
Agricultural use of biochar

What is biochar?

This might seem like a simple question, but the answer is not 
so easy. The terms “char”, charcoal”, “biochar and “activated 
carbon” all refer to different carbon-based materials, but the 
definitions are often blurred.

The following definitions are proposed here, but you may find 
that they are not used consistently in other documents.

•	 Char is a term that is applied to organic materials that are 
incompletely burnt.

•	 Charcoal can be defined as wood that has been carbonised 
through burning in a way that excludes oxygen.

•	 Biochar refers to wood or other organic materials that 
have been subjected to high temperature combustion 
throughout (for example,  300o C) in a way that excludes 
oxygen (pyrolysised), producing a texture that is highly 
porous.

•	 Activated carbon is a term that was initially applied to 
biochar produced at high temperature (for example, over 
600o C), but increasingly it now refers to biochar that has 
been subjected to further treatment with steam, acid 
or other substances to increase its purity and porous 
structure. The specially treated form of biochar is 5-10 
times as expensive to produce as biochar, and not cost 
effective for application in agriculture.

•	 Biochar has a carbon-rich foamy structure. Its high 
carbon content and very large surface area account for 
its potential use in agricultural production. However the 
characteristics of biochar vary considerably depending 
on the feedstock, the temperature of combustion and the 
method of production. 

There is increasing industry interest in manufacturing biochar 
from mixed waste materials, but it is important for farmers that 
they do not used charcoal made from materials that could be 
contaminated. Relatively clean sources of biochar are:

•	 biochar made from clean waste timber (such as plantation 
trimmings), which is very high in carbon and relatively low 
in other nutrients

•	 biochar made from a single type of crop wastes, such as 
wheat straw or sugarcane post-harvest residue

•	 biochar made from woody weeds where there is infestation 
of a single species

A regional project is underway in the Cobar region of New 
South Wales, in which Renewed Carbon proposes to establish 
biochar manufacturing based on eradication of invasive woody 
plants that are destroying agricultural productivity. There is an 
estimated 24M tonnes of feedstock available, and its removal 
can be part of farmland restoration, while also forming the basis 
for new industries. Energy will be a secondary byproduct of 
biochar manufacture.

In South West Victoria, the windrows of introduced cypress 
pine species that were established long ago are now dying of 
an incurable canker. Farmers are steadily removing dead trees 
and burning the timber. This could provide a valuable resource 
for biochar production, with a capacity to supply farmers with 
this material. There is interest from both farmers and local 
councils in establishing this facility, with possible involvement of 
a commercial compost facility.

Biochar can also be made from animal excrement mixed 
with bedding, such as poultry litter, which has a much higher 
nitrogen content, as well as being rich in other nutrients. This 
material may have less consistency of feedstock, with some 

The value of biochar for various agricultural applications has been recognised for some time, but 
the high price has meant that its use was not necessarily cost effective. In recent years, it has 
become more readily available and prices have moderated. Many farmers are now using it as a soil 
amendment, with emerging evidence about how to apply it for greatest productivity benefit. There 
is additional potential for its use as a fodder supplement, offering health benefits as well as reduced 
greenhouse gas emissions for livestock operations.



potential for contamination, but it has proven to be a valuable 
soil amendment.  In some countries, it is being made from 
beach-cast seaweed, which is also rich in nutrients. However it 
should be noted that there may be some loss of nutrients with 
high temperature production processes.

It is likely that the most readily available supplies of good quality 
biochar are made from woody wastes, but the type of timber 
used can also affect the biochar characteristics. Considerable 
work has been carried out in North American to describe the 
characteristics of biochar made from different tree species, 
but unfortunately there is no such reference material readily 
available in Australia. 

The International Biochar Initiative has issued guidelines 
for biochar manufacturers to accurately describe the 
characteristics of their products. Descriptions should include 
particle size, moisture level, levels of elemental hydrogen, 
carbon, nitrogen, proportion of ash, electrical conductivity, 
pH/liming ability, organic carbon content, and carbon stability, 
as well as a toxicity assessment that includes levels of metals, 
polychlorinated biphenyls, polycyclic aromatic hydrocarbons, 
and dioxins. In future there may need to be an Australian 
regulatory regime that obliges manufacturers to describe the 
characteristics of their products before supplying them to 
farmers.

How does biochar reduce emissions?

Firstly, greenhouse gas emissions can be reduced through 
the manufacture of biochar, depending on how the resulting 
biochar is used. The manufacture of biochar results in carbon 
that might otherwise be released to the atmosphere (as carbon 
dioxide or methane) being stabilised in a form that can be 
stored for the long term, for example buried in in soils. Some of 
the biochar that has been found in soils dates back 7,000 years 
(in the Amazon region where it is a relic of ancient agricultural 
practices). Sale of carbon credits from the manufacture of 
biochar can attract a return of around AUD $100 per tonne of 
biochar produced if it is subsequently used as a soil amendment 
or fodder supplement.

Biochar has the potential to directly reduce greenhouse gas 
emissions in several other ways:

•	 Biochar manufacture may provide an alternative to 
combustion of waste materials, reducing the emissions 
that would otherwise occur as a result of open burning (or 
example, field burning of crop waste, windrow burning of 
woody weeds or timber waste).

•	 If applied in ways that increase soil nutrients, it has the 
potential to reduce the need for application of synthetic 
fertilisers, which reduced the emissions resulting from the 
manufacture of these materials as well as the soil emission 
from their application to agriculture – particularly nitrous 
oxide emissions which are considered to be 300 times as 
damaging to the climate as carbon dioxide.

•	 Biochar increases the water retention properties of soils, 
which can reduce the need for energy intensive irrigation 
practices – which often use diesel as a fossil fuel energy 
source, resulting in carbon dioxide emissions.

•	 It can be used as a fodder supplement for ruminant 
livestock (for example, cattle and sheep) to suppress 
methane emissions from their digestive systems – as 
methane emissions are considered to be more than 20 
times as damaging to the climate as carbon dioxide.

•	 It can suppress greenhouse gas emissions from livestock 
dung – usually a mix of different greenhouse gases include 
nitrous oxide (which is around 300 times as damaging as 
carbon dioxide).

