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Conversion of waste wood to char products
A core expertise of Earth Systems is the application of existing and new technology for the thermochemical
conversion of various biomass resources to energy and other useful solid and liquid products. One technology
designed, manufactured and patented by Earth Systems is a mobile batch pyrolysis furnace intended primarily
for the conversion of stranded woody biomass waste to a valuable char product. This technology was built for
NECMA as part of their ongoing river management operations in north east Victoria, Australia.
A common issue with stranded woody biomass is that mobile
plant machinery access issues can preclude successful recovery of
the biomass. Transport costs can also undermine the economic
recovery of biomass for other purposes. Earth Systems has now
addressed this difficult problem by inventing a mobile pyrolysis
technology that is easily transportable – the technology goes to
the biomass. The pyrolysis technology is based on a shipping container design and hence integrates simply with all standard methods of transport suitable for shipping containers.
Pyrolysis is the high temperature treatment of the woody waste in
a low oxygen environment. Pyrolysis can be used to convert
woody waste into charcoal or a special form of char known as
biochar, which has a variety of valuable applications.
The technology is applicable to any woody biomass where
transport or economic issues preclude removal. Alternatively, multiple pyrolysis units can be deployed with bolt-on electricity generation* for a longer-term bioenergy hub arrangement. The
technology is also particularly useful for the treatment of invasive
pest tree and plant species providing a method of complete destruction with minimal risk of spread. A sophisticated afterburner
arrangement also makes the technology suitable for contaminated biomass sources where contaminants can be volatilised and
destroyed in the high temperature afterburner flue system.

KEY FEATURES OF THE CHARMAKER MPP20:
The CharMaker MPP20 has the following key parameters:
• Easily transported unit with access to most remote areas.
• Batch processing with 19 m3 internal volume per batch. This
equates to ~6 to 9 tonne of wood wet basis.
• Pyrolysis converts biomass to ~1.2 tonne char per batch.
• Processes all larger wood feedstocks, including logs. Minimal
feedstock pre-treatment is required (no chipping required).
• Batch processing takes a few hours (normally 4~5hrs per batch)
• Targeted processing temperature range can be selected from
300-550oC.
• Destruction of all pathogens.
• High quality char product with a high fixed carbon content.
• Very low emissions (no visible smoke emissions during run).
• High thermal energy output.
• Minimal opex requirements – unit operates itself after loading,
with auto-turn off at end of run. Can be operated unattended.
• Designed for farm and forestry machinery operation.
• Capacity for bolt-on electricity generation unit*, as well as
existing high grade thermal heat generation.
• The char product is screened, crushed and packaged on site.
For more information see:
www.esenergy.com.au/services/mobile-pyrolysis-plant
*currently under development

About Biochar
Produced from biomass (typically
plant matter), specifically for use in
soil amendment. It has received much
interest recently for its potential uses
in improving soil properties and also
as a simple means for capturing and
Biochar
storing atmospheric carbon.
Potential benefits to soil include improved nutrient and water retention, reduced soil acidity and increased habitat for
beneficial soil microbes.
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Typical Qualities of Earth Systems Biochar*
Parameter
Proximate analysis
Inherent moisture
Ash content
Volatile content
Fixed carbon
Agricultural parameters
Surface area
pH –Water
Available Water Capacity (AWC)

Cation exchange capacity (CEC)
Organic Carbon

Unit
%
%
%
%
M2/g
pH units
dS/m

meq/100g
%

Range

IBI Guideline
1-3
<15
<10
70-95

Declaration
Declaration
Declaration
Declaration

Up to 745
6.5-10.5
Up to 100% increase
with ~5-10% biochar
in sandy soils
20-30
70-90%

Declaration
Declaration
Declaration

(Class 1)
H:Corg
Toxicity results
PCDD/F’s
Polycyclic Aromatic Hydrocarbons (PAH’s)
Polychlorinated Biphenyls (PCB’s)
Germination Inhibition Assay

Declaration
Class 1 ≥60%
Class 2 ≥30% and <60%
Class 3 ≥10% and <30%

Molar ratio

<0.7

0.7 (maximum)

Ng/kg I-TEQ
Mg/kg
Mg/kg
Pass/fail

<1
1-2
<0.2
Pass

9
6-20
0.2-0.5
Pass/fail

*From biochar produced by Earth Systems between 2011 and 2013

Many of the beneficial qualities of biochar are due to its high surface area. Earth Systems CharMaker
MPP20 technology produces biochar with up to 700 M2/g which is in the low range for activated carbon.

