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Summary 
The world-wide intensification of livestock in-
dustries poses major challenges for waste 
disposal. For example, the total solids wastes 
discharged from livestock farms in China ex-
ceeded 1.7 billion tons in 1997, with a further 
20 billion tons of waste water being dis-
charged to the environment — only 10% of 
these wastes were treated!  

A key element of sustainable development is 
Cleaner Production. Cleaner Production is an 
approach in which wastes are handled in such 
a way that environmental pollution is avoided. 
Cleaner Production practices include waste 
minimisation, pollution prevention, recycling 
and community-based environmental ap-
proaches. 

An increase in the production of livestock 
products means an increase in the production 
of livestock wastes and, consequently, an in-
crease in the potential for environmental pollu-
tion.  

The applications of the principles of Cleaner 
Production for four types of livestock waste 
are discussed in this paper.  

With wool-scouring wastes, the process 
streams are segregated in order to separate 
the raw wool contaminants so that the dirt and 
wool wax can either be composted to produce 
either a soil conditioner or a premium potting 
mix, or used as a fuel. The water-soluble con-
taminants can then be used as a source of 
potassium. The treated water can be recycled 
to the washing process, thereby eliminating 
aqueous discharges completely. 

The pollution propensity of the wastes pro-
duced in the leather industry can be reduced 
by methods such as converting waste hair into 
a fertiliser, recycling chrome liquor and reduc-
ing salt discharges through hide drying tech-
nologies. 

In order to facilitate the adoption of Cleaner 
Production technologies with piggery wastes 
in the Pacific Island countries, participatory 
methods and action research are being used 
to encourage community involvement. 

Nutrient audits of farms using farmyard ma-
nure applications to improve crop yields 
showed that Indian farmers under-fertilised 
their crops, whereas Australian farmers over-
fertilised them.  

Introduction 
There are two types of livestock waste. These are 
wastes generated during livestock production, such 
as manures and slurries, and wastes produced in 
secondary industries that include abattoirs (such as 
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offal, blood and chicken feathers), leather produc-
tion and wool scouring.  

Livestock production wastes 

Livestock production generates considerable 
amounts of waste. It is claimed that in the USA 
livestock wastes are 130 times greater than hu-
mans. For example, a new 50 000 acre pig farm 
being built in Utah will generate more waste than 
the City of Los Angeles (Halweil and Caron 1998). 
In China (2002) and Europe (Gendebein et al. 

2001) 1.7 and 1.2 billion t of waste, respectively 
are produced annually. In addition 20 billion t of 
wastewater are discharged to the environment in 
China with only about 10% being treated. 

Animals are not particularly efficient users of nu-
trients. For example, pigs and cattle excrete 70% 
and 80–90% respectively of the protein in the feed 
(Steinfeld et al. 1997) — the remainder is dis-
charged as waste. Based upon the degree of inte-
gration with crop production there are three types 
of livestock production systems: grazing, mixed 
farming and industrial (UNEP 2002). Industrial 
production is the fastest-growing form of livestock 
production due to population growth, increasing 
incomes and urbanisation. 

Grazing systems are based solely on livestock pro-
duction and the animal wastes are used within the 
system. However, resource degradation is becom-
ing a major problem in many grazing areas in the 
world. 

Mixed farming systems involve integrated crop 
and livestock production. Wastes from both activi-
ties can be recycled as farmyard manure (FYM). 

Industrial systems depend on outside supplies of 
feed, energy and other inputs. There are claimed to 
be a number of environmental benefits accruing 
from these systems. These include better use of 
total feed requirements (the technologies used can 
be transferred to mixed farming systems), and re-
duced pressure for deforestation and degradation of 
rangelands (Steinfeld et al. 1997). Under these cir-
cumstances, the amounts of byproducts produced 
exceed the capacity of the land to utilise the nutri-
ents. Consequently, there is a problem in disposing 
of these extra byproducts. 

Wastes from livestock production cause basically 
four types of environmental problem: 

•  point source pollution from poor waste man-
agement practices, such as spillage and seep-
age from containment areas 

•  emissions from waste treatment plants — 
methane released to the atmosphere from an-
aerobic ponds has 21 times the effect of carbon 
dioxide as a greenhouse gas (Lake et al. 1999) 

•  accumulation of contaminants in soil, such as 
heavy metals 

•  an excess of nutrient, leading to soil and water 
pollution. 

