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Abstract
An efficient, reliable, functional kiln designed to provide farmers and communities access to
biochar. Biochar is the burning of organic material at a high temperature produced in an
oxygen limited environment. Biochar is a porous carbon material that has many benefits.
Biochar can be used as a natural sustainable fertiliser that can increase crop yield.
Benefits of Biochar
Our team’s primary objective is to provide a kiln that can produce biochar that can in turn be
used for sustainable agricultural practices. But biochar as a range of benefits which our team
wises to exploit to demonstrate the full potential our kiln product and that of biochar it
produces.






Increase crop yield
Animal feed supplement
Hygienic practices
Water filtration
Waste management

Background
As a team we identified that 80% of the Nepalese population lives rurally, off the energy grid
supply. Fire wood is the main source of energy for the Nepalese rural communities.
Acknowledging the limited resources of this vulnerable population the team wanted to
provide a simple product that uses the resources at the community’s disposal. We wanted to
design a product that would easily incorporate into the daily routine of the Nepalese people.
1. Who – The rural Nepalese farming community.
2. Why – Soil can be infertile. Farmers have limited resources to purchase chemical
fertilisers.
3. Where – During planting season.
4. What – Currently Nepalese farmers use animal manure as fertiliser.
5. How – Provide farmers with a cheap, efficient, multi-functional kiln designed to
produce biochar. Biochar is a natural porous material that can be used to fertilise the
land to increase crop yield.
Problem
The rural Nepalese community have limited resources. They live off the countries energy grid
which results in the majority of the population to use organic materials as a source of energy.
The dominant industry in Nepal is farming. These farming communities have difficult with
infertile soil. They do not have the resources to use chemical fertilisers so use animal manure
as a cost effective, sustainable alternative.
Solution
A reliable, affordable, multifunctional kiln designed to provide farmers and communities
access to biochar. Biochar is the burning of organic material at a high temperature produced
in an oxygen limited environment. Biochar is a porous carbon material that has many benefits.
Biochar can be used as a natural sustainable fertiliser that can increase crop yield.
Current Methods
According to the Biochar International there is evidence that some Nepali villagers produce
biochar from an open pit method. With that the ICEM partnered with the Asian development
bank is sourcing information in Nepal weather there is a need for a biochar program.
The United Nations Associations Nepal (UNAN) was carried out a round of successful biochar
results in 2014. Using the Tin Man method the organisations successfully produced biochar
and planted crops in two districts of Nepal. Research suggests that this ‘UNAN’ study has had
no further developments. But what is evident that biochar production and planting methods
have been tested and demonstrates that biochar is viable in Nepal.
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How it Works

Physical Design
The basic concept comprises of two chambers, an inner retort chamber 30 litre drum that sits
inside the outer retort chamber, 60 litre drum. Both chambers are perforated with air holes,
for ventilation and each are sealed with a lid. A chimney stack is attached to the outer drums
lid, to provide an air draft.
Kiln burning process
1. Inner chamber is filled with organic material. Chamber is sealed with lid.
2. Inner chamber is placed inside the outer retort chamber.
3. The space between the inner chamber and the outer chamber is filled with organic
material.
4. A kindling pile is created on the top of the drum.
5. The kindling pile is set alight there is an even burn across the top surface area of the
drum.
6. The chimney stack and lid is place onto the outer drum.
7. The burn takes two hours to complete.

Science of the burn
The design of the kiln is to produce an oxygen limited environment. While the air holes
throughout the overall design are necessary to allow some air to enter and to be released. The
kindling on top of the drum sets alight to the organic material situated in the outer chamber.
The high temperature of the fire created in the outer chamber heats the organic material
sealed within the inner retort chamber. The fire burns from the top of the drum to the bottom
due to the vacuum being created due to the holes at the bottom of the outer drum and the
chimney draft on top. The air coming into the bottom of the drum is sucked upwards due to
the chimney draft. While the fire burns downwards towards the air holes.
After two hours the burn results in biochar which has been created in the outer and inner
retort chamber.

Biochar Activation
Biochar is a porous structure that can absorb three times its weight in nutrients. Activation is
a term that describes the process which solid pieces of biochar are crushed into a fine powder,
crushed biochar increase soil integration. The crushed biochar can be mixed with a range of
organic elements such as compost, vegetable peel, urine and animal manure. The purpose of
activation is to tempt microorganism to move into its structure faster. Once activated and let
settle for 7-14 days the biochar mixture can be used as fertiliser. Once integrated into the soil
the biochar acts as an espresso releasing a boost of energy to increase crop production. The
biochar is a sustainable organic fertiliser that effectively provides nutrients to crops for up to
seven years.
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Design Process
The overall design process resulted in three working prototypes. The process of manufacturing
and testing each design revealed positives and limitations of each design which were then
used to formulate the next prototype generation. Each prototype will be evaluated to
demonstrate key findings,
Prototype 1.0

Manufacture and testing - Key findings
Positives







Easily sourced materials were used, one 60 litre steel drum, one 30 litre drum and a 6
inch chimney.
Easily manufactured.
After the burn, ash and biochar was created inside outer retort chamber.
After the burn biochar was created inside the inner retort chamber.
A signal burn took 2 hours to complete.
To test the quality of the biochar it should produce a glass like sound when moved
about.