Biochar Soil Trials Pilot Project,
Northern Territory
INTRODUCTION
Earth Systems, with the support of Territory Natural
Resource Management (Territory NRM) through funding
from the Australian Government, conducted a field trial in
the Northern Territory to investigate the effects of biochar
on crop productivity and soil health in horticultural
production.
Whilst numerous biochar soil trials have been conducted
in Australia, these have predominantly been undertaken in
the south-eastern and western parts of the country and no
known trials have previously been conducted in the Northern Territory.
PROJECT LOCATION
The project was conducted at an organic farm on sandy
soils in Lambells Lagoon in the Litchfield Municipality, approximately 56 km south-east of Darwin in the Northern
Territory. Soils in the Project area are dominated by sandy
loams.

NATURAL RESOURCE MANAGEMENT AND THE
HORTICULTURAL SECTOR
The Northern Territory horticultural industry is a relatively young but rapidly developing industry and is a significant contributor to the Northern Territory economy.
The Darwin region is one of the three main horticultural
regions in the Northern Territory. Crops grown in each
region are specifically suited to the climate and conditions
of those areas and horticulture is limited to small areas of
suitable land and water, with the potential for growth constrained by the availability of natural resources.

In the Darwin region, soils with horticultural potential are
generally infertile and have very low carbon levels, as well
as low soil moisture holding capacity and low nutrient
availability. Farmers are continuously required to maintain
or increase soil carbon to ensure that the soil is enhanced
biologically, chemically and physically to promote crop
growth and productivity.
WHAT IS BIOCHAR?
Biochar is a stable form of charcoal produced from
heating natural organic materials in a high temperature, low oxygen process known as pyrolysis. Biochar
has been used in ancient cultures for improved soil
conditions and crop growth. More recent trials in Australia and around the world have shown exciting results
with improved soil conditions from this rediscovered
treatment.
HOW CAN BIOCHAR BENEFIT HORTICULTURE?
Biochar is known to alter the physical, chemical and
biological structure of soils and is thought to have significant potential as a sustainable agricultural input
including:
 Enhancing the effectiveness and efficiency of fertilizers;
 Increasing stable carbon levels in soils;
 Improving water and nutrient retention in soils;
 Increasing crop productivity and yield;
 Reducing soil acidity and increasing cation exchange capacity; and
 Encouraging the growth of beneficial soil microbes.
Literature has shown that the effect of biochar on soil
properties and crop productivity depends on a number
of factors such as the type of biochar used, the soil and
crop types, the agricultural system and climatic variations.
Biochar production has the potential to contribute to
sustainable waste management through the conversion of woody waste, such as plantation waste or local
invasive species, into a valuable agricultural resource.

WORK PROGRAM
The overall objective of the project was to conduct preliminary biochar soil trials in the field to gain a better understanding of how the application of biochar in the soil
can benefit the Northern Territory horticultural sector.
With support from Territory NRM and working closely
with David Boehme, a local farm owner and horticulturalist
from the Northern Territory Farmers Association, Earth Systems conducted the biochar soil trials over a period of 4
months during the late dry season (July - November 2013).
A site of approximately 2 hectares was selected, consisting
of three separate trial plots in which zucchinis and watermelons were planted.

Biochar Production
As there were no known suppliers of biochar in the
Northern Territory, the biochar used in the trial was produced and supplied by Earth Systems using the CharMaker
MPP20 mobile pyrolysis plant to convert waste wood into
biochar. The biochar was produced to the standards specified by the International Biochar Initiative’s Standardized
Product Definition and Product Testing Guidelines for Biochar
That Is Used in Soil (IBI, 2013). Key properties of the biochar
included a high fixed carbon and organic carbon content,
as well as a high pH and liming value.

Application of biochar to the trial plots with the spreader.

Rows of biochar applied to the trial plots prior to being harrowed
into the soil.