There are also some indirect ways in which application of 
biochar can reduce emissions. For example:

•	 If it is used in soil remediation (for example, in acid sulfate 
or saline soils), it can increase biomass production, 
reducing emissions from exposed soils, and building 
organic carbon in the soil through natural processes.

•	 It Is claimed that applying 1 tonne of biochar to the soil 
results in an extra 4 tonnes of soil carbon and resulting in 
increased soil moisture capacity of 40-120 tonnes of water 
(depending on soil type).



•	 If biochar is used as a fodder supplement it is likely to 
not only reduce methane emissions from the gut, but 
the carbon is likely to pass through the animal without 
degradation, with emission reduction from the carbon 
infused excrement, and with long term soil carbon 
improvements.

Estimating the level of emissions reduction that can be achieved 
through these practices is not straightforward. There may be 
differences based on climatic conditions and soil types, as 
well as resulting from biochar characteristics and the farming 
regime. Ongoing research will improve our knowledge in  
this area. 

What are the co-benefits of using biochar  
for farmers?

The co-benefits of using biochar are likely to be of most interest 
to farmers, given that these can improve farm productivity and 
profitability. 

Potential farm benefits are:

•	 Increased soil moisture retention, reducing the need for 
irrigation and providing resilience against dry climatic 
conditions. 
The porous structure of biochar gives it a water holding 
capacity which is particularly significant for sandy soils, 
but it can also reduce waterlogging of clay soils. Global 
research indicates increases in water holding capacity on all 
soil types, ranging from 11% on heavy soils to nearly 500% 
on some lighter soils. 

•	 Increased soil health resulting in more productive 
pastures, crops and plantations. 
The mechanisms by which biochar can improve soil 
health are not well understood, but it seems that the most 
important outcome is activation of soil micro-organisms 
and fungi, which can increase plant uptake of nutrients 
from the soil. This may be a long term outcome, and some 
biochar producers are recommending a mineral infused 
biochar as a soil amendment, to increase its short term 
nutritional benefits (resulting in an added cost). Adding 
biochar to soils has also been observed to reduce soil 
acidity. 

•	 Increased livestock productivity and animal wellbeing. 
Biochar has longstanding uses in mitigating toxins, and 
if made available to livestock it is likely to be consumed 
voluntarily by animals seeking to improve their health. This 
can reduce vet bills and increase production (for example, 
meat, wool, milk and eggs). It’s methane suppression 
functions can also result in improved feed conversion 
efficiency, with some farmers reporting a 10-20% 
reduction in feed intake while maintaining productivity. 

While these benefits have been widely demonstrated, the use 
of biochar has been limited by its availability and cost. Increased 
availability appears to have significantly improved this situation, 
with the cost of biochar having halved over the past ten years, 
though there is still much variation in prices offered by different 
manufacturers. It is now much more cost effective for farmers 
to obtain positive results from using biochar in their agricultural 
activities, so long as there is a good appreciation of how to 
apply it successfully, and the potential pitfalls that should be 
avoided. 

Farmers should consider:

•	 Emissions reduction will only be achieved if biochar 
manufacture uses efficient production systems.

•	 Poor quality control over manufacture could result in toxins 
being introduced to soils or livestock.

•	 Biochar made from different types of feedstock and at 
different temperatures may have different outcomes even 
with good quality control.

•	 The impact on soils will differ with soil type, with the most 
evident positive outcomes on lighter soils.

•	 Reduced fertiliser inputs are not achieved in all cases, 
and requires careful development of customised biochar 
applications, sometimes together with other materials.

•	 The presence of biochar can be effective in soil 
remediation, but this also means that it can reduce the 
effectiveness of pesticides and herbicides applied by the 
farmer.

•	 Both positive and negative outcomes may emerge in 
the long term and may not be immediately apparent, so 
farmers need to be observant.



Agricultural use of biocarbons
What is wood vinegar?

Wood vinegar is the popular name given to pyroligneous acid, 
and it is sometimes called liquid smoke. The main ingredients 
are methanol and acetic acid.  It is a common byproduct from 
producing biochar, depending on the method of manufacture. 
There is evidence that it was used in prehistoric times as an 
agricultural input, but it is only recently that interest in its 
properties has been revived. Lack of familiarity about its use 
in Australia has led to much of this material being discarded 
as waste, or exported to countries where its value is better 
understood.

As biomass is heated through pyrolysis, a gas (termed “liquid 
smoke”) is emitted in the initial stages and this can be collected 
via a condenser. The gas has a high proportion of steam but 
also contains volatile oils and other substances. Expelling these 
compounds from the combusted material opens up the porous 
structure of the residual biomass. The condensate is wood 
vinegar, and some solids may also settle as tar. 

How does wood vinegar reduce emissions?

Wood vinegar is a biocarbon. It is therefore expected that it 
would be effective in sequestering carbon, though there is a 
lack of research on this aspect of its use. The carbon content 
may be less stable than that contained in biochar. However, an 
experiment in using wood vinegar as an additive to compost 
indicated a potential reduction in equivalent carbon dioxide 
emissions of 15% compared with conventional composting 
practices. 

What are the co-benefits for farmers?

There are claims that wood vinegar has potential use in:

•	 enhancing seed germination

•	 stimulating the growth of soil microorganisms

•	 promoting healthy root growth in plants

•	 promoting leaf growth, flowering or fruit production if 
applied at different times

•	 adjusting soil acidity

•	 controlling plant disease

•	 enhancing fertiliser uptake

•	 enhancing composting processes

•	 controlling weeds

•	 controlling pests

•	 reducing odour in animal pens

•	 improving feed conversion if used as a livestock fodder 
supplement.

These different uses require various levels of dilution. As an 
example, a foliar application might use 2ml wood vinegar per 
litre of water, seed germination might use 20L wood vinegar 
per tonne of seed, a dilution of 1:200 with water can be used 
to treat root rot, a dilution of 1:50 with water can enhance 
composting or reduce odours from animal pens, and equal parts 
of wood vinegar and water might be used as a fungicide. 

A survey of six farmers identified as using wood vinegar 
conducted by the ANZ Biochar Industry Group indicated 
positive results from different types of use, largely relating to 
horticultural applications. 

