on crop biomass such as corn 
stover (Perlack et al. 2005; Wu et al. 2006).  Most research agrees that second-generation biofuels 
have a strongly positive energy balance and lower GHG production than grain ethanol (Wu et al. 
2006; Farrell et al. 2006; Kim & Dale 2005a; Sheehan et al. 2004; Wang et al. 1999), though these 
conclusions are contested by some (Pimentel & Patzek 2005).   
 
Cellulosic ethanol production has a lower yield per tonne than grain. Wang et al. (1999) propose 
future yields of 76 Gal / dry ton (261 L / dry tonne) for woody cellulosic biomass and 80 Gal / dry ton 
(275 L / dry tonne) for herbaceous cellulosic biomass.  Yields are typically lower because the 
feedstock is made up of complex cellulose, hemi-cellulose and lignin components that are difficult to 
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break down into their constituent sugars.  However, technology in this area is improving rapidly and 
yields are expected to increase to 90 Gal / dry ton (309 L / dry tonne) by 2012 (Wu et al. 2006).  It 
must be noted that predictions from various researchers (including Wang et al. 1999) have 
presented an optimistic view of technological improvement and yet, despite their predictions, 
commercial production is not underway.   
 
Cellulosic ethanol also produces a significant energy by-product because of the lower conversion 
rate of plant material to sugars.  This leaves amounts of biomass available to generate electricity 
within the facility.  In some cases, additional electricity in excess of the needs of the facility can be 
sold back to the power grid, accruing further benefits from CO2 offsets against coal fired electricity 
production. 
 
Kim & Dale (2004) estimate that potential global ethanol production using biomass produced from 
wasted crops and crop residues is 491 GL / yr.  This could replace some 353 GL / yr of petroleum, 
offsetting global fossil fuel reliance for transportation by 32% when this ethanol is used as E85 fuel 
in a ‘midsize passenger vehicle’.   
 
Use of crop residue for ethanol production, as recommended by Kim & Dale (2004) and Perlack et 
al. (2005), has raised questions over the sustainability of agricultural soils producing these crops 
because of reduced carbon inputs to the soil (Wilhelm et al. 2007).  Research on the use of corn 
stover in the US has recognised the need for some residue to be left for erosion control. However, 
the amount recommended by Perlack et al. (2005) is not considered adequate to maintain soil 
carbon levels (Wilhelm et al. 2006).  A significant body of research and extension has highlighted the 
importance of cereal crop residue retention for maintaining soil organic carbon in Australian cropping 
soils (Chan et al. 2003; Farquharson et al. 2003). In light of this, second-generation biofuel 
production from cereal crop residue may only be suitable in limited situations.  Other negative 
environmental affects have also been listed for crop residue ethanol production, including 
acidification and eutrophication (Kim & Dale 2005a; Pimentel & Patzek 2005) 
 
Cellulosic ethanol production in Australia is being advanced by construction of a pilot plant to 
produce ethanol from sugar cane bagasse and wood waste in Northern NSW.  This plant is currently 
under construction and aims to meet outcomes for demonstrating effective technology in ethanol 
production by late 2008 - 2009 (Ethtec 2008).  Research on the potential of ethanol from wood 
products in Australia has also been conducted by the RIRDC (Enecon Pty Ltd 2002). 
 
While there are no commercial cellulosic ethanol plants in operation worldwide, the research and 
investment into this process is likely to improve the efficiency significantly during the next 5 – 20 
years, as projected by Wu et al. (2006).  It is noted that six second-generation biofuel plants, utilising 
straw and crop biomass, are currently under construction in the US with a view to making cellulosic 
ethanol production economically viable in the US by 2012 (USDE 2007).  Assuming the 
technological advances required for economic production of second-generation biofuels are 
achieved, this feedstock could surpass ethanol from grain in the US (Wang et al. 1999).  However, 
considering the investment in grain-based ethanol, it remains a topic of debate as to whether this will 
influence grain ethanol production in the short to medium term (Baker & Zahnister 2007).  In some 
cases, it may be possible to reconfigure ethanol plants to process biomass, reducing the capital 
expenditure for transferring to the alternative feedstock. 
 
Second-generation biofuels will introduce a range of opportunities and threats for grain and livestock 
producers, mainly related to competition for land (cropland and pasture), and potential for useful by-
product transfer. 
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The rate of progress towards second-generation biofuels may be one of the most significant future 
impacts on the ethanol and grains industries, and a more detailed assessment of second-generation 
biofuel production in relation to the grain and livestock industries may be warranted to determine 
threats and opportunities.  
 
3.1.3 Third-generation biofuels 

Third-generation biofuels refer to the production of fuels from novel technologies and plant breeding 
programs.  Genetic modification of plants may allow direct production of biodiesel from oil producing 
plants or algae, saving manufacturing costs and reducing land requirements.  There is a significant 
amount of research being directed towards these technologies in the US and other parts of the 
world.  However, currently the cost of production is significantly higher than comparative products.  It 
is difficult to assess the future impact of third-generation biofuel production on the grain ethanol 
industry.  However, research and investments will continue to seek production options that limit the 
adverse affects of other methods, notably competition for food and land resources. 
 
 
3.2 Ethanol and ethanol based biofuels 

Ethanol is currently the most widely produced biofuel worldwide.  Ethanol (ethyl alcohol – chemical 
formula C2H5OH) is a clear liquid with a faint odour made from the fermentation of sugars.  These 
sugars may be sourced from grain, sugar or biomass, with global production being dominated by 
corn-based ethanol in the USA and sugar-based production in Brazil.  Ethanol is most commonly 
known for its inclusion in alcoholic drinks, and has many commercial uses in the cleaning, personal 
hygiene, and renewable fuels industries.  Ethanol has a high latent heat of vaporisation and contains 
oxygen, characteristics that are relevant to its environmental performance in combustion as a motor 
fuel, and in its storage and distribution.  Ethanol is flammable, volatile, moderately toxic and very 
soluble in water.  Ethanol has an energy value of 23.5 MJ/L, compared to 34.4 MJ/L for petrol 
(Centre for International Economics 2005), giving ethanol approximately 68% of the energy density 
of petrol.   
 
Pure (100%) ethanol is not generally used as a motor fuel. Instead, a percentage of ethanol is 
combined with unleaded petrol. This is beneficial because the ethanol increases the fuel's octane 
rating and decreases petrol's harmful emissions.  Ethanol is known as both an ‘octane enhancer’ 
and an ‘oxygenate’.  An octane enhancer is a component added to petrol to increase the research 
octane number and to reduce engine knock.  An oxygenate is a fuel octane component containing 
hydrogen, carbon and oxygen in its molecular structure. Oxygenates are often added to petrol to 
increase octane, to extend petrol supplies and to induce a lean shift (‘enleanment’) in the engine's 
operation. Oxygenates chemically ‘enlean’ the fuel by providing it with additional oxygen, altering the 
air/fuel ratio and thereby improving combustion and reducing tailpipe emission of carbon monoxide 
(CO) for vehicles where no feed-back control of the air/fuel ratio exists  (Orbital Energy Company 
2003).  Ethanol is typically added to petrol in small amounts. However, it may be substituted at any 
ratio.  It is noted that the lower energy value of ethanol leads to lower overall energy in blended fuel, 
potentially leading to lower fuel economy for blended fuels.  The most common blends used 
internationally are: 
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 E10 - 10% ethanol and 90% unleaded petrol 
 

E10 is approved for use in any make or model of vehicle sold in the US but not in Australia.  
Many US car makers recommend its use because of its high performance and clean-burning 
characteristics.  Today about 46% of America's petrol contains some ethanol, most as E10 
blend.  This is also considered the most appropriate blend for the Australian market (O'Connell 
et al. 2007).  It is important to note that it does not take a special vehicle to run on the E10 
ethanol blend.  All vehicles can use up to 10% ethanol with no modifications to the engine.  

 
 

 E85 - 85% ethanol and 15% unleaded petrol 
 

E85 is an alternative fuel for use in flexible fuel vehicles (FFVs).  This blend is not sold in 
Australia but there are currently more than 6 million FFVs on America's roads and car makers 
are rolling out more each year.  In conjunction with increased numbers of flexible fuel vehicles, 
more E85 pumps are being installed across the US.  When E85 is not available, these FFVs can 
operate on straight petrol or any ethanol blend up to 85%.  
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4 Grain-based ethanol production 

4.1 Grain-based ethanol production process 

Grain-based ethanol can be produced by a dry or wet milling process.  Figure 1 provides a 
schematic view of the dry milling manufacturing process.  A detailed overview of both dry and wet 
milling processes is provided in Figure 3.  Dry milling is the more prevalent processing technique 
(accounting for the greater majority of ethanol plants in the US).  Figure 2 shows an aerial view of a 
typical US grain-based ethanol plant.  All plants proposed for Australia will use the dry milling 
process.  Dry and wet milling differs in both the production process and the number and type of co-
products produced.  The primary processing difference is in the initial grain treatment phase.  Wet 
milling involves steeping grain in water and dilute acid for 24-48 hours prior to milling and separation 
into constituent parts.  A wet milling plant may be considered more versatile because of the greater 
number of product options for the grain. However, it is also considerably more expensive to 
construct and operate (Dale & Tyner 2006).  The co-products of wet milling include corn oil, corn 
germ or corn bran, corn gluten meal, corn steep liquor and corn gluten feed (combination of corn 
bran and corn steep liquor).  Wet milling and these co-products are not relevant to Australia and 
therefore will not be discussed further.  
 
Dry milling of grains is a less complex process compared to wet milling, resulting in fewer co-
products but represents the most popular method of grain-based ethanol production.   
 
The dry milling process involves three main steps.  The first step is to grind the grain into a fine 
powder (meal), followed by liquefaction and saccharification.  Liquefaction and saccharification 
involve heating and the addition of water together with enzymes (or acid) to liquefy the starch, and 
then cooling and addition of secondary enzymes together with water.  This results in conversion of 
the liquid starch into fermentable sugars (saccharification).   
 
Once this step is complete, yeast is added and the slurry of grain and water is placed into a series of 
fermenters, which assist the yeast in converting the sugars into ethanol and carbon dioxide.  
Ammonia solution or sulphuric acid is generally added to adjust pH to maintain optimum conditions 
for fermentation.  This usually takes around 48 hours and produces a mix of liquids and solids with 
an alcohol content of around 13-16%.  This fermented slurry and water (mash) is known as “beer”.  
This mix is then pumped from the fermentation tanks into a distillation system, which removes the 
alcohol from the water and the solids.  This distillation gives a liquid that is around 96% ethanol 
(hydrous ethanol – 190 Proof).  The remaining liquids and solids are called whole stillage from which 
the co-products are derived.  
 
The 96% ethanol liquid is then dehydrated using a molecular sieve, removing virtually all the water 
and giving pure ethanol (200 Proof).  At this stage, toxic chemicals are added to the ethanol to make 
it unsuitable for human consumption.  This is called denaturing and, for fuel ethanol, involves adding 
2-5% petrol.  After denaturing, the anhydrous ethanol is ready to be blended as a fuel additive. 
 
The production of ethanol results in a number of by-products.  These are discussed in Section 4.3 
and shown in Figure 6.  The chemical process of ethanol production is outlined below, showing the 
theoretical production rate of ethanol from grain.  
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FIGURE 1 - SCHEMATIC OF GRAIN-BASED ETHANOL PRODUCTION (TAKEN FROM WWW.DALBYBIOREFINERY.COM.AU) 

 
 

 

FIGURE 2 - TYPICAL GRAIN-BASED ETHANOL PLANT - FRONT RANGE ENERGY IN WINDSOR, COLORADO, 182 ML/YR 

(TAKEN FROM WWW.PACIFICETHANOL.NET) 
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FIGURE 3 - DIAGRAM OF CORN WET MILLING AND DRY MILLING PROCESSES FROM THE WORK OF SHURSON ET AL. (2005) 
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4.2 Theoretical ethanol production from grain 

The theoretical production of ethanol from grain can be assessed by knowing the chemical basis for 
the reaction and several key yield and efficiency parameters in the process.  Ethanol production 
from grain is a two-step process that converts grain starch and sugars to ethanol with additions of 
water, enzymes and yeast (Figure 4). 
 

 

FIGURE 4 - THEORETICAL EFFICIENCY OF STARCH CONVERSION TO ETHANOL (SMITH ET AL. 2006) 

 
The first yield parameter is the amount of moisture within the grain, followed by the starch yield.  
Starch yields vary between grain types, as does the efficiency of starch release from the grain (or 
glucose yield).  Sorghum is known for having low ethanol yields with some varieties because of 
enzyme resistant starches and other factors that contribute to low glucose yields despite relatively 
high starch contents (Wu et al. 2007).  Glucose yield is not a theoretical constraint however, and can 
be overcome through a variety of practices.   
 
Combining these factors together, the maximum ethanol yield from any grain can be calculated with 
three basic formulas, provided the percentage of moisture and starch + sugars in the grain is known. 
 
Eqn 1.  Starch + sugar yield (kg/t) 
 
1 tonne grain (1000 kg) x (DM content of grain) x (starch + sugar content) = starch + sugar (kg) 
Where DM = dry matter of grain, %.   
 
Eqn 2.  Glucose yield (kg/t) 
 
Grain starch + sugar (kg) x 1.111 = Glucose (kg). 
 
Eqn 3.  Ethanol yield (kg/t) 
 
Glucose (kg) x 0.51 = Ethanol (kg)  
 
Eqn 4.  Ethanol yield (L/t) 
 
Ethanol (L) = Ethanol (kg) x 100 x 0.789 (L/kg - density of ethanol at 25oC)  
 
In practice, the process is not 100% efficient, and yield-limiting components include glucose yield 
from starch and ethanol conversion efficiency from glucose.  The conversion efficiency of ethanol 
from glucose is reduced by the consumption of glucose by yeast, which reduces yield by 8-12% 
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(Smith et al. 2006; Patzek 2004).  In current ethanol production, there is scope for improving 
efficiency of conversion to minimise these losses.   
 
Using the above information, the rate of ethanol production from any grain can be estimated.  Using 
sorghum for example, assuming the grain has 12% moisture and 72% starch + sugar; the ethanol 
yield is shown in Figure 5.  This is a theoretical rate of production and assumes 100% conversion of 
starch to glucose and 92% conversion of glucose to ethanol. 
 
 

Eqn 1 
1000 (kg) x 0.88 DM x 0.72 starch + sugar = 634 starch + sugar (kg) 

 
Eqn 2 

634 starch + sugar (kg) x 1.111 = 704 glucose (kg) 
 

Eqn 3 
704 glucose (kg) x 0.51 = 360 ethanol (kg) 
 

Eqn 4 
 
360 ethanol (kg) x 0.92 efficiency of conv x 0.789 L/kg density  = 420 L 
 

FIGURE 5 - ETHANOL YIELD FROM 1 TONNE OF SORGHUM (12% MOISTURE AND 72% STARCH + SUGAR) 

 
Ethanol yield is driven by initial moisture %, starch + sugar %, glucose yield and ethanol conversion 
efficiency.  Starch yield from grain is inversely related to protein.  Hence, grain demand for ethanol 
will target high starch, low protein grains.  Smith et al. (2006) suggest that for wheat, a 1% increase 
in protein relates to a 7.36 L / tonne reduction in ethanol yield.  Table 1 shows some theoretical 
ethanol yields from different grains with various levels of moisture and starch for comparison, using 
best case and worst-case scenarios.  Best-case scenarios use highest quality grains with best 
management practices.  Worst-case scenario yields arise from lower quality grain (higher moisture, 
lower starch) and lower efficiency rates of starch and ethanol conversion.  Table 2 shows some 
ethanol yields cited in literature, indicating that actual yields are closer to the lower end of the 
theoretical estimates in Table 1. 
 

TABLE 1 - THEORETICAL ETHANOL YIELD FROM GRAINS WITH VARIABLE MOISTURE, STARCH & EFFICIENCY 

Grain type  Scenario Moisture % Starch + 
sugars % 

Ethanol 
conversion 
efficiency 

Ethanol 
Production (L/ 
initial tonne)* 

Corn Best case 12 75.3%a 92% 439 
Corn Worst case 15 68.0% 88% 366 
Sorghum Best case 10 74.0% 92% 441 
Sorghum Worst case 13 68.0%b 88% 375 
Wheat Best case 10  72.0%c 92% 429 
Wheat Worst case 13 68.0% 88% 375 

* Assumes complete conversion of starch to fermentable sugars, specific density of ethanol is 0.789 L/kg 
a Watson, cited in Dale, et al., (2006), b Wu, et al. (2007), c Smith, et al. (2006). 
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TABLE 2 - ETHANOL PRODUCTION FROM DIFFERENT GRAIN SOURCES REPORTED IN THE LITERATURE 

Grain type Dry Matter % Reported 
Starch + 
sugars % 

Reported 
Ethanol 

Production 
(L / tonne) 

Ethanol 
Production 
(L/tonne) 

adjusted to 
12% Moisture 

Reference 

Corn Not reported Not reported 380* - Wang et al. 1999 
Corn Not reported Not reported 396* - Shapouri et al. 2003 
Corn Not reported Not reported 405* - Wu et al. 2006 
Sorghum 100% 70.1% 439 386 Wu et al. 2007 
Wheat 100% 72.0% 435 420 Smith et al. 2006 

*Assume this value represents yield from corn with average moisture content (approx. 12%). 
 
 
4.3 By-products of grain-based ethanol production 

The yield of ethanol from grain is determined by initial moisture %, starch + sugar %, glucose yield 
and ethanol conversion efficiency.  The production process yields a number of by-products from the 
different stages in the process.  The volume of these by-products will be determined by the 
composition of the original grain and the starch yield.   
 
4.3.1 Carbon dioxide 

The ethanol production process produces carbon dioxide at several stages.  This section details the 
emissions from the grain fermentation stage and does not include emissions from the running of the 
plant (i.e. fossil fuel or electricity usage).  Carbon dioxide and GHG production from the whole 
system will be discussed in Chapter 5. 
 
Carbon dioxide (CO2) is the by-product of glucose fermentation.  From Figure 4, the amount of CO2 
evolving from the fermentation stage is 49% (by mass) of the initial glucose added.  However, in 
order to calculate CO2 evolution from a tonne of grain, the proportion starch and moisture needs to 
be accounted for.  Higher amounts of starch will confer higher CO2 emissions, while higher moisture 
reduces the relative CO2 production per wet tonne.  Using the example equation in Figure 5 
(sorghum, 12% moisture, 72% starch) the proportion of CO2 per initial tonne of grain is 34% by 
mass.  
 
4.3.2 Solid co-products 

A range of solid co-products results from ethanol production.  These co-products are typically high in 
protein and have a high level of moisture at the end of the ethanol production system.  Production of 
co-products is proportional to the starch percentage in the grain and the utilisation of this starch.  
Using the equation in Figure 5 (which assumes 92% utilisation of starch), the proportion of co-
products per initial tonne of sorghum is approximately 25%, 250 kg dry matter per initial tonne.  
Higher protein levels or lower starch utilisation will lead to higher amounts of co-product per tonne of 
grain used.  Co-products can be used for manufacturing and fertiliser products, though the majority 
are used for livestock feed. 
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4.3.2.1 Whole stillage 
 
Whole stillage is the remnant of the fermentation process after the ethanol has been distilled off. 
This product is typically centrifuged to produce wet distillers grains (solid component) and thin 
stillage (sweet water - liquid component).  
 
4.3.2.2 Condensed distillers solubles (CDS) 
 
Condensed distillers solubles (corn syrup) is the syrup produced from evaporating down thin stillage 
(5-7% solids) and contains 25% solids.  These solubles can then be added to the wet distillers 
grains.  Table 3 gives typical analyses for condensed distillers soluble.  Further nutrient details are 
given in Chapter 8. 
 
4.3.2.3 Wet distillers grains (WDG) 
 
Wet distillers grains (Photograph 1) is the solid component of the centrifuging of the whole stillage 
(30-35% solids).  The shelf life of WDG is typically 4-5 days depending on temperature but it can be 
ensiled in silage bags (Photograph 2).  Table 3 gives typical analyses for WDG.  Further nutrient 
details are given in Chapter 8. 
 
4.3.2.4 Wet distillers grains with solubles (WDGS) 
 
Wet distillers grains with solubles is WDG combined with the syrup concentrate (solubles) from thin 
stillage.  Table 3 gives typical analyses for WDGS.  Further nutrient details are given in Chapter 8. 
 
4.3.2.5 Dry distillers grains (DDG) 
 
Dry distillers grains (Photograph 3) is WDG that has been dried down to 90% solids.  Considerable 
energy is required to dry the WDG but this process increases the storage life of the product and 
reduces transport costs.  Conventional drying of WDG to DDG accounts for 38-40% of a plant’s 
overall energy consumption (Ethanol Producer Magazine 2007).  Table 3 gives typical analyses for 
DDG.  Further nutrient details are given in Chapter 8. 
 
4.3.2.6 Dry distillers grains with solubles (DDGS) 
 
Dry distillers grains with solubles is WDGS that has been dried down to 90% solids.  Considerable 
energy is required to dry the WDGS but this process increases the storage life of the product and 
reduces transport costs.  DDGS from a conventional dry-grind corn plant has 26 to 30% protein, 10 
to 12% crude fibre and 8 to 10% crude fat.  Table 3 gives typical analyses for DDGS.  Further 
nutrient details are given in Chapter 8. 
 
4.3.2.7 Modified distillers grains with solubles (MDGS) 
 
Another product that has emerged from dry milling processes is modified distillers grains (MDGS) 
which removes a portion of the germ and provides a co-product intermediate, with respect to dry 
matter content, between WDGS and DDGS.  Table 3 gives typical analyses for MDGS.  Further 
nutrient details are given in Chapter 8. 
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4.3.3 Standardisation of terminology 

The Association of American Feed Control Officials (AAFCO) is responsible for developing and 
implementing uniform and equitable laws, regulations, standards and enforcement policies for 
regulating the manufacture, distribution and sale of animal foods in the USA, resulting in safe, 
effective and useful foods.  The legal definitions of the above-mentioned co-products are given in the 
annual official publication Feed Ingredient Definition under “Distiller Grain Products”.  Definitions 
27.4 to 27.8 define co-products from a dry-grind corn plant.  According to AAFCO, distillers dried 
grains with solubles (DDGS) is "the product obtained after removal of ethyl alcohol by distillation 
from the yeast fermentation of a grain or grain mixture by condensing and drying at least 75 percent 
of the resultant whole stillage by methods employed in the grain distilling industry.  The 
predominating grain shall be declared as the first word in the name" (AAFCO, cited in Gavin et al. 
2006).  Collectively the solid co-products are referred to as distillers grains.  
 

TABLE 3 - TYPICAL ANALYSES OF ETHANOL CO-PRODUCTS  

 
 
Source: Lardy 2007 
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FIGURE 6 - ETHANOL PRODUCTION PROCESS SHOWING VARIOUS CO-PRODUCTS (LARDY 2007) 
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PHOTOGRAPH 1 - WET DISTILLERS GRAINS (WDG) 

 

PHOTOGRAPH 2 - WDG STORED IN A SILAGE BAG 

 

PHOTOGRAPH 3 - DRY DISTILLERS GRAINS (DDG) 
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4.4 Environmental impact of ethanol plants 

As with any large industrial development, there are potential environmental impacts associated with 
the development and operation of ethanol plants.  The following is a summary of the environmental 
issues concerning grain-based ethanol plants.  Sometimes, in addition to the ethanol plant, there are 
associated facilities to improve the economic or environmental performance of the facility.  These 
associated facilities can include livestock operations (beef or dairy cattle), methane generation 
plants (to provide energy to the ethanol plant), fertiliser factories (to use co-products) and sundry 
other enterprises.  These associated facilities will also have environmental impacts.  Australia has a 
well-developed planning process that should address all the issues raised on a case-by-case basis. 
 
4.4.1 Water impacts 

Water use 
 
Grain-based ethanol production requires a substantial supply of clean water.  Water use is primarily 
related to evaporation during cooling, and wastewater discharge from the plant.  Ethanol plants also 
recycle significant quantities of water within the plant to reduce requirements.  There are few 
published reports detailing water usage in ethanol production. However, Keeney & Muller (2006) 
report water usage of 4.2 US gallons per gallon of ethanol produced and Shapouri et al. (2002) 
report USA national average water usage of 4.7:1.  These authors report that water usage in ethanol 
plants has fallen over time in response to plant efficiency and improved recycling technology.  From 
1996 to 2006, water consumption in US ethanol plants has reportedly decreased from between 6-8:1 
to 3-5:1 gallons of water per gallon of ethanol produced (Aden 2007). 
 
During the planning process, it would be necessary to identify a sustainable source of water.  For a 
plant proposing an annual production of 100 ML ethanol, this would require approximately 400 ML of 
high security water.  However, some research suggests that ethanol plants could utilise lower quality 
wastewater, thereby lowering their water demand impacts (Keeney & Muller 2006). 
 
Surface water pollution 
 
Ethanol production creates a risk of spillage of ethanol or chemicals on site.  There may also be 
wastewater from the ethanol production process or associated enterprises and grey water from staff 
amenities.  Sustainable disposal or reuse of contaminated water needs to be proposed.  Ethanol 
plants produce a wastewater stream that has a high level of organic compounds that are not suitable 
for release to surface waters (Shapouri et al. 2002).  However, these authors note that newer plants 
constructed in the USA have zero wastewater discharge, recycling all water within the plant through 
various means.  Provided Australian plants adopt these technologies, there is a low risk of surface 
water contamination from the wastewater stream. 
 
Groundwater pollution 
 
The risk of groundwater pollution from an ethanol plant stems from two activities, namely the storage 
of fuel on site and the production of effluent.  Ethanol is highly soluble and is not considered a 
serious pollutant compared to most transport fuels.  However, the risk of spillage or leaking of fuel 
does pose some degree of risk.  Ethanol production can create a wastewater stream with high levels 
of organic compounds, posing a contamination risk.  However, newer plants in the USA discharge 
no wastewater due to installation of water recycling devices.  Attention needs to be drawn to the 
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concerns over wastewater production from proposed ethanol plants in Australia to ensure that 
recycling technology is adopted and pollution risks are minimised. 
 
4.4.2 Community amenity impacts 

Developments should be sited so as not to cause unreasonable interference with the comfortable 
enjoyment of life and property off-site or with off-site commercial activity.  Accordingly, ethanol plants 
should be separated from sensitive receptors by a sufficient distance to limit any adverse impacts 
resulting from odour, dust, noise or aesthetic considerations, to an acceptable level.  Ethanol plant 
development will come under the jurisdiction of local councils and state EPA’s, and any development 
would be subject to local consultation.   
 
Fire is a potential risk at any ethanol plant, and appropriate fire management procedures need to be 
ensured.  In addition to this, the magnitude of a serious fuel fire may be beyond the capacity of local 
fire services to control.  This must be addressed for each ethanol development. 
 
Dust can be created by grain handling and milling operations and by traffic on unsealed roads.  
Considering the large number of trucks and cars travelling in and out of a medium size plant, 
considerable dust may be produced.  As with any large industrial operation, noise impacts can also 
occur due to the operation of machinery on-site and due to transport of goods and materials to and 
from the site.  The main sources of noise from an ethanol plant are: 

 machinery use around the plant; 
 grain milling; and 
 heavy transport vehicles, such as grain and ethanol trucks. 

 
Transport impacts 
 
Ethanol plants will generate large volumes of traffic that may place stress on local roads.  This 
important issue would need case-by-case assessment prior to developments.  For example, a 100 
ML grain ethanol plant will require in the order of roughly 10,000 B-double trucks to transport some 
240,000 t grain, 100 ML of ethanol and 65,000 t of distillers grains in and out of the plant per year.  
This number would be substantially reduced if the plant was located on a rail line or if road train 
access was possible.  However, if the distillers grains were transported wet, the number of trucks 
required would be greatly increased.  
 
Odour impacts 
 
Odour is a specific community amenity concern, requiring careful assessment to determine 
necessary separation distances from a proposed development.  Air emissions associated with 
ethanol production include particulate matter, nitrogen oxides, and carbon monoxide as well as trace 
levels of volatile organic compounds (VOCs).  Odours are associated with several aspects of the 
system including: 

 the fermentation of grain; 
 the distillation of ethanol; 
 the extraction, storage and movement of wet distillers grains; and 
 the storage and loading of ethanol. 

 
A robust understanding of odour at ethanol plants will be required to ensure adequate planning 
conditions are implemented before establishment of a plant.  Careful scrutiny of ethanol 
developments is recommended to ensure adequate separation distances are applied, and that best 
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practice management is applied to odour and other air emissions.  However, plants have been 
located in residential areas overseas, suggesting that odour problems can be managed.  
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5 Environmental analysis of grain-based ethanol production 
Ethanol is promoted as a renewable energy source for use in replacement of fossil fuels.  In addition 
to this, ethanol is reported to provide a net reduction in GHG emissions when compared to existing 
fossil fuels such as petrol.  However, there is considerable debate over the net energy gain and 
GHG reductions from grain-based ethanol.   
 
This debate is informed by two types of system analyses; net energy value (NEV - also known as 
net energy balance - NEB), and life cycle assessment (LCA).  Essentially the NEV approach 
calculates the net energy gain / loss from producing one unit of ethanol, while LCA may extend the 
analysis to compare ethanol with conventional fossil fuels in their end use, i.e. driving a car 1 km.  
These forms of assessment will give different results. However, the LCA approach incorporates the 
NEV and generally provides a more complete comparison of fuel sources when used for their 
intended purpose.  In addition to providing data on energy balance, an LCA study may report on a 
range of other potential environmental impacts. 
 
Literature presenting results from both assessment methods are provided in Sections 5.1 and 5.2. 
Section 5.3 discusses resource issues related to use of arable land and water for the production of 
fuel, while Section 5.4 discusses the ethical debate surrounding the use of a grain resource for fuel 
compared to human or animal consumption.  It must be noted that research in this field is 
progressing rapidly and this will influence the overall conclusions relating to net energy value. 
 