Abattoir wastes 

About 21% of an animal becomes waste when 
processed. These wastes include blood, bones, 
feathers, stomach and bowel contents, manure 
wash liquors and sludges. Most of the wastes (80–
90%) are reused or recycled into animal feedstock. 
Some components, such as hooves and bone, are 
recycled into other industries. About 5–10% of the 
wastes are applied to land with or without com-
posting — these wastes are mainly gut contents 
that contain mainly partly-digested feed (Gende-
bein et al. 2001). 

Leather production 

Skins and hides that are preserved for tanning can 
contain up to half of their weight in salt. In all 
types of leather production, dirt and biological ma-
terials including grease and proteins, such as blood 
and hair, must be removed from the raw material. 
The skin collagen is then chemically stabilised 
with a tanning agent. Chromium III is the most 
widely used tannage but vegetable extracts are 
used for sole leathers, fish oil for chamois and syn-
tans are used to confer specific properties to leath-
ers. Tanneries use large volumes of water: conven-
tional woolskin processes use 400 l per skin and 
wet-blue production 30 l per kg of hide. However, 
with improvements in both housekeeping and 
processes, wet-blue is now produced with 10 l of 
water per kg of hide. 

The components in the liquid wastes that are of 
concern include salinity, ammonia, sulphides, sul-
phates, organic matter, grease, chromium and 
manganese. Other potential pollutants are solvent 
residues used during processing and solid wastes 
such as sludges, fleshings, hair, untanned trim-
mings and tanned waste.  
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Wool scouring 

Wool is perceived to be a clean, green, natural fi-
bre. However, raw (greasy) wool contains substan-
tial amounts of natural pollutants (about 40% by 
weight) that must be washed off (scoured) before 
the wool can be used. The major contaminants are 
wool wax (solvent-extractable contaminants), suint 
(water-soluble contaminants) and dirt. The result-
ing effluent from wool scouring poses a number of 
environmental problems. First, the organic load is 
very high. Even after recovery of about 30% of the 
wool wax by centrifuging, the organic effluent load 
from a typical wool scour equals the sewerage from a 
town of 50 000 people. In the Geelong/Melbourne 
region alone this is equivalent to a population of over 
500 000 people. A typical effluent would have to be 
diluted about 5000 times to avoid eutrophication of a 
receiving water. Second, wool wax is very difficult 
to degrade in biological effluent treatment systems 
because of both its chemical structure and its 
physical characteristics. Third, there are compo-
nents of the effluent that are biorefractory. Fourth, 
the high levels of suspended matter hinder biologi-
cal treatment. Fifth, the levels of total dissolved 
solids make sustainable irrigation impractical for 
most scouring locations (Bateup et al. 1996). 

Wastes as resources 
In this paper, I want to consider a more proactive 
approach to environmental issues in which we fo-
cus on the opportunities that emerge from treating 
livestock wastes as a resource. For a number of 
years I have been on a campaign to redefine wool 
grease as wool wax. Not only is the latter the cor-
rect chemical term but also it creates a positive 
value to the material. I believe that same approach 
should be applied to livestock wastes. ‘The refer-
ence to livestock manure as livestock ‘waste’ has 
helped lead to the undervaluation of manure as a 
source of nutrients, the loss of manure nutrients 
through mishandling and misapplication, and the 
over application of manure to the land. Under-
standing that term’s use implies a value; the agri-
cultural sector can replace the use of the word 
‘waste’ with ‘manure’, ‘residuals’, or ‘byprod-
ucts’’ (USDA/NRCS 1995).  

I am going to show how the principles of Cleaner 
Production can be applied to reduce the negative 
environmental impacts of four types of livestock 
byproducts. These wastes are: wool processing 
effluents, leather production byproducts and two 
examples of animal production byproducts: pigger-

ies in Pacific Island Countries and farmyard ma-
nure use on farms in India and Australia. The work 
reported is taken from four current or recently-
completed ACIAR projects. 

Cleaner production 

Environmental practice can be considered as a 
staircase of concepts (Hamner 1996). The different 
concepts form the steps, with each step including 
those concepts below as well as additional ele-
ments of scope and complexity. At the top of the 
staircase is sustainable development that is defined 
as ‘development that meets the needs of the present 
without compromising the ability of future genera-
tions to meet their own needs’ (WCED 1987). 

Cleaner Production is a subset of sustainable de-
velopment. Cleaner Production is ‘the continuous 
application of an integrated preventative environ-
mental strategy to processes, products and services 
to increase overall efficiency, and reduce risks to 
humans and the environment’ (UNEP 2001). 
Cleaner Production is seen as a ‘win-win’ system 
as it aims to protect the environment while improv-
ing productivity and competitiveness (UNEP 
2001). It is a broad term that covers subjects such 
as eco-efficiency, waste minimisation and pollu-
tion prevention. It also refers to an approach in 
which goods are produced with minimum envi-
ronmental impact under present technological and 
economic limits. In this context, waste is consid-
ered as a ‘product’ having negative economic 
value. The difference between pollution control 
and Cleaner Production is that the former is a re-
act-and-treat approach whereas the latter is proac-
tive and preventative. 