These beneficial properties apply to wood vinegar produced 
from clean wastes, particularly clean timber wastes. Some 
experience of wood vinegar production from mixed wastes has 
resulted in an unpleasant smelly liquid that creates significant 
disposal problems. Farmers are advised to source good quality 
wood vinegar directly from biochar manufacturers with a high 
level of quality control over their feedstock.

There is an emerging range of products now being 
manufactured in Australia which contain wood vinegar, which 
are marketed for their properties in enhancing plant growth. 
There is also emerging interest in wood vinegar as a potential 
replacement for glyphosate-based herbicides, given concerns 
about the long term human health impacts of glyphosate use. 
However wood vinegar is not being marketed widely for this 
purpose, and further field research may be needed to validate 
its performance as an effective herbicide.

Various overseas studies have shown that a combination with 
small amounts of wood vinegar can improve the effectiveness 
of biochar as a fodder supplement. 

What is pyrolysis?

Traditional processes use slow pyrolysis (or “torrefaction”) of 
woody material in pits or mounds, covered by non-combustible 
materials such as turf. The temperatures reached are generally 
less than 300oC, and exclusion of oxygen is often incomplete. 
It results in a product that is less fully carbonised than biochar 
(termed “charcoal”), which can be used as a solid fuel.

Contemporary pyrolysis for production of biochar is a process 
for heating materials to high temperatures (above 300oC) in 
the absence of oxygen. If the material is heated quickly (fast 
pyrolysis), a large proportion of the resulting material takes the 
form of oils that have potential use as liquid fuels (pyrolysis oil). 
Slow pyrolysis can extend over hours or days to produce a mix 
of biochar, bio-oils, syngas and wood vinegar. The temperature 
and timelines can affect the proportion of each material that 
is produced, with a longer processing time likely to produce 
more solid biochar product. Over time, the carbonisation 
process becomes more complete, resulting in greater stability 
of the carbon content and a larger surface area of the biochar 
particles. These are the qualities that are of most benefit in 
agriculture.



Pyrolysis equipment can be designed for continuous production 
or batch production of biochar. Batch production may be 
more appropriate for farm scale operations, and it also enables 
production of biochar from different types of feedstock, with a 
consistent biomass being used for each batch. 

Related processes include gasification (taking place with 
an even more limited supply or oxygen) and hydrothermal 
carbonisation (wet pyrolysis), both of which focus on energy 
production rather than biochar manufacture. 

The characteristics of biochar produced through slow pyrolysis 
can vary, with different requirements for moisture levels of 
feedstock, and with varying properties of biochar depending on:

•	 the type of feedstock used, and

•	 temperatures achieved during pyrolysis.

There is much scope for research into how biochar with 
different characteristics can best be applied to agriculture. 
For example, high temperature pyrolysis may be best for 
biochar used in soil remediation, biochar made from feedstock 
containing livestock excrement may be best for improving soil 
fertility, and biochar made from woody wastes may have the 
best water retention capacity. 

How does this reduce emissions?

Because biochar contains stabilised carbon, it is estimated that 
1 tonne of biochar can sequester around 3.66 tonnes of carbon 
dioxide equivalent if applied to the soil. This is the assumption 
made in claiming carbon credits, and there are precedents 
for biochar manufacturers gaining these credits in advance to 
assist in the establishment of pyrolysis equipment. 

Australian company Rainbow Bee Eater has pre-sold 
carbon credits to American company Microsoft to assist in 
establishment of its particular pyrolysis technology, which 
produces a combination of syngas, biochar and wood vinegar. 
The credits are based on the application of biochar in a way 
that results in long term carbon storage in agricultural soils. 
Purchasing the carbon credits will assist Microsoft in reaching 
its target of becoming carbon negative by 2030.

Capital and recurrent costs of  
biochar manufacture

Small scale biochar production equipment relies on flaring 
of the “wood smoke” reducing its effectiveness in reducing 
greenhouse gas emissions. There is also no capture of energy, 
which may further limit the capacity to claim carbon credits. 
However some of this equipment may be useful for application 
at the farm scale, with capital costs likely to be $20,000 to 
$70,000. 

Depending on the feedstock and the end use, the additional 
equipment required would be:

•	 a chipper or shredder

•	 a generator to provide power to the equipment

•	 a source of water that can be applied to cool the biochar, 
preferably to be applied with high pressure hoses

•	 a hammer mill or other equipment to break the biochar into 
particles of the required size.

Small scale units are relatively inexpensive but are demanding in 
terms of labour.



The Kon Tiki Open Flame unit is a Japanese kiln that has a 
200 year history of use, which relies on heating the biomass 
from material being burnt from above. In situations where 
water is scarce, the biochar can be quenched with nutrient 
laden liquids such as urine. There is the possibility to capture 
heat from the pyrolysis process that can be applied to other 
activities. An advantage over some other equipment is that the 
final product is relatively dry. See https://www.youtube.com/
watch?v=1o0QqePtNM4

The Vietnamese Top Lift Up Draught (TLUD) Oven is similar to 
the Kon Tiki except that the burning layer is fully enclosed but 
aerated, with an exhaust stack. There are available instructions 
on how to construct this type of oven from an oil drum and 
sheets of corrugated iron. See https://www.youtube.com/
watch?v=YIbGkmt1VdE 

The Big Roo is an Australian-made mobile unit that is fully 
enclosed for batch production. It includes a wire frame that can 
be filled with feedstock before the pyrolysis plant is wheeled 
over it, and the biochar-filled cage is left behind when the 
equipment is moved on. A larger plant can be configured using 
several Big Roo modules. See https://www.youtube.com/
watch?v=CVcCs44ZeDg

Larger scale plants are likely to cost over $1M, and are available 
as fixed or mobile units. Some of these are only likely to achieve 
a positive return on investment if use is made of syngas for 
thermal energy and/or a value if placed on production of wood 
vinegar. The yield of biochar from small and larger scale biochar 
plants is similar at around 20-30% of the weight of the original 
feedstock. 

If a group of farmers wanted to establish their own plant 
then consideration would need to be given to the recurrent 
labour costs (typically 1-2 people full time) and maintenance 
requirements (using specialist contractors), which are specific 
to each type of equipment. Generally the larger the capacity 
of the plant, the better the return on investment. It is possible 
to configure a plant that produces syngas so that it is self 
sufficient in energy, with the other major input being water for 
end cooling. 