 
5.1 Net energy value 

Net energy value (NEV) is the assessment of energy required to produce a unit of ethanol compared 
with the energy value of the resultant ethanol.  There is a long-standing debate over the ability for 
grain-based (corn) ethanol to produce a greater amount of energy than is required to grow the corn, 
transport and process this into ethanol (see Figure 7).  In the more recent literature, this debate is 
largely between Pimentel and Patzek (Patzek et al. 2005; Pimentel & Patzek 2005; Patzek 2004; 
Pimentel 2003) and Shapouri, Kim & Dale and others (Hill et al. 2006; Wu et al. 2006; Kim & Dale 
2005a; Kim & Dale 2005b; Shapouri et al. 2003; Wang et al. 1999). 
 
Calculation of net energy value essentially takes an inventory approach to calculate primary and 
secondary energy inputs derived from diesel, petroleum, natural gas, coal etc during the three main 
phases of the ethanol production chain, namely grain production on farm, transport of grain to the 
ethanol plant and ethanol production within the plant.   
 
The NEV of grain-based ethanol within the literature varies significantly.  Research by Pimentel 
(2003) and Pimentel & Patzek (2005) suggest a negative energy balance in the order of -30%.  In 
contrast to these, several other researchers estimate a net energy benefit of 25 – 50% from corn 
ethanol production (Hill et al. 2006; Shapouri et al. 2003; Shapouri et al. 2002; Wu et al. 2006; Wang 
et al. 1999).  An Australian LCA study commissioned by MLA (Cottrell et al. 2007) concluded that 
the NEV of sorghum and wheat ethanol in Australia is around neutral when the WDG is dried (NEV 
of -2% to + 12% for wheat and sorghum respectively), and positive if no drying is applied (+ 39% for 
wheat and sorghum).   
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FIGURE 7 - VARIATION IN NET ENERGY VALUE OF CORN BASED ETHANOL REPORTED IN THE LITERATURE (WANG, CITED 

IN APL 2007) 

 
There are several factors that influence these differences and these will be discussed in the 
following sections.  It is clear, however, that the energy available from grain ethanol is at best a 
supplement to fossil fuel supply rather than a complete replacement as the production cycle yields 
only about 1.3 units of energy for each 1 unit expended. 
 
5.1.1 Grain production on farm 

There are several drivers that affect estimation of energy use on farm, including fertiliser usage, 
tillage, irrigation and average crop yield.  The system boundary for farm inputs has been a source of 
contention for researchers in this field, with several reports (Shapouri et al. 2003; Wang et al. 1999) 
excluding various inputs (i.e. machinery, labour) while others contend these are necessary for a 
complete assessment of energy usage (Pimentel & Patzek 2005; Patzek 2004; Pimentel 2003).   
 
Recent assessments (Hill et al. 2006; Wu et al. 2006) have included these factors to provide a more 
complete estimate and have concluded that their overall effect is relatively small.  However, 
Pimentel (2003) and Patzek (2004) report that energy used in the production of machinery 
represents some 15% of the energy inputs per hectare. 
 
Energy use associated with fertiliser is a further area of contention, both in respect to average 
application rates and the energy required to produce the fertiliser.  Fertiliser production is an energy 
intensive process, with energy for N fertiliser production varying by over 100% across studies 
reviewed by Shapouri et al. (2003).  These widely divergent values contribute significantly to the 
overall energy balance of corn ethanol.  Wu et al. (2006) report that energy associated with fertiliser 
usage represents 18% of the total energy inputs to the production cycle.  In general, researchers 
have concluded that energy usage per kg of fertiliser output is decreasing over time, based on 
improved technology and practices within the manufacturing plants (Shapouri et al. 2003).  As the 
latent energy in fertiliser is so high, the application rates applied also have a significant influence on 
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NEV.  Differences in studies based on US corn show application rates from 125 kg N / ha (Shapouri 
et al. 1995, cited in Shapouri et al. 2003) to 153 kg N / ha (Pimentel & Patzek 2005).  These 
differences are significant, and highlight the necessity for accurate data pertaining to fertiliser 
manufacturing and use in Australian grain production for accurate analyses to be completed. 
 
The use of irrigation for growing grain ethanol crops will also contribute to energy input.  Pimentel 
(2003) and Pimentel & Patzek (2005) suggest that for corn production in the USA, a small but 
significant irrigation component must be included in the farm input section.  This however, does not 
make a very large contribution to energy balances averaged across the whole US Corn Belt.  If 
ethanol production were initiated in irrigation areas of Australia such as the Murrumbidgee Irrigation 
Area (MIA), this would need to be considered in any assessment of NEV. 
 
5.1.2 Transport 

Transport is also a relatively minor energy usage in most US energy balance studies, as shown by 
Hill et al. (2006) and the review undertaken by Patzek (2004).  Some researchers extend the system 
boundary to include movement of staff to and from the ethanol plant daily, which will have a small 
but noticeable effect on the energy balance (Patzek 2004; Pimentel 2003).  Most of these studies 
assume corn is transported a relatively short distance to the ethanol plant (< 50 km) which may not 
be the case for grain-based ethanol production in Australia because of the lower yields per hectare.  
This may increase the impact of grain transport on NEV in the Australian context, and this would 
require further research once clear supply chains for ethanol production have been established. 
 
5.1.3 Plant energy usage 

Estimates of energy usage by ethanol plants have been extensively reviewed.  Shapouri et al. 
(2003) summarise the results from reports dating 1990-2002 and show a range in energy inputs 
from 11.39 – 20.94 MJ/L of ethanol.  Kim & Dale (2005b) summarise energy use from a number of 
reports to give a range of 10.8 – 13.9 MJ/L for dry milling and 9.8-18.5 MJ/L for wet milling (numbers 
converted from MJ/kg to MJ/L).  The energy input is related to milling practices.  Dry milling results in 
lower energy input than wet milling practices.  According to Wu et al. (2006), the energy usage in the 
ethanol plant is 57% of total fossil fuel energy usage.  Several researchers contend that the energy 
requirement of ethanol plants is declining over time as technology and economies of scale improve 
(Kim & Dale 2005b; Shapouri et al. 2003).  Again, the estimates of energy use within ethanol plants 
tend to be divided, with Pimentel (Pimentel & Patzek 2005; Pimentel 2003; Pimentel 2001; Pimentel 
& Pimentel 1996) and Patzek (Patzek 2004; Patzek et al. 2005), estimating higher energy 
consumption within the plant compared to Kim & Dale (Kim & Dale 2005b), Shapouri (Shapouri et al. 
2003; Shapouri et al. 2002) and Wu & Wang (Wu et al. 2006; Wang et al. 1999).  
 
5.1.4 Energy credits from co-products 

Perhaps the strongest defining factor in the estimation of NEV for grain-based ethanol is the value 
placed on co-products.  As discussed in Section 4.3, there are a number of co-products from ethanol 
production that can be used as animal feeds or fertilisers (see Chapter 8).  These are usually 
assigned an energy credit when calculating NEV.  However, the magnitude of this credit is variable 
depending on the means of allocation.   
 
Ethanol co-products contain high levels of protein and a lower proportion of energy.  Hence they are 
generally compared with protein sources used for livestock feed.  However, there is considerable 
variation in the nutritional value of these co-products (see Chapter 8).   
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Credits are usually allocated by estimating the amount of energy that would have been consumed in 
the production of an alternative protein used for animal feed, most commonly soybean meal and oil 
(Kim & Dale 2005a; Shapouri et al. 2003).  When this form of energy credit is given, it generally 
provides approximately 30% energy credit to the process, often taking a net deficit or neutral energy 
balance to a positive balance (Hill et al. 2006; Shapouri et al. 2003).  This form of energy credit 
relies on the co-products being a suitable substitute for other protein sources used for livestock feed.  
If the co-product is not used to its full potential it may be argued that this energy credit system is not 
valid.  An alternative co-product from grain-based ethanol production is fertiliser, which may have a 
higher net energy credit than animal feed when produced in association with electricity (CSIRO 
2007; O’Connell et al. 2007).  
 
Pimentel & Patzek (2005) and Patzek (2004) have questioned the process of energy crediting.  
Patzek (2004) suggests that for a corn system to be sustainable over time, the co-products from the 
process need to be returned to the soil to maintain organic matter and soil nutrient levels.  While this 
represents a fundamental difference in approach, it does attempt to address questions over the 
sustainability of continuous cropping for grain ethanol. 
 
5.1.5 Net GHG balance  

Reduction in GHG production is considered a benefit of using ethanol based fuels.  However, within 
the scope of a net energy balance study which only compares GHG production for ethanol to the 
end of the production chain, the benefit is typically low (Kim & Dale 2005a).  Reported GHG 
reductions for corn based ethanol range from 12% (Hill et al. 2006), to a projected improvement in 
GHG production of 21-24% in 2012 (Wu et al. 2006).  Arguably, GHG production is more fairly 
represented by the total GHG production derived from the use of the fuel for its intended purpose 
(i.e. driving a car).  This form of assessment is reported in the section on LCA.   
 
5.1.6 Alternative perspectives in NEV estimation 

The degree of variation in the scope of NEV calculation results in estimates ranging from 
approximately -30% to +50%.  The two researchers who contest the NEV of grain-based ethanol 
consistently, Patzek and Pimentel, have furthered the debate by suggesting that energy inputs 
should include not only the farm, transport and ethanol plant requirements, but also the actual 
energy contained in the harvested grain.  Following this approach, the energy lost during the 
fermentation of the grain (and subsequent CO2 production) is also included in the NEV, resulting in a 
large deficit.  This approach is rejected by the majority of researchers because the energy in the 
grain is considered the free product of sunlight and is therefore not accountable.  However, Pimentel 
and Patzek contend that water and land resources are the limiting factor in grain energy production, 
and therefore the energy is not strictly a free resource.  Taking this approach, the energy efficiency 
reported in several published papers is highly negative (- 100%) (Patzek et al. 2005; Patzek 2004).  
Although these reports are commonly rejected, their central theme is the competition between fuel 
and food production for limited land and water resources, and this is a relevant topic for debate.  
These issues will be considered further in Sections 5.3 and 5.4. 
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5.2 Life cycle assessment  

Life cycle assessment (LCA) offers a more comprehensive approach to calculating the 
environmental impacts of grain-based ethanol production in a format that can be readily compared 
with other alternatives.  LCA studies are numerous.  However, many examples of LCA’s only report 
a partial analysis focused on energy and / or GHG production (Beer & Grant 2007; Wu et al. 2006; 
Kim & Dale 2005b).  LCA research is at times confounded by boundary definition and allocations, 
which can have a significant influence on the result (O'Connell et al. 2007; Kim & Dale 2002a).  A 
framework for ethanol produced from wheat is supplied in Figure 9 to provide an indication of the 
boundaries commonly included.  In addition to this, some studies include energy imbedded in 
machinery and plant, which is a boundary definition issue. 
 
There are two main approaches to selecting a functional unit for LCA depending on the goal of the 
study.  If the research is focussed on an analysis of non-renewable energy and GHG production, the 
functional unit is likely to be based on production (i.e. 1 L of ethanol).  Alternatively, the LCA could 
be based on the final usage of the fuel for its intended purpose, in which case the functional unit will 
be, for example, driving a car 1 km (i.e. Kim & Dale 2005b).  The more comprehensive studies 
provide data for both functional units, and incorporate NEV results (Cottrell et al. 2007).  
 
Von Blottnitz et al. (2007), Reijnders et al. (2007) and Gnansounou et al. (2005) have conducted 
reviews of LCA research and these reports are recommended to the reader.  Recent LCA studies 
which provide an example of the current state of research in Australia include Beer et al. (2007) and 
Cottrell et al. (2007); while Wu et al. (2006), Kim & Dale (2005a), Kim & Dale (2005b) and Kim & 
Dale (2006) represent the situation in the USA.  
 
The Australian study conducted by Beer & Grant (2007) focussed on overall emissions from E10 
fuel. However, very little information on input data from grain production was reported in the 
literature.  This study concluded that there are only marginal benefits to GHG production from the 
use of E10 compared to standard ULP in Australia.  Demonstrable benefits may be shown from 
using E85 however.  It is noted by these authors that tail-pipe GHG emissions produced by cars 
using renewable fuel (such as grain-based ethanol) do not need to be accounted for within the LCA.  
Notwithstanding this, the LCA did not show E10 from grain-based production in Australia as 
providing a GHG benefit when used for transportation.  Another Australian study commissioned by 
MLA (Cottrell et al. 2007) concluded that the NEV of sorghum and wheat ethanol production in 
Australia is around neutral when the WDGS is dried, and positive if no drying is applied.  This is 
comparative to studies in the USA that show a positive energy gain from corn-based ethanol.  
Cottrell et al. (2007) showed decreases in GHG production from ethanol (when used as E10) of 22% 
and 31% for wheat and sorghum derived ethanol respectively (where distillers grains are dried), 
compared to standard petrol.  It is noted that this benefit includes CO2 capture and reuse at the 
ethanol plant and sale of electricity resulting in CO2 emission credits.  The GHG benefit improved 
where distillers grains were not dried, showing 56 and 49% GHG reduction for wheat and sorghum 
derived ethanol respectively. 
 
The results of a selection of studies are reported in Table 4.  The majority of this research concludes 
that, based on energy value and GHG production, ethanol is superior to fossil fuel alternatives such 
as petrol.  However, for the E10 blend, the reduction in GHG emissions is marginal at best, ranging 
from 0-7%.  Fossil fuel energy savings are also minimal with E10, as energy derived for manufacture 
of ethanol is largely from coal and natural gas.  Ethanol is definitely able to offset petrol usage, but 
this is partly at the expense of other fossil fuels.  For example, Wang et al. (1999) report a reduction 
in petrol usage of 73-75%, but only a 34-35% reduction in fossil fuel usage for grain ethanol.   
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TABLE 4 - SUMMARY OF LCA STUDIES FOR GRAIN-BASED ETHANOL USED IN CAR TRAVEL  

Fuel type Parameters 
assessed 

Grain 
source 

Summary of results Country Reference 

E10, E85 GHG, 
particulates 

Wheat, 
Sorghum

Marginal benefits in 
reducing GHG emissions 
using E10 under Aust. 
conditions  

Australia (Beer & Grant 
2007) 

E10 Energy, 
water, GHG 

Wheat, 
Sorghum

21-49% reduction in GHG, 
energy balance of -2% to + 
39% results depending on 
grain type and processing 
applied (drying or not 
drying the DGS). 

Australia (Cottrell et al. 
2007) 

E10 Energy, GHG, 
acidification, 

eutrophication 

Corn Corn ethanol production 
showed a positive NEV 
and decreased GHG 
production, however 
acidification and 
eutrophication are 
increased 

USA (Kim & Dale 
2005a) 

E85 Energy and 
GHG 

Corn 20-50% increase in Net 
energy, 41-61% decrease 
in GHG using E85 
compared to gasoline. 

USA (Kim & Dale. 
2005b) 

E10, E85 Energy, GHG, 
acidification, 

eutrophication 

Corn Reduces GHG emissions 
by 7% for E10 and 71% for 
E85 

USA (Kim & Dale 
2006) 

E10 Energy, GHG Corn Reduces GHG emissions 
by 1% and fossil energy 
usage by 3%  

USA (Wang et al. 
1999) 

E85 Energy, GHG Corn 14-19% reduction in GHG 
emissions,  34-35% 
reduction in fossil energy  

USA (Wang et al. 
1999) 

 
Energy use and GHG production are only a subset of the environmental sustainability indicators 
relevant to grain-based ethanol production.  LCA studies that include other indicators of 
environmental sustainability will be reported in Section 5.3.  
 
When assessing ethanol blends used as a transport fuel, there are multiple environmental issues 
relating to tail pipe emissions that can be considered.  This review has focussed on environmental 
impacts from a production perspective.  However, to gain some perspective on the performance of 
ethanol-blended fuels in respect to tail pipe emissions, a discussion paper from Environment 
Australia (2002) states the following:  
 
“ethanol blends tend to result in reduced emissions of carbon monoxide (CO); hydrocarbons (HCs); 
particulate matter; and certain known carcinogens. However, ethanol blends are likely to increase 
emissions of aldehydes, particularly acetaldehyde. Several US studies conclude that the overall 
ozone forming potential of ethanol blends is the same or lower than that of petrol. This outcome is 
achieved by blending the ethanol into a blendstock to meet volatility requirements. Emissions of 
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oxides of nitrogen (NOx) have been shown to decrease in some circumstances and to increase in 
others”. 
 
The variability in reported GHG benefits and the key position of this driver in the argument for 
ethanol usage in Australia necessitate further research in this area to confirm or negate the benefits 
to GHG production.  GHG abatement must consider energy efficiency and cost.  Figure 8 clearly 
shows this balance of cost and GHG reduction in the European context, comparing ethanol from 
wheat with many other alternative transport fuels.  Clearly, the value of grain-based ethanol 
according to this research is lower than many alternatives. 
 

 

FIGURE 8 - COST OF AVOIDING GHG EMISSIONS USING DIFFERENT BIOFUEL SOURCES (IES 2008) 
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FIGURE 9 - A PROCESS TREE SHOWING AN LCA OF ETHANOL FROM WHEAT (O’CONNELL ET AL. 2007) 

Note: The thickness of the arrows indicates the proportion of the GHG emissions from each step. 
 
 
5.3 Environmental sustainability and resource use 

In addition to energy use and GHG production, the environmental sustainability of grain-based 
ethanol will depend on a suite of factors including potential degradation of land and water resources, 
together with other environmental impacts such as atmospheric acidification.  LCA studies offer a 
comprehensive structure for assessing environmental impacts.  However, these studies rarely cover 
the full range of issues relevant to agriculture.  This problem has been identified by Heuvelmans et 
al. (2005) who note that LCA methodology is still under development in respect to agriculturally 
specific impacts.   
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“Renewable” fuel by definition must be derived from a source that can be supplied continuously over 
time without resource depletion.  Grain-based ethanol proponents argue that ethanol is ‘renewable’ 
because the energy is captured by the sun through photosynthesis.  This principle cannot be directly 
contested.  However, some researchers (Patzek et al. 2005; Pimentel et al. 2005; Patzek 2004; 
Pimentel 2003) suggest that a true definition of “renewable” must take into consideration the other 
limiting resources used in the process, namely water and good quality agricultural land.  By 
broadening the definition of “renewable”, these researchers call for the inclusion of impacts on soil 
erosion and water use.  In this context, Patzek et al. (2005), Pimentel & Patzek (2005), Patzek 
(2004) and Pimentel (2003) do not consider corn-based ethanol renewable.  While the conclusions 
drawn by both Patzek and Pimentel have been widely disputed in the literature (e.g. Farrel et al. 
2006b; Shapouri et al. 2003), these disputes generally focus on allocation methods for conducting 
the NEV study of corn ethanol.  The broader assessment of ethanol sustainability including land and 
water usage has not been addressed by many of the prominent researchers of grain-based ethanol 
systems such as Wu et al. (2006), Shapouri et al. (2003) and Wang et al. (1999).  
 
Kim & Dale (2005a) report ethanol production from corn has a significant impact on soil acidification 
and eutrophication, largely because of fertiliser usage.  In their review of some 47 published LCA 
studies of ethanol production, von Blottnitz & Curran (2007) point out that, only seven of these 
studies covered a wider range of environmental impacts.  It is concerning that ethanol production is 
being assessed on such a limited number of parameters, leaving room for environmental impacts to 
shift from one area to another without being assessed.  Further research to assess the ‘whole 
system’ environmental impacts with a broad range of LCA indicators would provide valuable 
information on the true sustainability of ethanol production.  Of particular concern is the situation 
where increased grain demand is met by expanding cropland into grassland and marginal farming 
areas (von Blottnitz & Curran 2007).  This can lead to much higher GHG production, reduced 
sequestration of carbon and other adverse environmental impacts. 
 
The issue of environmental sustainability is linked to resource availability.  There are limited supplies 
of arable land and water both in Australia and worldwide, and there is potential conflict between how 
these resources will be used in the future.  Until this point, most agricultural land has been used for 
the production of food and fibre. However, biofuel production from grain, oil or cellulose is 
increasingly competing for these resources. 
 
While global estimates are prone to inaccuracy, it is notable that the world supply of available 
cropland and irrigation resources are reported to have declined significantly in the past decade (-
20% and -12% respectively (Pimentel 2003)).  This is likely to be the converging result of increased 
urban sprawl onto agricultural land and land degradation.  Further, Pimentel (2006) suggests that 
some 10 million ha of agricultural land becomes unproductive per year (worldwide) because of soil 
erosion.  The sustainability of grain-based ethanol is, in the broader context, an argument over the 
sustainability of modern grain production methods.  Pimentel (2003) is clear about this, stating that 
“corn production [in the US] causes more total soil erosion than any other crop”.   
 
Concerns over the sustainability of grain production transfer to all industries relying on grain as a 
feedstock, including animal feeding.  It is noted that there have been significant concerns raised by 
the Australian Agriculture Assessment regarding soil acidification, annual soil loss and water quality 
impacts from agriculture in Australia (NLWRA 2001).  To determine accurately the sustainability of 
grain-based ethanol in Australia, these impacts need to be assessed and assigned to ethanol 
production where applicable.  This is an area of expanding research for all agricultural and food 
production LCA studies, and should be promoted to ensure that Australia develops a healthy 
balance between agricultural production and sustainable use of the nation’s limited land and water 
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resources.  It has been observed that high demand for corn in the US over the past 2 years has led 
to expansion of cropping production, sometimes into marginal areas. 
 
To balance the discussion, O’Connell et al. (2007) comment that diverting Australian grain from 
export markets to ethanol production will have no net effect on the environment as production has 
not changed.  If, however, production increased significantly above current levels the sustainability 
of this shift would need to be reassessed (O'Connell et al. 2007).  This is an issue that will require 
careful observation if demand for grain is sustained and prices remain high.  Expansion or increased 
pressure on Australia’s limited cropping land would result in a reduction in grazing land and could 
lead to poorer annual yields over time because of increased cropping pressure.  Considering the 
fragility of Australian cropping regions, impacts from such a shift must be accounted for in any state 
or national move to promote grain-based ethanol production and use. 
 
Globally, there are concerns that biofuel production will lead to extensive forest clearing, and this 
has, to some extent, already taken place in parts of South East Asia.  Considering the goal of biofuel 
usage to provide a green, environmentally sustainable fuel source, these practices must be seen as 
counterproductive.  Particularly with respect to global warming, the practice of deforestation to 
expand biofuel production must be questioned. 
 
Pressure for land and water resources will increase in the future as expanding populations demand 
greater quantities of food, fibre and fuel from limited land and water resources (O'Connell et al. 
2007).  In the past, this need has been partly met by expansion of arable land, but land resources for 
further expansion of cropping are very limited.  This places added emphasis on maintaining 
sustainable use of cropland for future production.   
 
In addition to land usage, water use is another issue of global concern that may influence agriculture 
significantly in the future.  To date most LCA studies have not addressed water use from the grain 
production phase of the system (eg. Cottrell et al. 2007) because this is not seen as water ‘use’.  
This problem in terminology has been identified by Heuvelmans (2005) and several others.  Water 
use in agriculture is an issue that is being increasingly scrutinised as available water resources are 
stretched.  It is possible that water footprints and ‘virtual water’ usage will become a major factor in 
commodity trading worldwide as global population expands.  Hence, the virtual water usage to 
produce ethanol will need to be assessed in order to compare with other competing products such 
as cereal based foods and meat.  This competition for land and water use is one of the major factors 
contributing to the ‘food vs. fuel’ debate discussed in the following section. 
 
 
5.4 The ‘Food vs. Fuel’ debate 

Grain-based ethanol production diverts a supply of grain that can be used for human or animal 
consumption to the production of fuel.  This allocation of grain raises certain ethical concerns when, 
at a global scale, food grain and agricultural land for food production are both in limited supply 
(Pimentel 2003).  The debate can be split into two issues, viz, the use of a food resource (grain) to 
produce fuel, and the use of finite land and water resources to grow any form of biomass for fuel 
production.  These issues have been the subject of a considerable amount of media exposure in the 
US (Carey et al. 2007; Muller et al. 2007; The Economist 2007a & b; Samuelson 2007; NFU 2007; 
Brown 2006).   
 
Using grain for ethanol adds a new and very different demand stream to the world grain market, 
which is linked to oil prices rather than food.  According to The Economist, this is leading to higher 
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global grain prices and pressure on food markets (The Economist 2007b).  While direct competition 
between grain used for food and fuel is not likely to be of concern in wealthy countries where an 
excess of grain is produced and food prices constitute a relatively low proportion of expenditure, this 
is not the case in many less developed countries.  Higher food prices in countries where food is a 
major part of living costs will have a large effect on households and the overall economy of these 
countries, and this is at least partly attributable to grain-based ethanol production.   
 
Concerns have also been raised over ethanol production in regions of the world where food security 
is scarce, or where remnant vegetation is cleared in order to produce ethanol or other biofuel crops.  
Production of ethanol in these regions will have a more immediate effect on the local population from 
the diversion of land resources and available food to production of ethanol feedstock for export.  
This highlights the need for some form of production protocol and labelling to ensure global ethanol 
trade does not promote major conflicts in resource usage. 
 
While the balance of advantage from higher grain prices is generally against the less developed 
nations of the world, it should also be noted that some less developed nations who produce export 
grain may actually benefit through improved terms of trade and stronger rural economies (Muller et 
al. 2007; The Economist 2007a). 
 
Ethanol proponents claim that grain trade on the world market is largely determined by the ability to 
pay, excluding many countries that are not able to purchase grain irrespective of price.  This, 
together with other factors such as political stability and infrastructure, have all contributed to 
inequitable food distribution throughout the world well before any conflict between fuel and food 
grain uses had arisen.  While this may be the case, adding a significant demand stream into the 
global grain market must have a significant impact on grain prices, affecting less developed nations 
who are net importers of grain.  
 
The issues of environmental sustainability, competition for land, food and fibre production from the 
world’s agricultural land are intertwined and highly relevant to the subject of ethanol production.  
There is a growing amount of balanced, objective literature addressing the issue, and the reader is 
encouraged to take note of the influential papers, many of which have been cited in the preceding 
sections. 
 
Progress towards sustainable energy production must not be pursued at the expense of food that 
would otherwise be used for human consumption.  However, it must be noted that global food 
distribution is a complex global problem that existed well before grain demand for biofuel.  It 
appears, therefore, that sustainable and ethical grain-based ethanol production in Australia should 
be assessed with respect to the impact of diverting grain supplies on local and global food prices 
(including flow on effects to animal products reliant on grain) and resource use (including both 
sustainability and competition for land and water resources).  While these issues have been 
considered in some detail by O’Connell et al. (2007) and others, further assessment of sustainable 
ethanol production from first and second-generation technologies in Australia will be valuable, 
provided this assessment considers the complex interactions between the grain and grain 
dependent livestock industries.   
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6 Global grain-based ethanol production  
The global ethanol industry is driven largely by Brazil (sugar cane ethanol production) and the US 
(corn-based ethanol) which each produce roughly 40% of global supplies of ethanol.  Global grain-
based ethanol is dominated by corn ethanol production in the US.  However, interest is increasing in 
many regions of the world including Europe (EBIO 2006; Punter et al. 2004; Elsayed et al. 2003) and 
Asia (Ohga & Koizumi 2007).  This chapter reviews production of grain-based ethanol in key regions 
of the world, with major emphasis being placed on the US, while production in Australia will be 
addressed in Chapter 7.  Production will be discussed in relation to potential impacts on feed grain 
supplies and additional distillers grains that may become available to the grain dependent livestock 
industries.  It must be realised that this is a rapidly moving industry world-wide and changes are 
being made on a daily basis in response to political and market pressures.  For example, within the 
time of this report being compiled, rapid expansion in the US is being reported, concurrent with 
reports of a severe cost-price squeeze within the industry, potentially causing bankruptcy for some 
smaller companies and halting development (Wall Street Journal 2007).  These complexities make 
establishing the ‘status quo’ of global production and projected production difficult, however it is 
clear that production is rising rapidly throughout the world, albeit slower than many proponents 
would suggest. 
 
 
6.1 Grain-based ethanol production (Europe, Asia, Canada) 

Outside the US and Australia, interest in grain-based ethanol production is expanding in several 
regions of the world including Europe (EBIO 2006; Punter et al. 2004; Elsayed et al. 2003), Asia 
(Ohga & Koizumi 2007) and Canada (OECD-FAO 2007).  In comparison to the US, total production 
in these regions is relatively insignificant.  However, if the US is seen as taking a global lead these 
high-energy use regions may also become major centres for production.  
 
It is assumed that current production is minimal for Africa, South America and Eastern Europe, and 
projected production for these regions are not known.  Further discussion of the effects of expanded 
grain-based ethanol production on grain prices will be the focus of Chapter 9.   
 
Europe 
 
Europe is a major producer of biodiesel.  However, ethanol production is also increasing rapidly.  
According to the European Bioethanol Fuel Association (EBIO 2007), current production capacity is 
4036 ML, of which approximately 46% is grain-based.  A further 3521 ML of capacity is under 
construction, of which approximately 85% (3000 ML) is grain-based.  With the plants currently under 
construction, this represents approximately 10% of the projected US production capacity to around 
2009.   
 
The EU has a policy to increase biofuel usage to 10% of all transport fuel by 2020 (BBC News 
2007). However, most countries are well behind in achieving this target (de Miguel 2006).  Fuel 
usage in Europe in 2004 was 270 Mt, of which 40% was petrol and 60% diesel.  This equals 
approximately 146,000 ML of petrol.  Projected consumption is estimated to rise to 325 Mt by 2020 
(Panorama 2005).  Assuming the same proportion of petrol to diesel, the total petrol consumption 
will be approximately 176,000 ML.  To give a very rough indication of the potential market for 
ethanol, 10% by volume of this amount is 17,600ML, giving an approximate target for ethanol if it 
claimed the whole biofuel market for transport petrol.  EU policy incorporates an assumption that a 
proportion of this will be produced using second-generation technology.  However, if grain-based 
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ethanol production were to claim between 25% -100% of this market, it would require 11 - 45 Mt of 
grain.  Production of DDGS would amount to 3-13 Mt.  The predictions by the OECD-FAO (2007) 
are approximately midway in this range, estimating that some 23 Mt of wheat and corn will be 
required by 2016 to produce 15,000 ML of ethanol in Europe (see Figure 10). 
 