In applying Cleaner Production, the first step is to 
carry out an environmental audit in order to iden-
tify inputs, wastes and products (Fig. 1). To do this 
we need to define a boundary for operations of the 
process, be it a farm, a feedlot, a tannery or a wool 
scouring plant. This can be either an administrative 
or a physical boundary. We then need to consider 
all inputs and outputs that cross that operations 
boundary and develop a complete mass balance for 
the process under consideration. Only then can we 
make an inventory of the waste production. In 
some ways we are carrying out an element of a life 
cycle assessment. 
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Figure 1. Environmental/process audit 

Waste minimisation is any action that reduces the 
toxicity and quantity of waste. The least desirable 
form involves transferring the waste from one state 
to another. For example, passing a wool scouring 
effluent through a decanter centrifuge transfers 
some of the particulate matter from the effluent 
into a sludge which is then discharged to landfill. 
Waste minimisation involves (Fig. 2): 

•  reducing the generation of waste  

•  reusing any waste if possible  

•  reclaiming any waste that cannot be reused  

•  recycling as much unused, reclaimed material 
as possible  

In the context of livestock wastes, waste minimisa-
tion is the more important than changing inputs 
because, in general, one cannot readily reduce the 
amount of waste an animal produces daily or the 
amounts of contamination on greasy wool. How-
ever, preserving hides and skins without using salt 
is an example of point source reduction. 

Waste minimisation and livestock by-
products 

Wool Scouring  

(ACIAR Project AS1/97/069) 

CSIRO has made significant contributions to 
scouring and effluent treatment (Bateup and Chris-
toe 1996; Christoe and Bateup 1987). Underlying 
these technologies is a large body of basic scien-
tific research into the nature of the raw wool con-
taminants and their mechanisms of removal during 
scouring, as well as parametric studies into wool 
scouring and effluent treatment. From these invest- 

Figure 2. Waste minimisation 

igations CSIRO has developed an integrated ap-
proach to treating scouring effluents. 

The CSIRO integrated waste management ap-
proach has the following important features: 

1. The principles of waste minimisation have been 
used specifically to achieve a paradigm shift in 
the attitude of the scouring industry to waste 
management by treating scouring wastes as a 
resource (Bateup et al. 2000, 2001). 

2. Rather than treating the combined scouring ef-
fluent, the three main liquid waste streams are 
treated separately as they have different charac-
teristics and, consequently, require different 
technologies for optimal treatment.  

3. The operation of the effluent treatments is 
closely integrated with the operation of the 
scouring line. The performance of the contami-
nant recovery loops that are used to remove 
wool wax and dirt continuously are optimised 
to produce concentrates containing as much of 
the contaminants as possible in the smallest 
possible volume. The possibility of recycling 
the treated waste waters to the scouring opera-
tion is an important feature of the system. 

The cornerstone of CSIRO’s approach is Sirolan 
CF (Bateup et al. 1996). It is a chemical floccula-
tion process that has been specifically developed to 
treat the strong flow effluent. In contrast to the 
conventional chemical treatments, Sirolan CF is an 
in-line process, where the only chemicals used are 
an acid for pH adjustment and a polymeric floccu-
lant. Sirolan CF plants have been installed in Aus-
tralia, England, New Zealand and Portugal. The 
technology has been demonstrated successfully in 
India at the pilot plant level as part of the ACIAR 
project. It is currently on its way to China. 
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The sludge from Sirolan CF has a solids content of 
60–70% and contains no free water. It can be either 
composted to produce a soil conditioner or a pre-
mium potting mix, or used as a fuel. The trials with 
the pilot plant in India have shown that the pre-
ferred mode of use would be as a fuel because the 
energy value is about double that of lignite. 

The centrate from Sirolan CF contains the water-
soluble suint salts. Sheep differ from humans in the 
composition of their sweat. Human sweat contains 
predominantly sodium, whereas sheep sweat (su-
int) contains predominantly potassium. The pro-
portion of potassium in suint is about 27–30%. 
Sheep take about 10 000 t of potassium from the 
land annually. Nearly all of the potassium used as 
fertiliser in Australia is imported as potassium 
chloride (muriate of potash), about 150 000 t y-1. 
Agriculture Victoria showed that the recovered 
suint was as good as if not a better fertiliser than 
the imported fertiliser (Maheswaran et al. 1999). 