The return on investment will be affected by the cost (if any) of 
the feedstock, and the value placed on the products, particularly 
biochar and wood vinegar. Currently it is possible to purchase 
good quality biochar for around $500-$1,000 per tonne, and 
wood vinegar for around 25 cents per litre, but some producers 
are pricing mineral infused biochar at $1,500-$2,500 per tonne. 
On this basis the return on investment from purchase of a large 
plant with ancillary equipment would be marginal. However so 
long as the feedstock is free or low cost and additional income 
or financial benefit is gained from the sale or use of syngas then 
there are much improved returns.

Some local governments are showing interest in production of 
biochar from waste materials that would otherwise go to landfill, 
creating disposal costs. This may provide an attractive business 
model and enable sale of biochar to farmers at a price that is 
cost effective for both parties. However care will need to be 
taken in ensuring a high level of quality control over the biochar 
feedstock. 

Some commercial compost manufacturers may also find it 
advantageous to establish an adjunct biochar manufacturing 
plant to deal with woody wastes that they receive which are 
problematic as feedstock for composting. There is then the 
potential to retail biochar/wood vinegar amended compost as a 
high value product.

Potential joint ventures between farmers and biochar producers 
might involve farmers providing timber wastes for processing 
and obtaining product in return, for example, biochar and wood 
vinegar at a heavily discounted price. 

Farmers’ use of biochar has in the past been hampered by lack 
of availability and high price. These new production possibilities 
may make this product much more accessible and affordable in 
future.

Earth Systems is an Australian company which manufactures 
fixed units in a configuration that include a pre-dryer, thermal 
oxidiser, pyrolysis chamber and quench tanks for relatively 
high capacity production in batches (10 tonnes of feedstock 
per batch producing 2 tonnes of biochar and 500-1,000 litres 
of wood vinegar). These products are retailed as agricultural 
inputs.

Rainbow Bee Eater is an Australian company that has developed 
a fixed biochar manufacturing plant capable of producing 5M 
kWh of energy, 3,000 tonnes of biochar and 2,500 tonnes of 
wood vinegar from an input of around 10,000 tonnes of timber 
wastes per year, with constant throughput. 

Pyrotech Energy has a base in Australia which can import 
equipment from the Netherlands. There is a trailer mounted 
version capable of processing 2 tonnes of timber per day and 
a shipping container based version capable of processing 
10 tonnes per day. The larger model costs around 50% more 
than the smaller model but produces more than four times the 
amount of product. 

Both small and larger scale biochar plants need to be used with 
particular care to prevent the spread of fire. Particular danger 
can arise from the unloading of biochar, as this can easily 
combust if not immediately hosed down and cooled. 

https://www.youtube.com/watch?v=1o0QqePtNM4

https://www.youtube.com/watch?v=1o0QqePtNM4

https://www.youtube.com/watch?v=YIbGkmt1VdE 

https://www.youtube.com/watch?v=YIbGkmt1VdE 

https://www.youtube.com/watch?v=CVcCs44ZeDg
https://www.youtube.com/watch?v=CVcCs44ZeDg


Biochar as a soil additive
Geographical focus 

There is evidence of biochar being used to improve soil fertility 
in the prehistoric agricultural societies of the Amazon Basin, 
where continuous applications resulted in a highly fertile 
“terra preta”. Soils in this area that have not been modified are 
reddish or yellowish and acidic, with low content of nutrients 
or organic matter. By contrast the terra preta soils are 1.5-2m 
deep, and very dark with high levels of carbon and nutrients. 
The processes involved in forming terra preta are unclear, and it 
seems to have taken place over several centuries. 

Biochar has potential benefits as a soil amendment in all 
climatic conditions. Rather, the types of benefits vary with soil 
characteristics as well as the nature of the particular biochars 
being applied.

Use of biochar by Australian farmers has been limited by 
availability and price, and this has meant a lack of experience 
in its application. In describing the benefits of biochar and the 
best ways of achieving these benefits it is necessary to rely on 
some overseas research as well as Australian case studies. 

Some of the processes by which biochar changes soil 
characteristics are still not well understood, in Australia or 
globally. There is likely to be increasing interest in future 
research that can establish clear guidelines for farmers. Until 
then, farmers will need to rely on reported observations by 
other primary producers, and they might like to contribute their 
own experience to the emerging knowledge.

General principles 

The potential benefits from applying biochar to soils are:

•	 reduced greenhouse gas emissions 

•	 increased moisture retention on all soil types, with greatest 
impact on light sandy soils

•	 reduced risk of bushfire damage

•	 increased soil health and fertility, particularly evident on 
light, sandy soils

•	 a liming effect, particularly beneficial for acid soils

•	 increased effectiveness of fertiliser applications

•	 suppression of soil borne diseases and toxins

•	 improved seed germination and plant establishment.

These benefits arise from the porous structure of biochar with 
high adsorption characteristics, its high carbon content, and its 
ability to activate beneficial microorganisms. 



Some factors affecting the interactions between biochar and 
soil are:

•	 Biochars made from manure sources or seaweeds have 
a higher mineral content than biochar made from woody 
materials.

•	 Some low nutrient biochars may absorb nitrogen from the 
soil in the short term, resulting in decreased productivity in 
the short term but with longer term benefits (often seen in 
the second year after application).

•	 The potential for biochar to neutralise harmful substances 
means that it may reduce the effectiveness of herbicide 
(including glyphosate) and pesticide applications.  

Different types of biochar may be tailored to produce different 
benefits. Biochar with larger particles may be most effective in 
water storage, biochar produced at high temperature may be 
best for remediation and carbon sequestration, while biochar 
produced from livestock manure may be best in producing 
immediately improved crop yields. Ongoing research is enabling 
biochar specifications based on feedstock and temperature 
to be developed that will enabled specialised production for 
different applications.

The extent to which biochar with low nutrient content may 
impede plants’ access to nitrogen in the short term is unclear. In 
many applications of nitrogen fertiliser, less than 50% is taken 
up by plants, and biochar might have a beneficial impact by 
taking up the excess for later slow release. This would have a 
significant impact in reducing nitrous oxide emissions.