 

FIGURE 10 - PROJECTED BIOFUEL USE AND GRAIN DEMAND IN THE EU TO 2016 (OECD-FAO 2007)  

 
Asia 
 
As yet, Asian ethanol production has not reached significant levels of ethanol production on a global 
scale (Ohga & Koizumi 2007).  However, China has set a biofuel target of 15% of transport fuel by 
2020 (The New York Times 2007).  According to an OECD-FAO report (OECD-FAO 2007) the 
current biofuel production in China is 1.5 billion litres (1500 ML) which is projected to expand to 3800 
ML.  This production is largely to be based on grain, and is expected to use some 7.8 Mt by 2015 
(OECD-FAO 2007).  However, recent moves by the Chinese government may well reduce these 
estimates in order to reduce escalating grain prices being experienced in this country.  This makes 
the role of China in global grain-based ethanol production unsure. 
 
Canada 
 
Canada has been relatively slow to expand grain-based ethanol production. However, the 
government has moved to mandate 5% ethanol in gasoline by 2010.  Assuming this is met, total 
grain-based ethanol production is estimated to be 1.7 billion litres (1700 ML) in 2008, rising to about 
2000 ML by 2016.  This would consume over 3 Mt of wheat and 1.5 Mt of corn (OECD-FAO 2007). 
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6.2 Grain-based ethanol production in the US 

 
6.2.1 Location and volume of ethanol production  

The US produces approximately 40% of global grain-based ethanol supplies, and is rapidly 
expanding their capacity.  Production in 2007 was approximately 6.2 billion gallons (approximately 
23,500 ML) and this is expected to increase greatly in 2008.  Figure 11 shows ethanol production 
trends back to 1980, with the rapid increase in production beginning in about 2002-2003.  
 

 

FIGURE 11 - GROWTH IN US ETHANOL PRODUCTION (1980-2007) (SOURCE: WWW.ETHANOL.ORG) 

 
Ethanol plants in the US are primarily located in the Corn Belt states (Figure 12).  The total current 
capacity in the US in October 2007 was 26,600 ML/yr from 130 plants.  Furthermore, there is an 
additional 24,400 ML/yr of capacity under construction (76 new plants and 10 expansions).  
 
The US ethanol industry is almost completely based on corn, with their 2007 ethanol production 
consuming over 55 million tonnes, or around 17% of the record crop of 332.7 million tonnes 
produced in 2007 (USDA 2008).  This demand is expected to rise to over 100 million tonnes by 
2011, with the demand being largely met by reducing exports (Baker & Zahniser 2007). 
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FIGURE 12 - LOCATION OF ETHANOL PLANTS IN US (APRIL 2007) 

Specific state-by-state data on grain-based ethanol production and use have not been summarised 
in this report.  However, this information is available from ACE (2007).  Status 2007 (ACE 2007) is 
available from www.ethanol.org.  This annually-updated report provides state-by-state data and 
analysis of: 

 Petrol use; 
 Ethanol-blended fuel use; 
 Total potential ethanol use in E10 blends; 
 Specifics of retail labelling requirements for ethanol-blended fuel; 
 Ethanol production statistics; 
 Laws and regulations relating to ethanol production and use; 
 Number of refuelling stations supplying E85; 
 Fuel formulation; 
 Upstream petroleum supply; 
 Major product pipelines for crude and petrol; and 
 Downstream petroleum refining and marketing. 

 
STATUS 2007 also includes charts and maps illustrating: 

 Ethanol production facilities: operational and under construction; 
 Licensed drivers; 
 Crop density for corn, sorghum, wheat, and soybean feedstocks; 
 Major railway lines and petroleum pipelines; 
 Fuel taxes and E85 stations; and 
 Ethanol consumption, standards, incentives, and labelling requirements. 
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6.2.2 Ethanol production incentives in the US 

Incentives are a significant driver behind US ethanol production, and these incentives have covered 
several levels of the industry from the manufacturers to distributors.  Many of these incentives do not 
specify the source of the ethanol (grain, cellulosic) and hence production will lean towards the most 
economically viable option (currently grain-based production).  It is unlikely that the US industry 
could sustain high levels of production and growth without these subsidies, as shown by the recent 
downturn in growth following oversupply (The Wall Street Journal 2007).  The main subsidies for the 
US are presented below, and some states have further incentives in addition to these listed.  Further 
incentives and significant research funding have been aimed at the promotion of cellulosic ethanol 
production, including grants of $6-7 million for construction of cellulosic ethanol plants.   
 
6.2.2.1 Twenty in Ten 
 
The US President’s ‘Twenty in Ten’ goal is to reduce US gasoline consumption by 20% in ten years 
to 2017.  This target has an integrated approach focussing on reducing fuel usage and mandating 
35 billion gallons of renewable and alternative fuels (The White House 2007).  This was 
subsequently raised to 39 billion gallons by 2022 in June 2007, with 15 billion gallons of this to be 
produced from corn (The New York Times 2007).  This mandate is not limited to ethanol and 
biodiesel.  However, they will clearly have a significant role to play.  This target is almost 5 times the 
goal set by the Energy Policy Act of 2005 (EP Act 2005), and offers a clear market incentive for 
expansion in the ethanol industry.  If all this fuel were supplied from ethanol, it would require 
130,200 ML / yr, well beyond the capacity of the US grain-based ethanol industry to produce. 
 
6.2.2.2 Renewable Fuel Standards (RFS) 
 
The EP Act 2005 established the first-ever Renewable Fuels Standard (RFS) in federal law, 
requiring increasing volumes of ethanol and biodiesel to be blended with the US fuel supply between 
2006 and 2012.  The Environmental Protection Agency (EPA) is responsible for implementing and 
enforcing the RFS program.  The EP Act required 3.1 billion gallons (11,735 ML) to be blended into 
transport fuel in 2005, increasing to 5 billion gallons, which was then amended to 8 billion gallons 
(30,283 ML) by 2012.  These quantities are significantly below the targeted production by 2012; 
however, demand is expected to grow under the influence of a variety of incentives. 
 
6.2.2.3 Volumetric Ethanol Excise Tax Credit (VEETC) – The “Blenders’ Credit” 
 
The American Jobs Creation Act of 2004 created the Volumetric Ethanol Excise Tax Credit (VEETC) 
to replace the partial tax exemption ethanol-blended fuel received from the federal excise tax on 
petrol.  Prior to VEETC, ethanol-enriched fuel (E10) received a 5.2 cent per gallon partial exemption 
from the 18.4 cents per gallon gas tax, effectively reducing the tax rate on E10 to 13.2 cents per 
gallon.  States that used significant volumes of ethanol-blended fuel argued the imbalance in the 
taxation of the fuels short-changed what they received for highway improvements under the 
Highway Trust Fund.  Under VEETC, the federal excise tax on petrol and ethanol-blended fuel was 
made consistent at 18.4 cents per gallon, ensuring ethanol-blended fuel remits the same to the 
Highway Trust Fund as all petrol.  Additionally, the tax incentive was shifted from a partial exemption 
to a tax credit that oil companies could qualify for based on the volume of ethanol they blend with 
petrol.  Referred to as the “blender’s credit,” VEETC provides oil companies with an economic 
incentive to blend ethanol with petrol, totalling 51 cents per gallon on pure ethanol, 5.1 cents per 
gallon for E10, and 42 cents per gallon on E85.  VEETC provides the tax incentive until December 
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31, 2010.  The tax credit is passed on to motorists in the form of more cost-effective fuel at the 
pump. 
 
6.2.2.4 Small Ethanol Producer Tax Credit 
 
The American Jobs Creation Act of 2004 included provisions that improved the Small Ethanol 
Producer Tax Credit by allowing the $1.5 million credit to be passed through to farmer-owners of 
ethanol cooperatives.  Prior to that change, patrons of cooperatives involved with ethanol production 
could not elect to pass the value of the credit to the cooperative members.  The EP Act 2005 made 
further modifications to the tax credit by amending the definition of a “small ethanol producer” from 
one that produces 30 million gallons of ethanol to one that produces 60 million gallons of ethanol per 
year.  Under this provision of the tax code (section 40 tax credit), ethanol producers that 
manufacture 60 million gallons of ethanol or less per year qualify for a tax credit equalling 10 cents 
per gallon on 15 million gallons of fuel ethanol.  The maximum incentive is $1.5 million annually.  
This tax credit is in effect through to December 31, 2010. 
 
6.2.2.5 Tax credit for E85 infrastructure 
 
The EP Act 2005 created a 30% federal income tax credit, up to $30,000 maximum, to establish 
alternative fuel infrastructure.  The provision permits taxpayers to claim a 30% credit for the cost of 
installing clean-fuel vehicle refuelling property to be used in a trade or business of the taxpayer or 
installed at the principal residence of the taxpayer.  Under the provision, clean fuels are any fuel at 
least 85% of the volume of which consists of ethanol, natural gas, compressed natural gas, liquefied 
natural gas, liquefied petroleum gas, and hydrogen and any mixture of diesel fuel and biodiesel 
containing at least 20% biodiesel.  The provision is effective for property placed in service after 
December 31, 2005 and before January 1, 2010. 
 
6.2.2.6 Ethanol trade policy 
 

 Ad Valorem tariff 
 

US ethanol imports are subject to a 2.5% ad valorem tariff, which is quite modest compared 
to the tariffs that other countries impose.  For example, Brazil levies a 20% ad valorem tariff 
on ethanol imports. 

 
 Secondary tariff 

 
All ethanol blended with petrol in the US qualifies for the VEETC or blenders’ credit, no 
matter the country of origin of the fuel ethanol.  To offset this fact and to ensure that taxpayer 
dollars are not invested to support foreign ethanol production, US ethanol imports from non-
Caribbean Basin countries are subject to a 54 cent per gallon secondary tariff.  This tariff is in 
effect through to January 1, 2009. 
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 Duty-free imports from Caribbean Basin nations 
 

Under the Caribbean Basin Initiative (CBI), up to 7% of domestic ethanol production (about 
350 million gallons of ethanol based on 2006 production data) may be imported to the US 
duty-free so long as the fuel ethanol is derived from nations covered by the CBI. 

 
6.2.2.7 State Incentives 
 
In addition to federal incentives, numerous US states have their own incentive programs.  ACE 
(2007) provides information on a state-by-state basis.  Figure 13 shows the US states where ethanol 
production incentives apply. 
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FIGURE 13 - US STATES WHERE ETHANOL PRODUCTION INCENTIVES APPLY 
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6.2.3 Costs of production 

Cost of ethanol production in the US is relatively low because of efficiency measures and economies 
of scale developed by large-scale plants.  The average size of ethanol plants in the US is 
approximately 200 ML/plant and this is increasing as new plants are built.  Shapouri & Gallagher 
(2005) surveyed 21 dry-mill ethanol plants to determine a cost breakdown for ethanol production for 
the year 2002. The results are presented in Table 5 and Table 6 in US dollar (USD) terms as cents 
per US Gallon (c/Gal), along with conversions to Australian dollar (AUD) terms as cents/litre (c/L).  
  

TABLE 5 - COSTS OF ETHANOL PRODUCTION IN THE USA 

Net feedstock 
expenditure 

Energy 
expenditure 

Maintenance 
expenditure 

Labour 
expenditure 

Administrative 
expenditure 

USD  
c/Gal 

AUD*  
c/L 

USD  
c/Gal 

AUD  
c/L 

USD 
c/Gal 

AUD  
c/L 

USD  
c/Gal 

AUD  
c/L 

USD  
c/Gal 

AUD  
c/L 

39-68 11-20 17.29 5.1 1-7 0.3-2 3-11 0.9-3.2 1-18 0.3-5.3 
* Conversion based on 3.785 L / US Gallon, AUD 100c = USD 89.6c. 
 
Adding all costs in Table 5 gives a total cost of production of USD 61-121 c/Gal (AUD 18-36 c/L) not 
counting capital costs. 
 

TABLE 6 - COSTS OF ETHANOL PLANT CONSTRUCTION AND EXPANSION IN THE USA 

New plant construction costs Expansion construction costs 
USD c/Gal AUD c/L USD c/Gal AUD c/L 
105-300 31-88 50 15 

        * Conversion based on 3.785 L / US Gallon, AUD 100c = USD 89.6c. 
 
Table 6 shows it is significantly less expensive to expand an existing facility compared to 
construction of a new plant.  Improved efficiency in plant management has led to a decrease in 
energy usage at ethanol plants in the US (Wang et al. 2007).  However, costs of natural gas have 
increased substantially in this time, increasing costs.   
 
6.2.4 Availability and pricing of co-products 

Co-products from the grain-based ethanol production process have been outlined in Section 4.3.2 
and include several products useful to grain dependent livestock industries as a feedstock.  
Approximate production of these co-products can be calculated from the current and projected 
ethanol production reported above.  From the estimated grain usage of 55 Mt for 2007, and 
assuming 30% partitioning (dry wt) to DDGS, this provides an annual production estimate of 
approximately 16.5 Mt, rising to 30 Mt by 2011.  There is considerable scope for the US to export 
DDGS, and this trade is already occurring.  A list of US exporters is included in the references (U.S. 
Grains Council 2007).  Further discussion regarding importation of DDGS to Australia is included in 
Section 7.5.  
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7 Grain-based ethanol production in Australia 
To provide context to the discussion on ethanol production and usage in Australia, a brief summary 
of the petroleum industry has been included.  Australia used approximately 42,500 ML of petroleum 
based transport fuels in 2003-04, with a projected increase of 1-2% per year to 50,000 ML in 2010 
(Biofuels Taskforce 2005).  The key product components as of 2003-04 are summarised in Table 7. 

TABLE 7 - PRODUCT COMPONENTS OF DEMAND FOR PETROLEUM BASED TRANSPORT FUELS IN AUSTRALIA 

 
Source: Biofuels Taskforce (2005) 

 
Based on updated fuel projections for 2010, the usage of automotive gasoline will be 23,500 ML.  
This is the target market for domestic ethanol in Australia, and represents the starting figure for 
calculations of the impact of incentives and mandates considered in the following sections. 
 
 
7.1 Location and volume of ethanol production 

7.1.1 Existing ethanol plants 

There are currently three commercial producers of fuel ethanol in Australia.  CSR's Sarina distillery 
started producing ethanol in the early 1900’s from a sugar refinery and is currently producing ethanol 
from molasses.  The Rocky Point distillery is located in Queensland and also produces ethanol from 
molasses feedstock.  The Manildra Group facility near Nowra produces fuel ethanol from waste 
starch and grain.  The combined capacity of these three producers has been estimated at less than 
150 million litres per annum. 
 
Table 8 (reproduced from Batten & O’Connell 2007) provides the best available estimates of current 
capacity, however their proposed capacity is not considered accurate (see Table 9). 

TABLE 8 - ESTIMATES OF CURRENT PRODUCTION (2006/07) FOR ETHANOL AND BIODIESEL IN AUSTRALIA  

 
Source: (Batten & O’Connell 2007) 
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O’Connell et al. (2007) estimate that the actual production of ethanol was 75 ML during 2006/07, or 
approximately 0.4% of the current petrol market of 19,500 ML, with all of the grain based ethanol 
produced by the Manildra Group, located in Nowra NSW.  The Manildra plant is reported to be 
supplying 40ML of ethanol to BP during 2008, which represents Australia’s largest biofuels supply 
agreement.  This would result in nearly half of BP’s fuel in NSW containing ethanol (Queensland 
Country Life 2007).   
 
7.1.2 Proposed grain-based ethanol plants 

In the past few years, there has been considerable discussion about the development of grain-based 
ethanol plants in Australia.  The following sections outline, as best as possible, the current state of 
development for proposed plants in Australia.   
 
There is considerable uncertainty in the market.  Hence, the information presented in the following 
sections may change rapidly.  In addition to this, there is conflicting information regarding volumes of 
ethanol proposed.  This report has attempted to include all available references with ethanol 
developments.  However, there is some uncertainly about accurate ethanol volumes. 
 
Table 9 summarises the recent proposals for Australia.  Figure 14 shows the location of the recent 
proposals in relation to the grain growing areas of Australia.  Table 8 and Table 9 provide proposed 
capacities for ethanol plants (1,155 ML and approximately 2900 ML respectively).  It is known that 
many of these plants are unlikely to proceed, and the following sections report on the status (as best 
as known) of each ethanol project under development in Australia, using the information publicly 
available at the time of writing. 
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TABLE 9 - SUMMARY OF PROPOSED GRAIN-BASED ETHANOL PLANTS IN AUSTRALIA 

Name Location Shire Proposed 
Capacity 
(ML/yr) 

Proposed 
Grain 
Usage 
(t/year) 

Capital 
Cost 
($M) 

Projected 
ethanol 

yield (L/t) 

Staff 
No.s 

Status 

Marinna 
Energy 

Marinna, 
NSW 

Junee 500 1,300,000 200 385 50 Preliminary 
report lodged 
Jan 07 – no 
progress 
reported. 

Dalby Bio-
Refinery 

Dalby, QLD Dalby 90 220,000 130 373 34 Under 
construction – 
production 
expected in 
August 2008. 

Lemon Tree 
Ethanol 

Millmerran, 
Qld 

Millmerran 75 150,000 60 480 30 Approvals 
granted – 
Development 
cancelled 

Four Arrows Coleambally 
NSW 

Murrumbidgee 300 725,000 100 414 100 EIS submitted 
in October 06 –
no progress 
reported. 

Rockdale Yanco, 
NSW 

Leeton 150 375,000 120 400 30  

Agri Energy 
Swan Hill 

Swan Hill, 
Vic 

Swan Hill 100 250,000 115 400  

Agri Energy 
Condobolin 

Condobolin, 
NSW 

Lachlan 200 600,000  333  

Agri Energy 
Coleambally 

Coleambally 
NSW 

Murrumbidgee 200 600,000  333  

Agri Energy 
Oaklands 

Oaklands, 
NSW 

Urana 200 600,000 140 333  

Agri Energy 
Murtoa 

Murtoa, Vic Yarriambiack 200 600,000 100 333  

Agri Energy 
Mingenew 

Mingenew, 
WA 

 200 600,000  333  

All Agri Energy 
projects 
cancelled. 

Primary 
Energy 
Gunnedah 

Gunnedah, 
NSW 

Gunnedah 120 350,000 67 343 50 Unknown – no 
further progress 
reported. 

Primary 
Energy 
Pinkenba 

Pinkenba  160 400,000 150 400 50 Unknown – no 
further progress 
reported. 

Primary 
Energy 
Kwinana 

Rockingham  160 400,000  400  Unknown – no 
progress 
reported. 

Grainol 
Rockingham 

East 
Rockingham  

 190 500,000  280  Planned 
operation by 
2011, progress 
not known. 

Western 
Down 
Ethanol 

?  80 220,000 100 363 40 Feasibility study 
complete, –
progress not 
known. 

Manildra  Nowra NSW  40a 105,000b    Current 
Total   2965 7,995,000     

Data sources: numerous press releases and planning submissions made to Shire councils  
a Some reports suggest 90ML however, the operators were not willing to clarify the actual capacity when contacted in 
March 2008. b Estimated using yield of 378L/t. 
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7.1.2.1 Marinna Energy 
 
B.L.J Pty Ltd trading as Marinna Energy has proposed the construction and operation of a 500ML 
grain-based ethanol refinery producing fuel ethanol to be combined with a co-generation plant and a 
liquid fertiliser production facility at Marinna, New South Wales (Smith 2007). The facility is proposed 
to comprise: 

 Ethanol refinery; 
 Co-generation unit; 
 Animal feed and drying process; and 
 Liquid fertiliser process. 

 
The proposed development is on an 80 ha site located at Marinna NSW, 7 kilometres north east of 
Junee, producing: 

 500 ML of fuel grade ethanol; 
 Approximately 100 gWh of green electricity to be added to the state wide grid; 
 Approximately 800,000 tonnes of WDG which depending on management decisions during 

the production processes could be dried into 100,000 tonnes of DDG or animal feed and 
300,000 tonnes left as WDG; 

 Approximately 200,000 tonnes of liquid fertiliser; 
 5,000 tonnes other products including liquid ammonia & CO2 

 
The ethanol plant will require 2.25 ML/day of water (820 ML/yr assuming 365 days per year 
operation) to produce 500 ML/yr of ethanol.  The plant will create 50 direct jobs and cost in the order 
of $200M to construct. 
 
A dried animal feed processing unit and dryer will be established on the site to take 350,000 tonnes 
of WDG and dry it to 15-20% moisture content for animal feed supply.  The energy to dry the WDG 
will be provided by the on-site co-generation unit and the on-site solar and other energy provision 
resources.  Combined with a centrifuge dryer and high flow air drying, the unit will produce 100,000 
tonnes of dried animal feed per year.  The processing unit will be negatively ventilated and have air 
scrubbers attached to ensure that minimum air emissions are released from the site.  The drying 
process will handle approximately 1000 tonnes of WDG per day on average in order to produce the 
100,000 tonnes of final dried product. 
 
A Preliminary Assessment Report was prepared in January 2007 (Smith 2007) followed by press 
releases about the project.  In that report, it was stated that Marinna Energy plan to complete the 
Environment Assessment Report by June 2007.  However, no progress has been reported. 
 
7.1.2.2 Dalby Bio-Refinery 
 
Dalby Bio-Refinery Limited (DBR) is developing a large-scale grain-based ethanol plant at Dalby.  
The plant will produce 90 ML of ethanol per annum.  DBR announced a $130 million financial 
package that is expected to cover the construction to completion.  The plant is expected to be 
commissioned in August 2008, and construction was well under way in late 2007 (ABC News 
September 2007).  This is the only development of its kind expected to be operational in the near 
future. 
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The Dalby Bio-Refinery has reported that several petroleum companies were expected to sign 
contracts with DBR for the delivery of ethanol, including Caltex.  According to an article in ABC Rural 
in 2005, Caltex signed a deal to take an undisclosed amount of ethanol per year.  
 
In order to produce 90ML of ethanol the plant is expected to consume 220,000 tonnes of locally 
produced sorghum.  Dalby Bio-Refinery and Graincorp worked together to create a fixed price 
contract with growers.  The contract is based on fixed hectares and not tonnes and covers crop 
years 2007/08, 2008/09 and 2009/10.  The first delivery is scheduled for mid 2008.  Operating at 
maximum capacity, it is estimated that the Dalby Bio-Refinery will produce approximately 60,000 
tonnes of DDGS.  
 
7.1.2.3 Lemon Tree Ethanol 
 
Lemon Tree Ethanol Pty Ltd has proposed to build a 75 ML ethanol plant on a cattle feedlot site near 
Millmerran, producing ethanol from barley, wheat, sorghum and small grains.  The by-product from 
the plant, wet distillers grain, will be used as a feed input for the feedlot.  
 
Lemon Tree Ethanol was awarded a $5.85 million grant, through the Federal Government’s Invest 
Australia program, to assist the establishment of the grain to ethanol plant.  However, construction 
plans fell behind schedule following an appeal against the development application on the basis of 
health and environmental risks.  Because of these delays, the expiry for using the Federal 
Government grant passed and the grant was returned (Pfeffer 2007).  No further development has 
taken place at this site.  
 
7.1.2.4 Four Arrows 
 
Four Arrows Ethanol Pty Ltd is part of the Four Arrows Group (www.4arrows.com.au/4ag.aspx).  
They have proposed an ethanol plant producing 300 ML/yr to be built just north of Coleambally, 
NSW.  The proposal also includes a free-stall dairy with 6000 milkers and a total herd of 18,000 
head.  The ethanol plant would use 725,000 tonnes per year of wheat, barley and corn and the wet 
distillers grain would be fed to the dairy cattle.  The CO2 by-product from the ethanol process is to be 
captured and used in carbonated beverages and for industrial purposes.  The dairy will produce 
30,000 tonnes of manure per year to be spread on farmland.  The EIA (Booth Associates 2006) is 
available at http://boothassociates.com.au/fourarrows/documents.html 
 
In a press release on 19 October 2007, it was noted that, despite the delays in the application 
process, the company remained committed to getting its plant up and running, though development 
has not begun. 
 
7.1.2.5 Rockdale 
 
Babcock & Brown Australia Pty Ltd is proposing to develop an ethanol production facility at the 
Rockdale feedlot site near Yanco, NSW (EA Systems 2006).  Rockdale Beef is an integrated 53,333 
head cattle feedlot and 650 head/day abattoir.  The plant will be developed in two stages with an 
ultimate capacity of 150 ML/yr at a capital cost of $120M.  It is proposed that the plant would use 
375,000 tonnes of grain per year (mainly wheat) and produce 220,000 t/yr of WDG.  Development at 
this site has not progressed to date. 
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7.1.2.6 Agri Energy proposals 
 
Agri Energy Ltd is a public company listed on the Australian Stock Exchange.  Agri Energy wholly 
owns Australian Biofuels Pty Ltd (www.aael.net) which manages all of the Australian projects. 
 
Until recently, Agri Energy was proposing several grain-based ethanol plants across Australia 
including Swan Hill, Oaklands, Condobolin, Coleambally, Mingenew and Murtoa.  The proposals 
were at different states of progression with the Swan Hill proposal most developed.  Environmental 
permits for the project were issued in September 2004.  Turner (2007) stated that construction of the 
Swan Hill plant had commenced, engineering design was 76% complete and start up was planned 
for early 2009. 
 
However, in October 2007, Agri Energy Limited (AEL) has announced the scrapping of all its 
Australian biofuels operations.  The Melbourne company told the Australian Stock Exchange the 
decision was "a result of … ongoing high feedstock prices and continued uncertainty from the 
investment community, government and community support for alternative transport fuels in 
Australia. Investment in offshore markets, particularly the United States and European biofuels 
industries, represents a preferred medium-term focus." 
 
The Swan Hill ethanol plant was sold to a securities company because of market conditions and lack 
of government and community support for alternative fuels.  Agri Energy does have a 12-month 
buyback option on the project (ABC News 2007c).  
 
7.1.2.7 Primary Energy 
 
Primary Energy Pty Limited is a privately owned Australian company, who proposed the 
development of ethanol plants in Rockingham/Kwinana and Gunnedah.  Primary Energy has signed 
an agreement with BP, as a co-developer, to establish the ethanol plant in the Kwinana/Rockingham 
region.  The plant is proposed to produce 160 ML of ethanol from 400,000 tonnes of wheat per 
annum.  These developments are not believed to have progressed to date.   
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FIGURE 14 - LOCATION OF PROPOSED GRAIN-BASED ETHANOL PLANTS AND GRAIN PRODUCTION DENSITY IN AUSTRALIA (2008)
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7.2 Ethanol production incentives in Australia 

Biofuel production incentives have been in place in Australia for several years.  In early 2000, the 
Federal Government set a 350 ML target for renewable fuel usage by 2010, or approximately 1.5% 
of the projected automotive gasoline fuel consumption.  This remains the main incentive at a 
national level.  Other forms of production incentives include production subsidies, capital grants, 
financial assistance for consumer advertising and financial assistance for research.  This section will 
outline production incentives currently in place in Australia, while Section 7.3 will address renewable 
fuel mandates.  These sections provide a brief overview of the relevant issues, and the reader is 
directed to a recent report commissioned by RIRDC titled Biofuels in Australia: Some Economic and 
Policy Considerations (Batten & O’ Connell 2007) for a more detailed assessment.  
 
7.2.1 Production subsidies 

In early 2000, the Federal Government moved to exempt ethanol from the fuel excise of 
38.143c/litre, which applies to standard petrol.  In September 2002, the excise exemption was 
restructured and replaced with an ethanol production subsidy at the same rate (38.143c/litre) for 
Australian produced ethanol used in petrol.  This change in support policy raises the cost of 
importing ethanol, thereby strengthening the level of assistance to the local industry.  The subsidy is 
provided by the Tax Office and is aimed at promoting the use of cleaner fuels.  In March 2004, the 
government acted to extend the subsidy for ethanol producers to June 30, 2011, followed by a 
phasing in of excises on ethanol and other fuels (Batten & O’ Connell 2007). 
 

TABLE 10 - PROPOSED EXCISE LEVELS ON ETHANOL FUEL 2011 - 2015 

 
Source: (Batten & O’Connell 2007) 

 
In the 2003-04 Budget, the Government announced broadly similar treatment for biodiesel 
commencing from 18 September 2003.  These arrangements ensure that the effective rate of excise 
for biofuels is zero until 1 July 2011.  The Department of Industry, Tourism and Resources 
administers the ethanol production grant on behalf of the Commonwealth.  The ATO administers the 
biodiesel production grants through the Energy Grants (Cleaner Fuels) Scheme.  
 
Further information on this program can be obtained from the AusIndustry website, 
www.ausindustry.gov.au or via the AusIndustry Hotline on 13 28 46. 
 
Batten & O’Connell (2007) have included an interesting review of fossil fuel subsidies in Australia, 
which provides valuable context to the argument.  Estimates of these subsidies range from $2.2 – 10 
billion per year.  As biofuels are considered ‘cleaner’ fuels, reduced excises can be justified in part 
because of the lower environmental costs from using these fuels. 
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Considering the future excise rates, these have been developed based on energy content relative to 
petrol.  Hence, ethanol will have a lower excise than petrol due to its lower energy content (roughly 
68% that of petrol).  Following this rationale, the excise on ethanol would be 25 c/L.  The targeted 
ethanol excise for 2015 (half the rate determined by energy content, or 12.5 c/L) is a continued 
incentive towards production and use of ethanol.   
 
The current production subsidy has been described by Centre for International Economics (2005) as 
an unofficial tariff on imported ethanol.  Australian Pork Limited have pointed out that, in effect, the 
production subsidy for Australian produced grain-based ethanol provides a subsidy on grain 
purchased by the industry.  Australian Pork Limited assume a yield of 380 L of ethanol per tonne of 
grain and presumably a production subsidy of 25c/L, to estimate a grain subsidy of $95/t under the 
current situation, or $47.50/t under the 2015 production subsidies (APL 2007).   
 