Leather Production  

(ACIAR Project AS1/2001/005) 

The image of tanneries has been markedly im-
proved through both the introduction of new tech-
nologies that minimise waste, and segregating 
waste streams and treating them with appropriate 
technologies. Examples include lime recycling 
(Money and Adminis 1974), short-term preserva-
tion of hides and skins (Money 1974; Adminis and 
Money 1998), carbon dioxide deliming (White et 

al. 1993), direct recycling of chrome liquors 
(Davis and Scoggie 1980; Cranston et al. 1997; 
Money 1998) and utilisation of hair (White et al. 
1991). As a consequence of these developments 
salinity remains the main problem facing the 
leather industry. For example, tanneries in India 
are able to meet the stringent regulations for the 
discharge of wastewaters to land apart from the 
level of total dissolved solids. 

At present salt cannot be eliminated from tannery 
processes and there is no viable technique to de-
crease the levels in effluents to satisfy discharge 
regulations. However, there are several process 
improvements that should reduce salt use. These 
are improved pickle liquor recycling and Direct 
Chrome Liquor Recycling. The elimination of salt 
for skin preservation through the development of 
appropriate air-drying technologies will have the 
largest effect on salinity. These approaches are the 
subject of the recently-begun ACIAR project. 

Piggeries in Pacific Island Countries 

(ACIAR Project LWR/2001/038) 

In the Pacific Islands, livestock management 
evolved using imported animals (principally pigs). 
It made use of limited physical resources and de-
veloped within the constraints imposed by society. 
Most of the livestock are owned by small-scale 
farmers. Due to increased animal numbers (pig 
densities are as high as 500 km–2) livestock wastes 
are neither collected nor managed. Consequently, 
surface and underground water supplies are con-
taminated, leading to risks to human health. 

Attempts in the past to make greater use of animal 
manure as a resource for biogas production, and 
crop and garden fertilisers, have not been success-
ful due to a lack of community involvement. 

The new ACIAR project is trying to overcome this 
problem by getting community involvement and 
ownership. This would be a win-win result because 
the environmental impact of the wastes would be 
eliminated concomitant with increased crop and 
garden production. The project is using a team ca-
pable of examining the social and physical envi-
ronments, and the relationships between livestock 
waste and crop production in association with the 
local communities.  

Farmyard Manure Disposal  

(ACIAR Project LWR/1998/136) 

In order to optimise the production of crops one 
needs to balance their nutrient needs with what is 
available. Too little nutrient leads to low yields. 
Too much nutrient is wasteful and could lead to 
environmental problems. This issue was examined 
in this recently-completed ACIAR project. This 
project assessed the nutrient balances of cattle 
farms in India and Australia, and the impact of 
livestock manure on the nutrient balance. 

In India the cattle manure is composted to farm-
yard manure (FYM) by mixing cattle dung (50–
60%) with crop residues (30–35%) and household 
and other wastes (5–20%) and keeping covered for 
a year before being applied to the land. In Austra-
lia, the cattle manure is stock-piled before being 
spread on the land. 

Nutrient audits were carried out in both countries 
to assess the cropping potential. The researchers 
found that the Indian farmers under-fertilised their 
land whereas the Australian farmers, who were 
operating small feedlots, over-fertilised the land, 
leading to potential pollution of dams and water-
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ways. Neither group of farmers knew the plant nu-
trient value of the applied manures. A major con-
straint to using more FYM in India is the competi-
tive use of dried dung as a fuel source. About 50% 
of the dung is used in this way. Access to sufficient 
cash flows seems to limit a shift to alternative fu-
els. This means that marginal farmers (operating 
on an area of less than 1 ha) are less likely than 
medium to large farmers to want to shift to other 
fuels.  

Conclusion 
Livestock generate vast amounts of waste. Because 
of the increasing complexity of the external envi-
ronment, the livestock and associated industries 
need a more sophisticated approach to waste than 
just waste treatment. This paper has shown how 
this is possible, through the principles of Cleaner 
Production, and through an understanding of how 
these wastes can be avoided either by changing 
practices to limit their production or by using the 
wastes as resources. In developing countries the 
concepts of Cleaner Production are no less impor-
tant than in developed countries. For every live-
stock producer (primary or secondary) it is impor-
tant to know the inputs and outputs to the place of 
production so that rational decisions can be made 
that prevent environmental pollution and maximise 
profits. The possibilities that arise from generating 
income from the sale of livestock by-products are 
very relevant to reducing poverty in developing 
countries. 

The principles of Cleaner Production and quality 
management are essential tools in making the in-
dustry more effective, more economic and more 
environmentally responsible. 
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