In the long term, several studies have indicated that the 
porous nature of biochar provides safe habitat for beneficial 
microorganisms and fungal communities that are at risk of 
predation by larger, less beneficial organisms. The change in 
microbial populations can lead to greater releases of nutrients 
from the soil for uptake by plants, which in turn reduces the 
need for application of synthetic fertilisers. 

Several trials have indicated that biochar amendments can 
significantly reduce the severity of plant diseases, fungal 
pathogens, bacterial infections and pest mites. This could be 
due to increased populations of microorganisms that induce 
plant resistance.

How does biochar reduce emissions  
from soils?

It has been assessed from numerous studies that biochar 
amendment of soils can result in a reduction of nitrous oxide 
emissions arising from fertiliser applications and/or livestock 
dung by over 50%, and up to 90% at high doses. 

There may be added benefits if biochar is added to compost at 
the beginning of the composting process before being applied 
to soils, with suppression of methane emissions being observed 
from this “co-composting”. Although composting is an aerobic 

process and methane is formed in anaerobic conditions, 
methane can be created if the compost is wet or if methane 
producing bacteria are present. The suppression is thought to 
occur because biochar increases aeration due to its porous 
structure, and it may support the activity of methanotrophs 
(methane-eating bacteria). It could also result from changes 
in the composting process brought about by the addition 
of biochar, with some evidence that it assists the rapidity of 
heating and the duration of heat retention within compost piles. 
However these beneficial results appear to be reduced with 
very high rates of biochar applications of, for example, 20%, 
with a rate of 6% found optimal in composting of dairy wastes. 

How do farmers introduce biochar as a soil 
amendment?

The optimal rate of application is unclear, with higher rates not 
always producing greater benefits. However greatest benefits 
appear to be achieved with applications on lighter, acidic or less 
fertile soils. There may be minimal improvement in the short 
term from biochar being added to heavy soils, or soils which 
already have high level of organic matter. 

A four year trial of maize crops in Canada with an application 
of 20 tonnes biochar per hectare showed no benefit in the first 
year, but demonstrated increased yields in subsequent years by 
28%, 30% and then 140%.

A survey of Australian biochar users by the ANZ Biochar 
Industry Group reported benefits including increased foliage 
and fruiting, as well as reduced need for fertilisers to sustain 
yields.

There are many reports of biochar failing to improve plant 
growth, and even impeding it in the initial years after application. 
This might be expected if biochar has been produced at 
relatively low temperatures, in which case it could take time 
to break down the residual tar content. This could also be due 
to highly absorbent biochar initially binding with the nutrients. 
However it is expected that after a couple of years these 
adverse impacts would be reversed.

Best outcomes appear to be achieved if biochar is mixed into 
the top 10-15cm of soil using rotary hoes or power harrows, 
enabling ready access by plant roots. Benefits have also been 
reported from surface applications, but there is a risk of loss 
due to wind. A subsurface strip 50-100mm wide with similar 
depth has been found successful with Western Australian wheat 
crops, to overcome problems of wind erosion. Incorporating at 
300-600mm depth has also been tried. Within orchards there 
has been success from introducing biochar cores between rows 
to provide access to the root zone, establishing pits around 
trees, and injecting biochar into the soil with a mechanised 
lawn aerator. There is ongoing research with different types of 
orchards in various Australian states.  



Other application methods include:

•	 applying broadly with a spreader and then incorporating 
with a rotary hoe

•	 applying to planting holes before planting trees

•	 pelletising biochar in combination with compost and/or 
fertilisers has been found to be effective overseas. 

While results of trials on improved yields from biochar amended 
soils are mixed, an overall view of all findings is that yields can 
improve by around 10% across varying rates of application, and 
a wide range of crops. Many studies report application rates 
of 10 tonnes biochar per hectare, but this may only be cost 
effective for farmers producing high value crops.

A trial with biochar applications of 13.5 tonnes per hectare was 
found optimal in trials of zucchini production in the Northern 
Territory, increasing crop yields by 25% and creating a financial 
benefit of $730 per tonne of biochar applied.

A field trial with potato-growing near Ballarat used biochar 
applied at a rate of less than 150kg per hectare together 
with fertiliser, achieving a 53% increase in yield. The biochar 
cost $160 per hectare to produce benefits worth $8,000 per 
hectare.

Should biochar be applied together with compost 
or fertiliser?

Introducing biochar together with other soil amendments 
(such as fertilisers and/or compost) appears to have the most 
positive impact on crop yield, with some trials reporting more 
than a doubling of crop yields. Infusing biochar with nutrients is 
another strategy already being employed to optimise outcomes.

Although there are many reports of long term benefits from 
biochar application that include reduced use of synthetic 
fertilisers, there is also evidence that the most beneficial short 
term results come from combining biochar with compost, 
fertiliser or nutrient infusions in the initial applications. This 
also appears to overcome the risk of biochar amendments 
suppressing the release of nutrients in the initial years of 
application, which has been observed in some trials.

The positive short term outcomes from introducing biochar 
during the composting process may be achieved because 
biochar particles become coated with decomposed materials 
that promote nutrient exchange, resembling the characteristics 
of biochar that has aged for a couple of years within the soil. 
In addition the co-composting biochar captures nitrates 
that might otherwise be lost as greenhouse gas emissions or 
leachate, and enables plants to draw on these as a source of 
nitrogen.

Combinations of biochar slurry with liquid manure is another 
possibility, for subsurface injection. 

Increased rice and vegetable yields of 20-30% have been 
reported from trials in Vietnam using a biochar-mineral-
compost mix at a rate of 0.5-2.5 tonnes per hectare.

A trial in Geraldton growing cucumbers on a sandy soil used 
biochar made from poultry litter, testing various rates of 
application.  The findings were that the biochar amendment 
increased crop yield, and that lower rates of application worked 
best, with optimal results from applying a mix of biochar and 
fertiliser. The financial benefits were assessed as around $50 
per kg biochar for the optimal application. 