This subsidy, provided by taxpayer dollars, is seen to be a challenge to a free market for grain 
trading and is probably the most important inequality related to the biofuel industry.  Batten & 
O’Connell (2007) note that this subsidy may result in a less efficient domestic ethanol industry, and 
does not seem to relate to the supposed benefits of biofuel usage, namely reduced GHG emissions 
and urban air quality.  From 2011, the disparity between excises on local produced or imported 
ethanol will be removed, leaving Australian producers to compete on the global ethanol market. 
 
7.2.2 Biofuels Capital Grants Program 

The Government announced on 25 July 2003 its intention to provide a capped amount of $37.6 
million to fund one-off capital grants for projects that provide new or expanded biofuels production 
capacity.  The Biofuels Capital Grants Program aimed to increase the availability of biofuels for the 
domestic transport market.  Grants have been provided at a rate of 16 cents per litre for new or 
expanded projects producing a minimum of 5 million litres of biofuel per annum.  Grants were limited 
to a maximum of $10 million per project, payable in three instalments consisting of:  

 25 per cent of the grant amount on evidence of final investment decision and the 
commencement of construction;  

 25 per cent of the grant amount on commissioning of the plant; and  
 50 per cent of the grant amount on the first commercial sale into the domestic transport fuels 

market.  
 
Successful applicants under the two rounds of the Biofuels Capital Grants Program were: 

 CSR Distilleries, an ethanol plant at Sarina, Qld ($4.16m). 
 Schumer Pty Ltd (Rocky Point Sugar Mill and Distillery), an ethanol plant at Woongoolba, Qld 

($2.4m). 
 Biodiesel Industries Australia, a biodiesel plant at Rutherford, NSW ($1.28m).  
 Biodiesel Producers Ltd, a biodiesel plant at Barnawartha, Vic ($9.6m). 
 Australian Renewable Fuels, a biodiesel plant at Port Adelaide, SA ($7.15m).  
 Riverina Biofuels Pty Ltd, a biodiesel plant at Deniliquin, NSW ($7.15m). 
 Lemon Tree Ethanol Pty Ltd, an ethanol plant at Millmerran, QLD ($5.85m). 

 
Note that only one grain-based ethanol plant (Lemon Tree Ethanol Pty Ltd) was successful in 
obtaining a grant under this scheme.  Subsequently this grant was handed back to the government 
after expiry following delays in spending the grant on construction. 
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All the funding for this program has been committed and no further rounds are to be held.  Further 
information on the Biofuels Capital Grants Program can be obtained from the AusIndustry website, 
www.ausindustry.gov.au or via the AusIndustry Hotline on 13 28 46. 
 
7.2.3 Ethanol Distribution Program 

On 14 August 2006, the former Prime Minister John Howard announced the establishment of the 
Ethanol Distribution Program, which commenced on 1 October 2006.  This program has funding of 
$17.2 million, and provides grants to encourage the development of facilities at service stations to 
sell ethanol blended petrol.  The program provides grants of up to $20,000 for retail service stations 
to reduce the cost of installing or converting infrastructure to supply E10: 

 an Infrastructure Upgrade Grant of up to $10,000 for service stations that upgrade existing 
equipment or install new equipment to provide for the sales of E10 (work must be completed 
between 1 October 2006 and 31 March 2008);  

 a further Sales Target Grant of up to $10,000 for those retail service stations that have 
upgraded their site and have reached a specified E10 sales target within 12 months of 
completing the upgrade. 

 
Further information on the Ethanol Distribution Program can be obtained from the AusIndustry 
website, www.ausindustry.gov.au or via the AusIndustry Hotline on 13 28 46. 
 
7.2.4 Research grants 

The Australian Government has allocated $7.72 million under the National Collaborative Research 
Infrastructure Strategy to construct two pilot scale facilities for development of novel biofuel 
production technologies and to enhance related laboratory infrastructure at three universities.  In 
addition to this, funding of approximately $7.5 million has also been allocated for innovative 
renewable fuel projects under the Renewable Energy Development Initiative. 
 
 
7.3 State government incentives and mandates 

State government incentives have been summarised in the RIRDC commissioned report by Batten & 
O’Connell (2007), and a brief overview of key incentives is included in this section.  As no national 
mandates have been applied to date, mandates will be covered in this section. 
 
7.3.1 Queensland 

Queensland has been the most proactive in promoting the biofuel industry (Batten & O’Connell 
2007).  Incentives are summarised as follows: 

 Promoting government fleets to run on E10 where possible. 
 A state Blueprint and Ethanol Industry Action Plan providing $7.3 million to support the 

Queensland ethanol industry, including: 
o lobbying the Commonwealth Government to introduce a national mandate for E10 

fuel; 
o promoting quality standards for ethanol fuels, and encouraging monitoring of 

standards under relevant State and Commonwealth Acts; 
o lobbying the Commonwealth Government to retain domestic ethanol production 

grants indefinitely; 
o assisting the provision of infrastructure for the production, distribution and export of 

ethanol through the provision of funds; 
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o a mandate for a minimum 5% ethanol in regular unleaded petrol produced and 
wholesaled in Queensland from 31 December 2010. 

 
The relevant policy document is the Queensland Ethanol Industry Action Plan 2005-2007 
(Queensland Government 2005-2007) 
 
7.3.2 New South Wales 

NSW has announced support for ethanol, with a range of incentives including: 
 in principle support for a 10% ethanol mandate in unleaded petrol produced and wholesale, 

on a phase in basis with full implementation by 2011; 
 a 2% mandate on the total volume of petrol sold in NSW from September 2007 as a first step 

to the 10% mandate; 
 endorsed usage of E10 fuel in the government car fleet “where practicable, available and 

cost effective”. 
 
Policy document: Biofuel (Ethanol Content) Bill 2007.  
 
7.3.3 Victoria 

Victorian incentives and mandates are as follows: 
 a biofuels target of 5% of the fuel industry (400 ML); 
 all government vehicles to use ethanol blended fuel whenever possible;  
 trials are being conducted on the use of biodiesel in heavy vehicles;  
 a $5 million Biofuels Infrastructure Grant (BIG) program provided to assist infrastructure 

development. 
 
Policy documents: Driving Growth: A Road Map and Action Plan for the Development of the 
Victorian Biofuels Industry - Published April 2007.  In addition to this, an Inquiry into Mandatory 
Ethanol and Biofuels Targets in Victoria began in March 2007, and the Economic Development and 
Infrastructure Committee is to report to the Victorian Government  on 31 March 2008. 
 
7.3.4 Western Australia 

Incentives from the Western Australian Government include:  
 Establishment of a Biofuels Taskforce to examine the role of biofuels in the state.  Report 

released May 2007 (Western Australian Biofuels Taskforce 2007).  Recommendations 
include: 

o Reviewing and addressing opportunities and impediments to the development of a 
biofuels industry in Western Australia. 

o Increasing consumer acceptance and use of biofuels. 
o Using biofuels as cost-effective alternatives to petrol/diesel. 
o Maximising WA’s participation in providing biofuels to meet the national 350 ML fuel 

target.  
o Maximising WA's opportunity to leverage funds from Commonwealth funding 

programs related to biofuels.  
o Provision of a consultation mechanism with industry and the Federal Government. 
o Promoting a whole of government and industry approach to the use of biofuels. 
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7.3.5 Other states 

The other states, including South Australia, the Australian Capital Territory, Northern Territory and 
Tasmania have not made significant moves to mandate or significantly promote biofuels to date.  
These states represent a relatively smaller proportion of the fuel industry. 
 
 
7.4 Demand for ethanol in Australia 

Ethanol demand has been set by the 2010 biofuels target of 350 ML.  However, not all of this will be 
ethanol.  If mandates are enacted by the majority of states in Australia by 2010, demand will be 
significantly higher than this 350 ML figure.  Using figures presented in section 7.1, 10% (by volume) 
of the projected automotive gasoline market for Australia in 2010 equals 2350 ML.  Importantly, this 
is still lower than the proposed capacity of plants in Australia (Table 9).  At the current time, NSW is 
the only state proposing a 10% mandate, while Queensland is proposing a 5% mandate and Victoria 
has set a 5% target.  The otherl states are not proposing any mandate.  Hence, the actual demand 
to 2010 is expected to be substantially lower than this.  In addition, mandates generally include 
biodiesel usage, again lowering the market share for ethanol.  If, for instance ethanol captured 5% of 
the petroleum industry by 2010, this would represent 1,175 ML of ethanol annually for Australia, 
which is close to the amount required for NSW at 10%, QLD at 5% and VIC at 5% (total of 1150 ML) 
as per Table 11.  APL (2007) provides a range of demand scenarios depending on various mandate 
options for the eastern states of Australia, and these are summarised in Table 11. 
 

TABLE 11 - ETHANOL DEMAND UNDER VARIOUS MANDATING SCENARIOS  

 
        Source: APL (2007). All values are approximates  

 
At a demand level of 1150 ML per year, this would require approximately 3 million tonnes of grain 
assuming a yield of 390 L/t.  This is covered in more detail in section 9.2.1. 
 



Review of grain-based ethanol production effects on Australian livestock industries  

 

 Page 65 of 148 
 

7.5 Availability and pricing of co-products 

Several US exporters were contacted by email to ascertain quality of DDGS for trade and 
approximate prices.  In a response from Vic Heinold of Consolidated Grain and Barge (pers. comm. 
August 2007), the following points were made: 

 Quality - highly variable.  However, there are some quality checks, such as a minimum 
‘ProFat’ = 35% and 12.5 % maximum for moisture on all product shipped. 

 Price - (best guess) the product would deliver into Australia in the mid to high $200 (US) 
range.  

 Capability to export - our company has the capability to market this product to Australia and 
would be happy to work with you if there is future interest. 

 
Enquiries were also made with AQIS (Australian Quarantine & Inspection Service) to ascertain the 
import status of DDGS.  In a conversation with Joel Freeman (pers. comm. January 2008) it was 
evident that DDGS are considered a low risk import (because of the ethanol treatment process), and 
Joel indicated that a couple of permits to import bulk DDGS have been issued by AQIS.  Most 
concerns focus on potential for contamination of the product at the plant or during transportation.  
Further inquires to AQIS regarding DDGS importations are summarised as following: 

 AQIS must assess the product and production facility from which the DDGS are produced, 
particularly noting whether the product meets the required temperatures during production, 
and that the final product is protected from post-processing contamination. 

 This can be done by means of a desk audit, and provided sufficient information is made 
available, a permit may be issued without a facility inspection. 

 It is noted, however, that for most countries, an AQIS officer must inspect the manufacturing 
facility.  The cost of this inspection is the responsibility of the importer.  

 
The initial permit to import requires collection of a significant amount of information, relying on 
documented QA procedures at the supply source.  The possibility of importing without inspection of 
the production facilities in the US will reduce costs considerably.  In addition, all imports must be 
inspected on arrival in Australia prior to shipment up-country.  
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8 Nutritional value of grain-based ethanol co-products 
(Chapter 8 was prepared by M Quinn, J Doyle & R Lawrence, Integrated Animal Production Inc. Toowoomba, Qld.) 

 
8.1 Introduction 

In the US, the recent emergence of grain-based ethanol production for fuel source has created 
availability of a variety of solid co-products suitable for feed for grain dependent livestock producers.  
Inclusion of any feed ingredient whether as grain, protein meal, oil or fibre source is dictated by 
nutrient composition and ultimately production cost into the diet.  For grain-based ethanol plants and 
grain-dependent livestock producers, the conversion of grain to fuel or feed constitutes the largest 
input cost in most operations.  With increased production of grain-based ethanol, competition has 
arisen between grain-based ethanol manufacturers and grain-dependent livestock for grain as a 
source of starch for fermentation and finally energy.  Livestock digestion and metabolism have an 
absolute requirement for carbohydrate sources for cellular oxidation or combustion into energy to 
maintain life and production.  Although there seems to be few existing strategies to alleviate 
competition among producers of grain-based ethanol and meat/milk for grain, there are however, 
possibilities for the inclusion of co-products derived from grain-based ethanol production that may 
reduce the dependence on feed grains for livestock producers.  The inclusion of these grain-based 
ethanol co-products into livestock diets is dictated by suitability for livestock species, availability of 
these products relative to other feed ingredient nutrients, inherent variation within the co-product, 
and ultimately, dependence on grain cost.   
 
 
8.2 Differences in milling and resultant co-products 

Ethanol from grain is produced generally from two processing methods termed “Wet Milling” and 
“Dry Milling”.  These methods produce a multitude of co-products that can be used either singularly 
or more often are blended together for inclusion in livestock feeds.  The processes of wet milling and 
dry milling are described in Figure 3 (Shurson et al. 2005).  In the US, corn constitutes the largest 
grain source for grain-based ethanol production, and to lesser extent grain sorghum, barley, and 
wheat.  The majority of research existing has been conducted using corn-based derivatives.  
Therefore, when addressing feedstuff products, unless otherwise stated, the reader may conclude 
that ethanol co-products in question are derived from corn grain.  
 
Dry milling of grains is a less complex process compared to wet milling, resulting in fewer co-
products but represents the most popular method of grain-based ethanol production.  The dry milling 
process involves grinding the grain, wetting, and cooking.  Following the cooking step, enzymes and 
yeast are added to the slurry of grain and water to ferment to ethanol followed by distillation.  Once 
the alcohol is removed, the resulting product is called stillage, from which the co-products are 
derived.  The three primary co-products that result from dry-milling of corn include distillers grains 
(bran associated with corn following extraction of starch), distillers solubles (wet fraction of stillage), 
and distillers grains plus solubles.  Distillers grain without solubles can be sourced wet (wet distillers 
grain, WDG) or dry (dry distillers grain, DDG).  Wet distillers grains with solubles (WDGS) can then 
be dried down to create dry distillers grains with solubles (DDGS).   
 
For the purpose of this review, differences exist between WDG, WDGS, DDG and DDGS.  The 
combination of distillers grains and solubles (WDGS and DDGS) is common practice in the industry 
and reflects the majority of research conducted.  All distillers grain derived from commercial plants 
contains some quantity of solubles (Kononoff and Erickson 2006). Another product that has 
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emerged from dry milling processes is modified distillers grains (MDGS) which removes a portion of 
the germ, providing a by-product intermediate between WDGS and DDGS, with respect to dry 
matter.  
 
A significant issue for nutritionists and grain-dependent livestock producers regarding the 
acceptance of grain-based ethanol co-products (distillers grains) is variation in nutrient profile and 
moisture.  This variation is dependent largely upon the quality of the grain source used for 
fermentation production.  Grain variety, kernel size, bulk density of the grain (kg/hL), and percentage 
of screening influences the final composition and nutrient profile of the distillers grains.   
 
 
8.3 Nutrient composition and variability in grain-based ethanol co-products 

A major focal point within grain-dependent livestock production is consistency, and in particular, 
consistency of dietary nutrients.  A discussion of the nutrient profiles of several co-products from dry 
milling grain-based ethanol production and variability associated with those products follows.  
Precision nutrient analyses are performed on a regular basis by livestock nutritionists to evaluate 
current commodity and feedstuff nutrient values in order to formulate diets to maximise performance 
and minimise variation within an operation.   
 
The greatest concern for livestock nutritionists in assessing the dietary inclusion of DDGS and 
WDGS is the inherent variation commonly observed within these co-products.  As starch is removed 
for fermentation to ethanol, existing nutrients are concentrated and, in some cases, the availability of 
these nutrients is altered.  The nutrient concentrating effect may appear appealing, as it reduces the 
need for additional nutrient supplementation, yet this procedure decreases starch content.  These 
co-products may initially appear to provide a cost effective protein or energy source.  However, 
inconsistency in dry matter content and nutrients, as shown in Table 12, make it difficult to rely on 
these products.  
 
On an average dry matter basis, distillers grain with solubles is composed of 35% solubles and 65% 
distillers grain.  All nutrients reported are presented on a 100% dry matter basis.  The grain fraction 
of distillers grain with solubles averages approximately 34% dry matter (DM), 30-34% crude protein 
(CP), 8% fat, 9.1% crude fibre, and approximately 0.6% phosphorus (P).  The solubles fraction or 
the liquid component of distillers grain with solubles is lower in CP averaging 20%, higher in fat at 
17%, lower in fibre at 1.4%, and higher in P at 1.3% than the grain portion of DGS (Knott et al. 
2004).  Blending in various amounts of the two ingredients results in the products with nutrients 
profiles as listed in Table 12. 
 
As a rule of thumb, the nutrient profile of the original grain multiplied by three provides a rough 
estimation of the nutrient content of the distillers grain with solubles.  However, it should be noted 
that not all grains contain similar concentrations of starch and therefore differences in nutrient profile 
are dependent on the amount of starch typical of a particular grain.  
 
The components of the grain that are left after starch removal include fibre (expressed as NDF, most 
of which is readily digestible NDF for ruminants), fat (crude fat or ether extract), crude protein (crude 
protein = nitrogen x 6.25), and ash (minerals).  As previously stated, the nutrient profile of DGS can 
vary considerably depending on type of grain-base, however, despite these large nutrient 
differences neither the Nutrient Requirements of Beef Cattle (NRC 2000), nor the Nutrient 
Requirement of Swine (NRC 1998) distinguish between distillers grain with solubles derived from 
different grains.  Thus, the assumption made by these references is that irrespective of primary grain 
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(corn, sorghum, wheat), the nutrient content is the same.  Research trials observe that the energetic 
value and nutrient digestibility may in fact differ between these products.  An additional discrepancy 
is the energy value for corn DDGS is different in the Beef NRC compared to the Swine NRC.  Thus, 
conflicting text values increases uncertainty to assign an appropriate value to these co-products.  
The values listed in both NRC volumes may also reflect the apparent mixture of both corn and 
sorghum that typically occurs at distillers plants.  In some cases, corn and sorghum blends will be 
processed together resulting in a mixture of DDGS from corn and sorghum.  Further variation results 
from differences between ethanol plants.  The NRC values for beef, dairy, and pigs may be 
somewhat reflective of WDGS and DDGS products derived from older ethanol plants (Birkelo et al. 
2004).  In newer generation plants, the nutrient profiles may be slightly different to that previously 
reported (Spiehs et al. 2002).  Therefore previous estimates of energy density used to formulate 
livestock diets from distillers grain with solubles from more advanced new plants may actually under-
estimate or over-estimate energy content, thus adding to variation in performance and calculated 
nutrient density. 
 
The majority of variability seen in nutrient profiles of these DDGS is related to the amount of added 
solubles (Knott et al 2004).  Knott et al. (2004) compared random samples of distillers solubles and 
distillers grains from six grain-based ethanol plants located in Minnesota.  The samples in their study 
were collected before the distillers solubles and distillers grains were added together and dried down 
to make DDGS.  Knott et al. (2004) assumed that the DDGS was composed of 40% distillers 
solubles and 60% distillers grains.  Knott et al. (2004) noted significant differences in coefficients of 
variation for specific nutrient levels in the DDGS samples.   
 
Akayezu et al. (1998) summarised the nutrient values of several types of distillers grains products, 
both wet and dry.  The authors’ assessment reveals a significant range in CP, DM, ether extract, 
NDF and ash and found in many cases a wide range of nutrient values for distillers products 
originating from the same grains source.  This is an important consideration when trying to assign a 
single nutrient value such as an average CP for corn DDGS when clearly there is still a significant 
range among all corn DDGS products for CP.  Finally, variability is inevitable because a multitude of 
grains may be blended together at any time for ethanol production, resulting in a distillers grain 
product varying in composition.  In most cases, when two grains are blended, the majority grain 
used will be named for the distillers grains.  Thus, corn DDGS may be all corn, blended corn and 
sorghum, or blended wheat and corn.  It is difficult to distinguish and impossible to avoid.  
Nevertheless, this review will attempt to discuss distillers products in relative terms of nutrient 
composition and variability so that some understanding may be present of the potential for each 
product to be utilised as a feedstuff. 
 
8.3.1 Crude fat 

Crude fat content of corn DDGS according to Beef NRC (NRC 2000) is listed as 10.3% and 
according to Swine NRC (1998) fat content is 9.0%, with varying values listed based on plant and 
sampling period.  Fat content of corn DDGS ranges from 8-11% and will depend largely on the type 
of grains used for ethanol production.  Preston (2007) lists ether extract (fat) content of corn DDGS 
at 11.0%, while sorghum DDGS is 10.0%, barley DDGS at 3.7%, and wheat DDGS at 3.4% 
(Nyachoti et al. 2005), based on average of three values.  Winter cereal grains are inherently lower 
in fat, producing DGS possessing lower fat and/or energy content.  Again, age of ethanol plant 
influences nutrient content of co-products with new plants having greater ability to precisely separate 
and refine co-products. Spiehs et al. (2002) sampled over a two-year period from distillers plants in 
Minnesota and South Dakota and recorded crude fat at 10.9% for corn DDGS and 8.2% from plants 
that were older than 5 years in production.  Assessing consistency of nutrient content based on 
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coefficient of variation (CV) highlighted the difference between plants for crude fat values with “old” 
plants averaging 12.6% CV while “new” plants had an average of 7.8%.  This indicates a reduction 
in the variability of nutrient profile as newer technology is implemented between these Midwest 
plants.  However, the large CV’s present with regards to samples indicate there is still a relatively 
large amount of variation among samples.   
 
Many nutritionists attribute the fat content of distillers grain with solubles to drive performance 
greater than that observed with dry rolled corn in beef and dairy cattle studies.  Mixed findings from 
field research and at a university level had led to much speculation as to what the appropriate 
energy value should be placed on distillers grain with solubles.  Much of the difference in 
performance and research results may also be due in part to variability in distillers grain with 
solubles themselves.  When a greater proportion of the higher fat content solubles is added into a 
typical type of distillers grain, the resulting distillers grain with solubles will possess greater energy 
content than other samples.  When evaluating tabular values for DDGS such as the Beef NRC 
(2000), DDGS have an energetic value equal to that of corn grain.  Preston (2007) reported DDGS 
as 5.5% energetically greater than steam-flaked corn.  Assessing the energetic values of corn 
DDGS compared to corn grain in the Swine NRC, DDGS is valued at 85% of the DE of corn grain.  
The apparently large differences in energetic value between pigs and cattle for DDGS are mostly 
attributable to the NDF fraction of DDGS, which can be readily digested to a greater extent by 
ruminants than in monogastrics such as pigs.  According to Spiehs et al. (2004), DDGS were less 
than 1% greater energetically than corn grain.  DDGS derived from wheat have an energetic value 
that is approximately 86% that of soft white wheat (NDSU 1999; NRC 2000).  Presumably this 
reported lower energetic value of wheat distillers grains is relative to low fat content of wheat based 
DDGS.   
 
Interestingly, WDGS is particularly favoured by beef and some dairy cattle nutritionists because of its 
apparent higher energy content compared to DDGS.  In the Beef Cattle NRC, WDGS is given a 
3.3% higher energy value compared to DDGS.  Many nutritionists suggest that the moisture in the 
WDGS helps to “tie the ration together,” providing a physical texturing effect, observing a slight 
increase in feed intake.  Why WDGS is perceived to contain greater energy values in beef cattle 
diets is not readily recognised through the product’s nutrient content.  The moisture content of 
WDGS (approximately 65%) decreases product shelf life dramatically (i.e. free radical rancidity – 
spoilage), lowering potential storage period and is difficult to handle.    
 
8.3.2 Crude protein 

An important aspect of DDGS for livestock diets is for use as a protein source.  Corn DDGS typically 
contain approximately 30% crude protein.  Of that crude protein, around 60-70% is undegradable 
intake protein (UIP).  Whereas in WDGS, the UIP value is lower.  This particular attribute of 
containing high UIP makes DDGS useful as a protein source for pigs, poultry and dairy diets.   
 
A major influence on the amount of protein in the WDGS or DDGS is directly related to the specific 
grain used.  Research suggests that DDGS protein values are generally lowest for corn and barley 
at approximately 30%, sorghum 32%, and wheat at 34-36% (NDSU 1999; Nyachoti et al. 2005; 
Preston 2007).  A limitation for the inclusion of DDGS in pig diets is the variability of protein.  When 
crude protein content of DDGS varies as much as 10% in some cases (Knott et al. 2004) a large 
uncertainty is introduced in formulation of livestock diets to meet specific protein requirements.  One 
recommendation from researchers at the University of Nebraska is that producers must obtain 
samples of DDGS to build a database of relative protein values over a long period.  The producers 
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may then use historical values to balance for an average or minimum protein value thereby lowering 
the incidence of under-feeding of protein.   
 
For feedlot cattle, WDGS and DDGS have been proposed to alleviate a large proportion of protein 
supplements in these diets.  Corn WDGS and DDGS are used frequently as both an energy and 
protein source.  However, products such as wheat WDGS or DDGS may not serve in the same 
capacity in beef cattle rations as corn WDGS and DDGS.  Firstly, wheat WDGS and DDGS contain 
significantly less crude fat and therefore possess a lower energy content compared to corn WDGS 
and DDGS.  Secondly, one must recognize not only the amount of protein in the by-product but also 
protein fraction of degradability for beef and dairy cattle.  Beef and dairy cattle require a specific 
blend of degradable intake protein (DIP) and undegradable intake protein (UIP).  Corn WDGS and 
DDGS are relatively low in DIP, limiting use as a sole protein source in feedlot diets.  Many beef 
nutritionists must still supply urea (DIP source) at a small amount in feedlot diets in order to meet the 
animal’s DIP requirement.   
 
Wheat WDGS and DDGS may possess a significantly greater proportion of DIP because soft white 
wheat grains contain a large protein fraction as DIP.   Reported nutrient values for wheat WDGS and 
DDGS suggest it to be more valuable as a protein source rather than energy source, lowering 
dependency of other natural protein sources derived from oilseed meals.  However, the specific 
nutrient attributes of the by-product dictates value to a particular species.  Australian producers 
should not expect the same level of performance in response to wheat WDGS and DDGS, because 
of inherent lower fat or energy content compared to corn WDGS and DDGS reported in US 
research.  Because the nutrient profile of WDGS and DDGS is largely dependent on the grain used 
for its production, types of wheat produced in Australia may possess a higher protein content and 
lower energy content than what has been reported in North American research.   
 
Dairy industry nutritionists in the US utilise DDGS because of its relatively high content of rumen 
undegradable protein (RUP – Beef refer to as UIP) and high levels of NDF (partially digestible fibre 
fraction of cereal grains).  The heat treatment of WDGS or the drying process to DDGS renders a 
portion of the protein unavailable for rapid ruminal breakdown increasing the RUP fraction for 
digestion at the small intestine.  Feeding optimal levels of RUP source in dairies has been shown to 
increase milk protein yield and percentage of milk protein.  As previously discussed, the fraction of 
RDP (beef refer to as DIP) and RUP (beef refer to as UIP) are largely dependent on the grain 
nutrient content used for the distillers product.  A problem associated with DDGS is that lysine is 
particularly susceptible to heat treatment and lysine digestibility may be reduced in DDGS.  If not 
accounted for properly in pig, poultry and dairy diets, reduced lysine availability will suppress 
production. 
 
Inherent differences exist amongst grains and by-product types, WDGS and DDGS produced from 
wheat may not have a similar value as UIP sources for dairy producers as those produced from 
other grains.   
 
Many proponents of grain-based ethanol production and DDGS suggest that DDGS makes an 
excellent protein source for pigs and poultry.  However, one of the most variable amino acids in corn 
DDGS is lysine.  Thus, nutritionists must still add or provide adequate amounts of lysine and 
methionine (e.g. essential amino acids) in the diets to meet animal requirements.  Another problem 
that is posed with variability in lysine content is that any additional lysine supplementation may be in 
excess of requirement and thereby increase production cost.  It is important for nutritionists including 
DDGS in pig and poultry diets, to not only evaluate the lysine and methionine content of the product, 
but also take into account the availability of these essential amino acids (AA).  Heat treatment used 
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in the drying process may reduce availability or ileal digestibility in monogastrics of certain AA.  
Spiehs et al. (2002) observed that lysine was the most variable AA with a CV of 17.3% for DDGS 
sampled from 10 commercial ethanol plants in the US.  These authors also listed lysine values from 
plants sampled to range from 0.72% to 1.02%, reducing accuracy of exact formulation for 
lysine:calorie ratios.  The second most variable AA of plants sampled according to Spiehs et al. 
(2002) was methionine.  Methionine values in this study ranged from 0.49% to 0.69% with an 
average of 0.55% and a CV of 13.6%.  While proponents of grain-based ethanol and DDGS make 
the claim that these co-products are excellent sources of protein it should be noted that they cannot 
meet all dietary AA or protein requirements for grain dependent livestock. 
 
8.3.3 Neutral detergent fibre (NDF) 

Distillers grains on average have approximately 40 to 48% neutral detergent fibre (NDF) on a dry 
matter basis.  NDF is an important nutrient fraction for dairy cattle because it is largely digested, 
contributes to acetate production within the rumen and is used in the calculation of dry matter intake.  
Acetate is important (volatile fatty acid - produced by specific rumen microbes) for dairy producers 
because it is a precursor for milk fat synthesis.  Thus, WDGS or DDGS feeding may be beneficial for 
increasing acetate production.  Wheat DDGS used in the study conducted by Nyachoti et al. (2005) 
ranged between 33-34% NDF, indicating that wheat based WDGS and DDGS may actually have a 
lower value for NDF relative to corn and sorghum based WDGS and DDGS. 
 
8.3.4 Minerals 

Another component of distillers grains receiving a great deal of attention is the macro-mineral 
variation.  Knott et al. (2004) observed the phosphorus content of WDGS and DDGS was highly 
dependent on the amount of added solubles.  Knott et al. (2004) also noted that distillers grains with 
solubles have approximately 2.3 times more P on a dry matter basis than the grain portion of DDGS.  
Similar to the variation in fat content, P is also highly variable in these co-products.  Proponents of 
ethanol argue that the rich P value of the co-products can be utilised by pork producers as a good 
source of bio-available P.  Again, precision formulation of diets to meet specific P requirements of 
animals will be difficult to establish due to the variation.  Knott et al. (2004) report P concentration 
with a CV of 7.6 and 22.4% in samples of WDGS where 100% of solubles were added.  Similarly, 
Spiehs et al. (2002) listed P values at 0.89% with a coefficient of variation of 11.7%.   
 