Producing biochar with the CharMaker MPP20 unit.

Biochar Application
Three (3) biochar application rates (approximately 5, 13
and 23 dry tonnes per hectare) mixed with organic fertiliser
were trialled. A control was also established. As the biochar was moistened for transportation, application rates
were measured in the field utilising the wet weight of the
biochar and converted to dry weight basis. The biochar
was applied to the soil using a spreader and incorporated
to a depth of 10-15 cm with a power harrow.
Crop Management
During the trials, the area was managed according to
standard organic farming practices for irrigation, nutrient,
weed and pest management.

Sampling and Monitoring
Soil samples were obtained from the zucchini and watermelon plots and submitted to the laboratory for analysis
to investigate the following parameters:
 Soil properties such as total carbon, organic matter,
cation exchange capacity, pH, and macronutrients;
 Available water capacity in the soil;
 Changes in soil microbiology.
Crop yield in the zucchini plot and soil moisture tension
was also recorded.

PRELIMINARY FIELD RESULTS
An increase in total soil carbon and organic matter was
observed in the trial plots as a result of biochar application.
For example, total carbon levels observed in the highest
biochar application rate (23 t/ha) were 1.93%, compared to
1.3% in the control.

Available water capacity in the soil across different amounts of biochar, measured in the laboratory (Source: SGS, 2014).

Total carbon (%) and organic matter (%) across the baseline, control
and three biochar treatments in the zucchini plots. Blue bar indicates % total carbon and red bar indicates % organic matter.

A 25% increase in crop yield was observed in one of the
biochar treatments in the zucchini plot. The farmer reported that the zucchinis produced from the trials were among
the best that had been produced on the farm.

An increase in soil pH was observed as a result of biochar
application. This suggests that biochar with liming properties could be applied to soils that require liming as an alternative to conventional liming.

Zucchini yield across the control and three biochar treatments. The
percentages show the difference in yield compared to the control.

pH levels across the baseline, control and three biochar treatments
in the watermelon plots.

An increase in available water capacity was observed
when biochar was applied to soil samples from the trial site
and measured in the laboratory. For example, available
water capacity almost doubled at the lower rates of biochar and almost tripled at the higher rates.

STAKEHOLDER FIELD DAY
A stakeholder field day was conducted at the Project site
on the 5th of November 2013 as a part of the Territory Natural Resource Management Annual Forum. The field day
was attended by approximately 20 – 25 participants, ranging from government agencies, research organisations,
Indigenous groups and landholders. Stakeholder feedback
and comments were taken into account and incorporated
into the Project report.
RESEARCH AND MANAGEMENT IMPLICATIONS
The results highlight a strong case for the potential of biochar as a soil amendment for horticultural soils in the Top
End of the Northern Territory, especially given the general
soil limitations in the region. Given the short-term and preliminary nature of the trials, further research and larger
field trials are required to fully quantify the long-term benefits of using biochar in the horticultural sector. This will
help gain a better understanding of the relationship between biochar, different soil and crop types, climatic zones
and crop productivity.
CONCLUSIONS
Overall the results from the application of biochar in field
trials in the Northern Territory were extremely positive with
increased carbon, pH and water capacity routinely observed.
Further trialling and use of biochar is recommended in
the Northern Territory to identify optimum technical and
economic application for different soil and crop types.
Biochar application has the potential to enhance agricultural productivity in the Northern Territory.

Presentation of the project during the field on David Boehme’s farm
at Lambells Lagoon, outer Darwin.

CONTACT DETAILS
For further information on the project please contact:

Territory Natural Resource Management
Level 5, Harbour View Plaza, 8 McMinn St, Darwin, NT, 0800
GPO Box 2775, Darwin NT 0801
Tel: +61 8 8999 3783
Fax: +61 8 8999 4100
Email: info@territorynrm.org.au
www.territorynrm.org.au
Earth Systems (Darwin)
PO Box 1228, Nightcliff,
Northern Territory 0820
Earth Systems (Melbourne)
Suite 17, 79-83 High Street,
Kew, Victoria 3101
Tel: +61 3 9810 7500
Fax: +61 3 9853 5030
Email: enviro@earthsystems.com.au
www.earthsystems.com.au