Trials conducted with applications of compost and biochar to 
pastures in South West Victoria showed little benefit in terms of 
soil characteristics or pasture productivity over the initial two 
year period. Application rates were 300kg biochar per hectare 
mixed 10% with compost. These trials were largely conducted 
on heavy soils with high levels of carbon and organic matter. 
Clearly a longer timeframe would be necessary to clarify 
benefits.

How can farmers use biochar for soil  
remediation?

The remediation properties of biochar have been demonstrated 
in relation to reducing toxins from point discharges in soils, 
but there has so far been relatively little experience in broader 
remediation activities. However, the adsorption properties 
of biochar mean that it has good potential in remediating 
contaminated soils, including acid sulfate soils in coastal areas 
and increasingly saline soils in dryer parts of Australia.

Biochar could also be helpful in remediating the build up of 
toxins in soils arising from past use of herbicides and pesticides. 
Conversely, farmers should note that the remediation properties 



of biochar are such that it has the potential to reduce the 
effectiveness of these materials if they are applied to biochar 
amended soils. 

Biochar may be useful in remediating harmful bacteria in soils as 
a result of contamination from human or livestock sources.

There is a lack of research into the long term management 
of soils requiring remediation, with biochar having a limited 
long term capacity to adsorb harmful substances. This would 
be critical information for farmers wanting to use biochar to 
remediate saline soils, in a situation where salt intrusion into 
soils was ongoing. Biochar can be an effective filter, but at some 
stage the filters need to be replaced or recharged, and it is not 
clear how regularly this would be needed or how this would be 
carried out.

One of very few studies into biochar use in remediating 
saline soils was carried out in Western Australia, on a property 
producing native foods and sandalwood. Permeable biochar 
wells were established 1m away from trees to reduce the 
harmful impact of salt on tree growth, together with some 
additional organic amendments, and there was evidence that 
this completely reversed the impact of salinity. Trenches were 
also trialled, 800mm deep and 150mm wide with four layers of 
biochar, wheat straw, biochar and topsoil. Some trials involved 
addition of molasses and wood vinegar. These were also 
successful, with observed benefits for plant development and 
disease suppression.

What return on investment is likely?

While applying biochar may have long term benefits in 
sequestering soil carbon and improving soil health, farmers 
need to know that using biochar in their farming operations will 
be cost effective. This is affected by:

•	 the price of good quality biochar

•	 the rate of application required to achieve beneficial results

•	 the risk that beneficial outcomes will not be realised in the 
short or long term.

Farmers will need to make their own calculations, and to take 
into account the lack of rigorous guidelines that can be used to 
reduce risks. However there are some general observations that 
can be made:

•	 Farmers need to ensure that they use high quality biochar, 
with known characteristics arising from use of consistent 
and clean feedstock. 

•	 There is emerging experience indicating that crop yields 
are most likely to be improved if: 

•	 nutrient rich biochar made from livestock manures is 
applied, or

•	 biochar is applied together with compost and/or 
fertiliser, or

•	 biochar is nutrient infused before application, or

•	 biochar is added to compost at the start of the 
composting process, and

•	 biochar and other amendments are added to soils that 
are light, acidic and/or inherently lacking in fertility.

•	 The co-benefits in terms of plant productivity in the short 
term may vary depending on the feedstock used to make 
the biochar, in particular the phosphate content – for 
example, some overseas research has indicated that 
biochar made from chicken manure contains nine times as 
much phosphate as that based on wheat straw, and biochar 
made from seaweed has similar advantages. 

•	 The short term effectiveness of biochar made from low 
phosphate feedstock such as woody wastes and straw 
can be enhanced by adding nutrient minerals, and some 
biochar suppliers are able to provide customised products 
for particular applications.

•	 Despite short term limitations, longer term benefits may 
be achieved using biochars made from low phosphate 
feedstock such as woody wastes and straw, as this 
appears to achieve beneficial symbiosis between plants 
and microfungi, enhancing plant uptake of phosphate from 
other sources.

•	 There is emerging research evidence that biochar soil 
amendments can result in stabilisation of nitrogen, 
reducing loss of soil nitrogen through nitrous oxide 
emissions.  It may be possible to substitute around 
25% of NPK fertilisers with biochar, for enhanced cost 
effectiveness, as well as emissions reduction outcomes. 
Fertiliser companies are likely to introduce a biochar mix in 
future, recognising these benefits.

•	 There is consistency of global research indicating that 
application of biochar assists in soil moisture retention, 
particularly if applied to light, sandy soils. The monetary 
benefit of this will vary between climatic regions as well as 
between soil types.

•	 On heavier and more fertile soils, evidence about improved 
soil fertility may not emerge until year 3 after the initial 
application.

How do farmers track soil changes?

It is recommended that farmers should introduce its use 
incrementally, and carefully monitor the results over several 
years of application. Monitoring of soil conditions can be carried 
out by farmers themselves using Visual Soil Assessment, as well 
as through laboratory soil testing. Crop yields can be measured 
in volume as well as the financial return. Sharing observations 
about farmer experience will be useful to all  primary producers. 



Use of biochar in manure and 
effluent management
Geographical focus 

Use of biochar in manure and effluent management appears 
to be helpful in all climatic regions. However it may be most 
helpful in livestock farming regimes where animals are housed 
for some of the time, meaning that excrement is concentrated 
in particular areas. Sometimes this is mixed with bedding, 
and the solids can be periodically removed as a feedstock for 
composting. In situations where dung or urine is deposited on 
hard surfaces, for example during milking of cows, the surfaces 
may be periodically washed, with the effluent then needing 
management through effluent ponds or by other means.

General principles 

Biochar can be used to achieve the following:

•	 reduce emissions of various potentially toxic or noxious 
gases, including greenhouse gases, ammonia and hydrogen 
sulfide 

•	 suppress odours, improving the wellbeing of agricultural 
workers and livestock

•	 Suppress toxic bacteria such as E.coli

How does biochar reduce emissions from manure 
and effluent?

The adsorptive quality of biochar is such that it can attract 
and hold the noxious and toxic materials, and support the 
microorganisms that will break down harmful substances 
through decomposition. 

Biochar can be used as a treatment (for example, in bedding) 
or as a preventative management mechanism. For example, 
biochar can be added to water troughs or livestock fodder, 
suppressing the production of noxious emissions that may 
otherwise be contained in dung and urine.