Other nutrients have proven to be even more variable than P, including calcium (Ca) 0.06% and 
57.2%, potassium (K) 0.94% and 14.0%, magnesium (Mg) 0.33% and 12.1%, sulphur (S) 0.47% and 
37.1%, sodium (Na) 0.24% and 70.5%, zinc (Zn) 97.5 ppm and 80.4%, manganese (Mn) 15.8 ppm 
and 32.7%, copper (Cu) 5.9 ppm and 20.4%, and iron (Fe) with 119.8 ppm and 41.1%, for average 
and CV, respectively.   
 
Dietary S content is a concern for beef cattle feeders that tend to incorporate large amounts of 
distillers grains in the ration.  Excessive dietary S levels in rations can potentiate disorders such as 
polioencephamalacia (PEM).  In addition, variability in other nutrients such as Na may affect intake 
and other normal physiological functions if levels become excessive.  It should be noted that the 
mineral content of WDGS and DDGS listed above is derived from corn-based distillers grain with 
some sorghum blends.  However, the major nutrients of concern in DDGS, P and S, are similar 
between corn and wheat and may be a reasonable estimation of expected values from wheat based 
DDGS.  For example, wheat based DDGS pig diets in the study conducted by Nyachoti et al. (2005) 
list P values at 0.85% and Ca at 0.16%, which are comparable to corn DDGS values for mineral 
composition.  Corn based distillers products have also been utilised in part as a B-vitamin source.  
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Consequently, there is little research focusing on the use of corn or other distillers grains as a 
source of B-vitamins.  Table 13 lists nutrient profiles for DDGS for different grain sources.   
 
 
8.4 Research regarding distillers grains as feedstuffs 

The use of WDGS and DDGS has gained popularity in the US primarily based on availability and 
pricing.  Because of increasing grain-based ethanol production, grain prices have increased 
substantially for grain-dependent livestock producers allowing for appropriately priced by-product 
feeds to be considered for inclusion in rations.  One large incentive for producers to use distillers 
grains is proximity to ethanol production facilities.  The drying of WDGS to produce DDGS is an 
expensive process and is reflected in the relatively higher price of DDGS compared to WDGS. 
Therefore, livestock operations located close to ethanol facilities may be able to secure WDGS at a 
lower cost reducing operational feed costs through lower freight and feedstuff costs.  Cost 
effectiveness of WDGS and DDGS is considered on a relative energy value.  This value determines 
how these products can be appropriately priced on an energy unit basis and what their respective 
replacement value of a base grain within the animal ration.  Energetic values are generally assigned 
or calculated based on animal performance through research projects.  Ultimately, there is more 
research regarding distillers grains relative to beef and dairy cattle because those industries are the 
major users of distillers grains.  Beef and dairy cattle may more efficiently utilise WDGS and DDGS 
because of the physiological advantage of digestion of the fibre fraction through rumen microbes.  
Monogastrics, including pigs and poultry, are unable to fully digest or utilise a majority of the 
components of the distillers grains to the extent of cattle.  Secondly, feed delivery systems 
commonly used in pig and poultry operations limit the amount of WDGS that may be used, ultimately 
requiring DDGS or dehydrated co-products as the only logistical option for these operations.  As 
mentioned previously, the energy content of WDGS and DDGS is based upon calculations obtained 
from animal performance conducted in research trials and the following section will review current 
research in beef, dairy, pigs and poultry. 
 

8.4.1 Beef cattle 

The greatest proportion of research investigating both WDGS and DDGS relative to animal 
performance has come from the beef cattle feeding sector.  A recent report conducted by the USDA 
estimated grain-based ethanol co-product usage of any type was approximately 49% (beef cattle 
supplementation, 13%; cattle on feed, 36%) for all cattle operations in the Midwest United States 
(NASS 2007).  One of the reasons for the large use in this sector is the relatively high fat and/or 
energy content of corn-derived distillers grains.  The Australian ethanol industry would be largely 
dependent on wheat as the primary grain for ethanol production.  As discussed in the previous 
section, the energy content of wheat-derived distillers may be as much as 13% lower in energy 
value than corn derived distillers grains, with some estimates as low as 17% (NDSU 1999).  As the 
majority of the existing research was completed with the use of corn-derived distillers grains, it is 
likely that the performance of cattle will be significantly less with wheat distillers grains than what 
research suggests with corn distillers grains.   
 
Several conflicting reports exist regarding the energy value of corn-derived distillers grains and their 
interaction with dry-rolled corn (DRC) versus steam-flaked corn (SFC).  Research involving DRC 
based diets suggests that WDGS and DDGS may have a slightly greater grain replacement value 
than that reflected in the research with SFC based diets.  This is an important consideration because 
grain-processing interactions may influence the relative energy values within certain production 
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diets.  In Australia, the primary basis for most feedlot diets is dry-rolled or tempered wheat. 
Therefore, the energetic replacement value of wheat WDGS and DDGS may affect its pricing 
structure relative to that of wheat.   
 
Evaluating early beef feedlot industry research suggests that WDG, are suitable for inclusion in 
finishing feedlot diets.  Several early studies completed at the University of Nebraska have reported 
improved performance in finishing cattle when a proportion of the DRC in the diet was replaced with 
corn WDGS up to 40% (DM basis).  Larson et al. (1993) observed improved average daily gain 
(ADG), and gain efficiency (dry matter conversion, gain:feed (G:F)) when WDG and WDGS were 
included in finishing diets for both calves and yearling cattle.  It should be noted that the WDG 
contained an uncharacteristically high fat content at 13.7%, undoubtedly contributing to the 
enhanced performance.  When the solubles (thin stillage, uncondensed) fraction was blended with 
the WDG the fat content was 11.6%.  This value would be similar to what is typically observed in 
WDGS and DDGS from commercial ethanol plants to date.  Because there is a significant proportion 
of ethanol production in the US that also comes from sorghum, researchers also evaluated the 
differences between sorghum WDGS and DDGS.  Lodge et al. (1997) fed DRC based diets 
supplemented with 40% (DM basis) of sorghum WDG, WDGS or DDGS.  Lodge et al. (1997) noted 
that performance was similar to the DRC based control with a slight reduction in performance with 
the sorghum DDGS.  The conclusion of the research was that sorghum WDG, WDGS and DDGS 
possessed energy levels that were equivalent to 96, 102 and 80% respectively of the Net Energy of 
Gain (NEg) values of DRC.   
 
A study evaluating corn WDGS and sorghum WDGS in beef finishing diets reported improved ADG 
and G:F in cattle fed either corn WDGS or sorghum WDGS in dry rolled corn based diets (Al-
Suwaiegh et al. 2002).  These results suggest that there is no difference in performance between 
corn WDGS and sorghum WDGS when fed to finishing cattle.  The similarity in results among 
comparisons of corn and sorghum WDGS and DDGS may be the reason there is no differentiation 
of corn or sorghum distillers grains in the beef cattle NRC.  Although results from several studies 
imply there is no difference between wet and dry DGS or between corn and sorghum based DGS, 
WDGS are generally believed to be more digestible and contain more energy than DDGS (fat, 
WDGS=14.5% and DDGS=14.0%, (Al-Suwaiegh et al. 2002)).  Typically corn-based distillers grains 
are thought to contain more energy than sorghum (NEg of 1.65 vs 1.41 Mcal/kg respectively for 
WDGS; Preston 2007), which also may be accounted for by fat content in corn versus sorghum 
DGS.  Klopfenstein (1996) recommended the use of distillers grains as an energy source due to the 
apparent improvement in performance.  Work from Vander Pol et al. (2006) evaluated the optimal 
inclusion of corn WDGS and concluded that inclusion of 30-40% (DM basis) resulted in the most 
beneficial performance relative to DRC based diets containing no WDGS.  Trenkle (2007) also 
observed that modified corn distillers grains might be included in finishing cattle diets up to 47% (DM 
basis) without negatively affecting performance.  In later research, Vander Pol et al. (2006b) 
examined the inclusion of 30% corn WDGS in a series of diets differing largely in the method of 
grain processing (i.e. finely-ground corn, DRC, SFC, and high moisture corn).  Vander Pol et al. 
(2006b) observed that inclusion of WDGS in diets, based on SFC and finely ground corn, reduced 
performance relative to that of DRC and high moisture corn based finishing diets.  These 
observations indicate that WDGS possesses a different energetic value when included in diets 
based on differing methods of grain processing.  
 
However, not all research has alluded to improvements in performance up to 40% inclusion.  
Several studies investigating distillers grains with SFC based diets suggest that optimal inclusion 
levels may be closer to 10 or 15% on a dry matter basis.  Gordon et al. (2002) and Daubert et al. 
(2005) conducted two studies investigating the inclusion of distillers grains with solubles in diets 



Review of grain-based ethanol production effects on Australian livestock industries  

 

 Page 74 of 148 
 

based on SFC.  Gordon et al. (2002) reported optimal performance at approximately 15% DDGS.  
Similarly, when Daubert et al. (2005) added sorghum WDGS to SFC based diets they noted that 
performance was increased at 8-16% (DM basis).  Depenbusch et al. (2007a) evaluated inclusion of 
either sorghum WDGS or DDGS with 0 or 6% alfalfa hay in the diet, or corn WDGS or DDGS at 15% 
of diets (DM) based on SFC and noted no difference in performance in either sorghum or corn 
WDGS or DDGS or in diets without DDGS.  Similar results were noted by May (2007) feeding SFC 
based diets and corn DDGS.  However, Depenbusch et al. (2007b) noted a significant decrease in 
performance with the addition of 25% (DM basis) corn WDGS to diets based on SFC.  These results 
are also supported by Vasconcelos et al. (2007) where increasing concentrations of sorghum WDGS 
inclusion in SFC diets resulted in linear reductions in performance of finishing steers.  Silva et al. 
(2007) fed sorghum WDGS at either 0 or 15% of diet DM replacing both soybean meal and SFC in 
the diet and determined that the NEg value of sorghum WDGS was 91% of DRC.  Further 
supporting the large associative differences in distillers products with diet grain source is the study 
conducted by May et al. (2007), which found no improvement in performance, and a decrease in 
feed intake with increasing inclusion of sorghum WDGS in SFC based diets.  May et al. (2007) also 
evaluated WDGS in DRC based diets and reported increased feed efficiency with sorghum WDGS 
inclusion to 30%.  The studies highlight the differences in feeding responses of distillers grains 
associated with grain processing method and nutrient variation of co-products. 
 
Differences in site and extent of digestion or a shift in digestion kinetics may be responsible for the 
negative associative effect with SFC and distillers products.  Metabolism work completed by May 
(2007) suggests that corn DDGS influence both DRC and SFC based ration digestion and that may 
attribute to differences seen in response to distillers grains.  May (2007) reported, when corn DDGS 
were fed in SFC based diets with silage as the only forage source, DDGS replacement of SFC 
resulted in similar performance to those feedlot heifers fed control diets.  Ultimately, it appears that 
distillers products are not equivalent to SFC on an energy basis, and these differences in energy are 
reflected by reduced performance with inclusion into SFC rations.  It appears that distillers grains 
should be considered to possess higher energy content with DRC diets.  Although research 
suggests this may be the case, ultimately, it does not have the same outcome in every situation, as 
evidenced by May (2007), and that there may be even more complex interactions involving not only 
grain processing but roughage sources or roughage inclusion levels.  
 

Little research has been conducted for wheat-based WDGS or DDGS in finishing beef cattle rations.  
Presumably, with similar technology producing both corn and wheat distillers grains with solubles, 
similar variability would be associated with these specific grain co-products.  Additionally, by-product 
variability would be responsible for performance variation.  McKinnon et al. (2006) investigated the 
use of wheat distillers grains in finishing feedlot diets based on barley grain.  In this study steers 
were fed diets containing 0, 5, 10, 15, or 20% wheat DDGS (DM basis) for the duration of the 
finishing period.  McKinnon et al. (2006) concluded that performance was similar up to 20% wheat 
DDGS in the finishing diet compared to finishing diets containing no DDGS.  The authors also 
suggested wheat DDGS has a similar energetic value to dry rolled barley.  This estimated energetic 
content supports the reference values of NDSU (1999) for wheat based DDGS, but would not 
support the values presented in Table 13, according to Mohawk Canada Ltd ethanol plants.  

 
The use of corn DDGS has been a popular supplement for grazing cows and calves consuming low-
quality forage.  Characteristics of corn DDGS make it suitable for range or limit-fed supplements 
because of high concentrations of protein and P.  However, DDGS is typically low in DIP.  In 
response to this obvious deficiency, Stalker et al. (2007) reported that cattle supplemented with corn 
DDGS digested low quality forage to a sufficient degree such that no DIP form was needed in 
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addition to DDGS to improve digestibility.  The authors speculated that sufficient amounts of urea-
nitrogen were recycled back into the rumen to meet DIP requirements when cattle were fed DDGS.  
Lancaster et al. (2004) observed that grazing calves creep-fed with corn DDGS had similar ADG to 
calves that were creep-fed with soybean meal.  In support, Harborth et al. (2006) noted that weight 
gains of cows grazing native Kansas grass pastures and supplemented with either soybean meal, 
corn DDGS or sorghum DDGS were not different.  These results were supported by the findings of 
EPP et al. (2007) where steers grazing summer bluestem grasses, and supplemented with 
increasing levels of sorghum DDGS, had increased ADG compared to those not supplemented.  
These data suggest that DDGS from either corn or sorghum grains may provide adequate amounts 
of protein to improve gains of cattle grazing low quality forage.  Analyses of wheat based DDGS 
suggest that it may contain high concentrations of DIP relative to corn and sorghum DDGS and 
therefore may be particularly useful as a supplemental protein feed.  
 
The US has an established grain-based ethanol industry and grain-dependent livestock industries 
are providing a means of utilising the co-products.  Research cited highlights that variation in by-
product nutrient quality remains an issue and the practical management issues within feedlots for 
handling inherent variation remains unknown.  The same issues will be faced in Australia if a grain-
based ethanol industry is established.  Relevant Australian industries can only make assumptions on 
the quality of ethanol co-products and although the US experience provides assistance in these 
assumptions, the true nature of co-products will remain unknown until they become available. 
Kennedy (2007) authored a paper for CSIRO Livestock Industries on nutritive value of distiller 
grains.  The paper relies on many assumptions at many levels including average nutritional values of 
barley, sorghum, wheat and corn (limited data set and considerable variation within data set), 
estimated nutrient profile of distillers grains, based on computer model using assumed average grain 
nutrient values and use of model to estimate beef cattle performance.  Conclusions drawn by 
Kennedy (2007) do not reflect the US experience and highlight inaccuracies associated with initial 
assumptions.  Specifically, that distillers grains from all grain sources possess similar energetic 
values, replacement of grain with distillers grain consistently improves feed efficiency (research has 
shown both positive and nil effects, replacement response dependent on grain processing methods) 
and that distillers grain reduces subclinical acidosis.  Kennedy (2007) suggests value in establishing 
a starting point for assessing the role of distillers grain in feedlot production.  However, actual value 
will not be known until co-product is available and efficiency of use will be dependent on cost and 
energy basis.  
 
8.4.2 Dairy 

A second and large usage of distillers grain in the US is within the dairy industry.  According to 
NASS (2007), approximately 38% of Midwestern dairies are feeding distillers co-products of some 
kind.  Characteristics of DDGS particularly suitable for the dairy industry include rumen 
undegradable protein (RUP or UIP) for synthesis of milk protein or milk yield, partially inert fat (fat 
associated with germ portion) and thereby reduce effects on fibre digestion and large quantity of 
NDF (reduce roughage inclusion).  Differences in nutrient values assigned different grain DDGS 
sources remain high and discretion is best exercised in characterising the effects observed in 
research conducted using specific grain sources of DDGS.  
 
There are several aspects of overall nutrition and management of the US and Australian dairy 
industries that differ.  Primarily, a majority of Australian dairy producers are grazing based, 
supplemental management systems.  Dairies in the US almost entirely use a total mixed ration 
(TMR) which ensures ease of WDGS and DDGS use.  
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All research in the US was completed with inclusions of DDGS in TMR.  Early research conducted 
by Nichols et al. (1998) suggests that milk yield is improved with the addition of corn DDG compared 
with soybean meal (SBM).  Nichols et al. (1998) reported increased milk yield, protein yield, and 
solids non-fat yield.  There has been some speculation by Nichols et al. (1998) that due to variable 
low content of lysine in corn DDG, it may not serve as a substantial source of natural protein 
compared with SBM.  Nichols et al. (1998) also investigated the addition of rumen protected lysine 
and methionine (RPLM) with the SBM and corn DDG treatments.  Little difference existed in milk 
performance in the cows fed corn DDG versus those fed DDG plus the RPLM, suggesting that lysine 
or methionine were not limiting.  It should be noted that the experimental rations did differ in terms of 
the Net Energy of Lactation (NEL) prior to the initiation of the study, where the corn DDG diet had a 
greater NEL content compared with the SBM treatment.  Shingoethe et al. (1999) evaluated the 
response of corn WDG and reported no difference in milk yield, milk fat percentage or yield, lactose, 
fat corrected milk (FCM), or energy corrected milk (ECM) compared with control.  However, results 
showed a significant fall in milk protein percentage, milk protein yield, and dry matter intake for those 
cows fed corn WDG.  However, these results with reduced feed intake and lower protein yields may 
be an anomaly, because they are not supported by other research.   
 
Another study was conducted to determine the value of corn dried distillers grains as a protein 
replacement for other traditional sources of true protein such as fishmeal and SBM.  Results from 
Lui et al. (2000) indicated that use of corn DDG maintained milk production but also met the 
apparent UIP requirements of the cows compared with cows fed diets supplemented with a blend of 
other protein supplements.  Additionally, Birkelo et al. (2004) performed metabolism studies to 
estimate energy content of corn WDGS for lactating cows.  Birkelo et al. (2004) concluded that 
estimations for DE, ME, and NEL for WDGS were 7, 11, and 15% greater that those reported for 
corn DDGS in the NRC (2001), respectively.  In support, Anderson et al. (2006) compared 
production from cows fed corn DDGS and WDGS at 10 and 20% of the diet DM.  Birkelo et al. 
(2004) reported greater values for milk yield, fat yield, protein yield, ECM, and feed efficiency in 
those cows fed distillers grains in any form or level compared to those cows that were not fed 
distillers co-products.  Anderson et al. (2006) examined differences in production between corn 
DDGS and WDGS finding that milk fat percentage, protein yield and protein percentage of milk was 
greater for those cows fed WDGS.  Research regarding performance with WDGS follows similar 
observations, as with beef cattle, WDGS appears to enhance performance to a greater degree than 
DDGS.   
 
University research suggests that differences exist between corn DDGS and WDGS with respect to 
energy content and production response.  Al-Suwaiegh et al. (2002) evaluated performance of 
lactating cows fed either corn or sorghum WDGS and DDGS.  They noted that no differences 
existed between corn WDGS or DDGS or sorghum WDGS and DDGS.  Nor were there any 
differences in response to feeding the different co-products in digestive parameters in lactating 
cows.  These trials contrast with the previous findings, suggesting product variability may play a 
significant role in differences observed in response to production and performance.  
 
Leonardi et al. (2005) evaluated the concentrations of corn DDGS that could be fed relative to 
increasing the energy content of the diet through adding corn oil.  They recorded a linear increase in 
milk yield, milk fat percentage, and protein yield with increasing levels of corn DDGS up to 15% DM 
inclusion.  The study also noted that 15% corn DDG was equivalent to approximately 2% added corn 
oil to the diet on a NEL basis.  
 
Numerous studies in the US regarding distillers grains derived from corn or sorghum suggest that 
grain-based ethanol co-products increase diet energy density and can partially meet true protein 
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requirement in TMR for dairy cows.  Studies have investigated replacing up to 30% of the diet DM 
with grain-based ethanol co-products and observed increased performance.  However, researchers 
do not recommend inclusion over 30% in dairy diets (Kalscheur 2006).  This may be in part to 
negative effects of high inclusion of unsaturated fat found in distillers grains.  Corn WDGS and 
DDGS appear to provide an alternative to natural protein sources and partial energy sources in 
lactating dairy cow diets.  Australian dairies may not be able to utilise DDGS to the same extent due 
to production management systems, diets capability and the limited energy content of wheat-based 
WDGS and DDGS.   
 
Other researchers have centred on the properties of distillers grains that may make it a valuable 
replacement for forage inclusion in diets.  Distillers grains have a very high content of NDF, but very 
low lignin content increasing digestibility.  In theory, replacing some forage with DDGS may allow for 
a more energy dense diet, which may increase milk yield while not negatively affecting milk fat 
content from reduced forage in the diet.  Replacement of some dietary NDF with dried distillers 
grains blended with corn hominy by-product was examined in work conducted by Zhu et al. (1997).  
Both the control diet (no DDG) and the DDG with corn hominy supplemented diet contained similar 
NDF concentrations.  The inclusion of DDG was 17% on a dry matter basis.  The study reported that 
there was no difference in feed intake, milk yield, 4% FCM milk yield, milk fat percentage or yield, or 
milk protein percentage or yield.  Zhu et al. (1997) suggest that up to 17% of the diet DDG may 
provide a significant alternative for reducing the inclusion of expensive forages such as lucerne or 
corn silage in dairy TMR.  The results of the previous study should be reviewed thoroughly, while 
distillers grains can replace some dietary NDF, the particle size of these grains may not provide 
adequate supply of effective NDF to support milk fat synthesis.  At high inclusion, without adequate 
forage inclusion, milk fat depression and considerably lower milk quality may occur (Cyriac et al. 
2005). 
 
8.4.3 Pigs 

The pork industry has been utilising corn-based distillers grains and conducting research since the 
early 1950’s.  Relevance of this early research work is limited due to changes in ethanol production 
practices.  However, the same concerns apply to variation in nutrient composition, particularly lysine 
digestibility, P availability and excretion, and energy content.   
 
Some of the aspects of nutrient profiles in DDGS products have been investigated using animal 
performance models (Cromwell et al. 1993; Fastinger and Mahan 2006; Stein et al. 2006; Pederson 
et al. 2007).  Cromwell et al. (1993) evaluated sources of corn DDGS from nine different plants to 
determine nutritional properties of the co-products for pigs and chicks.  They classified the DDGS 
samples based on a colour score and formulated diets by combining samples similar in colour score 
and nutritional analysis and compared those to diets based on corn and soybean meal diets.  Of the 
nine samples used by Cromwell et al. (1993), the range in lysine was 0.43 to 0.89%.  Cromwell et al. 
(1993) concluded that DDGS samples that were darker in colour had lower lysine content.  When 
samples of similar colour were blended together and added to growing pig (initial BW=16 kg) diets at 
20% of the diet, the authors observed reduced ADG and feed efficiency (feed:gain) when crude 
protein content was held constant.  Cromwell et al. (1993) concluded from performance results that 
those DDGS samples that were darker in colour most likely were lower in lysine content and/or 
lysine availability, which resulted in reduced performance.  These data were supported by the 
findings of Fastinger and Mahan (2006) where DDGS samples that were darker in colour had lower 
lysine content and lower apparent ileal digestibility of lysine.  Stein et al. (2006) evaluated 10 
samples of DDGS based on AA and energy digestibility for growing pigs (initial BW=34 kg).  The 
DDGS samples utilised in experimental diets ranged in lysine content from 0.68 to 0.85%.  Stein et 
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al. (2006) suggested that little variation existed among samples and/or batches for ileal digestion of 
AA other than lysine and methionine.  Stein et al. (2006) did note greatest variation in ileal 
digestibility occurred with lysine followed by methionine.     
 
Wahlstrom et al. (1970) conducted three studies evaluating corn DDGS and supplemental L-lysine 
levels and their effects on growing pig performance.  Wahlstrom et al. (1970) reported that average 
daily feed intake and ADG were not affected by DDGS inclusion up to 20% of the diet.  Pigs that 
were fed 20% DDGS had reduced feed:gain compared to pigs fed 0% DDGS.  The authors also 
assessed the effects of DDGS in growing diets on digestibility of protein, nitrogen-free extract, and 
dry matter.  Wahlstrom et al. (1970) observed that average protein digestibility was reduced with 
increasing amounts of DDGS in the diets.  Additionally, in pigs fed the diets containing 20% DDGS, 
nitrogen free extract and dry matter digestibility were reduced compared to those pigs fed 0% 
DDGS.  Presumably, these differences in diet digestibility may be related to higher fibre content in 
the DDGS diets leading to lower digestibility. 
 
Wahlstrom et al. (1970) also examined supplementing 0% and 20% corn DDGS with 0.15% and 
0.25% L-lysine in growing gilts and barrows.  Combined performance of gilts and barrows resulted in 
decreased ADG and increased feed:gain in the 20% DDGS treatment compared with the 0% DDGS 
treatment.  When an additional 0.15% and 0.25% lysine was combined with the 20% DDGS 
performance was not suppressed.  The primary concern with inclusion of DDGS is lysine availability 
and/or digestibility and level of supplemental lysine required to meet requirements.   It is therefore 
preferable to formulate based on the total lysine content and thus account for deficiencies in 
available lysine level caused by heat damage.   
 
On an energetic basis, Pederson et al. (2007) concluded that the average DE and ME of 10 distillers 
samples did not differ from the DE and ME of corn grain.  This suggests that partial replacement of 
corn grain is possible based on performance, and that optimal performance is more dependent on 
providing appropriate AA profiles rather than additional energy.  Stein (2007) proposed that when 
evaluating the quality of DDGS for pig diets on lysine basis, only use the product if the lysine:crude 
protein ratio is 2.80%.  
 
Other research has focused less on nutrient interactions of DDGS and more on practical inclusion 
limitations in growing and nursery pig diets.  Data from Senne et al. (1995) challenged previous 
notions about DDGS maxims in nursery and finishing pig diets.  Senne et al. (1995) reported that 
sorghum DDGS could partially replace corn up to 20% in nursery and 30% in finishing pig diets.  In 
following work, Senne et al. (1996) examined even greater inclusion of sorghum based DDGS in 
corn diets and found comparable performance in nursery pig diets up 45% DDGS and up to 60% 
DDGS inclusion in finishing pig diets.  The results of Senne et al. (1996) were supported at lower 
levels (up to 15%) of DDGS inclusion in nursery pig diets by Lineen et al. (2006a).  Similarly, 
Whitney and Shurson (2004) examined inclusion of corn based DDGS in nursery pig diets up to 25% 
in two separate experiments.  In experiment 1, Whitney and Shurson (2004) reported no difference 
in performance during phase 2 (d0-14) or 3 (d14-35) of a 35 day nursery period with up to 25% 
DDGS.  In experiment 2, during phase 2, Whitney and Shurson (2004) did observe a linear reduction 
in feed intake and a tendency for a linear reduction in ADG with increasing inclusion of DDGS in 
nursery diets.  However, there was no difference in performance over the entire 35-day period in 
experiment 2.  DeDecker et al. (2005) also reported that growing pigs maintained performance 
similar to that of pigs fed no DDGS, when fed up to 30% DDGS in growing diets. Similar results were 
observed in Lineen et al. (2006a) with up to 15% of the diet as DDGS.  Not all research has 
demonstrated equivalent performance where DDGS constituted a large proportion of the diet 
(greater than 15-20%).  Whitney et al. (2001) reported reduced ADG when grow-finish pigs were fed 
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diets supplemented with 20% and 30% DDGS, as did Lineen et al. (2006b) when grow-finish diets 
exceeded 15% of the diets as DDGS.   Benz et al. (2007) confirmed in later research that ADG, 
ADFI, carcass weight and percent yield all decreased with increasing DDGS inclusion from 0% to 
20% of the diet with the biggest differences occurring from 15-20%. 
 
Research findings vary, some suggesting that corn DDGS has an ME equivalent to corn or sorghum 
DDGS is equivalent to that of corn, with other research finding growing pigs will consume less of a 
diet supplemented with DDGS than one without DDGS.  Additionally, performance such as ADG or 
feed:gain are conflicting.  Hastad et al. (2005) addressed this possible energetic or feed preference 
question by conducting a series of experiments evaluating growing pig preference for non-DDGS 
diets of DDGS based on corn or sorghum.  Hastad et al. (2005) concluded that typically pigs 
preferred diets based on corn and soybean meal without distillers grains (corn or sorghum).  
Additionally, pigs chose DDGS over WDGS in diets, with the highest consumption of control or non-
DDGS diets.  These data supported the earlier work completed by Hastad et al. (2004) where they 
observed greater intake of diets without DDGS based on corn and soybean compared to those 
supplemented with 10%, 20%, 30% or 35% DDGS.   
 
Recent research indicates DDGS can be added in pig diets up to 60% with mixed results above 20% 
inclusion.  Optimal maximum inclusion rates may actually be closer to 15% for grow-finish diets.  
Newly weaned pigs or nursery pigs may be less tolerant to DDGS before it affects feed intake or 
growth.  When the AA profile of DDGS is known and introduced to nursery pigs at a young age 
producers may be able to achieve 20% inclusion without detrimental effects.   
 
The majority of research has examined the use of corn and sorghum-based DDGS, whereas in 
Australia, the primary grain source for distillers grain would be wheat, barley and to a lesser extent 
sorghum.  Performance cited and observed in reviewed literature may provide different production 
responses.   
 
Replacing a cereal grain with distillers grain removes starch from the diet with fibre as its 
replacement.  Monogastrics are less efficient in utilising the fibre component of DDGS compared to 
ruminants.  The benefit of corn and sorghum DDGS in pig diets is the high fat content.  Given the 
inherently low fat content of wheat grain, wheat based DDGS would most likely not be as good an 
energy source as corn DDGS.   
 
Nyachoti et al. (2005) evaluated the use of wheat based DDGS in pig diets and digestion and 
metabolism of energy and amino acids compared to wheat grain.  Nyachoti et al. (2005) noted large 
differences between three separate batches of wheat DDGS obtained from the same plant.  
Differences were attributed to wheat cultivars, mixtures of other grains, differences in yields and 
variation in refinement during production.   
 