Limitations





Difficult to get the kindling fire started due to lack of air supply at the top of the drum.
As evident in the photo there was a period during the burn where the high
temperatures burned the smoke resulting in a clean flame.
Throughout the majority of the burn there was smoke created. The kiln couldn’t
produce temperatures that were hot enough to produce a clean flame with no smoke.
After the 2-hour burn, when the majority of the biomass is charred, it is important to
cut off the air entering the outer chamber. Cutting off the air at the end of the burn
will increase Biochar production. The prototype 1.0 didn’t have the capabilities to do
so.

Prototype 2.0

Purpose of this prototype was to create a kiln that can generate higher temperatures and to
design a method that could control the air supply entering the kiln.
The team applied a sheet of corrugated steel around the outer drum. The purpose of the
sheeting is to reflect any lost heat escaping out through the surface of the drum. The air
pockets created due to the corrugated, as it formed around the drum, helps to insulate the kiln
enabling the furnace to be more efficient in reaching higher temperatures.
Manufacture and testing – Key findings
Positives




Higher temperatures were reached during the burn due to the corrugated sheeting.
The flow of air, especially at the end of the burn, could be controlled due to the air
vents, increasing the production of biochar.
Higher volume of biochar was created compared to the biochar created from prototype
1.0.

Limitations




Due to the construction of the corrugated and shut off vents the manufacture of
prototype 2.0 was more complex than prototype 1.0.
The air vents could not completely shut off the entire air supply entering the drum.
The kindling pile was difficult to light due to lack of air flow at the top of drum.

Prototype 3.0

Figure 1 - Prototype 3.0

The purpose of this prototype was to make the construction of the kiln as efficient and simple
as possible. The corrugated sheeting was riveted securely to the outer drum while the air vent
mechanism was removed from the design due to its manufacture complexity and functioning
failure.
As evident in the figure 6 air holes were drilled around the circumference of the outer drum
top to accommodate adequate air flow for the lighting the kindling pile. Air holes were drilled
into the bottom of the steel drum. The kiln is raised on top of two bricks to allow the flow of
air into the drum. When the burn is completed the bottom air supply can be closed off by
removing the bricks from underneath the kiln. This method of controlling the air is far simpler
and efficient than the air vent mechanism used in prototype 2.0.
Manufacture and testing – Key findings
Final Results






Simple manufacture
High temperatures were reached during the burn test
High quality biochar was produced at the end of the burn test
The control of the air supply effectively controlled at the end of the burn test
Every 1 kg of biomass used in the burn 0.7kg of biochar was produced.

Limitations


Can be difficult to remove the bricks from underneath the drum when hot.

Product Comparison

During the course of this project we tested the efficiency of our Kiln versus traditional biochar
production methods. Below is a diagram of our findings,

Temperatures of the three methods were recorded over a period of time. As evident in the
diagram above our Kiln design, prototype 2.0 was more efficient. Our kiln design reached a
higher temperature and sustained a higher temperature for a longer period of time. Our kiln
was able to achieve pyrolysis (oxygen limited environment) in under and 90 minutes while its
competing methods were exposed to oxygen throughout their burning processes. The biochar
output from our kiln was higher in volume and quality than the Kon Tiki and Open pit
methods.

Unique Selling Point







Our kiln is more efficient than traditional biochar production methods.
Our prototype 3.0 is more efficient than the current Tin Man kiln used in Nepal during
the ‘UNAN’ study.
Our Kiln is multifunctional. Our prototype 3.0 is currently being tested for its ability to
heat and cook water. The kiln may also have the capabilities to provide heating for a
dwelling.
Our Kiln uses affordable materials readily available in Nepal.
Lightweight & Portable

Expected results
Provide the Nepalese farming communities with a reliable and affordable kiln that can be
sourced locally and maintained easily.
A kiln that can use locally sourced biomass to produce high quality biochar, biochar which can
be used for agricultural productivity.
Produce a kiln that is lightweight and durable.
A kiln that is multifunctional, providing its user with added value such as a cooking
application / domestic heating application.

Using the activated biochar produced from our kiln we planted onion bulbs. One set of bulbs
with biochar and compost and the other with just compost. The aim of this test was to identify
the effectiveness of biochar to increase crop yield. As illustrated in the image above the onion
bulbs planted with biochar has an increase in growth production of over 120% compared to
the onion bulbs planted with compost.

Further product development
Cooking application / domestic heating application
Is our Product Viable?
Research demonstrates that the isolated studies carried out in Nepal demonstrate that biochar
kilns have been manufactured and that the biochar produced have been successfully
integrated in sustainable agricultural practices.
We as a team have identified, from sources in Nepal, that the materials used in our Kiln design
are readily available.
We have designed the Kiln so that it can be simply manufactured and does not require any
technology throughout its entire product life cycle.
The Kiln is designed with the awareness of the biomass resources available to the Nepalese.
The Kiln is designed to provide the Nepalese farmer with a sustainable farming approach that
there are already accustomed to and a method they can afford.
Community Participation
Workshop
To implement our kiln design across Nepal is to set up workshops throughout rural
communities that can manufacture our biochar kiln. This business will provide local
employment and will provide a source of economy for the community. From these workshops
farmers can purchase these kiln. The workshops could possibly become a hub where farmers
can swap out old parts for new parts, this will ensure recyclability. The property could become
a central point where members of the community can teach and learn about biochar process
and the vast number of benefits of biochar.