Suppression of methane emissions from effluent ponds can be 
achieved if methane is captured and then flared or otherwise 
used as a source of energy. However there may be some 
reduction in emissions achieved by adding biochar to the 
effluent ponds, increasing the nutrient value of the liquids when 
they are applied to paddocks.

What are co-benefits?

If applied to water troughs or as a fodder supplement, there may 
be co-benefits in terms of animal health and productivity. 

If applied to livestock excrement which is subsequently 
composted, there are co-benefits from incorporation in the 
composting process. 

How do farmers introduce biochar in manure and 
effluent management?

For treating solids that are removed for composting, the 
addition of biochar into the materials at the start of the 
composting process is recommended. 

Biochar can also be broadcast onto piles of accumulated dung 
in animal pens, but the relative benefits of this are unclear. 

If water leaching from animal pens into soil or watercourses is 
contaminated by harmful bacteria such as E.coli, the application 
of biochar can assist in remediation at the source. 

Iowa State University in the USA conducted trials of biochar on 
three pig farms over a 30 day period. The odours from intensive 
pig farming are particularly unpleasant, causing discomfort 
to farm workers and neighbours.  A thin layer of biochar was 
applied to the surface of manure deposits. It was successful in 
suppressing some gases, including ammonia, but there were 
mixed results in relation to suppressing greenhouse gases. 
More careful selection of biochar type for this purpose was 
considered necessary.



Biochar as a fodder additive 
How does this reduce emissions?

The main focus for fodder supplements has been on how they 
suppress methane emissions from the digestive systems of 
ruminating livestock. Biochar is one of several supplements 
that has this effect, as it suppresses the activity of methane 
producing bacteria in the animal’s gut. There are several 
fodder supplements that have been identified which suppress 
methane-producing in ruminants, and biochar is only one of the 
options available. 

Various studies indicate a reduction of between 10 and 40% 
in methane emissions from use of biochar, depending on the 
method and rate of application, and the combination with other 
materials.

A 20% reduction of methane production in the gut of ruminants 
has been demonstrated in several Asian studies arising from 
incorporating biochar produced from rice husks at high 
temperatures (900oC). A typical dose would be around 0.6% of 
grain rations. The emissions reduction was found to increase to 
40% if biochar is acidified with potassium nitrate. 

Outside Asia, the impacts of biochar produced from different 
feedstock and at different temperatures has been far less, 
sometimes negligible. However there are findings from 
Canada suggesting that this may be because greatest 
emissions reduction is achieved from biochar produced at high 
temperature.

These studies did not estimate additional emissions reduction 
outcomes from carbon passing through the animal. 

There is some emerging evidence that methane-suppressing 
fodder supplements introduced into the diet of young animals 
may have lasting effects if the supplements are withdrawn at 
maturity. 

There can be additional emissions reductions achieved 
through using biochar in fodder, as the carbon content passes 
though the animal into urine and dung, and has the effect 
of suppressing greenhouse gases from the excrement. If 
the carbon is then conveyed into the soil (through natural 
infiltration, or with the assistance of dung beetles) then this has 
an impact on carbon sequestration. 

It should be noted that some studies reporting high levels of 
emission reduction describe the use of “activated carbon”. This 
appears to be a very loose description which might apply to 
biochar produced at relatively high temperatures, above 700oC. 

What are the co-benefits?

An important co-benefit is that the suppression of methane 
production in the gut means that there is less energy applied to 
digestion. This can improve the efficiency of feed conversion, 

with no apparent detrimental effect on livestock. Various studies 
have indicated reductions in feed intake of around 10%, with 
no loss of productivity. Some reports indicate potential 20-25% 
improvements in weight gain and other productivity (milk and 
eggs, for example).

Additional benefits have been known for some time, initially 
based on animal intake of charcoal. It has been observed that 
animals often choose to browse on charcoal if it is available in 
the form of charred wood, and it appears to have a positive 
impact on animal health. 

In addition to suppressing the activity of methanogens (the 
bacteria responsible for methane emissions) biochar is thought 
to alter the metabolism of ruminants in the following ways:

•	 reducing digestive disturbance such as acidosis and bloat

•	 improving digestion through increased microbial activity

•	 binding toxins

•	 stimulating the immune system

•	 improving the fertiliser value of manure.

Canadian farmer Aaron Smith found that his cows were eager to 
sample the charcoal that accidentally spilt out of a broken bag 
in his barn. It was apparent that those with apparent digestive 
problems would choose to consume more. He then read 
available literature that indicated the value of biochar in helping 
livestock recover from illness, increasing milk production, and 
improving barn odours. He found that there was no disruption 
to pregnancies and calving, which was an initial concern – in 
fact pregnancy rates increased. He fed charcoal at 0.19 to 0.23 
% dry matter over a period of 12 months to his herd of 75 cows, 
and allowed calves free access. He observed less sickness and 
improved weight gain in his calves. 

Observations and evidence

There is global interest in biochar as a fodder supplement for 
all types of livestock, not just ruminants. The research findings 



from different regions have relevance for Australian farmers, 
although there should be caution in applying the findings from 
intensively housed livestock to pasture based farming regimes. 

Australian research is limited. Doug Pow’s dairy farm in 
Western Australia has demonstrated outcomes from continued 
biochar application since 2009, and some other individual 
farmers have established their own trials. A university research 
project conducted on a Queensland dairy farm using 0.5% 
powdered “activated carbon” in grain rations, resulting in a 
30-40% reduction in methane emissions while improving milk 
production.

Australian experience in feeding biochar to other livestock is 
very limited. However, there is much more experience overseas. 
As an example, in Switzerland it is common practice to add 
biochar to feed for chicks and laying hens (typically 0.02% of 
body weight per day or 0.1% in feed) to improve weight gain, 
reduce feed requirements and prevent disease. 

On Doug Pow’s farm, his herd of 60 cows consume biochar 
made from jarrah wood at a self-regulated rate of around 300g 
per day, with an initial addition of 100g per day molasses to 
establish palatability. The farm has an active population of dung 
beetles (Bubas bison) incorporating the biochar enriched dung 
into the soil. Improved pasture growth and animal productivity 
are reported, with less supplementary feed, less fertiliser and 
less pesticide use. The carbon lattice structure of biochar 
has been found to be unchanged after passing through his 
cows and incorporated into his soils. A three year monitoring 
program indicated a doubling of potassium and a quadrupling 
of phosphorous in his soils, with marked increases in other 
minerals.