In the Nyachoti et al. (2005) study, the wheat DDGS was 95.6% dry matter, contained 40.4% crude 
protein (N x 6.25), a gross energy (GE) of 20.5 MJ/kg, ether extract (fat) of 3.7%, total P 0.85% and 
lysine 0.67%.  Nyachoti et al. (2005) observed that the wheat based distillers diets had significantly 
lower ileal digestibility of dry matter, nitrogen (CP), energy, but greater phosphorus and calcium 
digestion compared to that of the wheat based diets.  Total tract digestibility followed a similar trend 
with lower digestion of dry matter and energy, but with a greater digestion of nitrogen, phosphorus, 
and calcium.  Ileal digestion of lysine was not different between wheat DDGS and the wheat based 
diet.  Nyachoti et al. (2005) concluded that wheat DDGS contained approximately 7.5% less DE than 
wheat grain.  This was reported for both winter wheat based DDGS and mixed wheat based DDGS.  
These results are supported by Widyaratne and Zijlstra (2004) who fed wheat based DDGS at 25% 
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of the diet to growing pigs and observed lower performance compared to control diets containing no 
DDGS. 
 
Other researchers have examined the apparent availability of P for digestion seen with Nyachoti et 
al. (2005) in an attempt to alleviate the need to supplement inorganic P in pig diets.  Recently Hill et 
al. (2007) investigated using DDGS in sow lactation diets in order to meet the P requirements and 
reduce faecal P excretion.  Nyachoti et al. (2005) reported that lactating sows could maintain 
productivity when some of the P was supplied by DDGS and that after 14 days faecal P was 
reduced in sows fed 15% DDGS diets.  Greater P digestibility was also observed in Widmer et al. 
(2007) and Pederson et al. (2007).  Likewise, in 25% wheat DDGS diets fed to growing pigs, 
apparent total tract digestion of P was approximately 0.55% compared with 0.08% in the control diet.  
DDGS samples contain more available P compared to that of corn or wheat grain.   
 
Carcass fat composition requires consideration with the inclusion of DDGS in the diet, particularly if 
supplying belly pork into the Asian markets.  Corn and sorghum have large concentrations of 
polyunsaturated fatty acids (PUFA, primarily 18:2n6, linoleic acid).  DDGS derived from those grains 
also have a fat content that is high in PUFA.  High levels of PUFA in finishing pig diets are 
associated with reduced belly firmness in the US.  Benz et al. (2007) found back fat, jowl fat and 
belly fat iodine levels as well as percentage of C18:2 fatty acids increased with increasing DDGS in 
the diet from 0% to 20% in grower pigs.  Wheat based DDGS does not contain the same 
concentration of fat as found in corn and sorghum DDGS and may not contribute to reduced belly 
firmness in pork carcasses, but this has not been investigated. 
 
8.4.4 Poultry 

Issues concerning the use of DDGS in poultry diets include amino acid profile, consistency of lysine 
availability, colorimetric analysis and mineral content (phosphorus and sodium).  
 
Research by Cromwell et al. (1993) examined aspects of DDGS using performance modelling for 
day old growing chicks to define nutritional characteristics of nine different DDGS samples differing 
in colour.  Cromwell et al. (1993) observed a relationship between colour of DDGS and growth rates 
of chicks fed diets with 20% DDGS.  These findings emphasise the need to assess amino acid 
profile of DDGS sources regardless of protein concentration.  The results of Cromwell et al. (1993) 
are supported by those of Ergul et al. (2003) who concluded that colour of DDGS was correlated 
with digestibility of lysine, cysteine and threonine (r = 0.67, 0.67 and 0.51 respectively).  Dried 
distillers grain with solubles samples that were lighter in colour and/or more yellow were associated 
with greater lysine digestibility (0.65%), while darker and less yellow DDGS were correlated with 
lower digestibility (0.38%).  Lumpkins and Batal (2005) performed slope-ratio assays to determine 
availability of lysine and P from DDGS.  They concluded that lysine availability was approximately 
90% of total lysine and phosphorous availability was 61%.  Martinez Amezuca et al. (2004) also 
evaluated P availability and suggested that heat treatment may reduce lysine digestion while 
improving P availability for growing chicks.  
 
Lumpkins et al. (2004) completed two studies where diets were fed with up to 18% DDGS inclusion 
to chicks from 0 to 18 days and growing broilers to 42 days of age.  Compared to the control diets 
there was little difference in performance or carcass yield for entire 42 days for lower levels of 
DDGS.  The 18% DDGS diets had reduced growth and decreased feed efficiency over the first 16-
day starter period.  From this work, DDGS was recommended to be safely used at 6% in starter 
diets and up to 12-15% in grower/finisher periods.  Thacker and Widyaratne (2007) supported these 
findings and feeding recommendations for broilers in a similar experiment. 



Review of grain-based ethanol production effects on Australian livestock industries  

 

 Page 81 of 148 
 

 
Roberson (2003) fed growing-finishing diets to turkey hens and reported that finishing performance 
was improved as DDGS was increased in the diet from 0 up to 27%.  In another study performed by 
Roberson (2003), DDGS replaced 10% of corn and soybean meal and similar finishing performance 
was maintained in turkey hens.  A study by Abe et al. (2004) involving a diet with 10% high protein 
DDGS in growing turkey diets reported that feed intake and ADG were reduced for the first 10 days 
of dietary treatment but were not different from days 11-18 when compared to the control treatment 
during the experimental period.  These results lead the authors to suggest that high protein DDGS 
may be included in growing turkey diets up to 10% and may be increased without negatively 
affecting performance after 14 days.  Noll and Brannon (2006) suggest that corn DDGS may be 
supplemented up to 20% in growing turkey diets without differing in performance to the control 
treatment.  
 
Interactions between DDGS addition and egg production, quality, and colour in laying hens have 
also been investigated.  Lumpkins et al. (2005) replaced corn/soybean meal in both a high and low 
density diet of laying hens (25-43 weeks of age) with 0 or 15% corn DDGS.  Lumpkins et al. (2005) 
reported no differences in egg production between both diets containing 0% or 15% DDGS.  There 
was lower egg production observed in hens fed the low-density diets with 15% DDGS from 25-32 
weeks of age.  Lumpkins et al. (2005) suggest that DDGS can be incorporated up to 15% in laying 
hen diets.  Roberson et al. (2005) fed corn DDGS at 0%, 5%, 10% or 15% to laying hens using a 
yellow DDGS for weeks 48 to 56, and then switched to brown DDGS during 58 to 67 weeks.  The 
authors stated that DDGS supplementation had limited effects on egg production overall, but 
decreased egg production with increasing DDGS content in the diet for weeks 52-53, reduced egg 
weight during 63 weeks of age, smaller egg mass at 51 and 53 weeks, and lower specific gravity at 
week 51.  The proximity of the reduction in egg quality and characteristics suggest variation in 
DDGS.  Yolk colour increased with increasing concentration of DDGS. 
 
The majority of poultry research investigated the use of corn DDGS.  Differences in energy between 
corn and wheat based DDGS make recommendations more uncertain regarding the inclusion of 
wheat DDGS.  Differences in energy, protein, and AA profile exist between the two co-products and 
careful analysis of amino acid profile and mineral concentrations is recommended prior to inclusion 
in poultry diets.   
 
Thacker and Widyaratne (2007) did complete a titration study investigating the inclusion of graded 
levels of wheat DDGS (0, 5, 10, 15 or 20% inclusion) in broiler chick diets.  They reported that 
digestibility coefficients of dry matter, energy, and P declined with increasing concentrations of 
DDGS in the diet.  However, balancing diets eliminates performance differences when including 
DDGS.   
 
It appears that much of the research suggests inclusion of corn DDGS in growing turkey and broiler 
diets up to levels of 15% without detrimentally affecting performance.  10-12% may be more optimal.  
Levels below 10% are recommended for the starter period.  The formulation of poultry diets 
including DDGS should be based on total AA to satisfy all AA requirements for optimum growth.  
The energetic density of corn DDGS allows it to replace a proportion of the corn/soybean meal in the 
diet but may not be equivalent in the instance of wheat based growing diets.  Work regarding wheat-
based DDGS suggests that similar to corn DDGS, wheat DDGS can be included in growing poultry 
diets requiring supplemental lysine and methionine to account for AA unavailability because of heat 
damage during processing.  
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8.5 Potential issues with grain-based ethanol co-products 

8.5.1 Nutrient management 

Distillers grain with solubles represents all the nutrients within a particular grain excluding starch.  
The feeding of distillers grain with solubles must therefore consider costs associated with excessive 
supply of some nutrients (i.e. minerals and nitrogen).  Supplying nutrients above an animal’s 
requirements results in excretion and nutrient loss, which may have both production and 
environmental ramifications.  For example, the metabolism and excretion of excess protein 
increases the maintenance energy requirement of the animal and lowers the energy available for 
growth or production.  Modifying ethanol production procedures can reduce P content of distiller 
grains and thereby P loss in manure.  P disposal and ammonia release from manure are two major 
issues in US livestock industries (Klopfenstein and Erickson 2002).  
 
It has been suggested that only modest inclusion of distillers grain with solubles in feedlot cattle 
diets can significantly increase the amount of P excreted annually (Klopfenstein and Erickson 2002; 
Depenbusch et al. 2007c).  Iowa State University observed that increasing P intake increased faecal 
P excretion.  The US industry average P content of feedlot manure is estimated at 0.35% 
(Klopfenstein and Erickson 2002).  Meyer et al. (2006) fed finishing steers diets with 0%, 10% or 
20% corn WDGS and recorded P excretion and retention.  They reported that in those steers fed 
10% and 20% corn DDGS that P excretion was 24% and 31% greater respectively.  
 
Iowa State University (2006) has developed a model to estimate P excretion for corn DDGS 
inclusion diets.  Phosphorus excretion for cattle fed 0, 15, 25 and 40% corn DDGS were 4.5, 5.4, 6.3 
and 7.7 kg respectively.  Trenkle (2006) suggests that when DDGS are included in finishing diets at 
20 and 40% (DM basis) that P excretion in increased by 60 and 120% respectively. 
 
Distillers grains in lactating dairy cattle diets do not pose any issues with respect to P excretion due 
to significant supply of P for milk production.  Cromwell (2002) reported that faecal P concentration 
of dairy cows was approximately 0.79% compared to 1.07% for beef cattle, 2.97% for pigs and 
1.62% for poultry.  Pigs have the greatest concentration of P in their manure but lower on a mass 
basis.  Confined beef cattle operations are responsible for the largest proportion of manure P of all 
the livestock industries.   
 
In the pork industry, feeding distillers grains has actually been proposed as a means of reducing 
faecal P concentrations.  In the previous section, Hill et al. (2007), Pederson et al. (2007) and 
Widmer et al. (2007) investigated the availability of P in DDGS co-products.  All authors noted in all 
cases that DDGS inclusion increased P digestibility and reduced P in the manure.  Xu et al. (2005) 
suggested that the inclusion of DDGS in growing pig diets along with phytase enzyme (enzyme that 
makes P more readily available) might ultimately eliminate the need to provide supplemental 
inorganic P minerals sources.  When Xu et al. (2005) added 10% and 20% DDGS to growing pig 
diets, faecal P was reduced by 16% and 34% respectively.  However, the additional dietary fibre 
resulted in 15% and 30% more faecal output overall which virtually offset the reduction in P from the 
addition of DDGS.  In a second experiment, these treatments were repeated with the addition of 
phytase enzyme.  The pigs that were fed the 20% DDGS with phytase had faecal P concentrations 
that were 53% lower than the control diet.   
 
The single largest source of ammonia volatilisation is derived from the application of livestock 
manure, followed by the housing of intensive meat and dairy animal production (Phillips and Pain 
1998).  Livestock operations of all species face a challenge in regular management of ammonia-N 
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from manure.  Efficient use of N or CP in the diets of livestock or restraint from feeding excessive 
levels of N may assist in reducing ammonia emissions from the intensive production of livestock. 
 
Ammonia-N volatilisation appears to constitute approximately 53 to 55% of the total N fed to cattle 
(Todd et al. 2007).  When distillers grains are utilised as an energy source in corn based feedlot 
diets, crude protein, or N, is in excess of the animal’s nutritional requirement.  Increasing N content 
of manure and avoiding ammonia volatilisation requires changes to manure management through 
increasing areas on which manure is spread and selecting suitable high N use crops.  However, 
disposal limitations exist due to P content.  
 
Wheat-based distillers grains with solubles would be most commonly used in Australia and typically 
contains 36-40% CP.  The increasing popularity of the use of distillers grains with solubles may 
result in increased atmospheric acidification through ammonia volatilisation in beef cattle operations.  
Todd et al. (2006) stated that reducing dietary crude protein content was the most practical way to 
reduce ammonia emissions in feedlots.   
 
The pork and poultry industries have also received much attention regarding the volatilisation of 
ammonia from effluent.  Factors that contribute to ammonia volatilisation from poultry and pig 
effluent or manure include dry matter of manure or slurry (wet slurries have lower ammonia 
volatilisation than drier manure samples) and ambient temperature and humidity in manure disposal 
area.  The primary method of reducing ammonia emissions is to avoid excessive feeding of N.  
 
8.5.2 Storage and handling 

The low dry matter (30-35%) (high moisture content) of wet distillers grains increases transport 
costs, spoilage and shrink (i.e. water evaporation, seepage and fat rancidity).  Spoilage of WDGS is 
largely dependent on environmental conditions (ambient temperature, humidity) with spoilage 
occurring within 3 days of delivery.  Mixing WDGS with forages (hay, hulls) and ensiling has been 
used as a long-term method of preservation.  The low pH value of WDGS (3.0-4.0) makes ensiling a 
viable option (Garcia and Kalscheur 2007).  However, ensiled WDGS can still experience losses 
similar to other forms of silage production.  Using bags, an Iowa State University study calculated 
shrink from the ensiling of WDGS and 20% hay to be approximately 9%, of which 7.2% occurred 
following the bagging.  Iowa State University scientists also evaluated long-term storage of MDGS, 
(approximately 50% moisture) and found that MDGS could be ensiled without the addition of any 
other ingredients.  They reported an overall shrink of 16.7% with the product, 5% was due to 
spoilage after bagging, and 8% was attributable to handling and storage.  Use of bacterial/enzyme 
inoculants have been shown to reduce shrink from heating and mould degradation (Spangler et al. 
2004).  Mixing WDGS with 40% hay enabled ensiling in bunkers.  Wheat straw and/or sorghum 
stubble might be the most logical products to use in Australia.  In comparison, DDGS has a dry 
matter of 88%, which significantly increases storage period and lowers transport costs. 
 
DDGS has presented some storage and flowability challenges due to its high fat content, moisture 
content and small but fibrous particles.  Corn based DDGS has a higher fat content than wheat-
based DDGS and thus may prove the more difficult of the two to handle.  Some settling, compaction 
and bridging may occur during long transport, and vibration may be required to initiate flow.  Studies 
initiated by Johnston et al. (2007) report the flow rate of DDGS out of a feed truck at 9% moisture is 
60% better than DDGS at 12% moisture, and are currently experimenting with additive treatments 
which may improve flowability such as limestone, zeolite and a grain conditioner.  In a feedmill, 
DDGS must therefore be handled as a protein meal (similar to canola, sunflower or cottonseed 
meal) and placed in a protein bin rather that being treated as a grain.  When incorporating DDGS 
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into pelleted diets, the high fat content, fibrous nature and lack of starch is a consideration in the 
total combination of dietary ingredients.  Maintaining a minimum starch level from wheat grain or a 
pellet binder may aid in producing a more resilient pellet.  There is some question over the 
mycotoxin risk of DDGS particularly if stored for lengthy period.  To be safe, the addition of a 
mycotoxin binder to the feed of monogastrics may be desirable when using significant levels of 
DDGS in the diet. 
 
Several options for grain-dependent livestock producers may be considered when evaluating the 
storage and handling of WDGS, ranging from blending of forages or other co-products, to treating 
with inoculants, and bagging or bunker ensiling.  All of these methods may be applied to improve the 
handling and storage of WDGS, but the only way that WDGS or DDGS may be utilised by grain-
dependent livestock producers is if it is economical and the co-products are competitively priced 
relative to other grain, protein or energy sources.  
 
8.5.3 Economics of feeding grain-based ethanol co-products 

The nutrient profile, availability, acceptability to livestock, and variation associated with feeding 
distillers co-products are all aspects of the industry that have been the subject of considerable 
research.  None of these aspects is of practical importance if an economic incentive does not exist 
for distillers grains inclusion by the livestock producer.  There are several considerations when 
evaluating a feedstuff for inclusion in production rations for livestock.  Some of these considerations 
include price of competing ingredients, consistency of supply, consistency of the nutrient profile, 
energetic density of the feedstuff, handling, storage, shrink associated with handling and storage 
and transportation costs (Iowa State University 2005).   
 
There are two ways that grain-based ethanol co-products are priced. The first of these is on the 
basis of price per unit of energy.  When evaluating a feedstuff in this manner it is most appropriate to 
compare it to competing energy sources in livestock diets.  In most livestock diets in Australia, wheat 
grain is the base for growing and finishing rations.  Therefore, energetically, wheat grain will be the 
standard to which WDGS and DDGS is compared.  Depending on the industry in which the feedstuff 
is used, it may have a differing value based on species and its value relative to growth and/or 
acceptability for production.  For example, the pork industry utilises ME, which uses units based on 
MJ/kg.  The energetic value of DDGS would be different for pigs compared with dairy cattle, which 
use the Net Energy System based on Net Energy of Lactation (NEL, Mcal/kg).  Grain-based ethanol 
co-products typically have a greater energy value in ruminant species compared to monogastrics 
because ruminants possess the capacity for high digestion of the nutrient fractions, particularly the 
fibre portion, of these co-products.   
 
The energetic value of WDGS and DDGS was discussed more thoroughly in section 8.3 and has 
been the centre of much research in livestock production.  However, there is still substantial 
conflicting opinions concerning the relative energetic values to place on corn and sorghum derived 
distillers grains with solubles.  Currently, there is a relatively large body of research with many 
different applications.  What is common in the beef cattle sector of the industry is to price WDGS or 
DDGS at approximately 90-95% the value of corn.  Although there is much data to substantiate the 
claim that WDGS and DDGS may have a greater energetic value than corn, this pricing structure is 
still commonly used.  Therefore, distillers co-products track the price of corn grain.  Originally, it was 
thought that because these feedstuffs were co-products they would have a relatively stable pricing 
structure and would be less related to the price of corn.  However, that has not been the situation.   
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One benefit when pricing corn-based distillers grains with solubles is that research suggests they 
have an energetic value similar to that of corn.  The relative lack of research regarding wheat-based 
distillers grains puts it at a disadvantage in pricing scenarios.  The few data that do exist defining the 
price of wheat DDGS and WDGS suggest that it has a substantially lower energetic value than that 
of wheat grain.  Beef cattle performance summaries suggest that wheat WDGS has an energetic 
value equivalent to that of barley grain.  Based on that limited data set, producers, from an energy 
standpoint, could afford to purchase wheat based DDGS and WDGS and include in livestock diets 
on an energy replacement similar to barley (McKinnon et al. 2006).   
 
Similar results have been witnessed in pig and poultry research suggesting energetic values equal 
to that of barley grain.  If distillers grains with solubles produced in Australian ethanol plants are 
valued energetically based on research performed in the US using corn grain and corn based DDGS 
and WDGS then wheat-based products will be over-priced relative to other feedstuffs.  There may 
be some associative effect in beef cattle diets between wheat grain and sorghum DDGS or WDGS.  
However, this is speculation and without supporting research.   
 
The second manner in which grain-based ethanol co-products or feedstuffs may be priced is 
according to price per unit of protein.  In this scenario DDGS may be more valuable to swine or 
poultry producers as a source of protein compared with beef cattle and dairy producers where 
DDGS may be of less value as a protein source relative to other products that can be utilised by 
ruminant animals (for example hays, legumes and urea).  In the situation where wheat WDGS or 
DDGS is priced as a source of protein, the feedstuffs that would be comparable are soybean meal, 
canola meal, or meat and blood meal for pigs.  It is more difficult to define DDGS for pig and poultry 
diets as a protein source relative to other feedstuffs because of the complexity of formulation of diets 
based on a wide AA profile and availability.  Consequently, it would be more accurate for grain 
dependent livestock producers to price wheat or sorghum based DDGS relative to wheat grain 
because it will have a similar AA profile to wheat, but at a greater nutrient concentration.   
 
In pig diets, DDGS may be utilised for specific required nutrients in diets based on different 
production stages and growth rates.  For example, producers might value DDGS for its protein 
content when included in nursery and grow/finish diets, but for its available P and fibre content when 
included in gestating sow diets.  Therefore, the pricing of WDGS and DDGS in pig and poultry diets 
is complex and nutrients from these co-products can be utilised to help meet a number of various 
requirements by the animals.  
 
Pricing WDGS and DDGS in ruminant operations is much simpler than dealing with the complexities 
of nutrient requirements for monogastrics.  In these situations, WDGS and DDGS may be calculated 
directly on a price per unit of protein replacement of other sources rather than on AA profile as with 
pig and poultry diets.  For example: 
 
Canola meal @ 41% CP and 92% DM (NRC 2000), costs $400 per tonne  
Wheat DDGS @ 35% CP and 88% dry matter  

 
Calculate: ($400 per tonne)/ (0.92 DM percentage) / (0.41 CP percentage)  =  $1060/Unit CP 
$1060/ Unit CP x (0.35 CP percentage DDGS) x (0.88 DM DDGS percentage) = $327 per tonne, as 
a replacement for canola 
 
This is a simplistic example and other factors are best considered when selecting protein sources 
such as DIP content, CP digestibility and consistency of supply.   
 



Review of grain-based ethanol production effects on Australian livestock industries  

 

 Page 86 of 148 
 

Proximity to ethanol plants and the costs associated with transportation of distillers grains is a very 
important aspect of inclusion into production diets.  Those operations in close proximity to ethanol 
plants will have a large advantage in availability of co-products as well as reduced transport costs, 
which is one of the largest factors contributing to the inclusion of WDGS in rations (NASS 2007).  
While economics associated with transport costs from the ethanol plant to the livestock producer are 
important considerations, there are other factors such as increased grain demand in surrounding 
areas of the plant that may act to inflate grain prices for livestock producers.   
 
Factoring transport in to the equation from the previous section: 

Producer prices DDGS at $327/ tonne, with transport costs at approximately $2/km.  
Then a 150km total costs would be: 
 = ($2/km @ 150 km trip = $300/25 tonnes = $12.00/ tonne + $327) =  
$339/tonne delivered approximately 150 km away from the plant. 
 

It would be inappropriate to suggest pricing ranges for distillers grain with solubles considering the 
different distances producers will reside from ethanol plants.  Obviously, rates for transport and feed 
costs will vary based on distance and contracting between livestock producers and ethanol plants.  
Estimations and pricing must occur independently for producers along with nutritionists for optimal 
economic benefit to the livestock producer.  Vander Pol et al. (2005) concluded that as distance from 
the ethanol plant increased up to 170km (after which distance it is unlikely that incorporation of 
WDGS would be economically feasible) profit/head return by using WDGS in rations is reduced.  
Logically, as the expense of feedstuffs increases with increasing transport costs, the return on feed 
investment will decrease.  Again, this research was based on corn WDGS and DDGS, which has a 
higher energetic value than wheat, or sorghum based distillers grain with solubles.  When used as a 
protein source, there may not be as large of a direct response in performance when including 
distillers grain with solubles products, but savings may actually appear indirectly based on a 
reduction of the use of other more expensive protein sources. 
 
8.5.4 Grain-based ethanol co-products and animal diseases 

Researchers have suggested implications for the interaction between nutrients and characteristics of 
distillers grains with solubles and health in livestock animals.  
 
The use of feed additive products such as those termed “probiotics” have received attention in 
recent research due to potential health benefits associated with digestion and gut health.  One 
particular aspect of probiotics for monogastrics is that they commonly contain Lactobacillus species, 
bacteria that may promote gut health in the intestines of monogastrics.  Distillers grains, and 
specifically wheat WDGS typically possesses populations of Lactobacillus, and sometimes yeast 
(Pederson et al. 2003).  With the hypothesis that WDGS may improve health in pigs through 
probiotic action, Pederson et al. (2003) investigated wheat WDGS from a microbiological standpoint 
to determine if the strains of bacteria commonly found in WDGS could aid in health for pigs.  Other 
properties of WDGS such as a low pH (approx. 3.6) and high concentrations of organic acids have 
also been suggested as characteristics favouring digestive health benefits of livestock.  Pederson et 
al. (2003) point out that in order for a bacterial species to be considered a probiotic it must be able to 
withstand very low pH (as in stomach acid) as well as capable to colonize mucus membranes or gut 
epithelial tissues.  Pederson et al. (2003) discovered that a few strains of Lactobacillus species 
found in wheat WDGS were able to grow at high temperatures (up to 54º C), were able to survive in 
stomach acid, and did bind with mucus in vitro.  Pederson et al. (2003) concluded that the properties 
of bacteria species specifically selected for when WDGS are produced might have some biological 
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properties that make them suitable candidates for use as probiotics, or may help explain health 
improvements sometimes observed with WDGS feeding. 
 
A common health problem in pigs is the enteric disease commonly termed ‘ileitis’.  It is caused by 
several bacteria species that invade and infect epithelial cells on the small intestinal wall leading to 
haemorrhaging, ulceration, and necrosis (Whitney et al. 2006).  Some researchers have suggested 
that feeding of higher levels of fibre or insoluble fibre may promote functionality of intestinal epithelial 
cells and can reduce the complications associated with detrimental bacterial colonisation on the 
intestinal wall.  Distillers dried grains are known to contain large proportions of insoluble fibre for 
monogastrics and have been suggested as a means to combat ileitis in pigs.  Whitney et al. (2003) 
investigated the use of DDGS in decreasing negative effects observed when nursery pigs were 
challenged with Lawsonia intracellularis.  Seventeen day old pigs (n = 80) were challenged by oral 
inoculation and fed diets based on corn and soybean meal with 0, 10 or 20% DDGS.  Included in the 
trial was one negative control treatment in which pigs were not challenged nor were they fed DDGS.  
Twenty-one days following the challenge all pigs were euthanized for evaluation of intestinal mucosa 
and tissue analysis.  As expected, bacterial challenge of the pigs resulted in poorer growth, and 
reduced health, with Whitney et al. (2003) concluding that feeding DDGS had no impact on lesion 
size or occurrence.  Through this study, it appears that dietary inclusion of fibre from DDGS feeding 
in pig diets may not help reduce the severity of ileitis.   
 
The influence of sulphur (S) content in WDGS and DDGS is a concern for cattle producers who 
typically feed diets with large amounts of distillers grain with solubles.  Endogenous S content of 
corn averages around 0.12% and the concentrating effect of corn-based distillers grain with soluble 
for S is approximately 0.36%.  Typically, S concentrations of distillers grain with solubles range from 
0.40 to 0.50% (DM basis).  There are several factors that contribute to elevated S levels in DDGS, 
including popular use of sulphuric acid to maintain a stable pH for yeast growth, and the inherent S 
content of yeast cells (3.9 g/kg; White and Johnson 2003).  Excessive levels of S in the diets of beef 
and dairy cattle can result in health problems and suppressed performance.  Polioencephalomalacia 
(PEM) is a disorder that can occur when cattle consume excessive amounts of S through diet and/or 
water intake.  The high S content in cattle results in dysfunction of the central nervous system, 
leading to conditions observed that are commonly characterized as “brainers”.  This neurological 
condition occurs because certain S compounds in the rumen alter fermentation characteristics that 
degrade thiamine (B1), resulting in thiamine deficiency influencing normal cellular metabolism 
(Crawford 2007).  Beef cattle may tolerate a maximum S content in the diet up to 0.40% (NRC, 
2005).  However, dependent on overall mineral balance with diets, reduced performance has been 
observed with as little as 0.25% total S in the diet of feedlot cattle (Zinn et al. 1997).   
 
Wheat and corn contain similar S concentrations (NRC 2000), and as sulphuric acid will most likely 
remain in high use within the ethanol industry, producers feeding wheat based distillers grain with 
soluble to cattle must be aware of contributing S content from diet and/or water to maximise 
performance as well as suppress the incidence of PEM.  
 
Another health concern for beef cattle producers feeding WDGS is the proliferation of fungi in 
WDGS and the production of mycotoxins.  One aspect of storage and handling of WDGS previously 
mentioned was use of WDGS inventory approximately 3 to 4 days following delivery.  Aside from 
shrink and spoilage, one of the main reasons for this recommendation is that in some cases fungi 
commonly found on farming operations such as Aspergillus flavus and Fusarium spp can 
contaminate high moisture feed products.  These fungi produce mycotoxins that may result in 
reduced intake and performance in livestock operations.  While researchers infer that it’s unknown if 
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significant mycotoxin production may occur from these fungi during a normal inventory storage 
period, a risk still exists.   
 
8.6 Conclusion 

In summation, there exists a relative wealth of data regarding the inclusion of distillers grains in 
livestock diets.  Much of the research has been conducted using corn and sorghum-based distillers 
grain with solubles, and may prove of limited practical application when evaluating the use of 
products that would become available to the Australian grain dependent livestock industries.  
However, some evidence suggests that wheat-based DDGS and some sorghum-based DDGS may 
have a replacement value as a feedstuff that is roughly 90% the value of rolled wheat on a net 
energy of gain basis.  Furthermore, the value of wheat-based distillers grain with solubles may be 
greater if used as a protein source. 
 
However, the ethanol industry in Australia will not produce adequate quantities of distillers grains 
with solubles to provide the grain dependent livestock industry with a consistent supply of the by-
product feedstuff.  The most important factors that will determine the inclusion of wheat-based 
distillers grains with solubles in livestock diets will first be location of the livestock relative to the 
plant, energetic and/or protein value of the co-product relative to other sources, and finally the 
availability of a consistent supply with a reasonable (minimal) amount of nutrient variation.  There is 
a lack of information characterising performance associated with feeding a wheat-based product in 
Australian production scenarios, and more information is needed to make appropriate 
recommendations for the proper inclusion of products resulting from the Australian grain-based 
ethanol industry.   
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TABLE 12 - NUTRIENT PROFILES OF WHOLE SHELLED CORN, AND FIVE REPORTED VALUES OF DDGS 

 

aAll values listed on a 100% dry matter basis. bSwine NRC values, AA values % of DM. 
cBeef Cattle NRC values, AA values % of UIP. dBased on combination of Lumpkins et al. (2004) and Batal and Dale (2006) 

Itema 
Corn  
(NRC)c 

DDGS 
(NRC)c 

Corn DDGS 
(NRC)b 

Corn DDGS 
(Preston 2007) 

Corn DDGS 
(Spiehs 2002) 

DDGS 
(Lumpkins 2004)d

Dry matter, % 88.0   91.0     93.0 90.0     88.9    86.0 

CP, % 9.8   29.5     29.8 30.0     30.2    33.8 

Crude fat, %  4.30   10.30       9.0 11.0     10.9    11.4 

NEm, Mcal/kg 2.18     2.18       -   2.49       -       - 

NEg, Mcal/kg 1.50     1.50       -   1.65       -       - 

NEL, Mcal/kg 2.01     2.04       -   2.32       -       - 

DEb, kcal/kg 3960      - 3440   - 3990       - 

MEb, kcal/kg 3843      - 3032   - 3749       - 

NEb, kcal/kg 2691      - 2220   -       -       - 

TMEn kcal/kg -      -       -   -       - 3378 

Crude fiber, % 2.0     8.0       -   8.0       8.8       7.7 

NDF, % 9.0   46.0     37.2 39.0     42.1       - 

DIP(RDP), %CP 44.7   27.2       - 48.0       -       - 

Ca, % 0.03     0.32       0.22   0.20       0.06       - 

P, % 0.31     0.83       0.83   0.80        0.89       - 

K, % 0.06     1.07       0.90   1.0       0.94       - 

Mg, % 0.11     0.33       0.20   -       0.33       - 

S, % 0.14     0.40       0.32   0.50       0.47       - 

Na, % 0.01     0.24       0.27   -       0.24       - 

Zn, ppm 0.00   67.80     86.0 80.0     97.5       - 

Cu, ppm 4.80   10.56     61.0   -       5.9       - 

Mn, ppm 6.40   27.60     25.8   -     15.8       - 

Fe, ppm 30.0 560.00   276.00   -   119.8       - 

Arg, %  1.82     4.15       1.22   -       1.20       1.26 

His, %  2.06     1.82       0.74   -       0.76       0.80 

Ile, %  2.69     2.78       1.11   -       1.12       1.13 

Leu, % 10.73     9.07       2.76   -       3.55       3.55 

Lys, %  1.65     2.06       0.67   -       0.85       0.83 

Met, % 1.12     1.20       0.54   -       0.55       0.63 

Phe, % 3.65     4.20       1.44   -       1.47       1.52 

Thr, % 2.80     3.12       1.01   -       1.13       1.12 

Trp, % 0.37     1.64       0.27   -       0.25       0.23 

Val, % 3.75     5.24       1.40   -       1.50       1.55 
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TABLE 13 - NUTRIENT PROFILES OF SOME REPORTED VALUES OF DDGS 

 

Itema 
Corn DDGS 

(NRC)c 
Sorghum DDGS  

(NRC)d 
Wheat DDGSe 

 

Dry matter, %     91.0 92.0    95.0 
CP, %     29.5 31.0    38.6 
Crude fat, %      10.30 10.0      4.5 
NEm, Mcal/kg       2.18   2.05      2.18 
NEg, Mcal/kg       1.50   1.37      1.50 
NEL, Mcal/kg       2.04   1.94      2.02 
DEb, kcal/kg 3440   - 3924 
MEb, kcal/kg 3032   -       - 
NEb, kcal/kg 2220   -       - 
TEMn kcal/kg 3378   -       - 
Crude fibre, %       8.0 10.7       7.2 
NDF, %     46.0 47.0       - 
DIP(RDP), %CP     27.2 47.0     44.0 
Ca, %       0.32   0.25       0.11 
P, %       0.83   0.65       0.90 
K, %       1.07   0.50       1.07 
Mg, %       0.33   -       0.43 
S, %       0.40   0.40        - 
Na, %       0.24   -       0.03 
Zn, ppm     67.80 55.0        - 
Cu, ppm     10.56   -        - 
Mn, ppm     27.60   -        - 
Fe, ppm   560.00 50.0   371.00 
Arg, %       1.22b   -       1.51 
His, %       0.74b   -       0.77 
Ile, %        1.11b   -       1.28 
Leu, %       2.76b   -       2.74 
Lys, %        0.67b   -       0.68 
Met, %       0.54b   -        - 
Phe, %       1.44b   -       1.88 
Thr, %       1.01b   -       1.34 
Trp, %       0.27b   -        - 
Val, %      1.40b   -       1.72 

a
All values listed on a 100% dry matter basis. bSwine NRC values, AA values % of DM. 

cBeef Cattle NRC values dPreston (2007) 
eSource Mohawk Canada Ltd. and Nyachoti et al (2005)
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TABLE 14 - RECOMMENDED AND MAXIMUM INCLUSION LEVELS FOR DISTILLERS GRAINS BASED ON EXISTING RESEARCH  

Item 
 

Recommended Inclusionb 
(%) 

Maximum Inclusionb 
(%) 

Growing Poultry 15-20 25 
Nursery Pigs 10 15 

Growing/Finishing Pigs 10-15 25 

Lactating Dairy Cows 15-20 30 
Finishing Feedlot Cattle 
(SFCa based diet) 10-15 30 
Finishing Feedlot Cattle 
(DRCa based diet) 30 50 

aSFC = Steam-flaked corn, DRC = Dry-rolled corn. 
bDry matter basis for beef and dairy cattle, as fed basis for pig and poultry. 
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FIGURE 15 - CORN AND SORGHUM WET DISTILLERS GRAINS  

 
 
 



Review of grain-based ethanol production effects on Australian livestock industries  

 

 Page 93 of 148 
 

        
  

      
 

PHOTOGRAPH 4 - CLOCKWISE FROM THE TOP LEFT, UNLOADED SORGHUM WDGS WITH HIGH MOISTURE CONTENT REQUIRES A LARGE AREA FOR STORAGE, DUE TO 

THE INABILITY TO STACK THE PRODUCT FOR STORAGE; SORGHUM AND CORN WDGS PILES; CORN WDGS BEING UNLOADED; PILE OF CORN DDGS. 
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PHOTOGRAPH 5 - LEFT: BAGGING AND STORAGE OF CORN WDGS.  RIGHT: CORN WDGS PRIOR TO STORAGE (COURTESY OF IOWA STATE UNIVERSITY)
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PHOTOGRAPH 6 - ANTICIPATION OF THE GRAIN DEMAND FOR NEW ETHANOL PLANTS UNDER CONSTRUCTION IN THE US 

HAS INCREASED GRAIN PRICES FOR LIVESTOCK PRODUCERS 
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9 Impact of grain-based ethanol on feedgrain supply & price 
(Chapter 9 was prepared by H Macintosh & W Yates, Warwick Yates & Associates Pty Ltd, Adelaide Street, Brisbane Qld.) 

 

9.1 Background 

 
The biofuel-economy has been called, “…the biggest change in agriculture since the plough” (Iowa 
State University 2007). Recent growth in US and global ethanol production has been significant, and 
most commentators expect this growth to continue, driven by a combination of government policy, 
market sentiment and the high price of petroleum products. 
 
The US and Brazil are the world’s largest ethanol producers (Figure 16), though Brazil’s production 
is based on sugar cane, while the US industry is mainly based on corn. Conversely, Brazil is the 
largest ethanol exporter (around 25% of production) while the US is the main importer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 16 - WORLD ETHANOL PRODUCTION (HART 2006) 

 
The US, China, India, the EU, Japan, and South Korea are all expected to be net importers of 
ethanol over the next decade (Attachment 1).  Until recently, the biofuel industry was relatively 
straightforward - producers mostly used mature technologies and local feedstock to supply domestic 
markets with a single product – e.g. ethanol from corn (in the US) or sugarcane (in Brazil); or 
biodiesel from rapeseed oil (in Europe).  However, as global demand increases, biofuel companies 
are beginning to produce and sell their products in a number of geographies, increasing the 
complexity of the business and the feedstock supply - demand balance. 
 
In many industries, the factors affecting returns vary geographically, and companies combine 
locations accordingly so as to maximise profits.  In the biofuel sector, two of the key profit drivers - 
feedstock cost and government regulation - are critical to any geographic strategy.  In addition, 
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conversion technologies will increasingly affect production costs as second generation production 
processes become viable. 
 
9.1.1 Feedstock costs 

Feedstock accounts for 50% to 80% of biofuel production costs, so feedstock price has a significant 
impact on returns.  In the US, for example, every US$1 increase in the price of a bushel of corn 
raises the production cost of ethanol by US$0.35 per gallon and reduces the producer’s operating 
margin by 20% (Caesar et al. 2007).  Many different types of biomass can be used as feedstock, 
and costs vary hugely by region.  Fermentable sugars from Brazil’s sugarcane, for example, are less 
than half as expensive as those from European sugar beet.  Government subsidies and alternative 
uses of feedstock also affect input costs. 
 
In many regions, rising demand affects both the cost and availability of feedstock.  From 2003 to 
2006, the percentage of the total US corn harvest used to produce ethanol rose from 12% to 16%.  
However, the US Government goal of 35 billion gallons of alternative fuels a year by 2017, if based 
entirely on corn, will require 40% of that year’s expected harvest to meet even half the target.  Not 
surprisingly, the cost of corn has soared: average wholesale prices rose from US$1.90 a bushel in 
2005 to US$2.41 in 2006, and corn has regularly surpassed US$4 a bushel on the spot market since 
late 2006 (Caesar et al. 2007). 
 
Because commercially viable ethanol facilities require a large volume of feedstock (e.g. corn or other 
coarse grains), the rapid growth in the number of these facilities could, given the absence of a viable 
non-food feedstock, have a significant impact on world agriculture.  To date, there have been few 
attempts to use economic tools and models to examine the likely size of the ethanol industry or the 
impact of this industry on world agriculture. 
 
Over the last twelve to eighteen months, public awareness and debate has intensified over the 
extent to which the expansion of the ethanol industry has resulted in higher agricultural commodity 
prices and, more importantly, whether and to what extent there has been an impact on consumer 
food prices (Elobeid et al. 2007). 
 
9.1.2 Government regulation 

Whether through subsidies, import tariffs, or research grants, government regulation has helped 
drive both demand and profitability in the biofuel industry.  Because the energy policies of most 
nations are still evolving, government regulation is perhaps the greatest source of uncertainty for the 
sector and will have a significant impact on profitability. 
 
Subsidies have played a significant role in establishing the biofuel industry in many countries, and a 
lowering or removal of these subsidies will have a significant impact on the sector.  Recently, some 
governments have decided to eliminate subsidies, replacing them with a mandated blend rate.  
Blend rates guarantee producers a certain level of sales, but the elimination of subsidies and the fact 
that supply is likely to exceed mandated demand in the short term should depress margins (Caesar, 
et al. 2007).  In such a market, companies generate attractive returns only when the cost curve is 
steep and lower-cost producers operate under the price umbrella established by marginal, high-cost 
producers.  Since feedstock, all of which currently are globally traded commodities, accounts for 
about 80% of the production cost of biofuel, the cost curve is not steep (i.e. the volume of production 
has little impact on the unit cost of production), suggesting that the removal of subsidies will cause 
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profit margins to fall substantially from recent levels.  This should, in turn, put downward pressure on 
feedstock prices. 
 
Other policies are also uncertain - with some exceptions, current biofuel regulations in the European 
Union and the United States protect domestic producers, but these policies - especially import tariffs 
may change (Caesar et al. 2007).  Regulators (particularly in the USA) increasingly recognise that 
current trade policy, which taxes imports of ethanol but not of petroleum, may not serve the longer 
term goal of achieving energy security.  As evidence amasses confirming sugarcane ethanol’s 
importance for reducing carbon emissions, US regulators may ease restrictions on its importation 
(Enkvist et al.), putting downward pressure on the price of ethanol and on alternative domestic 
feedstock prices. 
 
While Brazil is the world’s largest exporter of ethanol and the second largest producer, after the 
United States, Brazil primarily uses sugar cane for its production.  Exports of much cheaper 
produced Brazilian ethanol to the United States, the largest nearby market, remain limited because 
of the high US import tariff (US$0.54 per gallon). 
 
9.1.3 The impact of new conversion technologies 

The use of “next-generation” cellulosic biomass feedstock has the potential to dramatically expand 
the resource base for producing biofuel.  So far, however, the production costs from cellulosic 
biomass are not competitive with petroleum-derived fuels, but this is likely to change in the medium 
term. 
 
The economic competitiveness of biofuels and the development of the alternative conversion 
pathways will depend on the future price of petroleum.  Since many of these conversion 
technologies are close to being viable, their deployment is important so that operators can establish 
new facilities.  Government incentives can also play an important role in the early stages of the 
second generation of biofuel production. 
 
According to Caesar et al. (2007) the emergence of these alternative technologies could radically 
change the biofuel landscape, including: 

 Lowering production costs in China to as little as US$0.60 per gallon (from about US$1.80) 
making Chinese bioethanol one of the world’s cheapest biofuels. 

 In the United States and Brazil cellulosic ethanol production costs won’t be much lower than 
today’s corn and sugarcane based ethanol costs.  Facilities processing cellulosic material will 
be likely to supplement rather than replace existing production methods, though cellulosic 
technology would have a significantly better energy balance than do the current corn ethanol 
production systems.  

 In Europe cellulosic technology could lower production costs enough to threaten companies 
producing beet (or wheat) ethanol using current methods. 

 
Again, Government policy will have a large impact on the direction and development of these new 
technologies, and it is important that these policies do not unduly favour the existing technologies 
over new ones. 
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9.2 Global feedgrain impacts 
 
9.2.1 Supply and demand 
 
FAO's latest forecast (February 2008) shows that there are good prospects for world cereal 
production in 2008. Wheat crops already planted in the northern hemisphere auger well for a 
significant increase in global output during the year (FAO 2008). 
 
FAO’s estimate of global cereal output in 2007 now stands at some 2,102 million tonnes (rice in 
milled terms), virtually unchanged since the previous report in December, and representing a 4.6% 
increase from 2006.  The bulk of the increase came from a record corn crop in the United States, 
which helped to raise world coarse grains output by 8.4% to 1,069 million tonnes.  Wheat production 
also increased compared to the previous year but not by as much as had been hoped.  
 
World cereal utilisation in 2007/08 is forecast to expand to 2,120 million tonnes, or 2.6% above the 
previous season (Table 15).  This relatively strong growth (about 1.6% above the 10-year average) 
reflects higher food and feed utilisation as well as a significant increase in industrial use. 
 
The industrial usage of cereals is traditionally mostly related to the production of starch and 
sweeteners and therefore largely stable, however, in recent years the rapidly growing biofuel sector 
is emerging as a leading source of demand.  It is estimated that at least 100 million tonnes of 
cereals are currently used to produce biofuel, of which corn accounts for at least 95 million tonnes, 
representing 12% of total world utilisation.  In 2007/08, the United States is expected to use at least 
81 million tonnes of corn to produce ethanol, up 32 million tonnes (37%) from the previous season 
(FAO 2008). 
 
Global cereal stocks by the close of 2008 are expected to fall to about 405 million tonnes, down 22 
million tonnes (5%) from the already low levels at the start of the season.  This will be the lowest 
closing stocks level since 1982.  At the current forecast levels, the ratio of world cereal stocks to 
utilisation is put at about 19% (FAO 2007) (see Table 15). 
 
Cereal supplies are low mainly because of dwindling stock levels carried over from the previous 
season.  With world demand showing little sign of abating, international prices for most cereals 
remain high while world reserves are trending to yet another decline from already low levels.  
Although a significant expansion in winter wheat plantings in the northern hemisphere is likely to 
result in much higher wheat production in 2008, assuming normal weather conditions, the current 
situation is such that it may require significant increases in production of more than one season’s 
cereal crop for markets to regain their stability and for prices to decline significantly below the recent 
highs (FAO 2008). 
 
Table 15 illustrates that the recent surge in grain prices is a function of supply problems combined 
with increased demand, of which biofuels make up only a part of the equation. 
 
Total feed use of coarse grains is forecast to increase by 1.4% in 2007/08, to 624 million tonnes.  
However, on an individual grain basis, stronger increases are expected only for maize (1.5%) and 
sorghum (8%) because of this season’s tighter supplies of other feed grains.  Total use of barley for 
feed is forecast to fall by 3%, to around 97 million tonnes, mainly due to reduced production and 
high prices.  Global food consumption of coarse grains is forecast to reach 182 million tonnes, up 
1.4% from the previous season. 
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TABLE 15 - WORLD CEREAL MARKET AT A GLANCE (FAO 2007) 

 
  2005/06 2006/07 2007/08 
    estim. f'cast 

Change 
2007/08 over 

2006/07 
  million tonnes % 

Production 2,051.4 2,010.9 2,102.6 4.6 
Trade 246.6 254.6 257.8 1.3 
Total utilisation 2,037.6 2,065.6 2,120.3 2.6 

Food 982.5 997.5 1,006.0 1.0 
Feed 748.7 735.9 754.0 2.0 

Other uses 306.4 329.0 360.0 9.4 
Ending stocks 471.4 427.4 405.3 -5.2 
Stocks to Use Ratio (%) 22.9 20.3 19.2 - 

 
World coarse grain stocks by the close of seasons in 2008 are forecast to approach 177 million 
tonnes, up nearly 15 million tonnes, or 9%, from their opening levels.  The expected strong recovery 
is mostly a reflection of this year’s anticipated record corn production in the United States, the 
world’s largest producer and exporter of corn.  Total world corn stocks are currently forecast at 133 
million tonnes, up 14% from the previous season.  Despite record corn production in the US, prices 
are expected to remain high, driven by strong domestic demand as well as strong export demand 
due to the weak US currency and a reduction in tariffs in many importing countries. 
 
At the current forecast level, the world stocks-to-use ratio for total coarse grains stands at 17%.  This 
signals a relatively more comfortable situation compared with the previous season when the ratio 
stood at just over 15% (FAO 2007). 
 
In summary, long term developments for global agriculture reflect continued high oil prices as well as 
strong demand for biofuels, particularly in the United States and the European Union (EU).  
Additionally, global economic growth, particularly in developing countries, provides a foundation for 
gains in world trade, and generally higher grain market prices (USDA 2008). 
 
9.2.2 Grain price 

The relationship between ethanol and petrol prices in the United States has been generally strong.  
Eidman (2005) notes that as wholesale petrol prices have increased, ethanol prices have moved 
with them.  He attributes this link to the value of ethanol as a fuel extender, whereby the market 
price of ethanol depends on the wholesale price of petrol.  With the exception of the first oil shock in 
the early 1970’s, global commodity prices have been trending down for more than forty years (Figure 
17). 
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FIGURE 17 - GLOBAL COMMODITY PRICES (FAO 2007) 

 
The long-term downward trend in commodity prices is driven, predictably, by an expansion of global 
supply relative to demand.  The expansion in supply may come either from the entry of new supplier 
countries into international trade or from increases in production (due either to area expansion or 
productivity increase) in existing exporting nations. 
 
However, commodity prices rose sharply in 2006 and, in some cases, are soaring at an even faster 
rate now.  The surge in prices has been led primarily by dairy and grains, but prices of other 
commodities, with the exception of sugar, have also increased significantly (FAO 2007).  High price 
events, like low price events, are not rare occurrences in agricultural markets although often high 
prices tend to be short lived compared to low prices, which persist for longer periods.  What 
distinguishes the current state of agricultural markets is the concurrence of the increase in world 
prices of nearly all major food and feed commodities.  As has become evident in recent months, high 
international prices for grains continue to ripple through the food value/supply chain, contributing to a 
rise in retail prices of such basic foods as bread or pasta, meat and milk.  Rarely has the world felt 
such a widespread and commonly shared concern about food price inflation, a fear which is fuelling 
debates about the future direction of agricultural commodity prices in importing as well as exporting 
countries (FAO 2007).  The debate also extends to competing uses for global cereal commodities 
including far ranging ethical debates as to priorities for grains a food for humans, food for animals 
consumed by humans and cereal grains for bio-energy. 
 
Among major cereals, the main protagonist is wheat, the supply of which has been affected by low 
world stocks, and low production in Australia, while demand has been strong.  In September 2007, 
wheat was traded at record prices, between 50% and 80% percent above the previous year, though 
these records have again been broken as wheat rose above US$12 per bushel recently.  Corn 
prices increased progressively from the middle of 2006 until February 2007, when prices reached a 
ten-year high, but have fallen considerably since. 
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Supply constraints in the face of brisk demand for biofuels triggered the initial increase in maize 
prices.  However, reacting to a massive expansion in plantings and expectations of a record crop, 
prices started to come down, although they remained above 2006 levels.  Barley prices also rose 
due to supply problems in Australia and Ukraine and tighter availability of maize and other feed 
grains (FAO 2007). 
 
The high feedgrain prices have also raised costs for animal production resulting in increased 
livestock prices; particularly poultry, which rose by at least 10%.  In addition, consumption growth 
and a gradual easing of trade restrictions are contributing to the increased demand for meat and 
poultry (FAO 2007). 
 
However, the persistent upward trend in international prices of most agricultural commodities is only 
partly a reflection of tightening supply, as global markets have become increasingly inter-related.  As 
a result, linkages and spill-over effects from one market to another have greatly increased in recent 
years, not only among agricultural commodities, but across all commodities and between 
commodities and the financial sector (FAO 2007). 
 
Similarly, market-oriented policies are gradually making agricultural markets more transparent and, 
in the process, are elongating the financial opportunities for increased portfolio diversification and 
reduction in risk exposures.  This is a development that is taking place just as financial markets 
around the world are experiencing the most rapid growth, driven by plentiful international liquidity.  
This abundance of liquidity reflects favourable economic performances around the world, notably 
among emerging economies, low interest rates and high petroleum prices.  These developments 
have paved the way for massive amounts of cash becoming available for investment in markets that 
use financial instruments linked to the functioning of agricultural commodity markets (e.g. futures 
and options).  The buoyant financial markets are boosting asset allocation and drawing the attention 
of speculators to such markets, as a way of spreading their risk and pursuing of more lucrative 
returns.  Such influx of liquidity is likely to influence the underlying spot markets to the extent that 
they affect the decisions of farmers, traders and processors of agricultural commodities.  It seems 
most likely that speculators contribute more to raising spot price volatility than to the absolute price 
level (FAO 2007). 
 
Rapidly rising petroleum prices have contributed to the increase in price of most agricultural crops by 
increasing input costs and by boosting demand for agricultural crops used as feedstock in producing 
alternative energy sources (biofuels).  National policies aimed at reducing greenhouse gas 
emissions are largely behind the recent growth of the biofuel industry  
 
However, rising fossil fuel prices and attempts to reduce US dependence on imported oil have 
provided the extra incentive for many countries to opt for more challenging crop production targets.  
This combination of high petroleum prices and the desire to address environmental issues is 
currently at the forefront of the rapid expansion of the biofuel sector.  In the absence of a rapid 
change in policy direction and/or oil prices, this is likely to boost demand for feedstocks, most 
notably, sugar, maize, rapeseed, soybean, palm oil and other oil crops as well as wheat for many 
more years.  However, much will also depend on the supply and demand fundamentals of the 
biofuel sector itself (FAO 2007). 
 
On another level, exchange rates play a critical role and, rarely, have they been as important in 
shaping agricultural prices as in recent months.  The decline in the US dollar against most 
currencies since 2005 has boosted demand for US products.  As international prices of most 
commodities are also primarily expressed in US dollars, this weakening of the dollar has helped 
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push the US export prices higher.  The fact that the dollar depreciated sharply against all major 
currencies lessens the true impact of the rise in world commodity prices, a major reason behind the 
brisk world import demand. 
 
The current commodity price boom has also been accompanied by much higher price volatility than 
has been seen previously, especially in the cereals and oilseeds sectors.  Increased volatility 
highlights the greater uncertainty in the current market.  While tight supply often raises price volatility 
in a market, the current situation differs from the past in that the price volatility has lasted longer, a 
feature that is as much a result of supply tightness as it is a reflection of ever-stronger relationships 
between agricultural commodity markets and other markets (FAO 2007). 
 
9.2.3 Grain price volatility 

For wheat, corn (maize) and soybeans, the Chicago Board Of Trade (CBOT) is widely regarded as 
the major centre for price discovery. Implied volatility during the past ten years, and more recently, 
for wheat, corn and soybean are shown below in Figure 18. 
 

 
 

FIGURE 18 - IMPLIED PRICE VOLATILITY (FAO 2007) 

 
Volatility for wheat and corn has been increasing steadily over the decade (the left hand chart), while 
soybean volatility has fallen somewhat.  This increased volatility now appears to be more of a 
permanent feature in the grain markets than was the case previously.  The chart on the right hand 
side of Figure 18 gives a more detailed examination of the recent past and shows how volatile grain 
markets have become and how volatility has been sustained.  Since the beginning of 2006, wheat 
and maize implied volatility has frequently spiked to levels in the realm of 30% (FAO 2007), 
reflecting the increased uncertainty in the marketplace. 
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9.2.4 Dried distillers grain 

Biofuel proponents often cite the availability of dried distillers grains (DDG) as a benefit to the 
intensive animal industries, which will largely offset any increase in the price of traditional 
feedgrains. 
 
Canadian analysis (Mussell et al. 2007) suggests that an expansion of the ethanol sector will lead to 
an increase in feedgrain prices, and an increase in the supply of DDG as it has in the US.  The 
empirical analysis shows that DDG acts as a substitute for both feedgrains and protein across 
species with sharply different nutritional requirements and that the price of DDG falls as feedgrain 
prices rise. 
 
9.2.5 The Canadian Experience 

In Canada, as in Australia, fuel is a shared regulatory jurisdiction between the federal and provincial 
governments.  Both levels of government have commitments to renewable fuels and, despite some 
obvious geographic differences, the impact of ethanol production on the livestock sector in Canada 
provides a useful indicator of what could occur in Australia. 
 
There are nine commercial ethanol plants in Canada with a total production capacity of 735 million 
litres per year.  Plants currently planned and/or under construction are expected to almost double 
the current capacity.  Four of the currently operating plants use corn as a feedstock, while the 
remaining five plants produce ethanol using wheat.  Current provincial mandates for ethanol create a 
demand for approximately 1 billion litres per annum (Sanford 2006) so there is still expansion 
required if that demand is going to be met by domestic production. 
 
Feed wheat is the primary feedstock for commercial ethanol production in Western Canada.  
However, the influence of ethanol development is also relevant on barley pricing because of the 
arbitrage effect between barley and US corn, and because barley is a latent feedstock for ethanol 
production (Mussell et al. 2007). 
 
Figure 19 illustrates weekly selling prices for feed wheat at three Western Canada locations over the 
period 2000 to the third quarter of 2007.  Over the period, feed wheat prices averaged around 
Can$133/tonne to Can$142/tonne, though there are periods of clear deviation from this average.  
Severe droughts occurred in Western Canada during the 2001 and 2002 crop year, leading to 
sharply higher prices.  The second significant spike in feed wheat has occurred since mid-2006 
when the surge in biofuel production emerged.  However, despite the surge in demand, prices were 
only just approaching the highs of 2001/02 by mid-2007.  Feed barley has exhibited similar price 
trends over the same period. 
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FIGURE 19 - WESTERN CANADIAN FEED WHEAT PRICES (CAN$/TONNE) (MUSSELL ET AL. 2007) 

 
There is relatively little information available on ethanol co-product pricing in Western Canada.  
Corn-based distillers grain co-products are thought to be priced at a freight margin over the US 
Midwest (Mussell et al. 2007).  What is apparent is that the prices of both corn-based distillers grains 
and wheat-based distillers grains have been trending down since 2004.  In trying to estimate the 
impact of the ethanol industry on the grain dependent livestock industries Mussell et al. (2007) 
developed an empirical model to estimate the likely impact of ethanol production on feedgrain 
prices. 
 
It must be recognised that feed rations are constantly being restructured as the prices of feed 
ingredients change.  This is particularly the case in an environment of increasing feedgrain prices 
and protein feedstuff prices that are decreasing, at least on a relative basis.  Further, there is 
competition for feed ingredients across species due to their different nutrient requirements (Mussell 
et al. 2007). 
 
According to Mussell et al. (2007), the empirical analysis showed that DDG plays a complex role in 
the intensive livestock sector, acting as a substitute for both feedgrains and protein across species 
with different nutritional requirements. They conclude that: 

 Current price trends show that protein feedstuffs have decreased in price relative to 
feedgrains.  This is significant because monogastric species have relatively more of the 
ration structured around protein feedstuffs like soybean meal and canola meal; while, in 
ruminants, protein is supplied in large part by forage.  Thus, without access to DDG, 
ruminant ration costs are more sensitive to increases in feedgrain prices than are pigs and 
poultry. 
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 The nature of substitution in diets is such that distillers grains is used mainly in place of 
feedgrains in the energy component of ruminant diets, while distillers grains is used mainly in 
place of protein feedstuffs in monogastric diets. 

 Overall, the distribution of livestock species in Western Canada is oriented toward cattle that 
depend on diets structured around feedgrains, and forages that are priced at their 
opportunity cost as feedgrains.  Thus, the availability of distillers grains that has decreased in 
price relative to feedgrains and can serve as a feedgrain substitute is critical.  However, 
based on current information relative to history, the expansion of the grain-based ethanol 
industry will be detrimental to the grain dependent livestock sector from a cost perspective. 

 
9.2.6 What next? 

During the 1990’s when oil was cheap and biofuels unknown, grain demand was growing by about 
1.2% per annum.  In recent years, grain demand growth has increased to 1.4% per annum, and is 
predicted to grow to 1.9% per annum for the next decade (The Economist 2007a).  Increased grain-
based ethanol capacity in the US and an emerging grain-based ethanol industry in China can be 
expected to drive up global grain prices.  Medium term increases in global grain prices could be in 
the order of 20 to 30 per cent – a significant turn-around from the experience of previous decades.  
The main factor affecting the uncertainty in agricultural markets is how linkages with other markets 
will influence the direction and magnitude of price changes. 
 