A German study over several years starting in 2022 has tracked 
the impact of feeding biochar on 21 dairy farms. This has used 
wood biochar produced at high temperature (700oC) and fed to 
cows at a rate of between 100g and 400g per cow per day. This 
research found a significant decrease in the cell count of milk, 
while milk fat and protein content increased. Hoof problems 
were reduced, and postpartum health was stabilised. Some 
impacts were very rapid, with diarrhea symptoms decreasing 
with 1-2 days of the introduction of biochar into feed. Mortality 
rates decreased, as also did veterinary costs. Some of these 
impacts were observed to be reversed soon after biochar was 
withdrawn from feed. 

An Australian trial with poultry reported in 2016 found a 5% 
increase in egg weight and 12% increase in feed conversion, 
as well as reduced disease (potentially reducing the need for 
antibiotics). The feed rate was 2% biochar, and the benefits 
decreased at a higher rate of feeding. However, it was found 
that significant reductions in emissions from manure was only 
achieved with higher rates of feed (more than 5%). 

An ANZ Biochar Industry Group survey of 6 Australian livestock 
farmers using wood biochar found that feed rates of 0.3-3% of 
grain rations were applied, but with some open feeding in bins. 

The various farmers reported improved weight gain and animal 
health, as well as reduced need for fertilisers on pastures. 
Another reported benefit was prevention of plant poisoning in 
pastures. One farmer only fed biochar to weaners, and there 
are reports from other studies that this may provide a lifelong 
change in metabolism. The more immediate effect was that 
these cows came into milk earlier, and this provided a very 
attractive return on investment. 

Korean trials conducted by the Food and Fertiliser Technology 
Centre have included feeding ”charcoal powder” to pigs 
and poultry as well as cattle, and have found increased milk 
production and reduced mastitis in cattle, improved egg 
production and meat flavour in poultry, overall disease reduction 
and reduced mortality in all livestock, and reduced odours from 
manure. 

How can farmers introduce biochar as a fodder 
supplement?

Biochar can be introduced by combining small particles 
(around 2-4mm) or pellets with feed rations, or providing an 
open access system via feed bins, salt licks, water troughs 
or incorporation in silage. The advantage of the inclusion in 
feed rations is that the impact on livestock can be measured. 
However, the advantage of a free access system is that 
individual animals can moderate their intake according to their 
own preferences, likely to be driven by their instinct to optimise 
health. 

Some studies and practical applications have initially mixed 
biochar with molasses to attract animals and enable them 
to become familiar with biochar ingestion. However, other 
experience has shown no problems in relation to palatability. 

How long will it take to see a change?

Using biochar as a feed supplement appears to produce short, 
medium and long term outcomes.

Short term results (in days) are likely to be:

•	 reduction of obvious disease symptoms or ill effects of 
toxins

•	 improved digestion and more solid excrement

Medium term results (in months) are likely to be:

•	 reduced greenhouse gas emissions from gut and 
excrement

•	 improved feed conversion

•	 improved weight gain

•	 improved production of meat, milk or eggs

•	 improved quality of products

•	 improved animal health



•	 improved rates of conception 

•	 fewer pregnancy/birthing problems

•	 reduced odour from manure

•	 improved fertilising value of manure.

Long term results (over several years) are likely to be:

•	 increased soil carbon with associated soil benefits.

What is the likely return on investment?

In previous years when biochar was difficult to access, prices 
well over $1,000 per tonne were common. As production has 
increased (often as a byproduct of biomass energy conversion) 
and prices have fallen, this is no longer such a problem. The 
return on investment for farmers will obviously depend on the 
price paid for biochar, but farmers also need to be cautious 
about quality so as to avoid adverse results.

The ANZ Biochar Industry Group reported on an Australian 
2 month trial of 1% biochar introduced into an open feed 
system for young cattle, replacing 1% of grain. An average 
11kg of feed per day was consumed, containing 0.1kg biochar. 
A 10% improvement in weight gain was recorded. The return 
on investment was around $5,000 per tonne of biochar, with 
biochar priced at $500 per tonne. 

Reports from an Australian 12 month trial on a single dairy 
farm feeding 150g biochar per day per cow indicated around 
400% return on investment achieved through increased milk 
production and savings in feed. This appears to have been 
based on a cost of biochar of around $750 per tonne. 

Based on Australian experience, farmers can expect a very 
positive return from using biochar within their livestock 
management systems. However this is based on limited 
evidence to date, and it is advisable for farmers to introduce this 
incrementally and to monitor the outcomes. In particular, there 
may need to be some trial and error in finding optimal feed 
rates, with higher rates of feeding not necessarily achieving 
better results.

An area of emerging interest is the impact of introducing 
biochar into feed systems of ruminant animals around the time 
of weaning. If this produces changes to metabolism that are 
long lasting, then the relatively small cost of biochar to achieve 
this change could be very cost effective. Similar research 
is needed in relation to other potential fodder additives to 
compare the cost effectiveness of outcomes.

A 12 month Australian trial on a 250 cow dairy farm, with biochar 
fed at 130g per animal per day as part of the grain ration, found:

•	 around 20% gain in milk yield

•	 improved health with less disease

•	 higher rates of conception

•	 reduced fodder consumption

in addition to a potential reduction in greenhouse gas emissions. 

The cost of biochar over the 12 month period was $8,200, 
resulting in extra returns from milk production valued at $17,885, 
and savings in feed costs of $35,360. 

How do farmers track changes?

There are particular difficulties for farmers in monitoring 
emission reduction outcomes from fodder supplements. 
Research projects which have aimed at measuring methane 
emissions and analysing dung need access to specialist 
equipment and laboratory analysis. 

It does appear that there is a very low risk of adverse outcomes 
from using good quality biochar as a fodder supplement. The 
outcomes that farmers can measure over time will be feed 
intake, weight gain, incidence of ill health, productivity and 
product quality, as well as soil health. If these changes can 
be monetised, it will be fairly easy to assess the return on 
investment.
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