Nowhere is this more evident than in the current debate about wheat plantings.  To most farmers, 
the current high wheat prices are only one reason to plant more wheat.  The other is the general 
anticipation that even if wheat prices were to decline from their current high values, the decrease is 
expected to be less than those of other crops.  Thus, farmers would be better off planting more land 
to wheat because of its higher relative profitability compared with other crops.  In fact, all indications 
point to more wheat being planted around the world for harvest next year (FAO 2007). 
 
The recent decision by the European Union to release land from its set-aside programmes and the 
move by other major producing countries such as India to encourage farmers to grow more wheat by 
raising wheat procurement prices are also likely to pave the way for a much-needed rebound in 
world production in 2008.  This, of course, assumes a ‘normal’ weather situation.  Yet a strong 
expansion in wheat production, assuming normal growth in consumption, is bound to bring down 
wheat prices. 
 
What of other crops?  If more wheat gets planted, what will happen to the prices of other crops?  
Part of the answer can be found in the recent corn experience - once corn prices began to rise, 
global plantings expanded – increasing by 19% in the US alone.  Higher plantings and favourable 
weather drove production to a record and started to push down prices.  Given a limited potential for 
expanding the agricultural frontier, the increase in corn plantings was at the expense of reductions in 
areas dedicated to several other crops, the production of which suffered as a result.  It is clear that 
by shifting land out of one crop into another, prices of those crops with reduced planting are likely to 
increase. 
 
Such trends have always existed and switching crops to maximise returns is nothing new.  Most 
countries produce a host of crops and planting periods together with areas can be similar, making 
substitution easier.  However, what makes recent episodes differ from the past is that inventories are 
at very low levels, which makes prices particularly sensitive to unexpected changes in supply or 
demand.  In other words, agricultural markets, and food crops in particular, may be going through a 
period whereby stocks, especially those in major exporting countries, no longer play their traditional 
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role as a buffer against sudden fluctuations in production and demand.  This change has come 
about because of reduced government interventions associated with a general policy shift towards 
liberalising agricultural commodity markets (FAO 2007). 
 
Given the link between the price of petroleum and ethanol, Elobeid et al. (2007) state that estimates 
of the long-term potential for ethanol production can be made by calculating the corn price at which 
the incentive to expand ethanol production disappears.  They conclude that under current US 
ethanol tax policy, if the prices of crude oil, natural gas and distillers grain stay at current levels, the 
break–even corn price is $4.05 per bushel (equivalent to US$162/tonne).  They use a multi– 
commodity, multi–country system of integrated commodity models to estimate that, at this price, 
corn–based ethanol production in the US would reach 31.5 billion gallons per year.  Supporting this 
level of production would require 95.6 million acres planted to corn (an increase of around 20% over 
current levels).  Total production would be approximately 15.6 billion bushels, compared to 11.0 
billion bushels today.  Most of the additional corn acres would come from reduced soybean acreage. 
 
The demand for biotech corn varieties that allow for continuous corn production would increase 
dramatically as would the demand for corn, soybean, and wheat varieties that can be grown in 
marginal areas (Elobeid et al. 2007). 
 
A recent OECD/FAO (2007) report concludes that increased demand for bio-fuels is causing 
fundamental changes to agricultural markets that could drive up world prices for many farm 
products.  The report says that while temporary factors such as droughts in wheat-growing regions 
and low stocks explain in large measure the recent hikes in farm commodity prices, there are longer 
term structural changes underway which could maintain relatively high nominal prices for many 
agricultural commodities over the coming decade. 
 
In the US, annual corn-based ethanol output is expected to double between 2006 and 2016.  In the 
European Union the amount of oilseeds (mainly rapeseed) used for biofuels is set to grow from just 
over 10 million tonnes to 21 million tonnes over the same period.  In Brazil, annual ethanol 
production is projected to reach some 44 billion litres by 2016 from around 21 billion today.  Chinese 
ethanol output is expected to rise to an annual 3.8 billion litres, a 2 billion-litre increase from current 
levels. 
 
The impact of these changes on grain dependent livestock industries will depend on a range of 
parameters including the ability of species to adapt to ethanol co-products; the viability of non-food 
feedstocks; the price of petroleum products; the development of new ethanol processing 
technologies; government policy.  While the corn demand of the ethanol industry is linked to energy 
prices and government policy, livestock corn demand is linked to meat prices – currently corn is 
worth more as ethanol than it is as feed. 
 
In order to limit the impact of rising cereal prices on domestic food consumption, governments from 
both cereal importing and exporting countries have taken a range of policy measures, including 
lowering import tariffs, raising food subsidies, and banning or imposing duties on basic food exports.  
Food security is, once again, becoming a significant issue for governments around the world, and is 
likely to guide biofuel policy in many countries for the short to medium term. 
 
As an example of the shift in thinking, many European governments are planning to ban biofuels 
made from crops grown on high-value conservation lands.  The main problem with Europe’s new 
law, in fact, may be that it is not stringent enough, though there is a growing realisation that previous 
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polices to promote biofuels may not even lead to better environmental outcomes and are 
contributing to food price inflation. 
 
 
9.3 Australian feed grain impacts 
 
9.3.1 Supply and demand 

As is the case elsewhere, the price received by biofuels in Australia is determined by the price of 
petroleum products and the relative excise treatment of biofuels.  Section 7.2 outlines the current 
ethanol production incentives in Australia.  Under the current regime, locally produced biofuels 
remain excise free so, when sold on the retail market, receive a substantial advantage of 38.143 
cents per litre compared with petrol and diesel (For business users, who receive taxation credits for 
some or all of the excise paid on fuel purchases, the advantage for biofuels can be much less 
pronounced or absent) (CIE 2007). 
 
Despite this, there is some existing and substantial projected demand for grain-based ethanol 
production in Australia, which when coupled with low supply, and rising global demand could drive 
up grain prices in Australia.  This position is accentuated with Australia’s limited ability to supplement 
depleted grain supplies in severe drought years by importing grain. 
 
To date, competition with food producers for crops has not been an issue for Australia’s few ethanol 
producers, since those already established use co-products – waste starch from flour milling and C-
molasses from sugar refining.  However, higher levels of ethanol production from C-molasses could 
be expected to place upward pressure on the C-molasses price, and eventually have an impact on 
the price and availability of A, B and C-molasses for other uses – such as in the food additive and 
stock feed markets (O'Connell et al. 2007). 
 
As the grain-based ethanol industry expands, competition for feed grains will become an issue until 
new generation biofuel plants look to feedstocks other than grain.  While it has been stated that the 
recent increases in commodity prices is due to competing demand between food and ethanol, the 
extent to which ethanol production is driving price (compared with other factors) is unclear.  What is 
clear is that, regardless of whether there is a significant ethanol industry in Australia, the competing 
markets for grain will, increasingly, be driven by the global demand for biofuels and increased 
demand from intensive livestock industries.  Increases in the global commodity price will mean that 
both grain-based ethanol producers and grain dependent livestock producers will have to deal with 
increased costs.  
 
However, increased grain prices in response to a new market may not be a long term phenomenon 
– if supply expands to meet the new demands, economic theory predicts that the price will stabilise 
at slightly higher than the cost of grain production (Batten et al. 2007).  When or whether this occurs, 
the volatile nature of Australian grain supply will be a recurring problem for supply competition 
especially in those years of below average rainfall in the Australian grain belt. 
 
Yield variability is a major constraint on farmers’ ability to increase crop productivity, as increased 
variability poses a significant risk to getting returns on investment in nitrogen fertiliser.  A Bureau of 
Rural Sciences study (Walcott 2001) observed that, those areas with a rainfall reliability of 70 per 
cent or better have generally low variability in wheat yields.  Areas with high yield variability all 
appear to occur in areas where rainfall reliability is lower than 30 percent during the growing season 
for wheat.  This emphasises the dominant role of rainfall in defining Australian broadacre agriculture.  
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Interestingly feedstock supply remains of great concern for both the grain-based ethanol and 
intensive livestock industries, particularly given the highly variable nature of Australia’s grain.  
 

 
 

FIGURE 20 - AUSTRALIA’S WHEAT PRODUCTION, 1950-2007 (ABS 2007) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 21 - AUSTRALIA’S COARSE GRAIN PRODUCTION, 1971-2006 (ABARE 2007) 

 
The key points from Figure 20 and Figure 21 include:  

 The upward trend in production, due largely to yield increases as new varieties and more 
efficient practices are introduced, and as production expands into new areas. 
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 The regular and substantial variations in production due to weather influences. 
 
Figure 22 illustrates the fluctuations in coarse grain prices due to variations in the supply/demand 
balance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

FIGURE 22 - AUSTRALIA’S GRAIN PRICES, 1981-2006 (ABARE 2007) 

 
Notably, the sharp price increases in the late 1980’s, mid-1990’s and early 2000’s occurred well 
before the bio-fuel sector emerged as a significant consumer of grain – though Figure 22 does not 
include the sharp price rise of 2007. These price peaks coincide with substantial, drought induced, 
falls in production. In real terms, wheat prices in the late 1980’s were substantially higher than the 
apparent peak experienced in 2002-03. 
 
Compared with the US, Australia consumes a relatively high proportion of its coarse grain 
production, with exports accounting for less than 50% of average production. Barley makes up the 
majority of coarse grain exports (around 85% of the total), with more than 90% of sorghum 
production consumed domestically. 
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FIGURE 23 - AUSTRALIA’S COARSE GRAIN USE, 2002 – 2008 (ABS 2007) 

 
Figure 23 illustrates that exports and feed are the major uses of Australia’s coarse grain production, 
while human and industrial demand accounts for less than 5% of production in most years.  As one 
may expect in a closed market (i.e. with import restrictions), exports tend to increase substantially in 
‘big’ production years and fall in poor years. 
 
Increases in intensive feeding in the cattle, dairy, pork and poultry industries have placed increased 
pressure on feed grain supply.  The rise of the biofuel sector creates just one more source of 
demand for a limited and highly variable resource.  Calculations below show the level of grain 
required to produce various quantities of ethanol, assuming grain as the only feedstock. 
 

TABLE 16 - ESTIMATED FEEDSTOCK REQUIRED FOR GRAIN-BASED ETHANOL  

 2005/06 2006/07 2007/08 * 
BioFuel Production est. 

(Ml) 75.2 605.2 1005.2 

Grain Required (t) 188,000 1,625,000 2,513,000 
Grain Production (t) ** 39,651,000 15,673,000 21,967,000 

Proportion of Grain 
Production Required for 

BioFuel 
0.5% 10.4% 11.4% 

  *Forecast – see section 7.4   **Wheat, Barley, Oats, Triticale, Corn, Sorghum 

 
In the absence of significant grain imports, even moderate levels of grain based ethanol production 
could place a significant demand on total domestic grain production even in an average season.  
The variable nature of Australia’s grain production, which can include prolonged drought periods, 
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combined with projected increases in demand from the grain dependent livestock industry, could 
substantially exacerbate this demand unless there are significant increases in production. 
 
 

9.4 Data limitations 
 
Given the relatively immature state of the Australian ethanol industry, there is limited publicly 
available data (empirical or otherwise) around key parameters of importance to the grain dependent 
livestock industry in Australia, including: 

 Accurate data on the current and projected sources and use of grain for ethanol. 
 Availability of, demand for and pricing of ethanol co-products. 
 The impact of ethanol co-product availability on the demand for feed grains. 
 The impact of grain based ethanol on the price of feed grains in Australia. 
 The financial performance of grain based ethanol plants in Australia. 
 The true economy wide impacts of current Biofuels policy settings in Australia. 

 
 
9.5 Conclusion 
 
The future price of oil will be the key variable determining the viability of an ethanol industry in 
Australia.  There is considerable uncertainty associated with demand and especially supply factors 
operating in this market. 
 
Recent rises in the price of feed grains is a function of supply constraints, declining stocks and 
increasing global demand driven by economic growth, increased demand from the grain dependent 
livestock industry demand and the rise of the biofuel sector. 
 
On top of this, global government policy in the area of grain imports, biofuel excise and imports and 
greenhouse gas abatement will largely determine the impact of the biofuel industry on the 
agricultural sector.  For example, much of the biofuel demand for US corn would disappear if US 
policy encouraged the importation of the much cheaper sugar cane based ethanol from Brazil.  As 
energy prices rise, agricultural input costs also rise putting further upward pressure on agricultural 
prices. 
 
Projected increases in demand and price for grain as a biofuel feedstock will be impacted by: 

 Accelerated grain production through yield increases and increased plantings. 
 A slowdown in ethanol expansion – e.g. if the oil price collapses or feedstock prices increase 

substantially. 
 Break-throughs in second generation processing technologies for ethanol production making 

other feedstocks more economical than grain. 
 The degree to which second generation biofuel feedstocks compete with grain for the factors 

of production (land, labour, water, etc). 
 Ethanol import policies such that ethanol is sourced from the cheapest global supplier. 
 Any decline in feeding of grain dependent livestock due to a slowdown in demand for 

intensive animal products. 
 
A grain-based ethanol industry is just another source of demand for feedgrain and, while oil prices 
remain high, is likely to underpin relatively high prices for feedgrains.  Second generation processing 
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technologies will widen the ethanol feedstock options, perhaps reducing the demand for feedgrains.  
However, feedgrains will remain a feedstock option in these new plants, putting a floor under the 
global grain price. 
 
The intensive livestock industries are likely to incur higher prices of feedgrains as both the biofuels 
industry and livestock feeders compete for scarce grain supply especially in below average rainfall 
years.  If biofuel plants were located on the Australian seaboard they would have the option to 
import and utilise grain at world parity price unlike livestock feeders who are constrained to only use 
domestically produced feed grain because of quarantine considerations. 
 
While no one questions the need to develop biofuels and a sustainable future fuel supply there 
needs to be serious policy debate and decisions made as to how the biofuels industry and intensive 
livestock industries can continue to add to successful economic growth. 
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ATTACHMENT 1: WORLD BIOFUEL DYNAMIC 

World Ethanol Trade 
 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

 (Million Gallons) 

   Brazil 928 647 719 779 856 940 1,007 1,072 1,137 1,198 1,255 

   China 42 8 5 -8 -33 -52 -72 -90 -106 -121 -133 

   European Union-25 -71 -124 -129 -145 -154 -182 -193 -205 -219 -232 -244 

   India -118 -152 -147 -152 -164 -171 -179 -185 -189 -193 -195 

   Japan -171 -196 -209 -222 -235 -246 -258 -269 -281 -292 -302 

   South Korea -75 -84 -90 -96 -103 -110 -116 -123 -129 -135 -142 

   United States -679 -237 -286 -288 -295 -300 -306 -311 -316 -322 -327 

   ROW 23 17 15 11 6 1 -5 -11 -18 -25 -33 

   Total Net Exports * 993 672 740 790 862 941 1,007 1,072 1,137 1,198 1,255 

Prices (U.S. Dollars per Gallon) 

   World Ethanol Price ** 1.80 
       
1.50  

       
1.57  

       
1.55  

       
1.50         1.47  

       
1.43  

       
1.40  

       
1.38  

       
1.36  

       
1.35  

   Ethanol, FOB Omaha 2.58 
       
1.94  

       
1.75  

       
1.71  

       
1.68         1.66  

       
1.63  

       
1.61  

       
1.59  

       
1.58  

       
1.58  

                        

*Total net exports are the sum of all positive net exports 

** Brazilian anhydrous price. 

            

US Biofuels Production and Consumption 
 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Ethanol (Million Gallons) 

Production 4,856 7,123 9,792 11,501 12,207 12,323 12,290 12,269 12,315 12,436 12,595 

  From Corn 4,692 6,910 9,522 11,190 11,870 11,958 11,875 11,751 11,639 11,602 11,602 

  From Other Feedstocks 165 213 267 298 310 311 308 305 302 301 299 

  Cellulosic 0 0 3 13 27 53 107 213 373 533 693 

            

Consumption 5,370 7,297 9,911 11,684 12,453 12,611 12,594 12,578 12,627 12,750 12,912 

  Net Trade -679 -237 -286 -288 -295 -300 -306 -311 -316 -322 -327 

Biodiesel (Million Gallons, Oct.-Sep. Year) 

Production 385 541 569 578 565 551 534 511 491 472 449 

  From Soybean Oil 331 450 467 469 450 430 410 386 367 348 324 

  From Canola Oil 30 62 71 76 80 85 85 84 81 79 78 
  From Other Fats and 
Oils 24 29 31 33 35 37 39 41 43 45 47 
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Brazilian Biofuels Production and Consumption 
 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Ethanol (Million Gallons) 

Production 4,763 4,977 5,153 5,386 5,652 5,922 6,201 6,495 6,812 7,153 7,524 

Consumption 3,848 4,322 4,433 4,606 4,794 4,981 5,192 5,421 5,674 5,954 6,269 

  Net Trade 928 647 719 779 856 940 1,007 1,072 1,137 1,198 1,255 
Use in Ethanol 
Production (Thousand Metric Tons) 

  Sugarcane 205,489 212,922 218,591 226,575 235,740 244,930 254,293 264,122 274,681 285,995 298,298 
                        

            

Chinese Biofuels Production and Consumption 
 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 

Ethanol (Million Gallons) 

Production 1,083 1,090 1,108 1,125 1,135 1,146 1,157 1,170 1,183 1,198 1,214 

Consumption 1,041 1,082 1,103 1,132 1,168 1,199 1,229 1,259 1,289 1,319 1,348 

  Net Trade 42 8 5 -8 -33 -52 -72 -90 -106 -121 -133 

Use in Ethanol Production* (Thousand Metric Tons) 

  Corn 1,510 1,520 1,549 1,575 1,591 1,607 1,622 1,640 1,658 1,678 1,701 
                        

* Historical data is estimated.           
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10 Information gaps and recommendations 
Grain-based ethanol production in Australia is a fledgling industry, and many of the potential impacts 
of expanding production are not known.  Research and opinion from other countries where grain-
based ethanol production is established, particularly the US, provide a valuable basis for assessing 
the prospective research needs in the Australian context. 
 
The authors note that research and global development in the field of biofuels is progressing rapidly.  
This report has reviewed literature through to February 2008, and it is recommended that an annual 
review is carried out to update the literature and status of the Australian and global biofuels industry 
with reference to the Australian feed grain market and livestock producers. 
 
There is a growing need for research to inform a strategic approach to biofuel production in 
Australia, aiming to produce multiple benefits to all sectors of the agricultural community while being 
environmentally sustainable if possible.  Factors to be addressed should include the spatial 
distribution of grain production and grain co-products, annual supply issues influenced by rainfall, 
and competition between land uses for food (crop and livestock), fibre and biofuels.  A review of 
Australian land assets and potential production of grain, biomass and other important agricultural 
products may be warranted.  The role of climate and variable rainfall in this review is critical, as is 
the influence of changed land use on a range of sustainability indicators such as groundwater 
recharge, erosion and soil health.   
 
Ethanol is promoted as a source of renewable transport fuel with potential benefits to the 
environment through reduction of greenhouse gases.  However, there is significant variation within 
the literature over the net energy gain and greenhouse gas benefits from using grain-based ethanol 
in Australia and around the world.   
 
It is recommended that further research is commissioned to assess the sustainability of grain-based 
ethanol production in Australia, considering the range of environmental impacts experienced in the 
cropping cycle, viz acidification, eutrophication, salinity, soil erosion and soil health (incorporating 
the impact of removing carbon in second-generation ethanol processing technologies).  
Consideration should also be given to the environmental impact of expanding cropping areas or 
increasing the intensity of crop rotations to increase yield that is a likely outcome from higher prices 
and demand.  Many of these factors could be addressed by use of comprehensive life cycle 
assessment.  The sustainability of resource use (land and water) in the context of Australian grain-
based ethanol production needs to be assessed before major changes in production of first or 
second-generation ethanol feeder crops takes place. 
 
Australia has the potential to benefit greatly from the learning experienced in other forerunner 
countries such as the US, and may be able to effectively jump to second-generation biofuel 
production without strong reliance on grain-based ethanol if this is promoted, and this should be 
promoted by the agricultural industries provided it can be proven sustainable. 
 
The variability in reported GHG benefits and the key position of this driver in the argument for 
ethanol usage in Australia necessitate further research in this area to confirm or negate the benefits 
to GHG emissions and this research should be promoted by the grain dependent intensive livestock 
industries.  This is a key recommendation to allow the agricultural industries and government to 
have an informed stance on the issue.  
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It is noted that on average, the net energy gain provided by grain ethanol is 30%, showing clearly 
that grain-based ethanol is not a solution to long-term energy requirements in Australia.  
Furthermore, few studies have assessed this in the Australian context where average crop yields are 
lower and less consistent than in the US.  It is recommended that energy balance research or LCA 
address this information gap when grain-based production plants (i.e. the Dalby Bio-Refinery) have 
been commissioned in Australia.  In assessing energy balance, it is of key importance to access 
accurate data on the latent energy in Australian fertilisers and sustainable rates of application for 
grain production in Australia.  In addition to this, assessment of grain transportation distances based 
on average yields and competitive usage under ethanol industry expansion scenarios may be 
warranted.  
 
Australia is a major global exporter of grain, and the impact of diverting grain exports to ethanol 
production needs to be considered from an ethical viewpoint.  The global grain market has been 
significantly impacted by the reduction in US corn exports to the world market, contributing to higher 
grain and food prices in some countries.  Australia must carefully assess the stance of the 
community on this issue before proceeding to consume significantly larger quantities of grain for 
ethanol.  A further ethical issue related to global biofuel trade relates to the need for environmental 
labelling to ensure sustainable production in developing countries.  This must be addressed to 
ensure biofuel trade does not exacerbate GHG production through forest clearing for biofuel 
production.  These protocols must be established prior to future biofuel importation. 
 
Apart from the competition for grain use, there are also potential synergies between livestock 
producers and biofuel producers in relation to reuse of co-products for animal feed, as have been 
seen by the proposed development of ethanol plants on feedlot and dairy sites in Australia and the 
apparent shift of feedlot beef production in the US towards ethanol production regions (Sprague 
2007).  This highlights the need for an integrated approach to agriculture that captures benefits as 
best as possible while minimising threats.   
 
In addressing nutritional value of ethanol co-products, it is clear that distillers grain (wet or dry) may 
be used effectively in a variety of grain dependent livestock operations to meet metabolic 
requirements for the efficient production of animals.  Wheat-based distillers grain may present an 
economical, effective way to supplement protein and digestible fibre for dairy cattle, P and CP for 
pork operators, CP for poultry growers, and CP and energy for beef cattle feedlots.  It is noted that 
ethanol production is the economic driver of the production process and distillers grains is a 
secondary product that must be removed for production purposes. This scenario presents little 
incentive for ethanol plants in controlling nutrient variation for distillers grain; hence, variation is likely 
to be a factor that must be accounted for while using these products.   
 
This being stated, higher market prices and demand for distillers grains may prompt a move towards 
quality assurance, leading to improved consistency over time.  This is likely to be a market driven 
move following the establishment of local markets.  The establishment of a quality assurance system 
may also enhance ability of users to store and handle distillers grain.  Despite this, research may be 
needed to devise strategies for extending shelf life or storage of WDGS if this feedstock becomes 
widely available.   
 
Distillers grains have been the recent subject of considerable research in the US, however the 
performance using these products in livestock diets has been somewhat variable.  In general, most 
results suggest that distillers grain can be included in diets without deleterious effects.  However, 
there may be a range of environmental consequences resultant from these diets. 
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In Australia, the development of a significant biofuel industry would prompt the need for research in 
the areas of nutrient management because of increased levels of nitrogen excretion.  This may lead 
to increased ammonia volatilisation, greenhouse gas production and nitrogen levels in manure, all of 
which must be assessed if new diets are established for widespread use.   
 
Additionally, research examining the impacts of DGS inclusion on a metabolic basis is needed for a 
number of livestock species.  In order to maximise DGS dietary inclusion for livestock production 
response researchers must first gain a greater comprehension of specific nutrient metabolism, to 
allow the industry to modify their management and feeding accordingly.  
 
Recent rises in the price of feed grains is a function of supply constraints, declining stocks and 
increasing global demand driven by economic growth, increased intensive livestock industry demand 
and the rise of the biofuel sector.  Further assessment of the impact of grain-based ethanol 
production on global grain prices and the effect of stocks of distillers grain available for import to 
Australia may be warranted as the international production system stabilises over time.  If grain-
based ethanol plants were located on the Australian seaboard they would have the option to import 
and utilise grain at world parity price unlike livestock feeders who are constrained to only use 
domestically produced feed grain because of quarantine considerations.  This may be a positive 
outcome for users of grain-based ethanol co-products, as this would provide an added feedstock 
supply into the country.  
 
It is noted that ethanol will be increasingly produced from products other than grain.  Because of the 
fledgling status of the grain-based ethanol industry, Australia has the opportunity to progress to a 
second-generation biofuel production system without entering into wide-scale production of grain-
based ethanol.  Hence, research focussed on second-generation ethanol production in Australia is 
recommended.  The associated benefits of second-generation ethanol production technologies 
include higher energy yield potential per hectare and lower competition for food resources.  
Research needs to address the impact of second-generation biofuel production on agricultural land 
and competing industries.  This research needs also to address the sustainability of second-
generation ethanol production in the Australian agricultural context using a comprehensive 
framework such as LCA. 
 
Because of the rapidly changing nature of global ethanol production, it is also recommended that 
this report be updated within the next 12-18 months, with the incorporation of the biodiesel industry 
sector in order to benefit from the constant release of further research. 
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12 Websites 

12.1 Renewable Fuels 

12.1.1 ENVIROFUEL – Sustainable transport for Australia 

This site was started to promote the use and knowledge of alternative fuels in Australia.  Since its 
inception Envirofuel has grown to cover the wider scope of sustainable transport, of which 
alternative fuels are a small part.  Envirofuel scans the Australian and global news for information on 
sustainable transport that is applicable to all forms of transport in Australia.(http://envirofuel.com.au/) 
 
12.1.2 Bioenergy Australia 

Bioenergy Australia was established in 1997 as a government-industry forum to foster and facilitate 
the development of biomass for energy, liquid fuels, and other value added bio-based products. 
Bioenergy Australia is concerned with all aspects of biomass and bioenergy, from production 
through to utilisation, and its work embraces technical, commercial, economic, societal, 
environmental, policy and market issues (www.bioenergyaustralia.org/). 
 
12.1.3 Evolve Cleaner Fuels 

This is a site promoting ethanol fuel stations in Australia (www.evolvecleanerfuels.com). 
 
12.1.4 Renewable Fuels Association 

As the national trade association for the U.S. ethanol industry, the Renewable Fuels Association 
(RFA) promotes policies, regulations and research and development initiatives that will lead to the 
increased production and use of fuel ethanol. RFA membership includes a broad cross-section of 
businesses, individuals and organizations dedicated to the expansion of the U.S. fuel ethanol 
industry. (www.ethanolrfa.org). This website has statistics on the size and location of the US grain-
based ethanol industry as well as several reports. 
 
12.1.5 American Coalition for Ethanol (ACE) 

ACE is the grassroots voice of the U.S. ethanol industry, the nation's largest non-profit association 
dedicated to the use and production of ethanol. ACE members include ethanol producers, industry 
suppliers, associations, and individuals who care about renewable fuel (www.ethanol.org/). 
 
12.1.6 National Corn-to-Ethanol Research Center (NCERC) 

The NCERC (www.ethanolresearch.com/) is a not-for-profit research centre focused on the 
validation of near-term technologies for enhancing the economics and sustainability of renewable 
fuel production. Alternate use of the facility for bio-processing scale up or validation is also possible. 
The Centre conducts work for industrial or institutional Clients under confidentiality agreements on a 
fee-for-service basis.  The Centre also conducts its own research in areas of unmet need by leading 
or participating in collaborative grant-funded research. Utilizing the pilot plant as an experiential 
classroom, the NCERC provides workforce development training on Corn-to-Ethanol production 
process to those interested in a career in the industry. 

The facility has all of the unit operations and laboratory capabilities of a commercial facility albeit on 
a much smaller scale. These capabilities make the facility ideal for validating commercial concepts 
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for improving fuel ethanol production, generating co-products for feeding trials or process streams 
for further development, toll use of individual or collective unit operations for other bioprocessing 
needs, and laboratory method development or analytical services. 

12.1.7 BBI International 

www.bbibiofuels.com/ 
 
12.1.8 Ethanol Producer Magazine 

This is a monthly magazine covering a wide range of ethanol issues (www.ethanolproducer.com). 
 
12.1.9 Distillers Grains 

This is a quarterly magazine about the use of distillers grains (www.distillersgrainsquarterly.com/). 
 
12.1.10 Biofuels Australasia 

www.biofuelsaustralasia.com.au/ 
 
 
12.2 Ethanol Plants 

Examples of websites of grain-based ethanol plants in Australia and the USA. 
 
12.2.1 Dalby Bio-Refinery 

(www.dalbybiorefinery.com.au/) 
 
12.2.2 E3 BioFuels Genesis 

This facility near Mead, Nebraska is a combined ethanol plant (95 ML/yr), cattle feedlot (28,000 
head) and anaerobic digester (methane generation plant) (www.e3biofuels.com). The E3 BioFuels 
Genesis plant at Mead officially began production in the spring of 2007; sufficient biogas to power 
the ethanol distillery has been produced on-site since December 2006. The complex—a 
commercial-scale, integrated system that profitably manages the wastes generated by CAFOs and 
produces ethanol—is the first of its kind. 
 
12.2.3 Cornhusker Energy 

Cornhusker Energy is a privately-held company dedicated to adding value to central Nebraska's 
corn production by turning locally-grown corn into clean-burning ethanol. 
(www.cornhuskerenergy.com/c3/) 
 
12.2.4 Pacific Ethanol, Inc. 

In order to meet the West Coast’s current ethanol needs, Pacific Ethanol plans to construct over 420 
million gallons of capacity in the next four years. Today Pacific Ethanol operates the largest ethanol 
plant on the West Coast and has broken ground on several cutting-edge, strategically located 
production plants. (www.pacificethanol.net/site/index.php/about/facilities/). 


